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Fo’r; Example...

The rules, formulas and equations entered in TK underscore the
relationships between the quantities you work with. For instance,
equations governing the torsion of a hollow shaft:

Txy = torgue « Do/(2 + J)
J = m~ (Do"4-Di*4)/32
theta = torque « L/(G + J)

These formulas may be applied to 42 different problems. Using a
spreadsheet or conventional programming language would mean
writing 42 different programs. With TK you enter the equations
only once,

Enter the following inputs:
Do=25in L=5in G = 1.2E7 psi
Txy =12000 psi  torgue = 20000 Ibf-in
TX will guickly compute the following:
Di=2.055in J=2.083in"4
theta = .004 rad = .223 deg
No algebraic manipulation, no re-ordering of equations,
no dizzying syntax or cell references.

TK/CAD Link = TK Solver + CAD {call for more information}
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From the Editor . .

As the new editor of the Engineering Design Graphics
Journal, 1 would like to preface this publication with a
hearty thanks to Barry Crittenden and Clyde Kearns who
have sent me information, helpful hints, and graciously
responded to my telephone calis. Like any new editor, 1
started out knowing very litfle about what it takes to pro-
duce a journal of this magnitude. As Barry can tell you, I
now know that it takes time, perseverance, and numerous
phone calls,

I have received plenty of good advice from many EDG
members about the looks of the journal. People were highly
complimentary of Barry’s term as editor which leads me 1o
believe that I have big shoes to fill. After compiling many
of the suggestions, I realized that although I agreed with
most, I couldn’t possibly implement them all. Since I work
on a college campus, I took the next logical step and went
over o the engineering library (o do a little research. 1
stopped at the door to look at the Iist of over 1500 current
periodicals that were available in the Engineering and
Technology fields. Iknew then, that I would be able to find
the definitive answer to what a *professional” journal should
look like.

To my dismay (and delight) I found everything. 1 had
heard more than once that all ‘professional journals’ use a
two-column format and have the table of contents (toc) on
the outside cover. I had also heard that since our member-
ship is aging, we must use large type size. Of course, I also
heard that to attract younger members to our organization
we should use a smatler type size,

Using a very unscientific approach, I selected 50 jour-
nals that looked similar to the EDG Journal in size and
content and proceeded with my survey. Of the 50, 41%
used a two-column format, 33% used a three-column for-
mat, 14% used a variety of column formats, and 12% used
a single column format. You will find two-columns for the
technical papers, and a variety for the EDG division news.

In response to the (toc) on the cover and type size, 41%
had the table of contents on the front, 39% on the back, and
20% on the inside. You will find the technical papers listed
on the back, and the entire (able on contents on the inside.
This way, if the cover is inadvertently torn off, the table of
contents is still available. I found no journals using any-
thing larger that 10 point type, and many used smaller. This
journal is done mainly in 10 point type.

Some covers kept the same format throughout the vear,
many changed at least partially from one issue to the next.
Some kept the same design but used a different color each
issue. Some kept the same color but changed an illustration
each time. My personal favorite cover color was the Jour-
nal of Planning Literature which used a different pastel
each issue. The Iavender one was especially nice.

The point I am (rying to make here is that it is impos-
sible to make everyone happy, but I have attempied 1o make
educated choices about how the EDG Journal will Took over
the next three years.

Other things I learned from my tip to the periodicals
include: (a) many international journals use sizes that are
very different from those in the United States, (b) true pro-
fessional, reviewed journals have no advertisements, and
very few illustrations or photographs, (¢} and that the jour-
nals with the most advertisements use the most color. I have
learned a great deal in preparing this first issue and hope
that you enjoy it.

Mcry
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Spatial Visualization Research and Theories:
Their Importance in the Development of an Engineering and Technical
Design Graphics Curriculum Model

Craig L. Miller & Gary R. Bertoline
Department of Technical Graphics
Purdue University
West Lafayette, Indiana

Recently, engineering and technical
graphics educators within the profession have
proposed various curriculum models "that
would bring about basic changes in the engi-
neering design graphics discipline. These
curriculum proposals are hopefully based on
sound philosophical reasoning and would
direct the profession in the future. The area
of visualization is of central interest to both
the National Science Foundation and the
SIGGRAPH funded curriculum developments
for engineering design graphics.

Traditionally, engineering design
graphics has described visualization as the
ability to read and develop orthographic
drawings or o solve descriptive geometry
problems. If a student were able to develop
orthographic or descriptive geometry draw-
ings then the student had visualization
ability. The accuracy of traditional
approaches of visualization in engineering
graphics has recently been challenged by
many educators in the profession. If engi-
neering graphics edicators are convinced that
the traditional approaches of visualization
are incorrect then they should undertake
research in the area of visualization. Bui
what the profession must realize is that there
is a vast area of visualization theories and
research in many other disciplines. The vis-
ualization theories postulated and research
conducted in cognitive psychology, art educa-
tion, math education, science education, and
in many other disciplines could be very ben-
eficial to the engineering graphics profession.

What is visualization? What is per-
ception?  Is there a difference between
visualization, spatial visualization, and

perception? What are the major and minor
spatial factors that impact visualization?
What are different sources of variance that
impact the performance of individuals on
visualization tasks or hinder individuals
from developing the ability to visualize?
Currently, answers to these questions may
exist in research studies that have been con-
ducted in various disciplines outside of
engineering graphics.

With the knowledge of previous research
conducted by other disciplines, the engi-
neering design graphics profession can
conduct research in visualization which is
theoretically based upon research findings.
Results of extensive research in visualization
by the engineering design graphics profession
will provide the knowledge and methods nec-
essary to improve students’ ability to visualize
in three dimensions.

Recently, with the influx of new, more
powerful, and economical computer-aided
software and hardware technology, the tra-

ditional engineering design  graphics
curriculum has been challenged. Funded
carriculum efforts, such as the National Sci-
ence Foundation Curriculum Development
Program for Engineering Design Graphics by
Barr and Juricic and the SIGGRAPH Cur-
riculum Model for Engineering Graphics by
Bertoline, et al. have called for sweeping
changes in the engineering and technical
design graphics course of study, Of central
importance to both of these curriculum
efforts and to the profession as a whole is
spatial visualization. Although spatial
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visualization has been a central part of the
engineering graphics curriculum for years, it
is just now receiving, and rightly so, more
attention in journal articles and conference
proceedings.

Wiley (1989) claims that many of the
goals of visual disciplines, including engi-
neering and technical graphics, are weak and
do not produce meaningful amounts of effec-
tive research.  Wiley advocates the
development of visual perception as the
major focus of the curriculum of engineering
and technical graphics. With this thought in
mind, if engineering graphics educators
expect the engineering and technical design
graphics curriculum to become accepted as a
recognized discipline by other established
disciplines, we must center our curriculum
efforts in the area of spatial visualization.
Although other areas of the engineering and
technical design graphics curriculum such as
freehand sketching skills, the use of graphics
tools, geometric constructions and concepts,
ete. are very important for the development
of highly-qualified professional engineers
and technicians, these areas may be of spe-
cial interest to our field only, and may not be
recognized or accepted by many other dis-
ciplines as being representative of a
discipline. However, the area of spatial vis-
ualization and the development of spatial
abilities have been shown repeatedly to be a
vital component of success in a wide range of
engineering, technical, mathematical, and
sclentifie professions.

disciplines coupled with the recent advance-
ments in computer technology have provided
us the opportunity to conduct more research
in the area of spatial visualization and
become the leaders in this area. But which
other disciplines have conducted research in
spatial visualization? What results have
they found? What have they concluded from
these results? What do they recommend for
further study? Without knowledge of the
prior research, theories, and other related
information on spatial visualization, engi-
neering graphics educators would essentially
be “reinventing the wheel” with further
research in this area. We must investigate
all prior research that has been conducted in
spatial visualization as well as study areas
closely related to it. The intent of this paper
is to give a limited overview of prior research
that has been conducted in spatial visual-
ization and closely-related topics. This
overview, while by no means comprehensive,
gives an introduction to the theories, terms,
concepts, and prior research conducted in
visualization.

Research in spatial visualization has
been conducted by many different disciplines.
Psychology, art education, mathematics, sci-
ence, and engineering and technical graphics
have all conducted research into this topic to

various degrees. The majority of prior
research conducted in spatial visualization
has been by psychologists investigating spa-

.. .meaningful amounts of effective
research have not been developed,
investigated, or published by our

tial testing. Eliot and Smith (1983) have
identified three major phases in the develop-
ment of spatial testing, which has in turn led

profession.”

The engineering and technical design
graphics profession is in a unique position to
become a leader in spatial research and thus
become accepted as a discipline equal to psy-
chology, chemistry, and the various
specializations within engineering because
we are the experts in visual communication
and the development of spatial visualization
abilities. Although we have been experts in
spatial visualization for years, meaningful
amounts of effective research have not been
developed, investigated, or published by our
profession. Now, however, the increased
interest in visual research in many

to various theories and research investiga-
tions in spatial visualization.

The first phase (1901-1938) was an
effort by psychologists to establish and iden-
tify the presence of a spatial factor.
Historically, because of Greek influences,
intelligence was erroneously viewed solely as
the ability to perform verbal tasks. Visual
tasks were not considered to be a measure of
intelligence. Evidence of this bias could be
found in such tests as the Binet-Simon Scales
of Intelligence and tests used by the United
States Army to test military personnel. The
intent of the United States Army test was to
measure a person’s verbal and nonverbal
abilities. The test was broken down into two
sections: the Alpha test which measured
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VOL 66,NO. 3



verbal ability, and the Beta test which meas-
ured a variety of performance tasks. The
Beta test was significant in that it was the
first non-verbal test battery that was admin-
istered to a very large sample of subjects. If
a person scored well on the Alpha test he was
considered to be educated or verbally literate,
while if a person scored well on the Beta test
he was considered to be uneducated or ver-
bally illiterate. Thus the Alpha and similar
tests were a biased means of measuring
intelligence based on verbal abilifies. But
many psychologists did not agree with the
theory that intelligence was limited to the
verbal realm and research studies and test-
ing conducted by El Koussy (1935), Kelly
(1928), and Thurstone (1938), among others,
established the identification of the spatial
factor as a very important aspect of human
intelligence (Eliot and Smith, 1983).

The second phase (1938-1961) of
research in spatial testing and intelligence
noted by Eliot and Smith (1983) tried to
identify different spatial factors and how
they varied from each other. During this
stage, large-scale research studies were con-
ducted on spatial testing and spatial
intelligence and, as a result, a large number
of paper-and-pencil spatial tests were devel-
oped. Several terms, such as spatial
relations, visualization, spatial orientation,
and imagery, were advocated by several
researchers, and these terms could be
grouped into two major categories: (1) The
ability to recognize spatial configurations;
and (2) The ability to mentally manipulate
gpatial configurations (Eliot and Smith,
1983). Although there was not agreement
among researchers on exactly how many
spatial factors existed or what they should be
labeled, research showed that at least two
spatial factors did exist and that paper-and-
pencil spatial tests could be used to measure
a person’s spatial ability.

The third historical stage (1961-1982) of
research and testing of spatial factors and
spatial intelligence identified by Eliot and
Smith (1983) centered on studies deter-
mining the interrelation of spatial abilities
with other abilities and the discovery of vari-
ous sources of variance in testing of spatial
abilities. Studies were conducted to deter-
mine if spatial abilities were related to a
person’s sex, age, environmental upbringing,
and hereditary influences. The studies con-
ducted during this stage showed that the

various areas of variance did indeed affect a
person’s spatial ability.

Liben (1981) notes that before one can
begin to understand, theorize, and conduct
spatial research, one must first have a def-
inition of space. Space can be identified as
being either absolute or relative. Absolute
space is a framework that exists inde-
pendently of anything within it. Conversely,
relative space is a set of relationships among
objects and is changed by altering the posi-
tion of the objects or the point of an observer
within it. She also notes that space is typ-
ically defined by the Euclidian three-
dimensional model. Liben contends that the
study of space should be approached from the
standpoint that it is relative and is three-
dimensional in nature. This position is usu-
ally maintained by the engineering and
technical graphics discipline and will be use
throughout this paper. ’

“Liben contends that the study of space
should be approached from the
standpoint that it is relative and is

three-dimensional in nature.”

Liben (1981) notes that there are three
radically different epistemological positions
regarding the biological developmental the-
ories of space. The first is the empiricists’
position in which psychological space is
derived directly from experiences with phys-
ical space. Sharply contrasting this view is
the nativists’ position in which psychological
space is determined by inheritance. The
third is the constructivists’ position in which
psychological space is developed in an indi-
vidual by a combination of inheritance and
environmental factors.

Although researchers disagree on the
epistemological positions regarding bio-
logical developmental theories of space, most
of this conflicting research has been con-
ducted solely in spatial cognition. This
research has been conducted by develop-
mental psychologists who define spatial
cognition as:

inner space or spatial cognition, the
spatial features, properties, categories

AUTUMN, 1991

ENGINEERING DESIGN GRAPHICS JOURNAL / AUTUMN 1991

7



and relations in terms of which we per-
ceive, store and remember objects,
persons, events, and on the basis of
which we construct explicit, lexical, geo-
metric, cartographic, and artistic
representations (Olson & Bialystok,
1983, p. 2).

and
... the knowledge and internal or cog-
nitive representation of the structure,
entities, and relations of space; in other
words, the internalized reflection and
reconstruction of space in thought (Hart
& Moore, 1973, p. 248).

