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Dear Membérs:

In this issue you will find an article by Craig Miller who has looked
all of the Journal of Engineering Drawing and Engineering Design
Graphics Journals to find references and articles on visualization, This
historical review allows all of us to get a better idea of the roots of the
EDG division as well as a good insight inte who some of the con-
tributors have heen in this area.

I found other information that interested me as well. I was able to
could get a feeling about the times, the make up of the division, and
how time have changed in some areas by locking at some of the cita-
tions used in Miller’s paper.

Back in 1938 Grant and Heacock wrote about the students using the
all inclusive terms HE, and HIM in every case. Well, T guess back in
1938 he and him were pretty inclusive, because there probably weren’t
very many female students.

In the 40’s Orth, Gerardi, Warner, Wellman were still using phrases
like his drawing instructor, his interest, and his ultimate success. Well,
these were the war years and things hadn’t started to change yet.

In 1957 Kliphart was asking us if a student can count the number
drawer handles on his desk, or sketch things from his mental image.
Now by this time Mary Blade had become an important force in the
division, but I guess she was only one women. Apparently there
weren’t any female engineering students yet.

A late as 1977 Jasper was still referring to the student himself. Itis
not until 1979 that the first reference to a female is found in this lit-
erature. In writing about engineers, Newlin mentions that se or she
must be able to visualize a problem. It is good to note that with the 80's
and beyond, most references have not totally excluded the possibility of
females as engineers. T know that there is still a major controversy
about women in the military, but the idea of women in engineering
should be accepted and encouraged by evervone. As the number of stu-
dents available to enter our programs diminishes we must seek out and
encourzage qualified women and minorities to enter our programs.

We must consider (if we haven’t already) making our materials and
our classrooms conducive te all, Maybe some of the examples and
problems that we have been using for the past 3, 10, or 20 years need to
be updated to be more inclusive.

In the December 1995 ASEE Prism, Cheryl Sorby (an EDG member)
explained that some engineering students, particularly women, may fare
poorly in design graphics courses because they lack strong 3-D spatial
visualization skills. Does this mean that we will naturally lose these stu-
dents as engineers or does it mean that we should find out how to help
them become better visualizers? My hope is that all of us will become
more aware of non-traditional students and make our classrooms and
programs better places for everyone.

F. A. Mosillo from the University of lllinois at Chicago set me a fax
and pointed out that in the Spring ‘96 issue I placed Frank Oppen-
heimer’s first MidWinter meeting at the University of Chicago, Navy
Pier whereas it should have been the University of llinois in Chicago,
Navy Pier. Sorry for the error. I guess people really do read the edi-
torials.

Mary A. Sadowski
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Curve and Surface Modeling
Yesterday, Today and Tomorrow

Linda C. Cleveland
Engineering Graphics Program
Clemson University
Clemson, South Carolina 29634-0927

Abstract

Introduction

This paper examines our methods as engi-
neering graphics educators over the past fifty
years given the tools of the times. The paper
specifically addresses how our methods have
changed in presenting techniques and proce-
dures for drawing or displaying the curved
entities or surface models used in engineer-
ing design. It begins with an examination of
texts and manuals from fifty to one hundred
vears ago, their content with respect to draw-
ing instruments, and their approach to geo-
metric construciions and problem solution
technigues in the representation of curves
and surfaces. The paper then addresses the
changes that have taken place in the way we
teach these techniques; changes brought
about through changes in graphics tools
involving computer technology. Finally the
paper will examine current technology and
teaching methods used in surfuce modeling
and design and what we can expect in the
future.

A thorough examination of the evolution of
teaching methodology for specific instruction
in the modeling of curves and surfaces could
occupy volumes, but the events of the last
fifty years and the milestone fiftieth
anniversary conference of the Engineering
Design Graphics Division of the American
Society for Engineering Education present a
unique opportunity for examining one of the
most fundamental of modeling tools: curves
and surfaces.

