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The cooperation between the Arab
Republic of Egypt and the Federal Re-
public of Germany dates back many
decades. Since the 1950s, both part-
ners have cooperated in the field of
technical education and vocational
training. Such cooperation took place
mainly in the form of German assis-
tance and support as represented by the
German Foundation for Technical Co-
operation (GTZ). The overall goal was
to improve the performance and en-
hance productivity in those sectors.

Since 1991, Egypt has initiated a
strict program of economic reform. The
reform aims at transforming the
economy from a state-controlled
economy to an open market economy.
This reform is characterized by eco-
nomic mobility, privatization, and mod-
ernization. As expected, one aspect of
the reform is the upgrading of human
resources in terms of improvement of
education in technical fields.

Under these economic parameters,
in 1991 a new dimension was added to
the already-existing Egyptian-German
cooperation. During the discussions
held between President Mubarak of
Egypt and Chancellor Kohl of Germany,
further cooperation in technical educa-
tion and vocational training was
stressed. In light of this, the German
side offered assistance to Egypt in its
economic endeavors by introducing the
German experience of the dual system
of technical vocational training. Later,
a letter of intent was signed followed by
a wide-scale feasibility study that took
place from 1992 to 1995 in preparation
for actual implementation.

Both the German and Egyptian par-
ties agreed to implement the dual sys-
tem in its first phase in the form of pilot
projects in new, growing communities
in Egypt. The selected cities were Tenth
of Ramadan, Sixth of October, and Sadat
City; all of which have strong industrial
clustering and lie within 30 to 100 km
(20 to 60 miles) from the center of the
Egyptian capitol Cairo.

The existing education system in
Egypt is comprised of five years of pri-
mary school and three years of prepara-
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tory school. Then, the trainee can either
attend a general/technical secondary
school, a vocational secondary school,
or join the workforce. If one of the
school options is completed success-
fully, the student can go to a university
or a technical high institute or join the
workforce. Out of a population of 66
million (1996 estimate), approximately
13 million pupils receive an education
under the above-described educational
system.  Of this number, 1.5 million are
enrolled under technical education
(Country Monograph, 1995). Country
Monograph (1995) and Stockman and
Leicht (1997) provide more informa-
tion regarding the general system of
education in Egypt.

Dual System of Technical Education
The dual system of education refers

to an educational system that empha-
sizes both theoretical and practical edu-
cation. Although this approach is quite
well known and implemented in many
forms, few countries have well-struc-
tured and managed systems. Centuries
ago, Germany adopted a dual system of
education that has since undergone
several modifications to cope with
changes in society and meet the de-
mand of the market. As of today, the
system represents an essential corner-
stone in German technical education
with millions of students enrolled un-
der its umbrella.

Similar to the German system, the
dual system implemented in Egypt had
to establish a strong, vital partnership
between the technical school and the
factory, that is, between the theoretical
teaching delivered in school and prac-
tical experience delivered in the fac-
tory. This is reflected in an education
scheme in which a student spends two
days per week in the technical school,
mainly acquiring theoretical knowl-
edge, together with four days per week
in the factory, acquiring practical expe-
rience pertinent to his or her profession.
Industry is, on the other hand, inter-
ested in an education that is a good
source for future well-trained technical
workers. Therefore, the factory bears a

small portion of the student's educa-
tional expenses as well as providing
students with a monthly stipend as an
incentive.

The newly implemented dual edu-
cation system in Egypt is characterized
by the following:
• Emphasizing professions of signifi-

cant importance to the Egyptian
economy that meet the demand of
industry.

• Being trade-oriented in the sense that
both theoretical and practical edu-
cation are aiming side by side to
enhance students' knowledge in
the selected profession.

• Participating in the upgrading of edu-
cation through enhancement of
laboratory facilities, refining instruc-
tors' knowledge and qualifications
and introducing advanced
pedagogic methods.

Implementation Phase
The implementation process was

characterized by two phases: the pre-
paratory phase and the on-ground
implementation phase. The prepara-
tory phase (1992-1994) started after the
preliminary agreement between the two
heads of State and the signing of the
letter of intent between the two govern-
ments in 1992. Several fact-finding and
feasibility missions from Germany and
Egypt worked together to acquire data
and formulate the specific goals of the
project. As a result, it was agreed to
initiate the project through three pilot
projects in three new communities
dominated by the private sector.

The on-ground implementation
phase involved the formation of a steer-
ing committee for the project, followed
by the formation of the project policy
implementation unit in 1993 and a
German advisory team in March 1994.
The first pilot project was implemented
in the Tenth of Ramadan city, admitting
a first batch of 300 trainees in 1995. A
year later, the project was also imple-
mented in Sixth of October city and
Sadat City. As shown later, the project
has continued to expand in other areas
covering more vocations.
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When comparing the newly imple-
mented technical education system with
the conventional system, we can ob-
serve the following:
• Students enrolled in the dual system

have approximately double practi-
cal training hours than students of
the conventional system. Often, the
students deal with modern equip-
ment in the factories that may not
be present within school premises.

• Students enrolled in the dual system
have only 30% less theoretical les-
son hours than students of the con-
ventional system. This was pos-
sible through modernization of
curricula and the presentation of
some of the theoretical background
needed during the practical les-
sons/training.

• The students of the dual system have
good exposure and experience with
industry, securing jobs after gradu-
ation. This is not the case for the
graduates of the conventional system.

Strategic Factors Influencing the
Egyptian Dual System

The development of a strategy in-
volving significant changes in the cur-
rent Egyptian educational system man-
dates a consideration of the factors that
have a major impact on the process.
Major factors discussed herein are the
overall goal, the positive elements sup-
porting the process (referred to as sup-
porters or pros), and the negative ele-
ments resisting the process (referred to
as obstacles or cons).

Overall Goal: The overall goal, as
agreed upon by partners in the Mubarak-
Kohl project, is "The introduction and
promotion of a dual technical educa-
tion and training system according to
the needs of the Egyptian society which
serves the Egyptian economy with ad-
equate number of skilled workers."

Supporters (Pros): The major ele-
ments that support the newly intro-
duced system are:
• Existing liberalization and privati-

zation of economy adopted by the
government and supported by the
people.

• Overall interest of a large economic
sector, mainly the private sector, in
the dual system of education and
their willingness to bear a portion
of its financial burden.

• Establishment of new cities/commu-

nities with relatively large indus-
trial clusters, having an investors
association in each that looks after
the welfare of its member companies.

• Lack of satisfaction of the currently
provided technical education ser-
vice in the country and the general
interest in upgrading and/or change.

• Acceptance of Mubarak-Kohl project
by the public in Egypt as part of the
general acceptance of cooperation
with Germany.

Obstacles (Cons): The major ob-
stacles of the newly introduced system
that need to be overcome are:
• Partial lack of cooperation between

ministries and governmental insti-
tutions involved in the project.

• Complicated distribution of responsi-
bilities between private and gov-
ernmental sectors contributing to
the project in terms of responsibili-
ties of the school and the factory.

• Presence of resisting currents from
conventional educational systems
that oppose upcoming changes.

• Occasional difficulty in allocating
necessary funds to secure proper
budget for a high-quality education.

Project Initiation
To initiate the project, a supreme

committee, headed by the Egyptian
Minister of Education, was formed.
Members of this committee include key
figures of the industry, education ex-
perts, and high-ranking representatives
of ministries concerned with the project.

A Project Policy Implementation Unit
(PPIU) was set up next to a ministerial
level that reports to the supreme com-
mittee and is directly under the control
of the Minister of Education. The PPIU
focuses on system planning and con-
cept development and supports the su-
preme committee during the introduc-
tion of a new cooperative system. The
PPIU pursues development tasks in the
following fields:
• Securing the necessary funds for the

success of the project.
• Establishing in-company vocational

training in selected regions and
sectors.

• Founding Regional Units of Dual
System (RUDS) in designated pilot
project areas.

• Launching in-school dual vocational
education and training in selected
regions or sectors.