It is now appropriate to differentiate
between several terms that are sometimes
associated with or used in place of spatial
cognition. Hart and Moore (1973) contend
that an important distinction should be made
between spatial cognition and spatial per-
ception. They maintain that spatial
cognition involves all aspects of knowing
including: perception, thinking, imagining,
reasoning, judging, and remembering. They
consider spatial perception as both a function
and subsystem of spatial cognition with spa-
tial perception and spatial cognition being
distinet but interchanging processes (p.
249),

"Spatial cognition, then, is the underlying
mental process that allows an individual

to develop spatial abilities.”

Theories of Jean Piaget (1970) consider
knowledge of the world to be divided into two
aspects: the figurative and the operative.
Figurative knowledge is related to the per-
ception or imagery of the configurations of
the world in successive or momentary states
through immediate direct contact. Operative
knowledge is the inner intervention of suc-
cessive or momentary states of figurative
knowledge that transforms this knowledge
into recognizable patterns and schemes.
Spatial cognition in this theory is based on
the operative mode while spatial perception
is cne of many aspects of figurative knowl-
edge.

Other researchers, such as Rudolph
Arnheim, do not agree with theories separ-
ating spatial cognition and spatial perception
with spatial cognition as the overall con-
trolling process. Arnheim (1986) makes a

direct connection between spatial perception
and spatial cognition:

Perceiving and thinking require each
other. They complement each other’s
functions. The task of perception is
supposed to be limited to collecting the
raw materials for cognition. Once the
material has been gathered, thinking
enters the scene, at a supposedly higher
cognitive level, and does the processing.
Perception would be useless without
thinking; thinking without perception
would have nothing to think about.

Olson and Bialystok (1983), and Hart
and Moore (1973) contend that a distinction
between spatial cognition and spatial abil-
ities must be made. They theorize that
spatial cognition is a set of mental repre-
sentations and procedures that allows an
individual to demonstrate a certain spatial
ability or a range of spatial abilities. Defin-
ing and measuring specific spatial abilities is
adequate as long as the use of these defini-
tions and measurements is concerned solely
with the problems of individual differences
and learning styles or for the prediction of
performance differences between individuals,
but these different spatial abilities cannot by
themselves define or represent spatial cogni-
tion. Spatial cognition, they contend, is the
set of mental representations and operations
that underlie and allow spatial ability.

Spatial cognition, then, is the under-
lying mental process that allows an
individual to develop spatial abilities. Thus,
if an individual has a highly-developed set of
mental representations and operations or
spatial cognition, various spatial ability
measurements might predict that individual
may perform better on spatial tasks than an
individual who does not have as highly
developed spatial cognition. But what are
some of the accepted spatial factors that will
allow researchers to measure spatial abilities
and thus predict an individual’s performance
on various spatial tasks?

Lohman and Kyllonen (1983) have iden-
tified three major spatial factors that are
usually tested to determine an individuals
spatial abilities:

1. spatial relations - ... are tests that are
parallel forms of one another, and the
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factor emerges only if these or highly
similar tests are included in the battery.
Although mental rotations is the com-
mon element, the factor probably does
not represent the speed of mental rota-
tion; rather it represents the ability to
solve such problems quickly by what-
ever means;

2. spatial orientation - ... the ability to
imagine how a stimulus array will
appear from another perspective. In the
true spatial orientation test, the sub-
jects must imagine that they are
reorientated in space, and then make
some judgment about the situation;
and,

3. visualization - The tests load on this
factor (visualization), in addition to
their spatial-figural content, share two
important features: they are all admin-
istered under relative unspeeded
conditions, and most are much more
complex than corresponding tests that
load on the more peripheral factors (p.
111}

Eliot and Smith (1983) note that differ-
ent researchers have described many
different spatial factors. Kelily, in 1928,
described two spatial factors: (1) Sensing
and retention of visual forms; and (2)
Manipulation of spatial relations. Anderson,
et al., in 1954, also identified two spatial fac-
tors that were very close to Kelly’s earlier
descriptions: (1) Spatial relations, which
was described as the ability to determine the
relationships between different spatially-
arranged stimuli and responses, and the
comprehension of the arrangement of ele-
ments within a visual stimulus pattern; and
(2) Vizualization, which was described as the
ability to imagine the rotation of depicted
objects, the folding and unfolding of flat pat-
terns, and the relative changes of positions of
objects in space. French, in 1951, supported
the existence of three spatial factors: (1) The
spatial factor as the ability to perceive spa-
tial patterns accurately and to compare them
to each other; (2) Orientation as the ability to
remain unconfused by the varying orienta-
tion in which a spatial pattern may be
represented; and (3) Visualization as the
ability to comprehend imaginary movement
in three-dimensional space or to manipulate
objects in imagination (pp. 3-4).

McGee (1979) identified two distinct

spatial abilities: spatial visualization and
spatial orientation. He defines spatial
visualization as:

[TThe ability to mentally manipulate,
rotate, twist, or invert pictorially pre-
sented visual stimuli. The underlying
ability seems to involve a process of rec-
ognition, retention, and recall of a
configuration in which there is move-
ment among the internal parts of the
configuration, or of an object manip-
ulated in three-dimensional space, of
the folding or unfolding of flat pat-
terns.... (pp. 3-4)

and spatial orientation as:

[Tlhe comprehension of the arrange-
ment of elements within a visual
stimulus pattern, the aptitude for
remaining unconfused by the changing
orientations in which a configuration
may be presented, and the ability to
determine spatial relations in which the
body orientation of the observer is an
essential part of the problem (p. 4).

Although there seem to be variations
among what researchers believe to be basic
gpatial abilities, they do agree that there are
various spatial factors that can measure
specific spatial cognitive abilities. But how
do cognitive spatial abilities develop in
human beings? What are some of the the-
ories on cognitive spatial development?

The study of spatial cognition would not
be complete without reviewing the theories
and research related to this area. Spatial
development is vital in the process of cog-
nitive development in human beings from
infancy to death. Most researchers agree
that the concept of cognitive development is
not limited to a relation of age ranges, but is
controlled by the theory of natural develop-
ment. Thus cognitive abilities may vary
among individuals of the same age because
these individuals may be at a different nat-
ural age of spatial cognitive development.

Hart and Moore (1973) note that Ernest
Cassier was one of the first theorists to use
developmental theories in the area of spatial
cognition. Cassier divided spatial experience
into three types: (1) Organic or active space,
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which is used by the lowest order of animals;
(2) Perceptual space, which is used by
higher-order animals; and (3) Symbolic or
abstract space, which human beings alone
possess.

Hart and Moore (1973) also note that
the first comprehensive developmental the-
ory of space to be theorized from empirical
findings was the organismic-developmental
theory of Werner. Werner theorized that
there are three levels of spatial development:
sensorimotor, perceptual, and contemplative,
which progress from concrete acquaintance
with the world to abstract knowledge of the
world.

Probably the most extensive and
influential theories on the development of
spatial cognition are that of Jean Piaget and
his associates. Piaget and Inhelder (1967)
identified four major levels in the develop-
ment of spatial cognition: sensorimotor
space, preoperational space, concrete opera-
tional space, and formal operational space.
They also identified three major types of
spatial relations: topological, projective, and
euclidian, as well as three systems of refer-
ence: egocentric, fixed, and coordinated.

The sensorimotor space (birth to about
age 2) is the first stage of spatial develop-
ment. The child operates from a purely
egocentric perceptual view of the world.
Perception of the world is that of topological
properties and knowledge gained through
perceptual sensations (Piaget and Inhelder,
1967).

Intuitive or preoperational space (ages
2 to ) is the second stage of spatial develop-
ment. The child’s frame of reference
continues to be egocentric in nature and
learning is haptic (by touch) and continues
to be limited to topological shape, size, and
proximity features of objects (Piaget and
Inhelder, 1967).

Concrete operational space {ages 7 to
12) is the third stage of spatial development.
During this stage, children begin to develop
concrete operations and can develop concrete
spatial thoughts that are independent from
images, but that still require the presence of
actual or represented objects. By this stage
the child loses his or her egocentric frame of
reference and is able to view objects from
various viewpoints other than his or her own
and perceive projective spatial relationships
(Piaget and Inhelder, 1967).

Formal operational space (ages 13
through adulthood) is the final stage of spa-

tial development. Abstract mathematical
concepts, such as euclidian geometry, can be
acquired and the individual can make use of
infinite spatial possibilities (Piaget and
Inhelder, 1967).

Although some theorists do not accept
the notion that children’s spatial cognitive
development occurs in stages, most research
in cognitive psychology supports the develop-
mental theories of spatial cognition. Other
theorists contend that there are other factors
that influence the spatial cognitive develop-
ment of individuals. Factors such as the
characteristics of the individual, physical
environment, and history will be discussed
in the next section.

Liben (1981) contends that there are

differences between persons in individual

characteristics (e.g., cognitive level), cultural
heritage (e.g., societal practices that affect
males’ versus females’ freedom to explore the
environment), and in physical space (e.g., the
urbanization of rural environments) (p. 17).

Liben (1981) further advocates that
qualities of spatial behavior can be grouped
into three major categories: physical, cog-
nitive, and socicemotional. The age factor is
the most influential one in the physical cat-
egoTy. As individuals mature, their
locomotion changes from dependency on
other human beings to crawling, then to
walking, then to bicycling, then to driving a
car. Depending upon the environmental
exposure throughout the various spatial
developmental stages, an individual may be
exposed to various environments or environ-
mental experiences that either advance or
hinder his or her spatial cognitive develop-
ment and abilities (pp. 17-19).

A second physical factor that can influ-
ence spatial cognition is whether an
individual has physical or sensory handicaps.
Handicaps such as cerebral palsy, orthopedic
handicaps that restrict environmental mobil-
ity, blindness, or deafness may affect how the
environment is spatially represented and
therefore cause these individuals to develop
an abnormal spatial cognition.

The cognitive characteristics that Liben
(1981) speaks of are closely related to the
concepts of spatial cognitive development
advocated by Piaget, and she agrees that the
cognitive spatial characteristics develop in
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individuals in various natural stages.

Finally, Liben (1981) claims that soci-
oemotional factors play a vital role in the
development of spatial cognition. Thus every
different individual will possess various spa-
tial abilities because of the interaction of
social, environmental, and emotional expe-
riences.

McGee (1979) claims that there is
empirical evidence for sex differences in spa-
tial cognition. He cites three different
illustrative spatial tests: Thurston’s Primary
Mental Abilities Space Test, the Differential
Attitude Space Relations Test, and the Men-
tal Rotations Test. In the Mental Rotations
Test, males scored higher in space factors
despite a higher 1Q for females. The Mental
Rotations Test has shown internal con-
sistency and test-retest reliability showing
that sex differences have favored males over
females in the entire age ranges of the gen-
eral population. McGee (1979) also notes: (1)
a consistent sex difference that favors males
in each of the twenty items on the test; and
{2) a strong positive correlation between
rank-order item difficulties for the males and
females. He further notes that these results
would seem to rule out any explanation of the
observed sex differences that relies solely on
the motivational differences between the
sexes {pp. 20-303).

McGee (1979) also notes that research
has shown that spatial abilities could be
influenced by heredity and hormonal influ-
ences within the individual. Spatial abilities
are as inherited or are more inherited than
verbal abilities. This evidence is based on
research indicating that the presence of an
X-linked recessive gene could have effects on
spatial abilities. Because a majority of
inherited traits occur in greater frequency
within males than females, this could be a
plausible explanation for sex differences in
spatial cognition (pp. 203-205). McGee
(1979) also suggests that hormonal levels
may influence spatial abilities, although
there is not sound evidence of what the rela-
tionship of these effects may be and this area
of research remains an open question {p.
218).

MeGee (1979) further notes that there is
an abundance of psychological literature that
theorizes a difference between male and
female cognitive functioning in the two sep-
arate hemispheres of the brain. Males are
stronger in spatial tasks that utilize the right
hemisphere while females show advantages

in tasks that involve verbal abilities and
utilize the left hemisphere of the brain.
Although this evidence is inconclusive it
suggests that spatial and verbal sex-related
differences may be related to basic sex dif-
ferences in the makeup and function of the
brain.

*. .. individuals with verbal learning

strategies may have exireme difficulties

with spatial problems.”

Clinical study results have tended to
show that among right-handed adults, non-
verbal and spatial information processing is
completed by the right cerebral hemisphere,
while verbal processing is completed by the
left. This theory contends that males have
greater hemispheric specialization than
females and this specialization is usually
associated with the right cerebral hemi-
sphere. Females are less hemispherically
specialized in respect to both spatial and
verbal functions (McGlone, 1980). Although
conclusive evidence in this area has not heen
established, a majority of experts conducting
brain research generally agree with this the-
ory and many scientists believe that there
are actual perceptual ability differences
between the different halves of the brain.

Research by Bryden (1966) has iden-
tified three possible reasons for differences of
cognitive abilities related to patterns of brain
function:

1. There may be a fundamental bio-
logical neurologic difference in cerebral
organization between males and
females, so that cognitive information
processing is more likely to be bilater-
ally represented in females than males.
2. The observed differences may arise
from the test procedures; that is,
females may use different strategies to
perform the behavioral tests that are
used to measure hemispheric spatial-
1zation.