Curves and surfaces in engineering
design have presented challenges for the
engineer and the engineering educator since
the days of Gaspard Mongé. Peter Jeffrey
Booker summarized Mongé’s work in four
rationalized drawing procedures as follows:

bodies bounded by straight edges
may be defined and recorded by
giving their projections on to two
reference planes at right angles to
one another. ..
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Curve and Surface Modeling - Yesterday, Today and Tomorrow

shapes and angles may be
ascertained by revolving any line or
face until it is parallel to one
reference plane...

curved surfaces may be represented
by showing their method of
generation...

and

one may define through projections
the curves of intersection of
penetrating surfaces...(Booker,
1979)

The mathematical roots of geometric
design extend back even further to Euclid,
Descartes, etc. Until computer technology
evolved into a user-friendly and cost-effi-
cient venue the representation of curved
entities was dependent upon frechand tech-
niques or devices such as the center-wheel
compass and other instruments for drawing
curves which were made of paper or wood.
Curves as functions of radit have been
drawn using compasses since the middle of
the eighteenth century. Compasses, before
they were adapted to hold pencil leads or
ruling pens with ink, were originally
dividers. The dividers were used to scratch
impressions on vellum or paper and these
scratches were inked using qull pens.
Irregular planar curves have been drawn
using a varlety of imstruments including
French curves, splines and curve-rulers.
The representation of three dimensional
surfaces was best accomplished through the
use of section views. Elliptical and parabol-
ic curves of wood or hard rubber have been
available in sets since the latter part of the
nineteenth century.(Anand, 1993), (Booker,
1979)

Computer aided geometric design of
curves and surfaces had its practical begin-
ning with automated machinery to compute,
draft and manufacture objects with
freeform surfaces brought about by the crit-
ical needs of the aircraft and shipbuilding
industry during World War II. This need
stimulated many new devices and methods
to enhance and accelerate design and man-
ufacturing (Rockwook, 1995).

One of the most important develop-
ments in computer graphics technology
came from Ivan Sutherland, working at M.
I. T.in 1963. His SKETCHPAD computer
graphics software contained only two primi-
tives: lines and text. The line primitive was
used to create circles. Many computer
graphics software packages today contain
similar representation schemes for circles
and other classifications of curves (Juinnies,
1996).

The same scientific and technological
advances necessitated by World War II
changed design and manufacturing prac-
tices forever and these changes, in turn,
changed forever the way engineers were
educated. Significant technological
advances of the World War II era include
the electronic computer, missile, transistor,
microwave and Polaroid camera.[5]
Engineering education, often primarily con-
cerned with design, is generally defined as
creatively applying scientific principles to
develop new products and systems, but the
training received in sclence, mathematics
and industrial processes has changed from
tedious manual methods to electronically
mediated methods.

Of special interest is the presentation
of material in engineering graphics texts
over the last fifty years, particularly those
gections devoted to curves and surfaces.
The following sections present excerpts from
texts from each decade of the last fifty vears.

Fifty Years Ago

Fifty years ago engineering students
needed drawing boards and a conglomera-
tion of tools and equipment to facilitate the
construction of their drawings. They spent
many hours in the classroom laboring over
the theory and execution of orthographic
projections and descriptive geometry and
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they relied on drawing instruments and
tedious, painstaking procedures to assure
the accuracy of their drawings. The gradu-
ate engineer of the 1940°s had the training
and the tools to be his own professional
drafter but
Industrial Drawing, (1942),

It will seldom happen that the
student or the draftsman will
possess complete equipment. Often
he will be compelled to improvise an
msgtrument or perhaps change some
work to conform to what he has.. he
will sometimes find, especially in the
larger drafting rooms, ...lahor-saving
devices.

Included in Professor Thayer’s list of stan-
dard equipment along with his text are some
thirty other different items. Parts of the list
are presented in Figure 1.

Sections of the text are devoted to draw-
ing curved lines with penci], drawing curved
lines with ink, drawing irregular natural
curves, and irregular artificial curves.
There are no less than five different manual
methods for drawing an ellipse: the tram-
mel methed, parallelogram method, conju-
gate diameters, concentric circle method,
and the locus method.

There is no mention of methods for
designing or constructing freeform surfaces.

How Things Changed in 50 Years

In 1953, the eighth edition of one of the clas-
sice in engineering graphics texts was pub-
lished, Engineering Drawing, by Thomas E.
French and Charles J. Vierck. In their chap-
ters devoted to the selection and use of
instruments a list of twenty-seven items is
given. This list is shown in Figure 2
and contains many of the same
tools required by Thayer (French &
Vierck, 1953).