Some thought has been given to es-
tablishing the PPIU at the national level
to prepare the ground for decisions of
the Egyptian institutions responsible for
technical education and vocational
training. Also, the PPIU will promote
cooperation between different parties
and will not be limited to the Ministry of
Education. The central task of the PPIU
in its new form will be to provide advice
regarding legal, financial, and organi-
zational frameworks needed for the in-
troduction of the system as well as to
provide proposals for the further pro-
motion and diffusion of the project.

In 1995, a pilot project was initiated
in the Tenth of Ramadan city, an indus-
trial community that lies approximately
60 km (40 miles) from the capital, Cairo.
As a start, the trades of industrial me-
chanics, electronics, and ready-made
garments were selected based on the
demand reflected by industry in those
communities. In other pilot projects
that followed, it was often the case that
an extensive survey was carried out to
explore the demand of industry to voca-
tional training and the potential extent
of cooperation with the project in these
communities. A good example for those
studies is provided by the work of Stock-
man and Leicht (1997) prior to the
introduction of the dual system in the
Sixth of October city. A major outcome
of such studies is to predict future de-
mand of the industry in the community,
thus facilitating the selection of future
trades of interest and feasibility.

Project Growth
Since its start, the project has under-

gone significant growth as shown by
the data in Table 1 and presented in
Figures 1 to 3. This is evidenced by the
increase in pilot projects taking place
throughout the country and the increase
in number of personnel involved in the
various aspects of the project (Bode &
Sayed, 1997; Mubarak-Kohl Project
Progress, 1997). For example, in 1995,
there were only two schools participat-
ing in the project compared to 12 in
1997. Such an increase must be looked
at not only in terms of absolute magni-
tude but also in terms of ratio. The
increase in number of dual system
schools came in part as a result of the
increase in the number of communities
(cities) where the project was imple-
mented (1 in 1995 compared to 10 in
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Table 1

Characteristic Data of Project from 1995 to 1997

Criteria 1995 1996 1997

Cities involved 1 7 10
Schools involved 2 8 10
Vocations 3 5 7
Students 320 1350 2300
Instructors 36 180 260
Factories 65 210 390
Instructors trained in Germany 14 58 82
Instructors trained in Egypt 34 194 280
Experts involved (long & short term) 12 38 63

Figure 1. Progress in numbers of cities, schools, and vocations adopted by the
project.

Figure 2. Progress in numbers of personnel involved in the project.

Figure 3. Progress in upgrading of teachers and trainers and the experts
involved in project

1997) as well as the increase in the
number of vocations considered (3 vo-
cations in 1995 compared to 7 voca-
tions in 1997).

As a result of the previously men-
tioned increase, the number of dual-
system students, in-school teachers, and
in-factory trainers have all increased.
For example, the number of students
has increased from 320 students in 1995
to 2,300 students in 1997. Also, the
number of teachers has increased from
36 in 1995 to 260 in 1997. Again, such
an increase may not be sizeable when
compared with the overall number of
students and teachers in Egypt, but the
rate of increase is very significant.

Clearly, the increase in numbers of
teachers and students is not the sole
indicator that reflects project develop-
ment since it is basically a quantitative
one. Table 1 shows that the increase in
numbers has been accompanied by an
increase of upgrading courses that took
place either locally or abroad as well as
the increase in the number of short-
term and long-term experts participat-
ing in the project. It can also be noticed
that the increase in the number of up-
grading courses is not a simple increase
resulting from the increase in the num-
ber of students or so. Rather, the ratio
with respect to the number of teachers
and trainers has in itself increased, lead-
ing to a more significant increase.

Future Development
The future plan of the project con-

centrates on strengthening the dual sys-
tem in Egypt through:
• Expanding the project through the

existing pilot projects, which means
stronger participation of the indus-
try in those communities.

• Executing a well-planned “diffusion
process” to other communities
where implementation is feasible.

• Including other trades under the um-
brella of the project, such as those
trades related to construction and
tourism. This may involve coop-
eration with other agencies/bodies
suchas the Ministry of Housing and
Construction, the building and con-
struction federation, and the Minis-
try of Tourism.

• Expanding the PPIU role to cover the
new disciplines of vocation train-
ing, which mandates involvement
of staff from bodies other than the
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Ministry of Education.
• Working with authorities in Egypt to

issue a separate law that regulates
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vocational training that is separate
from the current labor law. This is
needed due to the special nature of
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A review of the research literature in
technology education conducted by
Zuga (1994) included dissertations and
research literature published between
1987 and 1993 that focused on tech-
nology education and technology
teacher education. She summarized the
research as follows:

• 50 percent of the research is devoted to
curriculum status, development, and
change.
• 63 percent focuses on secondary
education
• 53 percent studies teachers/teacher
educators. (p. ix)

Under what Zuga (1994) described
as “Unfulfilled Promises,” a key state-
ment was made:

A concern and goal of the field has been
to establish a discipline of technology
education and with that to fulfill the goal
of creating technological literacy. What
is interesting is that no research has been
done to this end. No discipline was
created and none may ever be able to be
created given the nature of people’s
involvement and use of technology.
Disciplines are formed when
communities of scholars working together
can agree that such a discipline exists.
Technology educators are but a small
part of the community of scholars who
are technologists. (p. 66)

Publishing is one activity indicative
of a community of scholars. Thus, there
should be a direct relationship between
what research is conducted and what
articles are appearing in our journals
and as ERIC documents. It may come as
no surprise that this relationship is a
very weak one. Given the size of our
profession, little research is being con-
ducted and even less research is being
published. Those who do publish are
writing about those subjects that tend to
be the current “hot topic” (the Internet,
robotics, design briefs, etc.) and less
about the “heavy issues” in technology
education (technology education as a
discipline, technological literacy, peda-
gogy for and learning of technology,
attitudes, external groups to the profes-
sion such as parents and school admin-
istrators, etc.).

Status of literature in technology
education. Literature on technology
education has been narrowly confined
to a few journals and ERIC documents.
A search of the library databases found
that in ERIC many documents (mostly
curriculum materials) are catalogued
under technology education descrip-
tors. However, in searching databases
for periodical literature and subject
searches for books, the descriptor tech-

nology education (or combinations,
technology with education, technol-
ogy and education, etc.) yielded a large
number of articles and books with little
to no relationship with what our profes-
sion would view as technology educa-
tion.  Because the databases are using
descriptors that are not narrowly de-
fined or specific to our profession, our
literature is lost to the outside world
seeking to find information using ac-
cepted library search tools. This does
not mean that our literature is not “out
there” to be found. What it means is
that it is mostly confined to ERIC and
only those library databases that search
a very broad range of journals (includ-
ing those within our field).

What journals are related to our
profession?  Many journals and maga-
zines serve the broad spectrum of topic
areas related to technology education.
Brauchle, Liedtke, and Loepp contrib-
uted a list of more than 100 technology-
related journals that are well suited to
the field.  It is included in Preparing
Manuscripts for Professional Publica-
tion in Technology Education (Brauchle
& Liedtke, 1997).  Domestic and inter-
national professional associations as
well as trade and technical organiza-
tions provide a wealth of resources for

2. Does the Recent Literature in Technology Education Reveal the
Profession’s Direction?
by Jane A. Liedtke
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technology teachers. For the purpose of
this article, five publications were re-
viewed that are most specific to tech-
nology education and where most of
the literature consistent with the phi-
losophy of technology education is
found.

What are the key journals in tech-
nology education? The Technology
Teacher (ITEA), the Journal of Technol-
ogy Education (ITEA), the Journal of
Industrial Teacher Education (NAITTE),
the Journal of Technological Studies
(EPT), and TIES magazine are consid-
ered to be the main sources of literature
in the field. Classroom teachers of tech-
nology education and technology
teacher educators review these sources
for information on curriculum and re-
search. In addition, the annual Year-
books of the Council on Technology
Teacher Education are considered to be
leading sources of information on their
respective subjects. Magazines such as
Tech Directions are popular among
teachers due to the nature of their distri-
bution.

What are we reading in the jour-
nals? A review of the five publications
identified was conducted for the pur-

pose of this article. The most recent 12
issues (as of Winter 1996) for each
publication were examined with the
exception of the Journal of Technology
Education, where nine issues were re-
viewed. Three hundred and thirty-two
articles were categorized by the classi-
fications given below:
•  Philosophy of Technology Education

(such as technology education as a
discipline, standards for technol-
ogy education, technological lit-
eracy, history).