3. It is possible that whatever sex
related differences are observed result
from the interaction of strategy effects
with cerebral organization (p. 215).

Background experiences or socioemo-
tional factors as described by Liben (1981)
could also have an effect on spatial visual-
ization, If an individual, because of
background experiences, has been exposed to
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or has developed spatial learning strategies,
this person might then have more dominant
brain development in the right hemisphere,
By the same token, just the opposite could
have occurred because of different expe-
riences, making the person possess more

verbal learning strategies. Because spatial”

visualization is such an important aspect of
learning in many different areas, individuals
with verbal learning strategies may have
extreme difficulties with spatial problems.
Bertoline (1988) suggests that human beings
are not born with spatial visualization abil-
ities and that these abilities are a cognitive
function that is developed through ordered
life experiences. The development of spatial
visualization abilities occurs at variocus
stages in life and exposure to different
learning environments may cause some chil-
dren to develop greater spatial visualization
abilities later than others.

A MODEL FOR RESEARCH IN
SPATIAL VISUALIZATION

Storage

Products

Thought

— _ Specific __ —
Abstract

SPATIAL THOUGHT

Liben (1981)

Figure 1. Liben’s model of the type and contents

of spatial representation (1981, p. 11).

But what plan should the engineering
and technical design graphics profession use
to conduct research in spatial visualization?
Liben (1981) uses a model (see Figure 1) to
describe three different types of spatial rela-
tions. This model could be used as a basis for
spatial visualization research in engineering
and technical graphics.

Liben (1981) describes the model in more
detail:

First, a sphere is used to accentuate the
notion of rotation. Any particular
researcher might study the sphere from
a different angle. Thus, one investigator
might be primarily concerned with spa-
tial thought about abstract spatial
concepts, whereas a second investigator
might be concerned primarily with spa-
tial storage of information about a
specific space (environment). Second,
the types and contents are given equal
sections to avoid any suggestion that one
type or content of spatial representation
18 more important or more legitimate
than another. Third, the representation
is unrestrictive with respect to path-
ways. For example, to go from spatial
storage to spatial products would be
possible to go directly, or to pass through
(be mediated by) spatial thought.
Fourth, the intersections of latitudinal
and longitudinal divisions are meant to
suggest that each type of representation
can be crossed with each content.
Finally, boundaries should be thought of
as permeable. { p. 11).

Liben (1981) describes the contents of
her model further. She refers to spatial
products as external products that represent
space in some way. This term is meant to
encompass any kind of external repre-
sentation, regardless of medium. Ttincludes,
for example, sketch maps, miniature models,
and verbal descriptions {p. 11).

Liben (1981) further describes spatial
thought as thinking that concerns or makes
use of space in some way. Spatial thought is
knowledge that individuals have access to,
can reflect upon, or can manipulate, as in
spatial problem solving or spatial imagery.
Examples of spatial thought include remem-
bering the shape of one’s living room and the
arrangement of the furniture contained
within it, or mentally manipulating an image
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of a motor part to determine where it will fit
in the motor. Thus she contends that many
of the standardized spatial abilities measures
tap spatial thought (p. 12).

Lastly, Liben (1981) describes spatial

storage as any information about space con-

_tained “in the head.” This information may
be stored as truth propositions, pure rela-
tions, stimulus-response bonds, or any other
format, isolated or integrated, but the indi-
vidual is not aware of this information. Once
the individual reflects upon the stored spatial
representations, it becomes spatial thought
(p. 13).

Such research provides support for the
notion that the engineering and technical
design graphics profession could focus spatial
visualization research in spatial produets.
Qur spatial products could include the iden-
tification and development of spatial factors
through the use of sketching, three-
dimensional solid modeling or other CADD
applications, or a combination of these.

Research could be conducted in the area
of spatial thought specific to engineering and
technical design graphics. If we can develop
effective curricula that allow individuals to
develop and expand their spatial thought,
students within and outside our discipline
would benefit,

Research could also be conducted in the
area of spatial storage. If we can improve
individuals’ spatial storage, they will be able
to apply this stored spatial information in
future problem-solving situations. Again,
this would be of specific benefit not only to
engineering and technology students, but
would help students in all disciplines.

Finally, as Liben emphasizes, no one
particular area is more important than any
other in spatial research. A research
emphasis could be on any one of these areas
or a compination of them. All spatial visual-
ization research is important to engineering
and technical design graphies as well as
other disciplines, but before the results can
be recognized a sound research base must be
established.

What can the engineering graphics edu-
cators gain from a review of spatial research?
In many ways our discipline is at the first
stage of development in research concerning
spatial visualization. Although we have

known for years that spatial abilities are

among the most important abilities an engi--

neer or technician can possess, we have not
yet convinced ourselves or colleagues outside
our discipline of this fact. We can use prior
research findings in spatial visualization to
assert that engineering and technical graph-
ics are central to the development of
successful engineers and technicians. Thus,
we must use prior spatial research findings
as a basis for developing spatial research
studies that lend support to the theory that
the engineering and technical design graph-
jes curriculum is important in the
development of spatial abilities for engi-
neers, technicians, and other individuals
who uge these abilities in their occupations.

~. .. various curriculum activifies could be
developed that would allow individuals

with spatial abilities deficiencies to

develop their spatial skills.”

Qur profession should develop and val-
idate evaluation instruments that test
spatial abilities and determine the unique
individual variables for training successful
engineers and technicians and other indi-
viduals who need to possess spatial abilities.
With the great influx of economical and pow-
erful solid modeling software and hardware
and our graphic expertise, we could develop,
statistically evaluate, and implement inter-
active spatial abilities tests that could
determine an individual’s spatial abilities
level. If these tests are developed in a pro-
fegsional manner using the latest state of the
art equipment and are statistically evaluated
to determine their validity and reliability,
they could become a standard for spatial
testing in many disciplines. From the results
of spatial testing, various curriculum activ-
ities could be developed that would allow
individuals with spatial abilities deficiencies
to develop their spatial skills. This cur-
riculum would become the basis for a revised
engineering and technical graphics cur-
riculum and would use any tool that allows
for the development of spatial abilities
whether  involving  computer-generated
interactive solid modeling, hand-held mod-
els, sketching techniques, or a combination of
the above. It would be necessary to develop
this curriculum from a sound research base
in spatial visualization.
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Our discipline is in a new unique posi-
tion that could allow us to become a leading
force in the development of spatial testing
and innovative curriculum development that
could be used by many disciplines. This
opportunity will not last forever, so we must
take the initiative and center our present
and future research in the area of spatial
visualization. If meaningful research is con-
ducted in spatial testing and spatial
visualization-centered curricula are devel-
oped and implemented, our field could
become a distinguished leader in the iden-
tification and development of spatial
visualization abilities.
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This paper presents the methodology
and approaches that are employed to develop
interactive computer graphics for teaching
CADKEY in a freshman Computer-Aided-
Design-Drafting (CADD) course. The soft-
ware was written in the CADKEY Advanced
Design Language (CADI). The software con-
sists of CADL subroutines (i.e., CADL files)
and macros to provide the student with
descriptions, examples, and exercises for sev-
eral key functions of CADKEY.

The software is interactive, self-
explanatory, and menu driven in nature. No
additional system configurations are needed.
Students communicate with the software by
responding to the prompts and taking prop-
erly instructed actions. Many unique features
were built into the software so that the train-
ing process will appear interesting and
challenging to the student. The experience
received from using this software and the
availability of the software are provided in
the paper.

‘The interactive computer graphics tech-
nology is one of key elements in the
development of modern Computer-Aided-
Design-Drafting (CADD) software packages.
Through an user interface device such as a
mouse or a light pen, a CADD software can
respond to a user's request to draw a line, a

circle, an arc or any three-dimensional
objects on the screen. These CADD software
provide significant advantages in visual-
ization, accuracy, and efficiency in
comparing with the traditional manual
drafting.

This interactive computer graphics
technology also lends itself to be a powerful
tool in teaching a student how to use CADD.
This paper demonstrates a unique applica-
tion of the interactive computer graphics on
the development of an interactive software
that is designed to teach CADKEY - the
CADD software used in this campus.
Through interactive: communications
between the student and the interactive
software, the students are able fo learn, to
visualize, and to practice key functions of
CADKEY.

An interactive software, called "CAN-
CAD (You CAN do CAD.)," was developed by
the authors and students to assist the stu-
dent in becoming familiar with several basic

CADKEY techniques. With the agsistance of '

CANCAD, the student would have a good
understanding of these techniques and could
apply them to their CADD projects.

The responses from the students about
this software were overwhelming. The soft-
ware was algo used in the CADD workshops
for the engineers from the Ford Motor Com-
pany. It received very positive feedback,
especially from the older engineers. Students
were able to learn the CADKEY at their own
pace and to enjoy the learning.
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The design structure and operations of
the CANCAD are presented in the paper.
The methods and innovative approaches that.
are used in the developing process are also
discussed in detail. We hope that this paper
will stimulate the interest in using the
interactive computer graphics for instruec-
tional software development and more
interactive software similar to CANCAD
could be developed in the near future to
enhance the teaching and training of CADD.

CADKEY has a primitive design lan-
guage called "CADKEY Advanced Design
Language (CADL)." CADL is a programming
language which operates within the data
structure of the CADKEY program (CAD-
KEY). The language is very flexible. One can
develop programs to show new menus on the
screen, draw pictures, check the location of
an entity, identify the selected entity, locate
the cursor positions on the screen, and read
in the user's responses. CADL provides the
capability to simulate the functions of CAD-
KEY and trace the menu selections from the
user's responses.

Macros can be established in CADKEY
to register a series of commands or menu
selections. They can be assigned to a key
stroke and to a file, i.e., TXT files. These
macro files can be loaded into CADKEY and
can be executed whenever they are needed.
Since the macros can include any functions of
CADKEY, they can be used to manage CADL
files and geometric object files, i.e., part
files.
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Figure 1. CANCAD Basic Design Structure

The most significant advantages of
using CADL are: (1) this language provides
a very simple mechanism to allow a pro-
grammer to interact with the user from the
screen; and (2) it allows the programmer
accesses to the data structure of the CAD-
KEY.

Figure 1 shows the basic design struc-
ture of the CANCAD. It is a tree structure
starting from the main menu to the subjects

covered in the software. The subjects
included in CANCAD are Trim/Extend,
Transformation, Dimensioning, Spline Con-
struction, and Descriptive Geometry. More
subjects are in the process to be added to the
software. Each subject includes several sub-
menus that are related to the functions of a
subject. Each sub-menu includes three items:
descriptions, examples, and exercises. The
descriptions provide the definition of a spe-
cific CADKEY function or the sequential
menu selections to give the student step-by-
step instructions. The examples illustrate
how CADKEY functions can be applied to
CADD problems. The exercises challenge the
student to complete a CADD problem using
the function that he or she just learned.
Although the proper sequence is to read the
description, view the example, and try the
exercise, the student can select the descrip-
tion, example, and exercises for a given
subject in a random order. The discussion of
description, example, and exercises is pre-
sented below.

Figure 2 presents the menu selection of
the dimensioning subject, abbreviations used
in CADKEY are also adopted in the CAN-
CAD such as "DIMENSN" instead of
"DIMENSIONING." Eight menu items are
listed on the left-hand side menu area under
the letter "CADL," which indicates that the
system is in the CADL environment instead
of the regular CADKEY environment. Items
1 to 5 are the descriptions of six different
dimensioning functions (item 4 includes both
radial and diametral functions), item 6 is the
example menu, item 7 is the exercise menu,
and item 8 is the exit menu which brings the
software back to the main menu of CANCAD.
Figures 3, 4, and 5 present the description of
an angular dimensioning, nine dimensioning
examples, and nine dimensioning exercises.
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As one of the angular exercises, e.g, exercise
8, is selected, an exercise problem is shown
on the screen as in Figure 6. It may be
noticed that the "CADL" letters are no longer
shown on the top of the menu, i.e., the soft-
ware has exited from the CANCAD and back
to CADKEY. The regular CADKEY main
menu is shown and the student can try the
exercise problem as he or she is working on
a regular CAD project. Under the bottom of
the exercise problem, an instruction says:
"Press Alt_7 to continue when done”; this
instructs the student how to return to CAN-
CAD when he or she finishes the exercise.

The "Alt_7" is a macro which executes a
series of commands that brings the system
back from CADKEY to CANCAD. Other
macros are also used in the software; for
example "Alt_4" is to return to the main
menu from anywhere in CANCAD, and
"Alt_0" is to quit from CANCAD. "Alt_1" is to
execute the CANCAD from the CADKEY
environment. Therefore, the student can
access to CANCAD from CADKEY at any
time by simply pressing "Alt_1" in CADKEY
and return to CADKEY by pressing "Alt_0"
anywhere in CANCAD.

In the macro "Alt_1," commands are
included to generate a dummy part file to
save whatever already exists on the screen.
In contrast, macro "Alt_0" has commands to
retrieve the dummy part file back to the
screen. Therefore, the student's current
CADD project will not be damaged during his
going back and forth between CADKEY and
CANCAD.

In order to smooth the operation and
provide the security to the software, the soft-
ware does not allow students to work on an
example or a description picture. They can
only work on the exercise problem to try their
skills. Furthermore, students cannot save
their work in the CANCAD environment or
overwrite the exercises in the CADKEY
environment, so the original examples and
exercises will not be replaced by mistakes.