Much of the chapter entitled
“Applied Geometry” contains
insgtruction for the drawing of
parallel curves, tangent arcs,
ogee Curves, reverse curves,
the conic sections, epicy-
cloids, the spiral of
Archimedes and others. An §
illustration of double curved ™

Instruments and Supplies

according to H. L. Thayer's

One ruling pen

Plain dividers

Bow dividers

One compass for pencil work

One pen for the preceding

One bow pencil compass

One bow ink compass

One drawing board

One T-square

One triangle, angles 45° 45° and 90°

One triangle, angles 30°, 60° and 90°

One irregular curve

One architect’s 12” triangular scale

One protractor

12 thumb tacks

One 4H pencil

One 2H pencil

One pencil sharpener

One erasing shield

One bottle of India ink

One set of lettering pens

Omne penholder

One penwiper

One packet of paper containing:
15 sheets 9 x 12 detail paper
b sheets 9 x 12 vellum (tracing paper)
2 sheets 9 x 12 pencil cloth
60 sheets 8/, x 11 cross-section paper with
light blue squares /" to /,” apart both ways

Figure 1 Partial listing of instruments and
supplies recommended for
engineering graehics students in H. L.
Thayers’s Industrial Drawing, 1942.
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Check List of Instruments and Materials

QU o o b

[H=Je SN B e}

. Set of drawing instruments, including at

least: 6-in. compass with fixed needle-point
leg, removable pencil and pen legs, and
lengthening bar; 6-in. hair-spring dividers; 3
1/2-in. bow pencil, bow pen, and bow dividers;
two ruling pens; box of leads; or large bow
set containing: 6 1/2-in. bow compass, 4 1/2-
in. bow compass, 6 1/2-in. friction divider, pen
attachment for compass; 5 1/2-in. ruling pen,

. Three mechanical engineer’s scales, flat

pattern or equivalent triangular

. Lettering instrument or triangle

. French curve

. Drawing pencils, 6H, 4H, 2H, H and F
. Pocketknife or pencil sharpener

10.

Pencil pointer (file or sandpaper)

11.
12.
13.
14,
15,
16,
17.
18.

22,
23.
24,
25.
26.
27.

Pencil eraser (Ruby)

Artgum or cleaning rubber

Penhoelder, pens for lettering, and penwiper
Bottle of drawing ink and bottleholder
Scotch drafting tape or thumbtacks
Drawing paper to suit

Tracing paper or cloth

Dusting cloth or brush

beam compass with extension beam; box for To these may be added:
extra leads and points.
. Drawing board 19. Civil Engineer’s scale
. T-square 20. Protractor
. 4° and 30°-60° triangles 21. Erasing shield

Slide Rule

Six-foot steel tape
Clipboard or sketchbook
Hard Arkansas stone
Piece of soapstone
Cleaning powder or pad.

Figure 2 Recommended instruments and supplies from French and

Vierck, Engineering Drawing, 1953.

surfaces and warped surfaces is shown in
this chapter. The same exhaustive methods
for ellipse construction as those in the
Thayer text are included with some addi-
tions, e.g., the pin and string method. One of
the more interesting tools illustrated in this
edition is the ellipsograph described as one
of the..”several instruments for drawing
ellipses... a very satisfactory one.” This text
includes illustrations of drafting machines,
diagram curves and splines with ducks all of
which were used in the construction of
curved entities. The ellipsograph, spline
with ducks and diagram curve are shown in
Figures 3 and 4.

Surfaces are defined and illustrated
using the principles of orthographic projec-
tions. They are classified in the traditicnal
manner and there is, of course, a lengthy dis-

cussion of methods of finding intersections of
surfaces in subsequent chapters. Figure 5
shows some of the standard geometric
shapes students were expected to recognize
and be able to construct.

The 1966 seventh edition of French and
Svensen’s Mechanical Drawing introduces
templates for drawing curves and circular
arcs. The templates are praised as being an
important time-saving part of the equipment
needed by engineers and professional drafts-
men (French and Svensen, 1966).