• Curriculum and Instruction Informa-
tion (such as program design, con-
tent and structure, mathematics-
science-technology interface, de-
livery, interdisciplinary approaches,
outstanding or model programs).

• Facilities (instructional laboratories
and equipment).

• Technological Systems (such as com-
munication, manufacturing, con-
struction, transportation, biorelated
technology systems).

• Student Activities (student-centered
activities and “how to do xyz” in
the classroom with students, stu-
dent organizations).

• Research (articles about conducting

research versus those based on re-
search).

• Professional Issues (leadership,
mentoring, recruitment, minorities).

• General Interest (the Internet, grant
writing, partnerships, resources).

• Others (articles that are not technol-
ogy education).

Table 1 provides a sense of what has
been published in these publications
and thus what represents the majority of
our current literature. Technology edu-
cation articles represented 67% of that
which was published therein. Of the
222 technology education articles,
22.5% were related to technological
systems and the curriculum organizers
of communication, manufacturing, con-
struction, transportation, and biorelated
technology systems. Many articles
within this classification were about
new technological developments and
applications in technology education.
Some of these articles related exciting
technology content that could easily be
adapted to classroom instruction by
competent technology teachers. How-
ever, the classification of student activi-
ties only represented 3.6% of the ar-
ticles. The perception that The Tech-
nology Teacher and TIES  magazine
have a lot of “how to” articles for class-
room teachers is not the case. These
two publications contain the largest
number of articles that are focused on
technology systems.

Curriculum and instruction informa-
tion (21% of the articles) was a major
area within the publications. This is
consistent with Zuga’s (1994) review of
the research literature which showed
that 50% of the research conducted
was related to curriculum development,
status, and change. More of the curricu-
lum research conducted should be pub-
lished. The curriculum articles that are
published are dispersed evenly across
the five publications.

The third-ranked classification was
that of general interest, with 41 articles
(18%). These included articles related
to tech-prep, school-to-work topics,
technology education in other coun-
tries, and the like. Professional issues
ranked fourth with 38 articles (17%).
This classification included articles on
minority issues and recruitment, lead-
ership, teacher preparation, in-service
activities, and similar topics. A large
portion of this literature appeared in

Table 1

Number of Articles Published in Five Publications Based on Classifications
Given

Publication*
Classification TTT JTE JTS JITE TIES Totals

Philos. of T. E. 12 5 9 3 0 29
Curric. & instruc. 10 11 12 5 9 47
Facilities 2 0 0 0 6 8
Technological sys. 17 0 6 0 27 50
Student act. 7 0 0 0 1 8
Research articles 1 0 0 0 0 1
Prof. issues 6 9 19 4 0 38
General interest 12 11 6 4 8 41 Subtotal 220
Other (not T. E.) 0 5 67 38 0 110

Totals 67 41 119 54 51 332

Journal and magazine issues examined:
The Technology Teacher

October 1994–February 1996 n = 12
Journal of Technology Education

Fall 1990–Fall 1995 n = 9
Journal of Technology Studies

Summer/Fall 1988–Winter/Spring, 1995 n = 12
Journal of Industrial Teacher Education

Vol. 29 #4 (1992)–Vol. 32 #3 (1995) n = 12
Ties magazine

March 1991–February 1995 n = 12
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two journals: The Journal of Technol-
ogy Studies (which had the largest num-
ber of professional issues presented—
19) and The Journal of Technology Edu-
cation (which had the second highest
number of professional issues pre-
sented—9). This is consistent with the
leadership and professional develop-
ment mission of Epsilon Pi Tau as an
international honorary.

Philosophical issues in technology
education, standards (Technology for
All Americans), industrial arts versus
technology education, and technologi-
cal literacy ranked fifth with 29 articles
(13%). The publishing of these topics
was primarily in The Technology
Teacher  and The Journal of Technol-
ogy Studies.

Articles that met the criteria of “other”
were primarily within the areas of voca-
tional education, trade and industrial
education, and industrial technology.
The Journal of Industrial Teacher Edu-
cation had the largest number of voca-
tional and trade and industrial educa-
tion articles. The Journal of Technology
Studies had the largest number of in-
dustrial technology articles most reflec-
tive of industrial management degree
program efforts among the five publica-
tions reviewed. The Journal of Indus-
trial Technology, which was not re-
viewed, would have exceeded  the Jour-
nal of Technology Studies with the per-
centage of industrial technology articles
if it had been included.

The CTTE Yearbooks, considered to
be valuable literature by our profes-
sion, have over the same period of time
been devoted to communication in tech-
nology education (1990), technologi-
cal literacy (1991), transportation in
technology education (1992), manu-
facturing in technology education
(1993), construction in technology edu-
cation (1994), and foundations of tech-
nology education (1995). Of these six
yearbooks, 75% of the content is de-
voted to curriculum and technological
systems with 25% focused on philo-
sophical issues, historical perspectives,
and technological literacy.

How much of the focus is on class-
room teachers (K-12) versus teacher
preparation? The Technology Teacher
and TIES magazine are classroom
teacher oriented. Of the 67 articles pub-
lished in The Technology Teacher,  34
clearly target classroom teachers with

many of the philosophical, general in-
terest, and professional issues articles
applicable to a wide range of profes-
sionals. TIES  is targeted to a larger
extent toward the classroom teacher.
Forty-three of the 51 articles were class-
room teacher (K-12) focused. This ac-
counts for 84% of the articles pub-
lished.

Very little was written on technology
teacher preparation. Two prime articles
were on teacher preparation curricu-
lum and college student burnout. One
article was concerned with the NCATE
accreditation process. One could sug-
gest that the technological systems and
curriculum topics would relate to
teacher education in terms of content
that would be taught once students
entered the profession as classroom
teachers. In recent years there is little
literature focusing on the needs of col-
lege students, college student organiza-
tions, and the curriculum for technol-
ogy teacher preparation. The CTTE Year-
books, while focusing on the public
schools, provide outstanding reference
materials for teacher preparation
courses. One chapter was devoted to
teacher education in each of the year-
books for the four curriculum organiz-
ers (communication, construction,
manufacturing, and transportation) and
the yearbook on the foundations of
technology education. Despite this,
there remains a great need for research
and articles devoted to issues of teacher
preparation and certification.

How much of the focus is on guid-
ance counselors, principals, school dis-
trict personnel, parents, business/in-
dustry, government, and other
gatekeepers?  Is this a missing element
in our publications? Two articles were
on school-to-work transitions (which
relate to business/industry as a recipi-
ent of high school graduates). Other
than those two articles, there was not
one article that focused on this group of
important people in the educational
setting. Here is a need waiting to be
met!  The profession needs assistance in
linking with these key individuals. Class-
room teachers and teacher educators
need models in the literature that pro-
vide strategies for working with these
groups to ensure a positive future for
technology education. Articles target-
ing publications within counseling and
school administration professional as-

sociations are also essential to creating
a broad range of literature on technol-
ogy education.

What about the science and math-
ematics education journals?  Are we
publishing our efforts at integrating
mathematics, science, and technology
through curriculum projects in these
publications?  Only three integration
articles appeared in the five technology
education publications reviewed. With
several major national efforts ongoing
in our profession to integrate math-
ematics, science, and technology, class-
room teachers and teacher educators
seem eager (as evidenced by the popu-
larity of such sessions at the ITEA con-
ferences) to learn more about the suc-
cesses of these curriculum develop-
ment efforts.

Is quality the issue or a problem?
Having reviewed as a member of the
editorial review boards for all but one
of the five key publications, I can
honestly say that what is submitted
by members of our profession is alarm-
ing. What is published, while much
better than what is submitted, tends
to lack depth or has not been pre-
pared based on extensive research
support. That is not to say that there
are not wonderful, useful articles in
our journals. It is to point out that
much of what we do could be better.