One of the unique features of this soft-
ware is its interactive user interface. The
software communicates with the student
during the entire process through the
prompts and the instructions printed on the
screen. The student has to read, evaluate,
and act on these instructions throughout the
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students’ finger tips. They can review the
description or the example of a CADKEY
function and try the exercise again.

Although it was difficult to assess the
difference in the student's performance
before and after the use of CANCAD, the
authors and lab assistants could sense the
difference by the nature of the questions that
students brought to us. Before the software
was used, many questions were related to the
CADKEY software instead of how to
approach to the CADD project. After CAN-
CAD had been integrated into the eourse, the
questions related to CADKEY software were
significantly reduced and instead more
designing questions were being asked by the
students. It appears that they spent a large
amount of time understanding the CADKEY
in the past, but they can now concentrate
more on the design project.

An interactive instructional software,
CANCAD has been developed and imple-
mented in a freshman engineering design
graphics course. The software has dem-
onstrated that it can assist and motivate the
students during the learning process of a
CADD tool, i.e. CADKEY. The author’s expe-
rience of using CANCAD has shown that an
instructional software, to be successful,
should include the following features:

1, It covers the key functions of
the CADD.
2, Itis intuitive.
3. Itisinteractive, gelf-
explanatory, and menu driven.
4. Itisinterfaced with the CADD
and has direct accessibility between
the software and the CADD.
5. Itisinteresting and challenging.

CANCAD has revealed a new feaching
concept that is very important to our today's
engineering education. A challenging and
interesting software can be very effective in
teaching CADD, This type of software can
certainly be used in any organization,
including industrial and commercial institu-
tions. Almost all CADD packages have their
own programming language such as AUTO-
CAD, a software similar to CANCAD, can be
developed by using the same approaches pre-
sented in this paper. This type of software

would be very useful in all training centers
for educators as well as CADD developers.

This paper was initiated at a summer
seminar/workshop on "Computer Graphics in
the Engineering Curriculum,” May 20 - June
2, 1990, supported by the National Science

Foundation, Grant No. TUSE-8954384,
through the Division of Undergraduate Sci-
ence, Engineering, and Mathematics
Education (USEME), Directorate for Science
and Engineering Education (SEE).

The authors would like to give our sin-
cere appreciation to -those who had
participated in the project, especially, Mr.
James Dagg, Mr. Jim O'Haggan, and Mr.
John Laidlaw for their excellent work in
developing the first generation of this soft-
ware. Although the current version's
structure 1s very different from the previous
one, a lot of their work has been kept in
CANCAD. In addition, Mr. Chris Pfreiffer
contributed substantially in the recent revi-
sions and code- modifications. Their
enthusiasm is the key factor to the success of
this software.

This software has received an Enhance-
ment Educational Award at the University of
Michigan-Dearborn.

The authors will be more than happy to
share this instructional software with any
institutions that will consider using it in
their training CADKEY courses. Please write
the authors at the above addresses or simply
contact Dr. Cherng at (313) 593-5047.

CADKEY Utility and Construction Guide,
CADKEY user manual, Vol. 11, CADKEY,
Inc.

Resetavits, P. J., and Berioline, G. R.
(1991). Using CADKEY, Delmar Publishers
Ine., 2nd Edition.

Keedy, M. F. (1988). An Introduction to
CAD Using CADKEY, PWS-KENT Pub-
lishing Company, Boston.
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Profile and Practices of Contributors to th1e
Engineering Design Graphics Journal

Robert A, Chin
Department of Congtruction Management
East Carolina University

This study describes and evaluates
selected bibliometric paiterns associated with
feature articles published in the Engineering
Design Graphics Journal (EDGJ) from 1970
to 1989, Data from each issue of the journal
were collected and compiled, forming a duta-
base composed of year of publication, volume
and issue numbers, author names, author
affiliations, and the presence or absence of
reference citations.

The data were then analyzed and a pro-
file of the contributors was developed in terms
of author productivity and author affiliation.
The data were also analyzed and a profile
was developed of selected authoring practices
associated with the preparation of feature
articles published in the EDGJ. This analy-
sis included an examination of the extent of
collaborative efforts and whether or not refer-
ences were cited.

Demographic date are reported and
include the number of feature articles pub-
lished in the journal from 1970 through 1989,
the number of individuals involved in the
preparation of those feature articles, the
number of different organizations with whom
the authors were affiliated, and the number
and proportion of feature articles in which
references were cited.

With respect to the author profile, the
data tend to suggest that certain individuals
have an affinity for publishing in the journal.
The data also suggest that individuals affili-
afed with selected organizations make
frequent use of the EDG.J as a means of dis-
seminating research findings.

With respect to practices associated with
the preparation of feature articles, the data

tend to suggest that, more and more, there i3
a general inclination on the part of research-
ers toward collaborative efforts and that
selected individuals are more involved in col-
laborative efforts than others. The data also
suggest that with increasing frequency,
authors of feature articles are citing works
associated with their research and works
used in the preparation of their articles.

The Engineering Design Graphics Jour-
nal (EDG.J) is the official publication of the
Engineering Design Graphics Division of the
American Society for Engineering Education,
It is also the principle medium of formal
communication in English for engineering
design graphics professionals.

While the EDGJ continues to play an
eminent role in communicating ideas among
engineering design graphics professionals,
no formal analysis of the EDGJ has ever
been conducted.

The purpose of this study was to shed
some light on (a) the process of written com-
munications and (b) the nature and course of
engineering design graphics as it is reflected
in feature articles published in the EDGJ
from 1970 to 1989. Specifically the research
sought to answer the following questions:

1. With which organizations have
researchers in engineering design graphics
been affiliated?
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Table 2

Authors Who Have Had Three or More Articles
Published in the EDGJ

Author

Affiliation n

_ Northeastern

srael Institute of Technology

J. M. Duff Ohio State & Purdue 4

L. D. Goss Indiana State & Southern Indiana 4

C. M. Hulley

Cincinnati 4

R. Lehnert none 4

R. W. Paffenbarger OChio State 4

L. Bonfiglioli Israel Institute of Technolo

lsrael Inst. of Technology & 3

P. S. Dedong lowa State 3

Ohio State 3

J. W. Duane

Louisiana State

J. K. Jenson

Clemson

M. B. Waldron Ohio State 3

Total

157

Table 1 features a summary of organ-
izations cited three or more times in article

by—lines.2 Specifically, the table lists those
organizations with which authors or first
authors {(in cases of collaborative efforts)
were affiliated when their articles were pub-
lished.

While the list features 28% (n=39) of the
population, the total number of feature arti-
cles associated with these organizations
represents 69% (n=277) of all the feature
articles published in the EDGY.

The organizations with which 10 or
more feature articles were associated were
responsible for 29% of the feature articles
published. That is, individuals affiliated
with 5% (n=7) of the 141 organizations were
responsible for over a quarter (n=118) of the
feature articles published in the EDGJ dur-
ing this time frame. It should be pointed out
that these data, however, do not take into
consideration the size of the organization,
budget, ete. that may play a role in an

organization's ability to support research.

Of the 307 contributors of feature arti-
cles to the EDGJ, 241 served as the first
author according to the by-lines of each arti-
cle. Sixty-eight served as the second author,
and 18 as the third or subsequent author.
Fifteen of the 68 second authors also
appeared as first author contributors, and
five of the 18 third or subsequent authors
appeared asg either first or second authors.

Table 2 features contributors who were
listed in three or more by-lines as the first
author, and in many instances the only
author. While these 37 individuals make up
15% of all first authors, they contributed, as
the first author, to 39% (n=157) of all the
feature articles published in the EDGJ. The
individuals with seven or more first author
by-lines made up 3% (n=6) of the population
of first authors. Yet they were instrumental
in the publication of over 12% (n=50) of the
feature articles appearing the EDGYJ.

Table 3 features contributors who were
listed in two or more by-lines as the second or
subsequent author. In addition to their
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contributions as co-authors, all have first

thor by-lines to their credit.
author by-lines to their cre Table 3

Individuals Cited as the Second or Subsequent Author
in Two or More Articles Published by the EDGJ

Author Affiliation n

Table 4 depicts the frequency with
which collaborative efforts have resulted in
contributions to the EDG.J. The data tend to
suggest that collaborative efforts are occur-
ring with increasing frequency. The data
also suggest that the most dramatic increase
took place between the periods 1982 through

1985 and 1986 through 1989 when the pro- Northeastern
portion of articles authored by two or more
individuals more than doubled. °F. VPI & SU

Table 4

Authorship Collaboration of Articles in EDGJ

The purpose of citations, whether it be
in the form of reference lists or footnotes, is to
identify sources used in the research and
preparation of a paper. That is, citations Vol.(years) Authorship n Proportion

document the statements made about the lit-
erature. :
Table 5 depicts the frequency with

Single Joint Total Single Joint

which authors of feature articles published in 38-41 (1974-77
the EDGJ made reference to other sources
while conducting their research and in the
preparation of their papers. While all papers
may not require a literature review, the data

suggest that more and more, EDGJ con- Total 329 & 402 82 18
tributors are citing the sources that serve as
the basis for their research efforts.
Table 5

The purpose of this study was to shed
some light on (a) the process of written com- Citation Frequency in EDGJ Articles
munications and (b) the nature and course of
engineering design graphics as it is reflected Vol.(years) Number of Articles Proportion of Articles
in feature articles published in the EDGJ with without with  without

from 1970 to 1989. The findings from this
limited bibliometric analysis suggest that:

1. Almost half (44%) of the authors of
feature articles published in the EDGJ made 38-41 (1974-77) 24
reference to other sources of information
during conduct of their research and in the
preparation of their papers. The data alse
suggest that the proportion of authors mak-
ing reference to other sources has inereased Total 175 227 402 44 56
considerably since the early eighties.

citations citations Total citations citations
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cations. Much of the fundamental math-
ematics of geometric analysis remains the
same, however, the complexity of geometric
entities and solution methodologies which
are now commmonly used in engineering
practice has increased due to the computa-
tional power available.

Following Tyler's curriculum develop-
ment model as suggested by Bertoline and
Pleck (1990), the need for an advanced course
in engineering design graphics (EDG) can be
evaluated. Pleck, et al, {1990) predict that
design in the 1990's will be based on an inte-
grated 3D geometric database for optimum
design and productivity. Indeed, this is
already true for many companies which have
implemented state-of-the-art CAD systems
and practice such concepts as concurrent
engineering. They also note that visual-
ization is an important factor in the effective
use of 3D design tools. Barr and Juricic
(1990) present a model for a modern EDG
curriculum dedicated to the "knowledge and
application of methodology and procedures
needed for the development and conveying of
design ideas." The geometric data base is a
central element between the design develop-
ment and documentation, analysis and
manufacturing phases. Similarly, Bertoline
and Pleck (1990) identify the applications of
the subject matter in their curriculum
development model to include ideation, clar-
ification and documentation. Thus, both
curriculum development studies have iden-
tified an understanding of the geometric data
base as a fundamental component in EDG
courses, with similar applications in the
engineering design process.

.. visualization is an important factor
in the effective use of 3D design tools.”

These studies are focused on the EDG
curriculum at the freshman level. Due to the
availability of powerful computational
resources, more complex geometric data
bases can be used. Thus, the theories and
techniques of 3D geometric design and com-
putation need to be studied in more depth
than can be accomplished at the freshman
level. Industry needs knowledgeable engi-
neers capable of fully utilizing the powers of
sophisticated solid modeling systems for
mechanical design. Zeid (1991) has pointed
out that a balance must be struck between

teaching theory and practical applications in
CAD/CAM. Thus, a graduate level course is
designed to combine the principles of analyt-
ical geometry, computational methods, and
engineering design with an emphasis on
computer-aided geometric modeling and
design applications in mechanical engi-
neering. The generation of high-quality
graphics using state-of-the-art hardware and
software will aid the student in visualization
of design of complex geometric entities.

The objectives of the course are to
familiarize the students with complex geo-
metric modeling and analytical techniques
used in modern computer-aided design and

graphics systems. Upon completion of the
course, students should have an under-
standing of and ability to manipulate
complex geometric entities for design and
analytical purposes. They should under-
stand computational aspects of computer-
aided geometric design systems and be able
to develop and convey design concepts using
these systems. Students are introduced to
computational methods, data structures and
topics in computer graphics which have
applications in computer-aided design and
engineering. This course is not intended to
teach students how to use a CAD system, but
rather to emphasize the fundamentals of
mathematics and the theories which are
used in CAD systems. Practical exercises are
used to illustrate these concepts and the
effects of geometric modeling in engineering
analysis. Students are expected to have
some experience with a CAD system, com-
puter programming, linear algebra and
calculus commensurate with graduate level
engineering status.

The course meets for two 1-1/2 hour lec-

tures 'per week over a fourteen week
semester. Figure 1 shows the course outline.
The text by Mortenson (1985) is used.

Week 1

A general course overview is presented,
along with a survey to assess the background
and interests of the students. Special topics
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and design applications presented at the end
of the course may be tailored to meet the
needs of the students if the class size is small
and students have common interests. The
students are introduced to fundamental con-
cepts in geometric modeling and computer
graphics. Topics covered include a review of
explicit, implicit and parametric equations,
coordinate systems, vector and matrix oper-
ations, homogeneous coordinates and
transformations.