Although this text contained no meth-
ods for the modeling of freeform surfaces,
one of the pioneers of freeform surface mod-
eling, Ferguson (1963), at Boeing was devel-
oping one of the first patch systems by which
a set of individual curvilinear patches are
joined smoothly to create a surface “quilt”.

8
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Coons (1964) developed the
general scheme which became
the basis of an early surface
modeler made by Ford
{(Rockwood, 1995).

Other classics in the
annals of engineering graphics
texts are those written and
published by James Earle.
Some of the early references to
computer usage in engineering
design and analysis are found
in his 1977, third edition, of

Engineering Design Graphics.
The author recognizes the com-
puter’s importance in solving
increasingly more of the engi-
neer’'s problems and cites
examples of the development of
three-dimensional models,

Figure 3 Ellipsograph for drawing ellipses - illustrated in
Engineering Drawing by French & Vierck,

1953,

viewing transformations and
even animation. The tradition-
al manual methods of geomet-
ric construction of curves are
included and some of the signif-
icant innovations in surface
design of the times are shown:
the geodesic dome, Ionosphere,
NASA’s launch escape vehicle
and others. All of these
involved the modeling of stan-
dard surfaces of spheres, cones
ete. (Earl, 1977). There is still

no mention of freeform surface

modeling.

In the 1970z, as in the 1960's, surface
modeling techniques utilizing computer
technology were emerging from industry;
primarily the automobile, aircraft and ship-
building industries. Bezier in 1971 refor-
mulated Ferguson's ideas so that a drafts-
man without any extensive mathematical
background could design a smooth surface as
a way to drive NC machinery. Gordon and
Riesenfeld working with General Motors in
1974 utilized the properties of B-spline
curves and surfaces for design (Anand,
1993), (Rockwood, 1995).

By the beginning of the 1980°s the
power and versatility of computer aided
design was recognized by anyone who had a

Figure 4 Spline with Ducks and Diagram Curve from
Engineering Drawing by French & Vierck,

1953

freeform geometric surface application.
Corporations able to afford them were begin-
ning to use commercial modelers.

By 1987, the Earle texts contained
generic and software gpecific chapters or sec-
tions on computer graphics. The fifth edition
of Engineering Design Graphics contained a
brief treatise on fitting a curve to a polyline
and it is interesting to note that AutoCAD
(Version 2.15 supported this technology.
Other curve and surface modeling primitives
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Curve and Surface Modeling - Yesterday, Today and Tomorrow

include sections on traditional

RIGHT

SHUQUE QBUCUE FRUSTUM TRUNCATED SAOUARE

CYLINDERS_

CONES

PLINTHS
oQUALE CURVED SURFACES

HELICTUD

Y PERBALSIO

methods of curve and surface mod-
eling as well as computer hased
curve and surface modeling. Gary
Bertoline’s 1995 Engineering
Graphic Communication includes
both the traditional approach to
two dimensional and three dimen-
gional surfaces as well as a clearly
explained and illustrated section
on computer modeling of freeform
surfaces (Bertoline et.al., 1993).
Vera Anand’s 1993 Computer
Graphics and Geometric Modeling
for Engineers contains an entire
chapter on conic sections and
freeform curves and surfaces.
Mathematical formulations for
curve representation ranging from

=,

ROUND

Figure 5 Curves and Surfaces illustrated by
French and Vierck, 1953

contained in that early version were arcs,
circles, tangent ares, ellipses, fillets and oth-
ers. A 3D option was part of the root menu
enabling the user to display extruded enti-
ties (Earle, 1987).

The Challenges and Accomplishments
of the 1990°s

Locking back over the past fifty years of
curve and surface modeling and the teaching
techmiques to accomplish them, it is obvious
that the tried and true is still useful and
used. The instruments of manual construc-
tion are still with us, even though they are
not as widely used. The computer has had
an enormous impact on teaching techniques,
perhaps first having had impact on the
design process, manufacturing and design
implementation. New engineering graphics
texts have been published with {fresh
approaches to traditional problems and
could even be considered classics of this
decade. Bertoline, Rodriguez, Anand, Leach,
Stewart and others have recently published
engineering graphics texts, some of which

simple gplines to non-uniform

rational B-splines are given

(Anand, 1993). Interpolation and
approximation techniques are defined and
compared in both texts and both cover para-
metric and other formulations. The Anand
text includes a number of subroutines for
generating curves and surfaces as appen-
dices to the chapters.