It is more likely a reflection on our
profession and our background, inter-
ests, and personal attributes. Individu-
als have selected our field over other
professions because they prefer to work
with technology. They are often not
interested in writing and publishing.
This creates a strategic dilemma. Indi-
viduals need to conduct research and
publish—few do as Zuga (1994) pointed
out in her research review. Publishing is
an expectation of faculty at higher edu-
cation institutions. People who are not
successful with their first attempt at
publishing often do not resubmit their
publication and may not be motivated
to publish in the future. Alas, a small
group of individuals become successful
at publishing. Something must be done.
We can intuitively wonder:  What good
ideas and information are we missing
out on that people have rolling around
in their heads?

Modeling may also be an issue.
People tend to model and emulate what
exists in the literature regarding writing
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style, format, and, in some instances,
topics (acceptable to the journal).

What are our focal points for future
action?

Some observations:
• Few people publish.
• Most research conducted has not been

published.
• Technology education as a discipline

must be clearly defined, dissemi-
nated, and operationalized.

• Lack of research base in most litera
ture or lack of depth on the topic(s)
is evident.

• Little to no theoretical basis for our
research and thus the literature that
stems from the research lacks the
rigor of other disciplines.

• Lack of experimental research (con-
trolled research investigations and
appropriate data analyses).

• Lack of literature on technology teacher
education, mathematics/ science/
technology interface and interdis-
ciplinary approaches, in-service
programs, and certification issues.

• Little attention to diversity, minority
recruiting, and retention.

• Counselors, parents, school adminis-
trators, and business/industry and
their relationship to technology edu-
cation have received no attention
in our journals.

Some possible directions:
•  Rewards and incentives for publishing.
• Increased opportunities to publish

refereed articles.
• Mentorships for publishing (linking

young professionals with seasoned
writers).

• Promote interdisciplinary coopera-
tion and study of technology to
facilitate the acceptance of a disci-
pline for the study of technology.

• Require doctoral research for the PhD
degree to have a theoretical base
and include experimental method-
ologies.

• Require publication from dissertations
as a part of doctoral degrees.

• Expect publication as a result of grant
activity.

• Provide increased funding for research
activity (expanding our reach to
other types of funding agencies).

• Link with colleagues outside our field
to prepare and publish articles.

• Involve counselors, parents, and school
administrators in our professional
associations.

• Provide journal subscriptions to other
professionals at our institutions.

• Encourage minorities and women to
publish and provide support sys-
tems to enable this to occur.

• Seek funding for journals to support

their publication costs, thus en-
abling refereed publications to be a
reasonable length.

How can practitioners help?  As
technology educators, we have the
opportunity to share our successful
classroom experiences, results of
master’s and doctoral research, and
perspectives on issues facing the pro-
fession. Engaging in such activity cre-
ates the environment conducive to a
community of scholars. Moreover, it
assists others in recognizing technol-
ogy education as a discipline. It is
imperative that we assist those who
prepare technology education and
technology-related journals in deliv-
ering publications that meet the needs
of in-service and preservice teachers,
teacher educators, school adminis-
trators, parents, and, ultimately, stu-
dents. Beyond that, we must connect
to those who are on our periphery. To
achieve this end, we must all try to
publish the fruits of our labor and be
diligent about sharing beyond these
mainstream publications.

Journal editors are eager to link less
experienced writers with those who
can serve as mentors. This process as-
sists the novice in publishing and thus
increases the pool of individuals con-
tributing to the base of literature that
serves the profession.
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Using technology has always been
an integral part of society. Throughout
history, the available technologies of
the time dictated the direction of hu-
man existence. But, technological de-
velopments have had a limited impact
on education and have done little to
change limited access, low quality, and

3. Extending the University’s Reach with Technology
by Kurt H. Becker

low productivity and to improve the
primitive technological tools used by
teachers.

Our stance toward technology in
education—our impressions of what it
is, what it is good for, and how we
should think about it—has long been a
problem. Many of the failures of the

past stem from this problem: The films
we expected to revolutionize teaching
in the 1920s, the radio broadcasts that
would bring the world into every school
room in the 1930s, the “new media” of
the 1950s and 1960s (television, Super-
8 film, language laboratories), the pas-
sion for programmed instruction of the
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1960s, the novelties of distance educa-
tion and dial-access audio and video in
the 1970s and 1980s, and now virtual
schools in the 1990s—in all these cases,
we started with enormous expectations
about what a particular set of techno-
logical devices, used in a particular
way, might be able to accomplish. While
there were a few successes (the over-
head projector that rapidly spread into
most of the classrooms in America, the
wide-ranging dissemination of VCRs,
the power of distance education and
“open university” approaches to ex-
tend higher education to new audi-
ences), there were certainly failures and
criticisms such as the machines that
were used once and consigned to the
closet and the devices that teachers
used only once a year because they
were too complex. Such teacher tools
had little or no effect upon the existing
paradigm, and teachers could take them
or leave them.

The debate over the impact that tech-
nology is having on education and what
impact it will have in the future contin-
ues today. Some believe that technol-
ogy is so powerful that it can effectively
eliminate schools altogether. Others
think that this is a basically flawed and
alien ideathat is contrary to our most
central notions of what a good society is.

Perhaps the primary thing to bear in
mind about the interaction of technol-
ogy and schooling is that the process
has never resulted in anything close to
what educators hoped and assumed it
would do. Rather, using technology
became associated with economics (em-
ployment prospects for graduates, based
on the “skills needed for the informa-
tion age”) and with community pride
(“Our school has six networked PC
labs!”). In these cases, the decision
makers failed to examine a central un-
derlying assumption: We only think of
education and schools as means for
application of computers, software,
networks, and associated technologies.

The Changes
A paradigm shift is underway. And

new technological tools for learners are
significantly and simultaneously mov-
ing toward the accomplishment of three
major goals of education reform: better
access, better quality, and better pro-
ductivity (Davis, 1996).

Achieving Access
For a variety of reasons, large seg-

ments of our society have limited ac-
cess to the means for learning. For many
time is a factor. For others it is a matter of
being out of reach of a campus.

Lack of access can also mean that a
neighboring college doesn’t teach what
some need to learn or that the available
curriculum is otherwise undesirable.
Scores of students physically attending
college are routinely forced to add an
additional semester or school year to
their college tenure simply because they
couldn’t enroll in the classes they
needed or wanted due to scheduling,
full classes, lack of course offerings,
and more.

To facilitate better access there must
be a change in the existing system.
Converting from a bricks and mortar,
labor-intensive system to one that gives
learners information technology tools
will require massive capital to build
infrastructure, retrain personnel, and
create new learning materials. Schools
must yield their role as the primary
providers of content and shift to a role of
providing means and services for stu-
dents to develop learning skills. The
high speed network infrastructure that
is under construction throughout the
world and high speed fiber optic data
lines in our homes and offices will help
facilitate this access. This will facilitate
an “anything, anytime, anywhere” para-
digm (Wittmann, 1994), which may
lead to electronic educational commu-
nities with minimum barriers of dis-
tance, time, race, age, gender, and ap-
pearance. It is likely to promote col-
laboration and increase the quality of
education.

Increased access means learners can
sign on to a course and begin taking it
the minute they realize they need it. It
means they can pursue aspects of a
subject that are relevant to their imme-
diate need and demonstrate mastery by
applying what was learned in a mean-
ingful context. It means learners progress
through the components of a course at
an individual pace rather than in lock-
step fashion. This will result in a chang-
ing relationship between school and
industry since industry demands the
use and knowledge of current tech-
nologies. As technology becomes more
commonplace, it will be used in all
sectors of life, and this will directly alter

students’ learning needs and abilities.
A curriculum addressing this need

may cost millions to produce, but once
completed, the costs to manufacture,
distribute, and update it are moderate.
Such a curriculum could stand alone or
be used in conjunction with commen-
tary and individualized lesson plans
from an online mentor. The curriculum
could be partially or entirely completed
at home or at work, and at a pace that
suits each individual learner.

Access to education primarily means
giving up the notion that a classroom is
a place of assembly at a single place
and time. It also means and requires the
revolutionary step of putting learners in
charge of their learning process. The
conventional classroom lecture takes
place in a cloistered set of buildings
with rows of students facing the teacher,
who has prepared the lesson he or she
thinks is important. It creates an envi-
ronment that tends to ignore higher
order learning skills such as creativity,
independent thought, inquiry, research,
leadership, and innovation. Many ex-
perts will agree that the classroom is
one of the few places of human activity
that someone who had slept for 200
years could wake up and return and still
feel comfortable.