Weeks 2-4

The mathematical development of par-
ametric curves such as Hermite, Bezier,
spline and B-spline curves is discussed.
Methods for manipulation and modification
of curves such as reparametrization, inser-
tion of control points or knots, and
gsubdivision are covered. Relational prop-
erties such as shortest distances and
intersections are applied to design problems.

Weeks 5-7

The concepts of parametric geometric
entities are extended to surfaces and solids.
Analytical surfaces are also discussed.

Week 8

Concepts in solid modeling include Con-
structive Solid Geometry (CSG), Boundary
Representation (BRep) and swept solids,
octree representations, topology and Boolean
operations.

Weeks 9-10

Data structures used in various CAD
systems are discussed. Standards for data
transfer in CAD and computer graphics such
as IGES, DXF, GKS and PHIGS are com-
pared. Topics in rendering and visualization
of geometric models are presented. These
may include ray tracing, shading algorithms,
clipping, and silhouettes. A simple data
structure for planar faceted polyhedral sur-
faced models is used to demonstrate hidden
line and surface removal algorithms.

Weeks 11-14

Characteristics of the geometric entities
(curves, surfaces and solid models) pre-
viously covered in the course are evaluated

ME593S5

Computer Aided Design and Graphics

Course Qutline

Weeks |Topics

and Computer Graphics

Fundamentals of Geometric Modeling

2to4 |Parametric Curves (Hermite,

Relational Properties of Curves
Desian Applicati

ezier)
Composite Curves, Splines, B-Splines

5to7 |Analytical and Parametric Surfaces
Surface Modification

Relational Properties

Design Applications

Parametric Solids

Mid-term Exam

Solid Modeling

Data Structures for CAD
Data Transfer, Standards

Rendering and Visualization

1110 13 ] Design and Analysis Applications

Kinematic Synthesis

Mass Properties, Automatic Mesh Generation,
Parametric Design, Numerical Control,

14 Final Exam,
Student Project Presentations

Figure 1. Oulline of Topics for a Graduate Course

in Computer-Aided Geometrc Design

with respect to applications in design and
analysis of mechanical systems. Topics may
be selected according to interests of the stu-
dents and ingtructor, and may include
determination of mass properties, automatic
mesh generation, parametric design and fea-
ture-based models, kinematic analysis and
synthesis, numerical control and toolpath
generation, image processing, alternative
representations of geometric models, robot
vigion and robot motion, animation, toler-
ancing, assembly and interferences, and
graphics design programming. Students will
present resulis of a literature review project
as described here.
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Figure 2. Polygonal approximation of circles with
varous diometers and tolerances.
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Figure 3. Hub

ARIES Technologies' MCARE software is
installed on Sun Microsystems SPARCSta-
tionl and DECStation 3100 hardware. This
state-of-the-art  workstation-based solid
modeling software has interfaces to finite
element {(Swanson Analysis Ine. ANSYS) and
mechanisms (Mechanical Dynamics Inc.
ADAMS) analysis software packages. Each
workstation is connected through a campus-
wide ethernet system to the Encore Multi-
max 250 mainframe which acts as a file
server for the system. All computations are
performed locally at the workstations.

Practical exercises using the CAD sys-
tem are used to illustrate the interaction
between analytical geometry and computa-
tional methods in modeling applications.
The following example illustrates the effects
of modeling methodologies in solid modeling
systems as affected by construction strat-
egies, data storage and engineering
applications in the CAD system.

Many CAD systems use hybrid Con-
structive Solid Geometry (CSG)YBoundary
Representation (BRep) models for construc-
tion and storage and/or rendering of
geometric models. Curved entities are
approximated by polygons or polyhedra. A
tolerance level selected by the designer
determines the resolution and number of
facets generated. Figure 2 shows the effects
of tolerance levels on the polygonalization of
circles of various diameters.

The methods used to construct and store
the geometric model may have a dramatic
impact on results and use of the model. A
simple hub is shown in Figure 3. Using a
relatively large tolerance of 0.1", the hub is
modeled using both CSG and BRep methods.
The resultant models are shown in Figures
4 and 5, respectively.

Using CSG methods, the hub is gener-
ated by subtracting a small frustum from a
larger frustum with the same nominal diam-
eter on their top faces. A cylinder is then
subtracted for the hole. Note the "sliver"
faces on the top edge where a mismatch
occurs between the number of facets on the
inner and outer frusta. Students are asked
to calculate the size of the sliver faces. One
possible remedy to this problem may be to
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decrease the tolerance level until the sliver
faces disappear. This approach will sub-
gtantially increase the size of the data base
for the hub. Also, although ohscured by the
resolution of the graphics output device, the
gliver faces still exist in the database and
may lead to computational difficulties in
subsequent phases of modeling or analysis.
For example, automatic meshing routines for
finite element analysis will fail when applied
to the CSG model. The sliver faces do not
occur when the hub is modeled by generating
a surface of revolution from its cross-
sectional curve (BRep method). All curved
edges are polygonalized with the same num-
ber of edges. The result is shown in Figure
5. As a laboratory exercise, students are
asked to generate & solid model of the object
shown in Figure 6 with a relatively large tol-
erance for facet generation. The model must
not contain sliver faces. The students are
asked to submit a diagram of their model
construction methodology and computer out-
put listing all of the face entities in the model
to wverify that there are no mismatched
edges.

As a final project in the course, students
are required to select and review a technical
paper from a selected list of journals. The
paper may contain an application of geo-
metric modeling concepts as the solution to
an engineering design problem, or may dis-
cuss a novel approach to geometric modeling
which may be used in engineering or sci-
entific applications. The objective of the
project is to highlight current trends in geo-
metric modeling and to allow the students to
independently evaluate new concepts in geo-
metric engineering analysis which may be of
interest or of use in their research. The stu-
dents are required to submit a written
review of the journal paper and to present a
15 minute oral summary of the paper to the
class.

Figure 4: CGS model of hub

Figure 5. B-Rep. model of hub (solid of revolution)

Figure 6. Part used for Sample Exercise
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A course in computer-aided geometric
modeling and design has been developed.
The course is intended to meet the needs of

upper level undergraduate and graduate -

students in mechanical engineering and
manufacturing with interests in design,
manufacturing and computational mechan-
ics. Theory and techniques required for the
generation and manipulation of complex
geometric entities utilized by contemporary
CAD systems are presented. A state-of-the-
art solid modeling system is used to generate
models for design analysis and visualization,
and to give students practical experience in
CAD. The final portion of the course is
devoted to an independent review of current
literature in engineering design with geo-
metric and graphical applications.

This paper was initiated at the NSF
Seminar in May 1990 at the University of
Texas, Austin, supported by NSF Grant No.
USE- 8854623.

Barr, R. E., and Juricic, D, (1989). Survey
Results - EDG Curriculum Modernization
Project. Engineering Design Graphics Jour-
nal, 53, (3), 63-68.

Barr, R. E., and Juricic, D. (1990). Survey
Results - EDG Curriculum Modernization
Project. Engineering Design Graphics Jour-
nal. 84, (1), 63-65.

Barr, R. E., and Juricic, D. (1990). The
Engineering Design Graphics (EDG) Cur-
riculum Modernization Project: A White
Paper Summary. Proceedings of the NSF
Symposium on Modernization of the Engi-
neering Design Graphics Curriculum, Barr,
R. E. and Juricic, D., Eds., University of
Texas at, Austin, 23-42.

Bertoline, G. R., and Pleck, M. H. (1990).
A Knowledge-Based Curriculum Model for
Engineering Design Graphics. Proceedings
of the NSF Symposium on Modernization of
the Engineering Design Graphics Cur-
riculum, Barr, RE. Juricic, D., eds.,
University of Texas at Austin, 75-84.

Pleck, M. H., McGrath, M. B., Bertoline
G. R., Bowers, D. H. and Sadowski, M. A,
(1990). Factors Affecting the Engineering
Design Graphics Curriculum: Past, Present
and Future. Proceedings of the NSF Sym-
posium on Modernization of the Engineering
Design Graphics Curriculum, Barr, R. E. and
Juricie, D. Eds., University of Texas at Aus-
tin, 43-51.

McGrath, M. B. and Bertoline, G. R.
(1990). Developing a Modern Graphics Cur-
riculum for the Year 2000 and Beyond.
Proceedings of the 1990 IEEE/ASEE Fron-
tiers in Education Conference, Vienna,
Austria, 73-75.

Mortenson, M. E. (1985). Geometric Mod-
eling, John Wiley & Sons, New York.,

Zeid, 1. (1991). CAD/CAM Theory and
Practice, McGraw-Hill, New York..
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Balancing Research And Professional Development With
Engineering Graphics Instruction

P. S. Dedong, P. E.
dJ. C. Shahan, P. E.

Division of Engineering Fundamentals
and Multidisciplinary Design
Towa State University
Ames, Iowa 50011-2150

As many educational institutions across
the country increase pressure on fucully to
conduct funded research, many engineers
turned educator, find themselves expected to
devote less time to a larger group of students
and more time to conducting research. It is
important to develop ways to assure survival
of the faculty member’s well-being, the stu-
dents’ education, and the instifution’s
reputation. To that end, the authors have
been conducting a series of experiments to
investigate alternative methods of managing
lower division graphics courses. In this
experiment, daily work was never collected
and graded, but simply accounted for by
evaluating project completion and 'rea-
sonable effort.” All class periods were devoted
exclusively to student assistance, exercise
accounting being done while procloring
exams. Non-exam grading time was reduced
to nearly zero, creating time for professional
growth, proposal development, and mean-
ingful research. Results of the experiment are
described and recommendations made based
on tabulated and graphed student grade pro-
files, attitudes, and comparisons with control
groups also taught by the authors.

First there was time ...

It should come as news to no one that
there seems to be a national trend to make
engineering college faculties more productive
not only in terms of student credit hours per
full-time faculty member but also "measur-
able" research accomplishments; this is
taken to imply, if not mean, new knowledge
and associated papers. Some see this as a
means of putting hard science and engi-
neering faculty members into the yoke to
obtain dollars from sources like NSF and use
the overhead to support other faculties who
have less opportunity to obtain outside
funds. On the positive side, most of us would
agree that, in general, faculty members at
any major university should be on the
cutting edge of knowledge in their fields of
expertise, and it logically follows that some
form of research and dissemination of
knowledge must arise out of that condition.
In the final analysis, one's position on the
isgue is of little consequence; the swing of the
pendulum is irresistible, and for the fore-
seeable future, faculty productivity will be
subject to study and criticism in several ways
(NSPE 1990a). The concept of Academic
Leisure in engineering education is only a
pleasant memory, if it ever really existed.
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counseling and assisting students, ete., tend

1. The absence of daily grades caused no problem for me. to fill the day, then there are only two major
sources of time with which to expand one's
2. lwas able to get all of the exercises done when expected. creative productivity. Those are: class con-
tact time and evaluation (grading) time.
3. | didn't postpone work until the last minute. These experiments have confirmed the
importance of contact time and verified that
4. My work was as good as if it had been done for grading. the "skills" element of basic engineering
graphics courses has changed enough in
5. There was enough feedback about the quality of my work, recent years that demanding standards and
) . . ) ] careful grading are neither mnecessary,
6. My friends in other sections were better off with grading. appropriate, or even reasonable. If pro-
. . ductive time is to be found, it is better to
7. This system eliminated pressure and promoted growth more. obtain it by eliminating grading time than by
_ . . . reducing student contact time.
8. | had trouble keeping up in the absence of "due dates. An important point must be made here
e . ) regarding retention, particularly as it applies
9. | didn't get enough help during the laboratory portion. to nontraditional students. While there will
10. | made use of my instructor's office hours for help. always be a "fringe" of marginal students,
and we primarily provide educational oppor-
. . tunities, we should also work to expand the
Estim ’
stimated number of visits "circle of successful students.” Past efforts at
improving engineering retention have been
TABLE 3 marginally successful at best, largely, it is
becoming realized, because the character of
engineering education has been based for
decades on what might be called "survival of
Educators should and generally do place  the fittest.” If we truly wish to retain more
a high value on the teaching function. How-  entering students to graduation, education
ever, assuming that one's classes, grading, must change from a "survival” to what hag
preparation, myriad committee tasks, been called a "nurturing" mode (Norman). It
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might even be argued that those most able to
"survive” are those whose upbringing has
been most "nurturing.” Traditional "grad-
ing" of nontraditional students simply
results in early destruction of their hopes for
accomplishment, and we simply must change
from responding with a judgmental "Work
Complete, Quality Poor" to a supportive
"Good start - here's how to improve" which
can only be done well in conversation. For
many complex reasons, more intelligent and
promising students are reaching the point of
entry with less-solid self images, fewer
mechanical experiences, and less analytical
experience than a decade ago. Although
those conditions should not exist, they are a
fact of life, and we are left to deal with them
with high expectations, clear explanations,
and perhaps, the patience of Job. It has fal-
len to us to help show these people how to
succeed and realize their full potential.
While that may not have been one of our
original career goals, it is a high and
humanitarian calling, worthy of our effort.

NSPE. (1990). Paradigm Shift in Engi-
neering Education. Engineering Times. 12
(12), 1.

NSPE. (1990).
sented Groups.
(12), 1.

Shahan, J. C. and Dedong, P. S. (1980).
Engineering Graphics as a Lecture Course?
Engineering Design Graphics Journal, 54
(1), 8-17.