Summary

The geometric entities used to create graph-
ical models have not changed in fifty years.
The major changes are in the methods of
representation. Circles, arc, ellipses, the
conic sections, the standard surfaces are still
needed and used in model development;
manual methods are still used to create
these entities and these methods are still
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appearing in the engineering graphics texts
of the 1990’s. Computer tools have cleared
the way for more efficient, acecurate and cre-
ative curve and surface models and the most
significant difference in engineering graph-
ics texts of this and the last two or three
decades is the presence of computer based
solution methods used in curve and surface
modeling. On the horizon are virtual reality
languages and software which will enable
the engineering graphics educator to use
immersive environments for instruction,
vigsualization, design validation etc. These
already exist for use in the instruction of
mathematics, languages and the arts.
Physically based modeling is emerging as an
important new approach to computer anima-
tion and computer graphics modeling by
using ordinary differential equations to rep-
resent anything from rigid bodies to
deformable objects (Witkin, 1995).
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A Historical Review of Applied and Theoretical Spatial
Visualization Publications in Engineering Graphics

Figure 1

Frederick G. Higbee First
editor of the Journal, 1938

Craig L. Miller
Technical Graphics
Purdue University

West Lafayette, Indiana

Abstract

The Early Years

Spatial visualization, for years a central part
of the engineering graphics curriculum, is
receiving renewed attention in journals and al
conferences. As the engineering curriculum in
general in the United States is undergoing
critical evaluation and review, a renewed
interest in spatial abilities has occurred.
Engineering educators agoin are realizing
that a successful engineer must have strong
spatial abilities and be able to specifically
visualize solutions to design problems. To
provide a reference for future research, this
article reviews previous research by the engi-
neering graphics educators in spatial abilities
as reported in the FEngineering Design
Graphics Journal. The infent is lo give future
researchers a basts on 1
which to review, com-
pare, and add research
in the area of spatial
abilities in the context
of engineering graph-|
ics.

During the early years of the Division of
Engineering Drawing of the Society for the
Promotion of Engineering Education (SPEE)
some of the most formal important research
in spatial abilities occurred. During the late
1920°s through 1940, the division was very
active in this area. Of all the research con-
ducted in this era, one individual was of cen-
tral importance—Clair V. Mann. It should be
noted that Mann was active in this area over
a long period of time, and his works were
instrumental in the development of visualiza-
tion tests that were used by the United
States Army Air Corps during World War I1.
The amount and the thoroughness of the spa-
tial ability research that occurred during this
period has only been recently repeated.

The Division of Engineering Drawing of
the Society for the Promotion of Engineering
Education (SPEE) was formed in June 1928
with the appointment of four working com-
mittees:

12 Engineering Design Graphics Journal
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1. Objectives and scope of courses in

. engineering drawing,

- 2. Objectives and scope of courses in
descriptive geometry,

3. Methods of simulating research and
projects for research in engineering
drawing and allied subjects, and

4. Summer school for teachers of
engineering drawing and allied
subjects. (Jordan, 1938)

Although the third objective clearly
noted the need for research in engineering
drawing and related subjects, published
research in visualization did not appear until
May 1937 in the first volume of the Journal of
Engineering Drawing. One of the Journal’s
projects was a Committee on Visualization.
Clair V. Mann chaired the committee which
was established to determine the relative
accuracy and reliability of existing tests in
predicting achievement in engineering, as
predicted on the capacity to visualize. To date,
there 18 nothing more definite or specific than
personal opinion of several existing tests is
the more accurately reliable in predicting
engineering achievement. This committee has
been assigned the program of applying con-
currently several of the most commonly
accepted tests, each in a different school, to
gseveral groups of engineering freshmen. By
correlating their test records with their
scholastic achievement during the ensuing
four years, and with their professional devel-
opment for as long as the committee func-
tions, irrefutable information pertinent to
gtudent personnel analysis will be available
to those who need it. (p. 21)

From the first Journal of Engineering
Drawing, a keenly interested engineering
graphics profession has noted the importance
of the visualization abilities of engineering
students. This committee further reported in
the January 1938 issue:

Purdue, Towa State College, and Texas
have sent him (Mann) data on completed

tests. These are now being correlated. Five
tests are being used.