Conversely, the learner who is his or
her own teacher has far greater access to
learning through the convergence of com-
puters, telecommunications, and tradi-
tional classroom media. This, in turn, can
increase quality and productivity.

Achieving Quality
Looking at today’s education, change

is inevitable. Technological changes
will have an effect on the entire teach-
ing system. Technology is providing
new tools of thought and action that
graduates must be able to use in order to
compete on a global basis.

A better, more affordable, more
widely used information technology
system must continue to be developed.
The library is one place to proceed with
these changes. Change will bring the
advent of the digital library, which in
turn will create regional and national
libraries. This information will be avail-
able to learners on-line, minimizing
search times. These libraries will also
deliver multimedia and electronic (digi-
tal) textbooks, which will give learners
text, pictures, video, and sound.  All of
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this can take place in less space be-
cause of digital technology. Libraries
will be easily accessable and open them-
selves to interaction with the learner.

Currently, multimedia technologies
are emerging that provide new ways for
education to do business. They enable
education decision makers to make dra-
matic changes in delivery, evaluation,
and so forth.

What are the emerging components
of multimedia?
1. Library services available over cam-

pus networks.
2. Conceptual designs for electronic

libraries.
3. Development of permanent and por-

table multimedia delivery systems.
4. Effective use of all of the components

of a digitized communications net-
work (voice, video, and data).

Multischool classrooms on the
Internet will soon begin to proliferate.
Increasingly, sophisticated “search en-
gines” make it easy for even an eight-
year-old to become a sophisticated re-
searcher and explorer, locating new
information databases and exploring
new curiosities on a daily basis. Provid-
ing a more learner-centered system will
not change everything.

Some students will continue to want
physical proximity to other students
and teachers. Other learners will want
only occasional support and guidance,
and some will seek independent study
and courses of quality. Many students
will want customized learning programs
comprised of individual courses, course
components (modules), and short-term
certificates. Today’s learner is a lifelong
learner. As colleges learn to exploit this
opportunity, they will custom build and
import the “courseware” to meet the
individual needs of learners who enroll.

The use of telecommunication tools
introduces new platforms for knowl-
edge. Students can collect, manipulate,
organize, analyze, evaluate, and reflect
alone or in groups with divergent sources
of knowledge and information world-
wide. If a student wants to know what a
“Communist” is, he or she can corre-
spond with a teacher, student, or gov-
ernment minister in Cuba or China—a
real flesh-and-blood Communist (Kerr,
1990a).

Telecommunication creates whole
new audiences for the student. He or
she must learn to analyze each audi-

ence and learn to communicate in a
context-specific, coherent way. There
will have to be changes in the way
information is distributed and shared,
and new strategies for storage are needed
(Tennant, 1995). The use of technology
to help learners access, search, and
retrieve information is increasing at
unprecedented rates. A major part of
establishing  learner access is the recog-
nition that a teacher  comes in many
forms and through many pathways,
some not yet invented.

Achieving Productivity
Information technology has gener-

ated dramatic cost-benefit gains in vir-
tually every other sector of our economy:
financial services, manufacturing, re-
tail distribution, health care, entertain-
ment, and government. Why, then, is
our most vital segment, education, lag-
ging so far behind?

There has been no incentive to
change the local elementary school,
and the community college has no real
competition. Tenured faculty have little
motivation to change their teaching
methods as long as their classes are full
and there is a demand for services.
Many teachers are themselves resistant
to technology and, consciously or un-
consciously, terrified that it will dis-
place them.

Administrators of traditional schools
are beginning to realize that they will
not have a captive market much longer.
Technology-based companies, lever-
aged by inexpensive manufacturing and
cheap distribution (e.g., the Internet)
will increasingly turn out attractive and
relatively inexpensive new ways to
learn. New communities of learning
are being created daily on the Web.

While encouraging innovation
within the faculty, universities are highly
resistant to change institutionally
(Hawkins, 1992). What makes the tran-
sition inevitable is that educational pro-
ductivity will continue to decline under
the present system; costs continue to
rise and access is increasingly denied.
As educators, our choice will be to
consciously move with change or be
dragged along by it. Unless educators
learn to work with the private sector
to use technology, they may begin to
disappear.

As we shift control and initiative
from teacher to learner, the role of

faculty member shifts to the facilitation
of increasingly autonomous student
practices. Curriculum design becomes
the art of posing problems, introducing
large questions and then facilitating
work on them. The teacher shifts from
lecturing to fomenting questions,
doubts, and uncertainties; suggesting
strategies of inquiry; and questioning
the quality of reports and conclusions.
This kind of work will require great
sensitivity and dedication to individual
learners (Kerr, 1990b).

There will also be teachers who lack
heartbeats. There will be a variety of
computer-generated video-sound-and-
text-based experiences. Exciting new
technologies such as virtual reality and
multiuser simulated environments will
challenge users to use abstract reason-
ing to navigate knowledge-intense en-
vironments and simulate physical tasks.
Using this kind of technology, students
can encounter real geography, history,
science, language, or business prob-
lems by themselves or with other stu-
dents scattered in space and time.

Serving as a successful mentor will
require new teaching techniques in
design, facilitation, and counseling. Stu-
dents may be involved in facilitating
learning experiences, such as the cre-
ation of an on-line conferencing pro-
cess where students simulate a joint
research term in a fictitious company.
Students might publish their research
findings in an on-line journal, offer cri-
tiques and questions about each other’s
findings, and be challenged by the fac-
ulty facilitator who plays the role of the
business interest that commissioned the
research.

The real value of any good technol-
ogy is not that it will do things for us
faster, better, and cheaper, but that it
will make us better at what we do.
Learning is innately and uniquely hu-
man.  Digital tools will provide new
levels of access, analysis, simulation,
and synthesis that will generate in-
creased learner participation in intel-
lectual work. With these new capabili-
ties, learners will not need teachers to
teach them but rather to facilitate their
learning skills, the development of their
character, and their vision of the future.
This will assist in achieving the educa-
tional goal of better access, better qual-
ity, and better productivity. However,
there will be numerous issues with
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which those in education will be faced
with since change does not occur with-
out difficulties or challenges.

Some Issues Related to Change
1. As information technologies be-

come digitally based, distinctions be-
tween voice, video, and data will blur,
causing attention shifts to an informa-
tion infrastructure. This will amplify the
speed and accuracy with which infor-
mation will be available to education
and industry. The information technol-
ogy industry will continue to adjust to
the changes in education. These changes
will be determined by economic fac-
tors, which include the dropping cost of
technology hardware and developing
multimedia for the home consumer
market. These changes will increase
market size, which in turn will decrease
the ability for education to have part-
nerships with industry because the re-
duced prices of hardware will make it
difficult to develop a win-win situation.

2. Higher education will become

less important to vendors as the market
expands into the home. Vendors will
support the creation of high-end soft-
ware that, in turn, will drive and stimu-
late sales of hardware and operating
systems to support the software. Ven-
dors will have a vested interest in devel-
oping multimedia applications that re-
quire more powerful, faster technol-
ogy. This could result in education
changing dramatically in the method of
delivery to maintain its competitive
market share of the existing student
populations.

3. Digital technology will alter the
lecture paradigm when we harness the
energy of the networked virtual univer-
sity and engage in collaborative in-
struction. Collaboration will involve
more than one individual involved in
course design and delivery, and stu-
dents who actively participate in in-
struction. This will engage students and
the school systems in active, meaning-
ful competition for the digital age.

Dr. Becker is an Associate Professor in the Department of Industrial Technology and Education at Utah State University, Logan.

4. When designing an educational
system, we can certainly predict how
changing the process will send a more
desirable message to learners. What we
can’t predict are the elements of design
and delivery that rely on human char-
acter and individual motivation, and
this human element remains crucial.
Again, we should consider whether a
well-rounded education is a function of
teaching or of a learner making selec-
tions from a balanced curriculum.