Dedong, P. S., and Shahan, J. C. (1990).
Do You Really Have to Grade All That?
Engineering Design Graphics Division Mid-
year Meeting Proceedings..

Neil A. Norman, P. E., President, {1990).
NSPE. Letter to Dr. Carl Locke, P. E., Dean
of Engineering, Univ. of Kansas,

Attracting Underrepre-
Engineering Times. 12
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COMPUTER-AIDED DEVELOPMENT OF
SPHERICAL SURFACES BY THE GORE METHOD

Chinyere Onwubiko
Associate Professor
Department of Mechanical Engineering
Tennessee State University
Nashville, Tennessee 37209

The difficulty in graphically repre-
senting nondevelopable surfaces led to
approximate representations. One method
used for spherical surfaces is called the Gore
Method. This paper describes the computer
generated development of a sphere using the
Gore Method and presents an approach to
fabricating a sphere with minimum material
waste.

Little CAD/CAM attention is given to
the automation of sheet metal fabrication.
Only a handful of software packages address
the development of the special class of sur-
faces called nondevelopable surfaces. Sheet
metal products often require developable and
nondevelopable surfaces. Development is
the process of unwrapping a surface into a
plane while preserving the surface’s original
metrical properties. This process requires a
geometric desceription of the surface which is
not well suited for automation processes.

The method of describing a surface
depends on whether it is ruled, double-

curved, or sculptured (free-form). Ruled sur-
faces such as polyhedrons, cones, and cyl-
inders are generated by a moving straight
line. Warped surfaces, such as thoese found in
transition pieces connecting rectangular
ducts and circular ducts are also classified as
ruled surfaces. They are generated by mov-
ing straight lines in such a manner that any
two consecutive positions of the generating
line do not lie in the same plane. Ruled sur-
faces are developable because they can roll
onto a plane. One exception to this rule is the
warped surface.

Warped and some double curved sur-
faces are approximately developed with
sufficient accuracy for many engineering
applications. A sculptured surface because of
its complex forms, similar to those modeled
by scupltors, is another application of an
approximately generated surface. These
surfaces have been extensively researched by
Richards and Onwubolu (1986), Ferguson,
and Coons (1964). An algorithm is needed to
develop double-curved surfaces. Although
double curved surfaces are non-developable,
some, like the sphere, are developed by
approximation,
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Two methods of approximate develop-
ment of a sphere include: dividing the
surface into either conical or cylindrical seg-
ments. Vertical planes (meridian planes)
divide the sphere into sections called gores;
hence, the Gore Method. This method is also
called the polycylindric method because each
cut-out spherical section is substituted with
a cylindrical section. Ilorizontal! cutting
planes divide the sphere into sections called
zones. Each zone is taken as frustum of a
right-circular eone. This method is known as
the Zone Method or Polyconic Method.

The Gore Method subdivides the sphere
into "m" equal gores with meridian planes.
A Gore is subdivided into "n" equal zones by
horizontal planes (Figure 1). Each gore
extends half around the sphere and there-
fore, is developable as a cylinder. Tt must be
noted that this development is approximate
since in reality a gore cannot form a cylinder
without stretching. A gore is developed by
determining elliptical contours to represent
the great circle arc of the gore. The elliptical
arcs are determined by projecting a top view
showing points (points 1, 2, etc.) of inter-
section between horizontal cutting planes
and the surface of the sphere. The houn-
daries of the gore are developed by mapping
the points 1, 2, ete., from a rectified line with
a length equal to one-half the circumference
of the sphere (Wellman, Earle). Dhande and
Ramulu (1984), discuss a first attempt in
computer-aided surface development,

This process requires great care in
drafting.  Length D must be accurately
measured to insure the developed ellipse is
the same length as the great-circle arcs of the
gore. This procedure is time-consuming,
error prone and unsuitable for computer
application. A procedure better suited for
computer application is presented here,

Consider a gore in the top view (Figure
2). The length of each horizontal arc between
two meridian planes is approximated by its
chord. The chord length of each arc is deter-
mined from the radius L of each horizontal
circle (Figure 2). The length L is computed

RECTIFIED GREAT
CIRCLE LINE

(MERIL:1 AN)

TR |

Figure 1. Graphical Development of A Sphere by
the Case Method
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Figure 2. A Gore: ATop View
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n

Figure 3. Geometry for the Determination of the
Radius of Each Horizontal Circular Plane
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Total No. of zones =8
Total No. of gores = 12

Ad = 87.44 sq. units
Ag = 56.57 sq. units

A4 = Developed half area of a sphere
Ag = Half area of a Sphere

Figure 4. ATypical Pattern Layout of One Half of the
surface Area of a Sphere

Ad = 87.44 sq. units

Total No. of gores =8 .
Ag = 56.57 sq. units

Total No. of gores = 20

Figure 5. A Typical Pattern Layout of one Half
of the Surface Area of Sphere

from the geometry in Figure 3. Each radius
is glven by:

L+1 = Rcos (ICL) i=01,...

- where

o =90/n

R =radius of sphere to
be developed

n =ihe number of zones

From Figure 2, one half of the length of each
are, h; is given as:

h,_Lsme i=1,2,

where

8 =180/m

m = number of equal gores

Using equation (2}, a point on the ellipse P;,

The application of equation (3) results in
a mapping of the upper left half of the profile
of the ellipse which approximates the gore,
Using symmetry, map the other half of the
upper boundary of the gore. The lower con-
tour of the ellipse is mapped by the pomts

ke
]
——
2 Ny —
Lo
‘-_.—/

42 ENGINEERING DESIGN GRAPHICS JOURNAL / AUTUMN 1991

VOL. 55,NO. 3



By applying equations (1) through (4)
an algorithm to generate a single developed
gore is developed below:

Step 1: Inputm, n,and R

Step 2: Fori=0ton, compute L;
and h; using equation (1)
and (2). Set s=0

Step 3: Fori= 010 2n, calculate P;

using equation (3).
Set x;=iD.

lfi*D < n R/2goto
Step 4 else

Set cc=1
S =5+ 1

Step 4: Ifcc=0 setyj=h;
elsey; =hyg

Step 5: Output x;, y;
Step 6: Forj=0to2n sety;=-y;
Step 7: Output X}, ¥j

Step 8: Stop

Note, steps 6 and 7 plot the mirror
image of the half gore generated in steps 2
through 5. To develop one half of the sphere
repeat steps 2 through 7 m times. The algo-
rithm was coded in BASIC. An HP pen
plotter 7T475A was used to plot the half
sphere seen in Figures 4 and 5.

Y,
Fzn, Y2n

Figure 6. Determination of the
Area of a Single Gore

Radius - 2 Units.

Table 1

Developed Area of a Sphere for Different m and n.

5 10 % error

65.34 71.14

73.92 7773
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Table 2

Developed Area of a Sphere for Different m ¢nd n. Radius - 3 Units.

m/n 3 4

5 10 % error

174.88

Table 3

Developed Area of a Sphere for Different m and n. Radius - 10 Units.

m/n 3 4

5 10 % error

1847.97

1948.74

Applying the algorithm results in a fab-
rication of an approximate sphere. To reduce
material waste, determine a rectangular
sheet of minimum area for laying out the
gores' development. See layout of the gores'
development in Figure 5. Obtain the area of
each gore

Compute the values of h,, and g(x;) from
equation (2). Equation (5) is numerically
integrated to obtain the area of a single
gore.

The total surface area of the m gores

which approximates half the surface area of
the sphere, Ad, is:

@)
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Obtain the optimum area of the rec-
tangle by selecting the appropriate values of
m and n such that Ay is equal to or greater
than the surface area of one half of the
sphere.  Execute to find the best values of
m and n through trial runs for spheres of
different radii. Results are presented in
Table 1,2, and 3. The entry Ay, p, is the area
associated with a given set of m and n. The
area of the resulting rectangle is shown on
the second row for each run.

By comparing the various values, it is
apparent that the minimum area of the rec-
tangle ig that for which m = n - 3. The
optimum layout is obtained by using six
meridian planes and six horizontal planes.
The maximum approximation error for one
half of the developed sphere for optimum
combinations of m and n is 6%. This error is
computed as the difference between the true
area of one half of the sphere and the devel-
oped area divided by the area of one half of a
sphere. The justification for using an upper
limit of ten for both m and n is that, in prac-
tice, the number of gores rarely exceeds
twenty (ten for one half of the sphere) in
approximate development of the sphere.
Besides, more gores means an increasing
cost for seaming the gores together.

In Tables 1, 2, and 3, we see that the
accuracy of the development depends on the
number of gores and the number of hor-

izontal cutting planes. Therefore, the
greater the number of gores the more accu-
rate the approximation. This is because the
arc of each gore is approximated by its chord:
the developed gore is a smaller area than the
true surface. But, if the gore surface is cir-
cumscribed about the sphere, the developed
gore ig larger than the true surface. This is
why the error in a developed sphere
increases to 30% as the number of gores
increases. This work provides the algorithm
for the automation of the metal fabrication of
a sphere.

Ferguson, James C. (no date). Multi-

variable curve interpolation. J. Assoc.
Compui. Mach. 11, 221-228.

Coons, S. A. (1964). Surfaces for com-
puter-aided design of space forms. Project
MAC, MIT. 3.

Richards, T. H. and Onwubolu, G. C.
(1986). Automatic interpretation of engi-
neering drawings for 3D  surface
representation in CAD. Computer-Aided
Design. Vol. 18, No. 3, 156-160.

Wellman, B. L. (1957). Technical
Descriptive Geometry. New York: McGraw-
Hill.

Earle, J. (1973). Engineering Design
Graphics. Massachusetts: Addison-Wesley.

Dhande, S. G. and Ramulu, P. B. (1984).
Computer-Aided Methods for Development
of Transition Sections. Journal of Mech-
anisms, Transmissions, and Automation in
Design. Vol. 106, 401-408.
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Division News and Notes

During the next four years
the engineering curricula are
going to be examined again and
again. Each time this is done
educators will try to make the
process more efficient and effec-
tive. This is as it should be but
many of the engireering edu-
cators that are unwilling to
accept  incorrect  analytical
results, and incorrect English in
reports are willing to accept
incorrect drawings and graphs
that portray information incor-
rectly.

Chairman’s MessaGe

by John T. Demel

It is in this process of com-
munication done incorrectly that
United States industry loses
money and market share. We, the
members of the EDGD, have to be
creatively involved in this cur-
ricula revision process so that
correct engineering communica-
tion (read this - 'Graphics') 1s
considered to be part of the engi-
neering core. For example, our
contribution may be in team-
taught courses rather than indi-
vidual courses.

There are two initiatives for
massive reform that have been
funded by the National Science
Foundation under the Engi-
neering Education Coalition
program. These two coalitia have
15 colleges but only two, Iowa
State and Penn State, that are
heavily involved with the EDGD.
This Division needs to be repre-
sented in the ongoing planning
process for curricular change and

Professors Jenigson and Foster
can carry the Divigion's message.

We have had two studies
that have been externally funded
{(NSTF and ACM-SIGGRAPH.) I
say 'we' because the principal
investigators (Professors Barr,
Juricic, McGrath, Pleck, Ber-
toline, and Bowers) are active
members of our Division. Their
voices need to be heard in the
coming years as decisions are
being made.

Please take time to read the
articles that they have written. I
would suggest that you also
should read a letter written by
Steve Slaby to Ed Ernst at the
NSF that discussed and dis-
agreed with the findings of Barr
and Juricic. Reflect on what they
have to say and let us begin active
dialog about what works and
doesn't work. This Journal and
our two yearly meetings are the
forum for exchange.

V324

/79297

SHAPING OUR WORLD — CENTURY 1I
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Calendar of Events

Prepared by William A. Ross
Program Chair

1991-92 EDGD

Mid-Year Conference
November 3-5, 1951

Norfolk, Virginia

Host: Old Dominion University
General Chair: Mustafa R. Mustafa
0ld Dominion University

(804) 683-3767

Program Chair: Barry Crittenden
Virginia Polytechnic Institute and State
University

(703) 231-6555

1992 Annual ASEE Conference

June 21.25, 1992

Toledo, Ohio

Program Chair: Doug Frampton

The University of Akron

(216) 627-7065

Theme: Creativity..Educating World-Class
Engineers

1992 5th International
Conference on Engineering/
Computer Graphics and
Descriptive Geometry

August 17-21, 1992

Melbourne, Australia

Host: Royal Melbourne Institute of Tech-
nology

Melbourne, Australia

Contact: Larry Goss

University of Southern Indiana
(812) 464-1892

Fax No. (812) 464-1960

1992-93 EDGD

Mid-Year Conference

Date: To be announced

Host: San Francisco State (tentative)
San Francisco, California

Program Chair: Ron Pare'
{713)-749-4652

1993 Annual ASEE Conference
June 1993

Champaign, Illinois

Host: University of Illinois

Program Chair: To be announced
Theme: ASEE 100th Anniversary

International Computer Graphics

Calendar

Prepared by Vera B. Anand
International Relations Committee

6th International Forum on CAD
September 11-13, 1991

Hilton Hotel

East Midlands Airport, United Kingdom.
Contact: Carolyn Hall, Euroteam
University of Leicester, LE1 7rh, U. K.
Phone: (44) 533-522408.