Because of the capacity afforded by
information technology to make learn-
ing more outcome oriented, opportuni-
ties for accelerated learning will multi-
ply. As a new generation of learners
becomes accustomed to deciding when
to learn, what to learn, how to learn,
and even how progress is to be certi-
fied, the need for human intervention in
the process of learning will diminish to
infrequent high-quality counseling and
mentoring sessions. The inherent
“learning machine” can be liberated.
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Education is teaching people how to
think. Training is teaching people how
to behave within narrow specializa-
tions. We do both in our schools. This is
as true of technology studies as it is in
any other part of the school curriculum.

Our school system is charged with
the responsibility for the development
of cognitive skills in students. Basically,
this means that students must be taught
to use their most extraordinary feature,
the brain, to ensure our survival and to
improve our lives. We humans have

been blessed with at least four cognitive
gifts that have enabled us to conquer
nature and recast our world. Only three
of these gifts are evident in the core
curriculum: (a) the ability to make
sounds and symbols that convey mean-
ing (or communications), (b) the pen-
chant for quantification (or mathemat-
ics), and (c) the ability to observe objec-
tively and make rational decisions about
these observations (or science). The
fourth gift, tool use, is the ability to
make, modify, and wield tools in a

productive fashion for the improvement
of society. This fourth gift is not part of
the core curriculum, but it should be.
Without development of the fourth gift,
skills in math, science, and language
are just empty tricks, mere glib-tongued,
sharp-brained sophistry. Ancient Greece
and China, the pre-Columbian Incan,
Mayan, and Aztec societies of South
America, and the dark-age and medi-
eval Europe are examples of some of
the societies that failed to make full use
of all four gifts to their ultimate detri-

4. Creative Problem Solving: A Unique Aspect of Technology
by Andrew E. Schultz
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ment. That tool use is not a recognized
integral partner in the core curriculum
in America is as short sighted as the
trivium was in the Middle Ages.

In secondary education today, teach-
ing tool and equipment use is the prov-
ince of technology education and, as
such, it is where the melding of the core
curriculum takes place. It is the ideal
site for contextual learning to happen,
and increasingly, our best teachers are
realizing this. They are making the as-
sociation that applied learning enriches
the core curriculum by enabling stu-
dents to stretch cognitive skills and ac-
tually synthesize new knowledge. It is
also where real problem solving is taught
and occurs.

But what makes technology educa-
tion really unique is that both kinds of
problem solving are taught. Both kinds?
Yes, few people realize that there are
actually two sorts of problem solving.
Applying algorithms (or the application
of known solutions to classes of exist-
ing, already solved problems) is com-
monly taught in our schools. Outside of
an art class or a traditional shop pro-
gram, however, creative problem solv-
ing (or how to solve unique or unsolv-
able problems) is rarely addressed.
While capabilities in this second type of
problem solving are never given cur-
ricular space to develop, these are the
very abilities that may prove critical to
our survival as a society and even as a
species.

Applying algorithms has proven a
rich source of techniques for the exploi-
tation of the world’s resources—our
dominance of the world owes much to
this way of thinking. At the same time,
however, despite the impressive tech-
nological advances of the late 20th
century, our collective capacities to
deal with the global moral, economic,
social, and environmental conse-
quences of these advances are already
bankrupt. These challenges are just the
bills coming due today. The difficulties
of the next century seem to expand
exponentially with every scientific, tech-
nologic, and economic innovation, even
as we fail to solve those problems fac-
ing us today. Ironically, these problems
result from the very mastery of this
vastly fruitful first kind of problem solv-
ing, applied algorithms. It is unlikely
that the solutions to these kinds of en-
demic problems can come from the

same technique of thinking that pro-
duced the problems in the first place.
Rather, the solutions we desperately
need are the kind of paradigm shifts that
spring from the second kind of problem
solving, creative problem solving.

Unfortunately, there is a large body
of evidence which supports the beliefs
that expertise in applying algorithms is
developed at the expense of creativity
and that as one masters a body of knowl-
edge and its traditional organization, it
is exceedingly difficult to slip outside of
that organization and see it again in a
new, reordered, and more meaningful
manner. Rare are people such as
Copernicus and Galileo, who were ex-
perts and yet able to recast their knowl-
edge in a new, more meaningful fash-
ion. More often, when one is schooled
in a specialty and in how to organize
and process information about that spe-
cialty, there’s an almost inescapable
tendency for one to see the rest of the
world through that same prism of nar-
row expertise as well. In educational
psychology terms, this is called func-
tional fixity (Moates & Schumaker,
1980).

To illustrate functional fixity, con-
sider the following story that the great
Gestalt psychologist, Wolfgang Kohler,
once wrote of his favorite chimpanzee,
Atlas, and the puzzle he had posed to
him. Kohler was studying primate prob-
lem solving at the time and had done
this experiment several times prior to
working with Atlas. He would suspend
a basket of fruit from the top of a fairly
spacious cage that also held an ape,
several sturdy boxes, and a long stick.
Most apes would try the stick first, but
finding it too short, would puzzle for a
while and then in a flash of what Kohler
saw as “insight” use a box to stand on to
get the fruit. Atlas, however, could not
solve the problem. Kohler sat outside
the cage taking notes while Atlas stud-
ied the fruit and the boxes. One hour
passed. Two. Kohler grew increasingly
worried about Atlas. He was the oldest
ape, and he grew increasingly despon-
dent, looking frequently at Kohler with
pleading eyes. Finally, Kohler could
stand it no more, and he entered the
cage to reassure Atlas. Immediately on
entering the cage, Atlas took Kohler by
the hand, led him so that he was directly
under the bunch of fruit, and then
climbed Kohler until he could reach it.

Kohler took this as an example of both
his own and Atlas’s inability to recast
old familiar forms into new innovations
or functional fixity (Moates &
Schumaker, 1980).

These different types of problem solv-
ing are liked and relied on by different
kinds of students, too. While business
and industry report that they want people
who are critical thinkers, team players,
and problem solvers (Rogers, 1995),
they are not thinking of the creative
problem solvers. Business and industry
want those with a knack for applying
the heuristics and algorithms of life to
slightly new situations. They want
people who modify, not those radical
random abstract folks with their pen-
chant for unconventional creative be-
haviors. These creative problem solvers
are barely acceptable in polite society.
They have a knack for abandoning con-
ventional solutions and finding really
unique (and sometimes unsavory) ones.
They are hardly team players and not
readily acceptable by or as critical think-
ers. And yet these creative problem
solvers break the code and decipher the
secrets of the universe. Of course, we
have learners with both sorts of thinking
preferences in our technology classes.
Schultz (1985), for example, found that
while 54% of 217 students in second-
ary industrial education programs
scored as abstract sequential or con-
crete sequential learners (those people
who prefer to learn applied algorithms),
20% scored as random abstract learn-
ers. In other words, in this sample al-
most one fifth of industrial education
students preferred to learn to solve prob-
lems in a creative rather than lockstep
fashion.

All people share creative and critical
thinking attributes, but the individual
usually prefers one mode of thinking
over the other. Carl Jung (1976) com-
pared this phenomena of the interac-
tion between dominant and auxiliary
psychological functions to handedness.
Most people demonstrate a preference
for using the right or left hand fairly
early in life and that preferred hand
becomes quite skillful; the opposite
hand however remains relatively un-
skilled—just try writing your name with
your dominant and auxiliary hand and
it will be apparent which is skilled and
which has remained undeveloped and
childlike in its capabilities.  And even
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though we right-handers learn to catch
fly balls with a mitt on our left hand and
master shooting layups from the left
side of the basket, these skills are almost
always less well developed than those
of the right.

Over the last 20 years, we have
moved away from traditional industrial
education and strongly towards more
rigorous forms of technology studies.
We have sought to develop methods

and programs that foster a higher order
of thinking skills. Let us not do so at the
expense of our ability to slip outside of
conventional thinking and dream up
really new paradigms. Think of Steve
Jobs and Steve Wosniak at work in their
garage, rethinking the ways that people
and computers interact. Think of Einstein
and his inability to master the algo-
rithms of simple mathematics, yet able
to rethink the universe. Remember

Piaget’s words, “The final form of learn-
ing is play.” In our efforts to provide
workers for industry and citizens for our
society, the balance between training
and education and between applying
heuristics and solving problems with
creativity is always a precarious one. In
our secondary technology programs,
we must take care that we do not lean
more toward training than education.
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What does the term technology
mean? What does the term engineering
mean? Are they one in the same? One
collegiate dictionary defines technol-
ogy as “...a scientific method of achiev-
ing a practical purpose; or the totality of
the means employed to provide objects
necessary for human sustenance and
comfort” (Mish, 1988, p. 1211). Wright
and Lauda (1993) defined technology
as ”...a body of knowledge and action,
used by people, to apply resources in
designing, producing, and using prod-
ucts, structures and systems to extend
the human potential for controlling and
modifying the natural and human-made
(modified) environment” (p. 3). Accord-
ing to Savage (1991), technology is a
body of knowledge and the application
of resources using a systematic approach
to produce outcomes in response to
human needs and wants. Technology is
“...the application of knowledge, tools
and skills to solve problems and extend
human capabilities” (Smith, 1994, p.
2). The common thread that runs through
all of these definitions is that technol-
ogy is about doing to extend human
capability.

Engineering is defined as “the appli-
cation of science and mathematics by

which the properties of matter and the
sources of energy in nature are made
useful to people in structures, machines,
products, systems, and processes” (Mish,
1988, p. 412). The Accreditation Board
for Engineering Technology (ABET,
1997) defines engineering as “...the pro-
fession in which knowledge of the math-
ematical and natural sciences gained
by study, experience and practice is
applied with judgment to develop ways
to utilize, economically, the materials
and forces of nature for the benefit of
mankind” (cover). Both engineering
definitions emphasize utilizing a com-
bination of mathematics and scientific
theories with materials and nature to
satisfy the needs of humankind.

From these definitions, it is easy to
see that engineering and technology
are not the same. The field of technol-
ogy is much broader in scope than
engineering. When comparing technol-
ogy and engineering, Dugger (1994)
found several areas of similarity as well
as several distinct differences. Both en-
gineering and technology are concerned
with “how to” and “the solution of
problems” (p. 8), and both are driven by
“social acceptance and success at the
marketplace” (p. 8). Both are based on

the study of the principles of science,
mathematics, processes, and systems.
However, a fundamental difference
does exist between technology and
engineering. Technology places a
greater emphasis on the application of
these principles to solve problems and
produce products while the focus of
engineering is towards research, de-
sign, and developing new products and
systems. The study of technology is
directed from something concrete to
the abstract while engineering is di-
rected by theory and ends in specific
recommendations or solutions.  How-
ever, a certain level of interdependence
does exist between engineering and
technology as well. Engineering and
technology are both dependent, to some
extent, on one another. True progress is
not possible without both.

Bensen and Bensen (1993) proposed
integrating technology and engineer-
ing experiences into the school curricu-
lum. They asserted that engineering and
technology content organizers are built
around (a) disciplines, (b) systems, (c)
processes, and (d) impacts. Furthermore,
they stated that “it is readily apparent
that most contemporary and relevant
technology education programs already

5.  Technology: The Heartbeat of Education
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include most of this content in their
design” (p. 5).

It is true that several states have
adopted or are developing programs
designed to utilize engineering con-
cepts. One such program is the Prin-
ciples of Engineering from the New
York State Education Department. This
program takes a generic look at engi-
neering through design activities and
case studies. Currently, there are ap-
proximately 100 schools in New York
using this program as a direct result of
the National Science Foundation (NSF)
providing funds for in-service experi-
ences to train the teachers. Approxi-
mately 15 other states have also sent
their teachers to receive this in-service
instruction.

The state of Virginia has developed
an Introduction to Engineering  pro-
gram with the assistance of practicing
engineers. Several other states have also
developed programs that integrate the
study of technology with academic
courses. In most cases, these programs
are using problem-solving activities and
table-top technology to gain understand-
ing of the processes and concepts. Sev-
eral of these programs, such as the ones
in Colorado and Texas, have been show-
cased at  national conventions. Any
proposal of integrating engineering and
technology simply utilizing organizers,
course titles, and outcomes may not
provide the desired results. Neverthe-
less, this certainly does open another
avenue for discussion as to what is the
role of technology education in the
whole realm of education.

With all that having been said, it is
easy to recognize that a problem still
exists within the field that must be re-
solved. This seemingly age-old prob-
lem is one of identity, with many still
asking questions such as the following:
Are we pre-vocational? Are we a part of
tech prep? Are we pre-engineering? Are
we general education? These questions
have been hotly debated for decades
and most certainly since the American

Industrial Arts Association became the
International Technology Education As-
sociation. In an editorial, Sanders (1997)
pointed out that the name change was
designed  to fuel a paradigm shift within
the profession that would cause the
American public to associate the term
technology with our field of study. His-
tory has recorded that this did not hap-
pen. Sanders goes on to assert that we
must educate the public about technol-
ogy education and the importance of a
technologically literate society. To ac-
complish this, we have to put aside the
old debates and move our discussions
to a different level, hopefully resulting
in an application-based curriculum that
prepares learners for a productive fu-
ture in an ever-changing world.

We are all aware that the primary
focus of the SCANS Report for America
2000 (U.S. Depart. of Labor, 1991) is
the identification of skills young people
need to possess upon completion of
their formal education. These work-
place competencies and foundational
skills can be immediately put into prac-
tice by all students—those who choose
to enter the workforce directly and those
who plan to continue their education at
a college or university. It is interesting
to note the similarities between SCANS
recommendations and the new goals
currently being proposed in the litera-
ture for engineering programs. Industry
leaders contend that technical abilities
alone are not enough—communica-
tion and interpersonal skills, a willing-
ness to adapt to change, and a strong
sense of ethics are among the qualifica-
tions necessary to meet the basic needs
of today’s industry.

One area that is common to technol-
ogy education and engineering educa-
tion is the use of discovery or problem-
solving activities in their coursework.
These activities can have a lasting effect
on students because nowhere else in
formal education are students given the
opportunity to participate in creative
problem solving. Problem-solving ac-

tivities, however, are not the end, sim-
ply the means by which one can reach
a goal. They are a framework upon
which one can build an understanding
of technology. Problem solving is a
method that can be used as a part of the
overall educational experience to help
produce technologically literate stu-
dents. It is imperative that today’s stu-
dents not only develop the necessary
foundation to appropriately select and
use current technologies effectively, but
also to make informed decisions about
the technologies of the future.

Savage and Bosworth (1992) identi-
fied five strategies that will help pro-
duce technologically literate students:

1. Utilize technology to solve problems
or meet opportunities to satisfy human
needs and wants.
2. Recognize that problems and
opportunities exist that relate to and often
can be addressed by technology.
3. Identify, select, and use resources to
create technology for human purposes.
4. Identify, select, and efficiently use
appropriate technological knowledge,
resources , and processes to satisfy human
wants and needs.
5. Evaluate technological ventures
according to their positive and negative,
planned and unplanned, immediate and
delayed consequences. (p. 1)

In conclusion, it is essential that all
people have an understanding of tech-
nology and use it appropriately in
today’s world. Whether technology
education merges with the field of engi-
neering as suggested by some, or re-
mains as a separate and distinct field of
study, it simply must become an inte-
gral part of the educational program for
every citizen. Technology is the es-
sence of our way of life. The impact that
technology has on all of our lives will
do nothing but expand in the future.
Therefore, to borrow and slightly modify
a well known phrase, “Technology is
the heartbeat of America,” it must be-
come the heartbeat of education.
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The technology curriculum has been
defined and redefined, and it continues
to evolve to keep pace with technologi-
cal discoveries. As a consequence, most
states have written and implemented
technology programs within schools,
which have acquired impressive equip-
ment. But, the technology teacher needs
to address how the technology equip-
ment and curriculum can be utilized to
best enhance student learning.

We believe that matching students
to their learning styles can be the ve-
hicle to the successful implementation
of curriculum and the appropriate use
of technology equipment to meet stu-
dent learning outcomes. The student
learning inventory discussed in this ar-
ticle was developed to demonstrate how
the creation of an easy-to-understand
inventory and minor adjustments in the
teaching-learning process can make a
significant difference in the learning
process.