Compugraphics 91

1st International Conference on Computational
Graphics and Visualization Techniques
September 16-20, 1991

Villas de Sesimbra, Sesimbra, Portugal.
Contact: Harold P. Santo

Department of Civil Engineering

Institute of Engineering

Technical University of Lisbon, Av. Rovisco Pais
1096 Lisboa ¢odez, Portugal.

Phone: (351) 1-801579/8020 x1638.

Eurographics Workshop on Computer
Graphics and Mathematics

Qctober 28-31, 1991

Genoa, Italy.

Contact: B. Falcidieno

instituto per la Matematica Applicata

Via LB Alberti 4, 16132, Genova, Italy

Visualization 91

October 22-25, 1991

San Diego, California

Contact: Arie Kaufman
Department of Computer Science
SUNY at Stony Brook

Long Island, New York 11794-4400
Phone: (516) 632-8441, or 8470

1992 Symposium on
Interactive 3D Graphics
March 29-April 1, 1992
Cambridge, MA.

Contact: Ed Catmull
PIXAR

1001 West Cutting
Richmond, California 94804
Phone: (415) 215-3533

Eurographics 92

September 7-11, 1992

Cambridge, England

Contact: Jane Thorp

EG 92 Conference Secretariat

The Registry, University of East Anglia
Norwich NR4 7Td

Phone: (44) 603-592802
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Rogers, Bob LaRue, and Clarence
Hall.

Many of these good people
guided our Division from one with a
drawing emphasis to one with design
and computer emphases. But more
than anything else I realize that these
elders took a particular pride in our
profession, and also gave meaning to
the words courtesy, humility, and
honor. They indeed passed a valuable
torch to us to carry forward.

We deal, however, in the present,
and I have learned a third point: to
value my contemporaries. We share
many things and develop lasting

working with young minds to provide
knowledge and ideals? Yes, it is a
challenge to be an idealist within edu-
cation. The flip side of the idealist,
however, is the cynic. If and when we
become cynics, it is ime t0 move on,

We can express our commitment
to education in three principal ways,
I’ve learned as a fifth point. These
three ways are the well known ave-
nues of teaching, research, and
service. Most of us here probably
identify most closely with teaching.
Engineering graphics is a very teach-
ing-oriented discipline. We spend the
great majority of our time working

SIX POINTS

»  Waich where you sit

»  Value your elders

s Value your contemporaries
= Value education

» Commitment to education

friendships. 'We here this evening rep-
resent a core of contemporaries. We
do share much: our successes and joys
and hopes, and, yes, perhaps even our
shortcomings. In many ways we are
like an extended family which gathers
for a reunion one or twice a year. We
share a bond which has been a char-
acteristic of our Division for many
years.

The cement that holds our bond
together is our common profession of
education. A fourth point I've learned
is to value education. Education takes
its blows these days: tight budgets,
increased demands on faculty, and
occasional scandals. Still, education
remaing a noble profession, What
other profession has the high calling of

Tradition of the recipients

with students, Many or our present
papers at these conferences deal with
how to make our teaching more
effective, often using the computer as
a tool.

You have shown me also the
value of research in our field. Ouwr
research may deal more often with
curricula and educational methods
than with equations and abstracts, but
it is sound research, We are rightly
proud of our research. Research
keeps us humble as we grapple with
unexpected outcomes and implication
for our teaching, and humility is a
good trait in a teacher!

Let us not forget service as part
of the trilogy of commitment: teach-
ing, research, and service. Service is

going that extra mile beyond our
classroom and lab. It can be that long
committee meeting, that panel we
serve on, or spreading the word at a
career night. Service is often the
thankless part of our work, but it
makes us more rounded, better bal-
anced professionals.

So I feel privileged to have
learned by being with our Division
over the years. I thank you for teach-
ing me the value of elders, the value of
contemporaries, and the value of our
profession of education. There is one
more important sixth point -1 have
learned which has a special focus
tonight. I've had the pleasure of
attending a number of Annual Ban-
quets. FEach one has presented an
honored recipient with the Dis-
tinguished Service Award.

TI've noted that each recipient
extends the long and honored line that
began in 1950 with Frederic Higbee.
No, I wasn’t at that banquet! My first
was in 1969 when Edward Griswold
received the award. 'What I have
learned cspecially is that each person
has received this fine award with such
grace. We can think back across a few
years and we find men and women
who accepled the mantle of this award
with dignity and grace. Stepping back
a few years, one at a time, we have
Clyde Kearns, Frank Oppenheimer,
Paul DelJong, Clarence Hall, Claude
Westfall, Klaus Kroner, and wonderful
Amogene DeVaney. These are our
colleagues who perhaps felt surprised
and undeserving of the award, as I do
now. I do want to say, though, that I
accept this award as one of the grand
parade of educators who have been
marching along since 1950. It is a
grand tradition and I'm proud to be
part of it. Thank you very much, good
friends.
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#HEd jvislon news

AMENDMENT TO THE BYLAWS

In accordance with Article X, Amendments to Bylaws, Sections 1 through 3, the
following amendment to the Division's Bylaws was proposed and recommended for the
consideration of the Chair and members of the Executive Committee on June 17, 1991.
The changes were accepted by the Executive Committee at their meeting in New

Orleans.

EXISTING PROPQOSED
Article V Article V
CONFERENCES CONFERENCES

Section 2. MID-YEAR CONFERENCE.
There shall be a Mid-Year Conference to be
held at an appropriate date annually
between November 1 and January 31, and
shall include a Division Mid-Year dinner
meeting, one or more conferences, and a
luncheon business meeting, The Executive
Committee will be responsible for selecting
sites for conferences.

2a. PROGRAM FOR MID-YEAR CONFER-
ENCE. The program for the Mid-Year
Conference shall be considered by the Exec-
utive Committee at the Annual Conference of
the Division. The Chair shall present the
Mid-Year Conference program to members of
the Division at the annual luncheon business
meeting. The program the Mid-Year Confer-
ence shall be published in the Fall issue of
the Journal.

Section 2. MID-YEAR CONFERENCE.
There shall be a Mid-Year Conference to be
held at an appropriate date annually
between November 1 and January 31, and
shall include a Divigion Mid-Year dinner
meeting, one or more technical/professional
sessions, and a luncheon business meeting.

2a. PROGRAM FOR MID-YEAR CONFER-
ENCE. The program for the Mid-Year
Conference shall be considered by the Exec-
utive Committee at the Annual Conference
of the Division. The Chair shall present the
Mid-Year Conference program to members of
the Divisjon at the annual luncheon business
meeting. The program for the Mid-Year
Conference shall be published in the Fall
issue of the Journal.

2a(1). SITE SELECTION FOR MID-YEAR
CONFERENCES. Individuals wishing to
host a Mid-Year Conference shall submit a
letter of proposal to the the Chair of the
Division no later than one-year in advance of
the Conference date. The Chair of the Divi-
sion shall then include the proposal on the
agenda for the next regularly scheduled
Executive Committee meeting. A repre-
sentative of each campus wishing to host a
Mid-Year Conference must be present at the
Executive Committee meeting to present a
brief proposal to the Committee. The Exec-
utive Committee will then be responsible for
selecting sites for conferences. Whenever
possible, preference will be given to geo-
graphic distribution of conference sites.
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November 2 - 6, 1991
Norfolk, Virginia

Co-Sponsored by:
College of Engineering and-
Technology
Old Dominion University

General Chair
Moustafa R. Moustafa
0ld Dominion University

Technical Program Chair

J. Barry Crittenden
VPI & SU

SATURDAY - November 2, 1991

Special Sessions: Workshops
Saturday, November 2, 1991

Sponsored hy AutoCAD, CADKEY, SilverSereen,
and MicroCADAM

SUNDAY - November 3, 1991
Special Sessions: EDGD Committee Meetings

Special Session: EDGD Executive
Committee Meeting

Session 1: 8:00 p.m. to 10:00 p.m.

Moderator - Edward W. Knoblock, University of
Wisconsin - Milwaukee (retired)

¢ Developing a Comprehensive Taxonomy of
Graphics Terms for Engineering and Technology
Gary R. Bertoline & Scott E. Wiley
Purdue University
*  What Do We Mean When We Say Design'?
Edward W. Knoblock
University of Wisconsin - Milwaukee (retired)

Schedule of Events

MONDAY - November 4, 1991
Session 2: Main Plenary - 9:00 a.m. to 10:15 a.m.

Moderator - Moustafa R. Moustafa
Old Dominion University

Welcome and Opening Remarks

Dr. Ernest J. Cross, Dean

College of Engineering and Technology
0ld Dominion University

Keynote Speaker
Mr. Ed Campbell, President
Newport News Shipbuilding and Drydock Company

Morning Break
Session 3: 10:30 a.m. to 12 noon

Moderator - Michael D. Stewart
University of Arkansas - Little Rock

* Investigation of the Application of Geometric
Dimensioning and Tolerancing in a Group of Mid-
western Manujfacturers

Frederick D. Meyers, The Chio State University
* ANSI Geometric Dimensioning vs. ISO Geometric
Dimensioning

Patrick J. McCuistion, Ohio University
* The Relationship of Just In Time Manufacturing
with CADD Design and Documentation

Jon M. Duff, Purdue University

Special Session: 1:00 p.m. to 5 p.m.

Tour of Newport News Shipbuilding and
Drydock Company

EDGD Dinner at Captain George’s - 6:15 p.m.

Guest Speaker - Dr. Joel Orr of LEAP
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idivision news

"TUESDAY - November 5, 1991
Session 4: 8:30 p.m. to 10:30 p.m.,
Moderator - Charles W, White, Purdue University

¢ The Results of Integrating Real and Computer
Generated models into a Traditional Sketching
Based Engineering Graphics Course

Craig L. Miller, Purdue University
¢ A Review of Dynamic and Static Visual Display
Technigques

Eric N. Wiebe, North Carolina State University
*  Producing Animations Using CADKEY
Edward V. Mochel, University of Virginia
*  (UIs Performance in an Interactive Animation
Display Environment

Shane McWhorter & Walter E. Rodriquez

Georgia Institute of Technology

Morning Break
Session 5: 1045 a.m. to 12:15 p.m.

Moderator - Edward D. Galbraith
California Polytechnic State University - Pomona
(retired)

»  The Design of CAM Mechanism Using CAD
Dennis R. Short, Purdue University
* True Perspective Projection
Robert P. Kelso, Louisiana Technical University
*  (raphical Math Is Alive and Well and Living
Inside Your CAD System
Larry D. Goss & Matthew Goffinet
University of Southern Indiana

Special Session: EDGD Business Luncheon
Moderator - John T. Demel, Division Chairman
(Poster) Session 6: 2:15p.m. to 3:30 p.m.

s Integrating Solid Modeling Projects into an Exist-
ing CAD Course

Holly K. Ault & Kenneth E. Scott

Worcester Polytechnic Institute
s  Communication, Visualization and Technology

Terry L. Burton, Purdue University
s A Computer Application Dilemma In Course
Development

Terry L. Burton, Purdue University
¢ An Assessment of Research Activities in
Engineering Design Graphics

Robert A. Chin, East Carolina University
o FEconomical Optimization of Engineering
Classroom Facilities

Paul 8. De Jong, Iowa State University
s Introductory Engineering Graphics at the Post
Secondary Level in North Carolina: Are We Meeting
the Challenge of Advancing Technology?

Gayenell C. Gull, North Carolina State University

s  [pgrade/Replace Decisions of
Microcomputer Based CAD Systems
Sunil Hazari, East Carclina University
* Visualizing Parametric Surfaces with the
Enhanced Reverse Ray Tracing Technigue
Auvgusto Op den Bosch & Walter Rodriguez
Georgia Institute of Technology
e 2+1+15.. an Alternative to Declining Student
Enrollment in, and Required Credit Hours for
Engineering Graphics Courses
William J. Vander Wall
North Carolina State University
*  Modernizing the Interior Design Curriculum
Billy H. Wood, The University of Texas at Austin

Afternoon Break

Session 7: 3:45 p.m. to 5:15 p.m.

Moderator - Linda J. Bode, University of Toledo

* The Integration of Sketching into the
Instruction of Computer Aided Design

Thomas J. Krueger

Southwest Texas State University
s  On Including Design Into a Freshman
Graphics Course

R. 8. Engel, The Pennsylvania State University

S. C. Krane, University of South Florida
* A New Look at the ENGINEERING
DESIGN GRAPHICS PROCESS Based on
(Geometric Modeling

Ronald E. Barr & Davor Juricic

The University of Texas at Austin

Special Session: EDGD Banquet and Awards
Evening dinner cruise aboard the NEW SPIRIT
Moderator - John T. Demel
The Ohio State University

Spouses’ Sessions

Monday, November 4, 1991

* Norfolk Sightseeing

s  Tour of Chrysler Museum and/or
McArthur Memorial

* Tour of Newport News Shipbuilding and
Drydock Company

Tuesday, November &, 1991
¢ Williamsburg and Vicinity Sightseeing

¢ Tour of Colonial Williamsburg and
Pottery Factory
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AUTOCAD' 386. SEE HOwW Fast YOU CAN GO
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AutoCAD 386 unleashes the full 32-bit
power of an 80386-based PC. With
direct access to all system memory,
AutoCAD 386 loads, regens, removes
hidden lines and saves drawings up
10 62% faster than standard DOS-
based AutoCAD.