Learning styles or modalities are the
manner in which students learn or
change as the result of an experience
(Roundtree-Wyley, Frusher, & Ficklin,
1988). Research shows that attention to
teaching methodologies that address
student learning styles increases learn-
ing and develops the potential ability of
students to learn (Carbo, Dunn, & Dunn,
1986; Foriska, 1992; Henak, 1992).
According to Jenkins (1988), when
teachers begin to adjust instruction to
diagnosed learning style differences,
academic achievement increases and
attitude toward learning is more posi-
tive. As a result, many learning style

inventories (James & Galbraith, 1985;
Kolb, 1985; Myers & McCaulley, 1985)
have been developed for a wide variety
of populations.

For the purpose of this project, infor-
mation processing and instructional cat-
egories of learning styles were consid-
ered. Interestingly, Johnson and Tho-
mas (1994) discovered that novice learn-
ers without a knowledge base concern-
ing a particular problem relied upon the
senses to guide the learning process.
Johnson and Thomas also found that
the ability to select an appropriate strat-
egy is an essential element of the prob-
lem-solving process. Assisting students
to use the appropriate learning modal-
ity of visual, auditory, or psychomotor
senses has the potential of enhancing
problem solving and student learning
outcomes.

After a review of  the literature
(Flaherty, 1992; Geisert & Dunn, 1990;
James & Blank, 1991; Loper, 1989;
Orsak, 1990; Roundtree-Wyley et al.,
1988) and in an attempt to develop a
learning style inventory that would be
compatible in the technology classroom
and that would be readily understood
by  a variety of students, the authors
chose and developed the categories of
visual, auditory, and psychomotor for
their instrument, the Learning Channels
Inventory(LCI). Waetjen (1993) stated
that all three modes are used in the
technological process of learning. All
modes are equally important,  but each
style has advantages and disadvantages
for the student learner.

The uses of the LCI for the technol-

ogy classroom is multifaceted. The pri-
mary goals are (a) to enhance the learn-
ing of the technology curriculum, (b) to
consider how students might most ef-
fectively learn and use the technology
equipment, and (c) to expand the in-
structional methods of the technology
teacher. By considering learning styles,
students become more involved in the
learning process, cooperative learning
groups can be structured to value the
diversity of learning styles, and students
can be more successful in the learning
process.

LEARNING CHANNELS INVENTORY
We developed the LCI for technol-

ogy teachers in the middle and second-
ary school classroom. We administered
the inventory twice to students over a
period of a semester for a test-retest
reliability of 80. Although students have
the ability to learn in all three styles, the
inventory will indicate a predominant
style or modality.

A visual learning style is used by
those students who would rather see
the ideas on the printed page, on an
overhead, or be shown how to do an
activity. These students profit best by
reading materials (textbooks or other
such materials rather than lectures), by
taking notes and writing reports, and by
demonstration and observation. These
students will seek information by read-
ing rather than by asking another per-
son. These students will take notes to
better remember the concepts but often
need to be shown how to do an activity.

The auditory learning style, described

6. A Learning Styles Instrument to Enhance Learning in Technology
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as learning that occurs through hearing,
is often the least developed channel but
is the most often used method of in-
struction (lecture format) at the second-
ary level (O’Brien, 1989). For students
who prefer the auditory channel, talk-
ing and listening become very impor-
tant. Reading aloud and discussing their
thoughts are vital to the learning pro-
cess. Such students learn most opti-
mally in small groups and by having
other students listen to what they have
to say and how ideas sound. Lectures
by teachers can become boring if the
students are not able to talk and re-
spond to the ideas.

The psychomotor or haptic/kines-
thetic learning style refers to students
who learn best through hands-on ac-
tivities. Learning must be action ori-
ented. The technology laboratory be-
comes an ideal environment for these
students. Often the technology equip-
ment limits the number of students in
the classroom, which also enhances
the opportunity for psychomotor stu-
dents to be actively involved in the
learning process. Psychomotor-oriented
students can be frustrating to the tech-
nology teacher because they are often
punching keys or buttons without tak-
ing the time to read the manual or
asking for assistance.

USE AND IMPLEMENTATION
OF THE LCI

The LCI (see Table 1) should be
administered at the beginning of the
learning term so that results may be
reviewed by the students and the
teacher. Students are encouraged to
respond to each item as it relates to their
particular preference. There are no right
or wrong answers. If needed, each item
can be clarified by the teacher using
additional examples. The final profile
or clusters of responses indicate what is
true for the students as they have per-
ceived the statements. The profile is
interpreted, with  the lowest number of
responses being their predominant
learning style and the highest number
of responses being their least preferred
learning style. The Interpretation Guide
for the LCI (see Table 2) might then be
distributed to students for future refer-
ence.

A profile that has a similar number of
responses in each category indicates (a)
that the student has developed all three

learning modalities and probably adapts
to the learning situation and the modal-
ity of the material being taught or (b)
that the student has not discovered a
learning channel that is most efficient
or effective and often does not achieve
well since the student does not know
how to adapt or choose a learning style
that best fits the situation. The LCI can
become a teaching/learning device to
help the student begin to discover and
develop a more efficient way to learn or
problem solve based on that particular
situation.

A discussion of the Interpretation
Guide with either the individual stu-
dent or within the classroom becomes
the opportunity for the technology
teacher to talk about the problem-solv-
ing process and how learning can occur
most effectively. The learning style will
often determine how the student may
best learn on a particular piece of equip-
ment. The students are not only encour-
aged to consider predominant learning
style, but also the development of other
modalities.

The technology teacher needs to
record the profiles of each student so
that learning groups and teaching meth-
odologies are adapted for the particular
class. Different teaching methods can
be adapted depending on the nature of
the learning module. Table 3 is an ex-
ample of adapting the learning style to
a particular learning module.

Another use of the LCI is to place
students in cooperative learning groups
consisting of students with all three
predominant learning styles. The learn-
ing objective may be to have the stu-
dents develop a learning methodology/
aid according to each learning style for
a particular piece of technology equip-
ment. For example, if the cooperative
learning group was responsible for de-
veloping a visual method to teach some-
one how to use a particular piece of
equipment, the students with a pre-
dominant visual learning style in the
group would be consultants to the group
in the development of the learning de-
vice (i.e., drawing a step-by-step dia-
gram or developing a videotape dem-
onstration). The problem-solving pro-
cess of how the group members func-
tioned in the role as consultant and
creator also needs to be evaluated.

In order to better link the information
gained from the LCI, the students might

be assigned to evaluate other classes
and determine how different learning
styles may need to be utilized and
adapted depending on the situation.

The students might also learn by
creating new items for the inventory
that are more relevant to identifying the
categories of visual, auditory, or psy-
chomotor considering the specific ex-
periences in the classroom. In particu-
lar, the students need to be encouraged
to supplement other ways and means to
learn in the various styles using the
Interpretation Guide. The Interpreta-
tion Guide is meant to stimulate discus-
sion and understanding and to guide
the learning process.

HINTS AND CAUTIONS
The technology teacher should plan

the learning process to involve the learn-
ing modalities of seeing, hearing, and
doing. At the same time, if the teacher
teaches and evaluates only in one learn-
ing modality (which is often the teacher’s
predominant learning style), the teacher
is accurately assessing only those stu-
dents who prefer that mode (Loper,
1989). Teaching in only one predomi-
nant modality will meet only a portion
of the students’ needs and creates un-
necessary stress and confusion which
reduces student motivation and restricts
student performance (Roundtree-Wyley
et al., 1988). Thus, students and teachers
need to explore a variety of methods of
teaching and learning.

Knowledge of the predominant learn-
ing style is important for the technology
teacher in planning activities for both
the student and the group (James &
Blank, 1991). Individually, activities and
modules can be matched to a student’s
predominant learning style and the stu-
dent can be encouraged to develop
another learning style depending on
the particular module. But even more
important, the technology teacher needs
to incorporate the knowledge of pre-
dominant learning styles into how co-
operative learning groups, other small
groups, and dyads are formed. For ex-
ample, by matching different learning
styles on a module, the students will use
each other’s talents to discover how to
use the equipment for further problem
solving. In a problem-solving sequence,
the learning perspectives—which in-
troduces more information into the pro-
cess—will cause solutions to be reached