AutoCAD 386 runs larger, more
sophisticated AutoLISP* programs

s
et
AR
N

‘::‘:“ dramatically faster. There’ more toom
:‘: * .
PR available for memory-resident pro-
et ;
‘.’133?333333\“‘”‘:““““‘15 grams, so systems can be configured
N

without concern for memory conflicts,
AutaCAD 386 also provides a

complete set of drawing tools for archi-

tectural, mechanical, mapping and

facilities applications and mare.
Quick! Call us today to schedule

a demonstration.

Neal Alen
Education Department
AUTODESK, INC.

o 2320 Marinship W:
’A‘ AUTO CAD Sza.usalifja(.).r;1 gj& 3)49 G%y

AUTHORIZED DEALER

Aatadesk, the Autodesk loge and AutoCAD are ragistered in the 1.5, Patent and Trademark Office by Autodesk, Ine.

5th mternétional Conference on

ENGINEERING.

COMPUTER
GRAPHICS
A ND
DESCRIPTIVE .

GEOMETRY

August 17 - 21, 18592

Hiltan Internalional, Melbourne, Australia

A
FALLAN

CALL FOR PAPERS

Papers dealing with the following topics 4. Graphics Teaching
are soliclted: Graphics Exercises
Computers in Engineering Graphics
1. Thearetical Graphics Education
Descriptive Geormelry
Kinematic Geomelry and other applications 5. Other Topics of interest will be
of Geometry considered.
2. Engineering Computer Graphics Deadlines and Requirements
Computer Aided Oesign

. Graphics Oriented Expen Systems

Computsr Aided Geomeiric Design + Papers will ba reviewed for presentaticn
Compulerised Descriplive Geomelry at the conference and publication in the
conference procesdings

Authors are requested o submit
manuscripts in camera-ready form

Scientific and Technical Visualisation

Engineering Animation prepared as per the conlerence
image Processing and Remote Sensing publication formal before March 2, 1992

Sponsored by Engingering Qasign Graphics Division

Amerizan Soclety for Enginsering Education {ASEE).

Co-sponsored by! Association for Compuiter Aided Design, Vicloria {ACADS).

Hosted by: Royal Melbourng Institite of Technology, Melbourng Australia

For Further Information confact:

in Australia: in USA
Mr. Tom Thomas, Machanical Enginaering, Prof. Larry. . Goss,
Department of Manwfacturing and Frocess University of Southern Indiana, 8600 Universify
Engineering, AMIT, GPO Box 2476V Melbourna, Vic. Boulevard, Evansville, fnciana 47712, UUSA
3001 Australia. Ph. +613 650 2166, +613 680 2523, PH. (812} 464 1892, Fax No: (812) 464 1960

Fax No: +613 863 7873
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idivislon news
Marv A S dED';[QR BOARD OF REVIEW
ary adowski
’%‘{izhn;_;::h(}raphlcs Vera B. Anand Mary A. Jasper
Purgue University Clemson University Mississippi State University
ZE;;S{;S,?Llaig){ette, IN Gary R. Bertoline Roland D. Jenison
Ph 31-7 4948206 Purdue University Towa State University
Deloss H. Bowers Jon K Jenson
Judi tLEgggl}i:‘aiED"OR Colorado School of Mines Marquette University
Technical Graphics Robert A. Chin RobertR.Kelso
Purgue University East Carolina University Louisiana Tech University
E;Z%‘;;"fﬁgette’ IN J. Barry Crittenden Edward W. Knoblock
) VPI & SU University of Wisconsin -
Mil k
CIRCULATION MANAGER Hvaniee
Clvde Kearns Frank M. Croft
Thy Ohio State Universit The Ohio State University Ming H. Land
9 0,? 0 Nl?l Aa e Lniversity Appalachian State University
Col ; ! 8?;123210 Robert J. Foster
olumbus, The Pennsylvania State James A. Leach
ADVERTISING MANAGER University University of Lousiville
,?en}fi? Ri gh‘“’;‘]. Teruo Fujii Michael J. Miller
Kflcoyngzu raphies Miami University The Ohio State University
s&%rs%uﬁalfim;i?lf% Lawrence Genalo William A. Ross
479071 4159' ’ Towa State University Purdue University
Retha E. Groom Scott E. Wiley
Nif(;lllg gE:SILQSNSTANT Texas A & M University Purdue University
Technical Graphics
Purdue University
POSITION ANNOUNCEMENT
EDG COMMITTEE CHAIR VACANCY
i i TECHNICAL GRAPHICS. Purdue’s Department
As Chair of the Technical and Pro- of Technical Graphics invites application for ten-
fessional Committee for the EDG Division, ure-track faculty position beginning August 24,
Gary Bertoline would like to announce that

1992, A Master’s degree in technology, engineering
or closely related area is required; industrial expe-
rience suggested. Responsibilities will include
undergraduate teaching, course development and
scholarly activities. Rank and salary com- |
mensurate with qualifications, Position open until
filled. Send resume and list of three references by
January 1, 1992, to Professor Michael Gabel,
Faculty Search Committee, Technical (Graphics
Department, 1419 Knoy Hall, Purdue University,
West Lafayette, IN 47907-1419.

there is an opening for Chair of the Geometric
Modeling Committee. If you are interested
in serving as chair of this committee, please
contact Gary.

Gary Bertoline
Technieal Graphics / Knoy Hall
Purdue University
West Lafayette, IN 47907-1419

Ph. (317) 494-7507

Purdue University is an Affirmative Action/Equal
Opportunity employer.
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1992 ASEE Annual Conference
Toledo, Ohio
June 21 - 25, 1992

The Glass Capitol of the World and the home
of the Mud Hens, Toledo, Ohio, is the site of the
1992 ASEE Annual Conference. Currently in the
planning stages, the EDGD program will include
five technical sessions, the annual business
luncheon, and the annual awards banquet. Come,
participate, and enjoy.

Program Chair:
Doug Frampton
Engineering & Science Tech. Div.
The University of Akron
120 Shrank Hall South
Akron, Ohio 44325-6104

Ph. (216) 972-5139
FAX (216) 972-5300

),
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AUTOCAD' RELEASE 11. A PRODUCTIVITY EXPLOSION.
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AutoCAD Release 11's new features

i N
%‘}1"’"‘“"555_5. g. ooy | will vield powerful results. More
AN e e . -
q}‘}{{\‘o“:{f@g’#”ii' ...,,%#~ flexibility in creating, dimensioning,
WSSy ey Ny e,
\\\\\‘\"##‘l;. A AT AT ..:;',i{",'...... annotating and plotting drawings
= .’é‘{l"zf’z speeds production drafting. More
W 7 .
o
i

tools for linking applications and
building models enhance design
productivity. More support for
networks and reference files help
everyone work faster. Schedule

your demonstration foday.

Neal Alen
Education Department
AUTODESK, INC.

m AUTOC AD 2320 Marinship Way

AUTHORIZED DEALER ~ Sausalito, CA 94965
Autodesk, the Autedesk logo and AutoCAD are registered in the U.S, Patent and Trademark Office by Autodesk, Inc.
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Submission of Papers and Articles
for the
Engineering Design Graphics Journal

Submit papers, including an abstract of no more
than 200 words, as well as figures, tables, ete. in
guadruplicate (original plus three copies) with a
cover letter to M. A. Sadowski, Editor, Engineering
Design Graphics Journal, Technical Graphics/Knoy
Hall, West Lafayette, IN 47907-1419. Use standard
8-1/2 x 11 inch paper only, with pages numbered
consecutively. Clearly identify all figures, graphs,
tables, ete, All figures, graphs, tables, etc. must be
accompanied by a caption. Ilustrations will not be
redrawn. Therefore, ensure that all the line work is
black and sharply drawn and that all text is large
enough to be legible if reduced to single or double
column size. High quality photocopies of sharply
drawn illustrations are acceptable. The editorial
staff may edit manuscripts for publication after
return from the Board of Review. Galley proofy may
not be returned for author approval. Authors are
therefore encouraged to send editorial comments
from their colleagues before submission of papers.

Page Charges

A page charge will apply for all papers printed
tin the EDG Journal The rates are as follows:

$5 per page for EDGD members

$10 per page for ASEE members who
are not members of EDGD

$25 per page for non-ASEE members

This charge is necessitated solely to help offset
the increasing costs of publication. Page charges are
due upoen notification by the Editor and are payable
to the Engineering Design Graphies Division at:

Mary. A, Sadowski

Editor, EDGD Journal
Technical Graphics/Knoy Hall
Purdue University

West Lafayette, IN 47907-1419

FAX: 317-494-0486

PH: 317-494-8206

The EDG Journal is entered into the ERIC
(Educational Resources Information Center), Sci-
ence, Mathematics, and Environmental Education/
SE at:

The Chio State University

1200 Chambers Road, 3rd Floor

Columbus, OH 43212.

Article copies and 16, 35, and 105 mm micro-
fiche are available from:

University Microfilm, Inc.

300 Zeeb Road

FREE

1991
CATALOG

Offering A Complete
Line Of CAD, Drafting
& Technology Ed Supplies & Software...

o Al Catalog Prices Are Guaranteed Thru Jan. 31, 1991,

T All Orders Are Shipped Within 48 Hours Of Receipt.

¥ All Products Are Unconditionally Guarantead & *In Stock”

(except some fumiture) For Immediate Shipment By Fast,
Insured U.P.S.

¥¢ A 30-Day Preview Is Available On Most Products We Sell.

T¢ We Offer Total Support & Ordering Convenience Through
Qur To¥ Free Customer Service Line.

Call Toll Free From All 50 States

1-800-622-1000
—Canada Call 513-324-5721——

714 W. Columbia St.
Springfield, OH 45501
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While our competition
relies on its name
to sell products,
we rely on our products.

You might think that the 3-D CADD
system with the biggest “name” in
the business is also the best. But
look closely at how well they handle
real 3-D CADD problems. Then
look at CADKEY?

Problem #1

Problem #1: How do you trans-
late your “bright idea” into a form
others can understand? CADKEY
gives vou all the tools you'll need

— from wire-frame to CADKEY
SOLIDS® —to create complex
designs quickly and easily. The par-
abolic curve pictured above may
look simple, but it’s a design our
competition can’t handle. Ask them.

Probiem #2

Problem #2: Need to convey
your idea to engineers in Zurich

and CNC machinists in Seoul . . .
with accuracy in the fen thousandths?
CADKEY'S ANSI, ISO, DIN and JIS
compliance assures clarity and re-
liahility anyiwhere in the world.

Problem #3

Problem #3: Want to make
design changes? With CADKEY’S
transformation, editing, and detail-
ing functions, adjustments are no
problem. Details and dimensions
are simultaneously and automati-
cally updated.

Problem #4

Problem #4: Will the design
work? CADKEY goes way beyond
simple polygon meshing to frue sur-
face definition. Ask our competition
if they can handle variable radius fil-
let blends or surface intersections.

Need more illumination
on the subject?

Send for your copy of the
CADKEY 4 and AutoCAD" 11
technical comparison, and the
name of the dealer nearest you.
Write us or call CADKEY at
1-800-654-3413.

Problem #5: Do vou see red
when the sales manager asks for
blue? With CADKEY RENDER"
you can look at options and gener-
ate photorealistic soft prototypes
before going into production.
Change colors, even materials,
without tooling a single machine!

Problem #5

Problem #6: Need it machined?
Ouver 40 links to complementary
machining software solutions give
you unprecedented flexibility. Get
your products manufactured more
quickly and profitably.

Choose CADKEY and your outlook
on 3-D CADD will be a whole lot
brighter. CADKEY is the premier
3-D PC-based* CADD tool made
exclusively for mechanical engi-
neers. Intuitive, plain English com-
mands (with translations into more
than a dozen languages, including
Japanese), and our fully interactive
computer-hased tutorial make
CADKEY the design tool you'll
swear by, not at.

CADKEY

4 Griffin Road North 4

o
- Aasit  in ()
FAR, (20 395-6401 ﬁé?&@%ﬂv@ o
é‘fg“g’ e

*CADKEY is availahle on both PC and UNIX-
hased platforms. Over 300 links to manufac-
turing solutions available.

CADKEY, CADKEY SOLIDS, CADKEY SURFACES, and CADKEY RENDER are trademarks of CADKEY, INC. U.S.A. AutoCAD iz a registered trademark of Autodesk, Inc.



PAPERS

5 Spatial Visualization Research and Theories: Their Importance in the Development

of an Engineering and Technical Design Graphics Curriculum Model

Craig L. Miller & Gary Bertoline

15 Interactive Computer Graphics Software for Teaching CADD

John G Cherng & Wen J. Wu

21 Profile and Practices of Contributors to the Engineering Design Graphics Journal

Robert A. Chin

27 Development of a Graduate Course in Computer-Aided Geometric Design

Holly K. Ault

3 Balancing Research and Professional Development with Engineering Graphics

Instruction
P. 8. Dejong & J. C. Shahan

Computer-Aided Development of Spherical Surfaces by the Gore Method

Chinyere Onwubiko

Circulation Manager

The Engineering Design Graphics Journal
The Ohio State University

2070 Neil Avenue

Columbus, OH 43210-1275 USA

ADDRESS CORRECTION REQUESTED

Non-profit Organization
U.S. Postage
PAID
Permit No. 221
Lafayette, Indiana