Technological College among other schools

These are being applied concurrently or
individually, depending on the wishes of
the department under whose
administration they are being
administered. Professor Mann asks that
more institutions participate in the
program he has organized (p. 26).

The committee’s work was detailed in the
May 1938 Journal of Engineering Drawing, in
Progress Report of the Commitiee on
Visualization A Project for Measurement of
Power to Visualize. This article stated that
the committee’s work hasz been based on a
1930 questionnaire, The Value to the Engineer
of Power to Visualize, funded by the
Engineering Foundation and sent to approxi-
mately 200 eminent United States design
engineers. Composite answers, reported
Mann, indicated the ability to visualize is
indispensable in the work of engineering
design and administration. The report further
stated that visualization can be measured and
1s possessed in high degree by most designing
engineers. Of all college subjects taken by

engineering students, the report showed that

only descriptive geometry both develops and
utilizes visualization ability. A comprehen-
sive literature review of visualization in engi-
neering accompanied the questionnaire. The
combined project resulted in the development
of several tests measuring visualization abili-
ty (Mann, 1938).

Mann reported that work on this project
was continued by the Selection and Guidance
of Engineering Students Commaittee, a divi-
sion of the FEngineering Committee of
Professional Development (ECPD) and the
Committee on Tests and Comprehensive
Examinations of SPEE. The project next was
turned over to the Engineering Drawing
Division with two stated objectives:

~ 1. To establish national norms for
visualization tests and

2. To test desirability as measures of the
gquality and the extent of validity in
predicting success in engineering study
and practice, and most importantly
their relationship to success in
descriptive geometry, and technical

1. Wright's Drawing Test, eneinoering studies
2. Mann's Drawing Aptitude Test, s J :
i' xziﬁz ]E:})tix r;?i’g;ugiiesai d Tests actually implemented in this study
5' Mann's Mutilated Cub,e Test were: Mann’s Mutilated Cubes Test, Mann's
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lege, Ohio State University,
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The Proctor and Gamble

Figure 2 Sample Proklems from
Mann’s Mutilated
Cubes Tests

Company also participated.
More than 2,000 scores were
obtained on each test (Mann,
1938},

The project results were
to be presented to the Engineering Drawing
Division of SPEE at the June 1938 Annual
Meeting. In addition, Mann (1938) stated, “It
is the purpose of the committee to continue
with the project until a five-year study has
been made, and thereafter until students to
whom the several tests have been given have
graduated and placed themselves 1 industry.
In this way the prognostic value of the sever-
al tests, and other new ones that may from
time to time come to the attention of the
Committee, may be determined” (p. 22).

A progress report by the Committee on
Visualization in the May 1938 Journal of
Engineering Drawing - the last published
report by the committee - listed its members
but did not detail any research findings or
other accomplishments. No results were
reported in later issues of either the Journal
of Engineering Drawing or the Journal of
Engineering Education.

as: first, the direct attitude of the mind; sec-
ond, visualization; third, analysis; and fourth,
practical drawing board  constructions in
accord with the above conception. Row fur-
ther stated,

¥ the visnalization of planes is most
satisfactorily accomplished by the use of
strike and dip as employed practically by
geologists and mining engineers. This
method is very simple compared with the
visualization of planes by inspection of
their traces which are shown in such a
great variety of arrangements (p. 2).

§

Row concluded,

¢ The instructor’s job is to teach them to
visualize and to think. Of all the courses
in the engineering curriculum, descriptive
2 geometry offers the best opportumty to

‘?j accomplish these objectives (p. 3.)

In Use of Mirrors in Orihographic
Projection H. E. Grant (1938) wrote that stu-
dents are asked to visualize the various ortho-
graphic views by projecting them upon a
plane. Grant concluded, “...there is more
visualization thrust upon the student at this
initial stage than at any other corresponding
length of time in either mechanical drawing
or descriptive geometry. In other words, his
first visualization is the critical period in his
course” (p. 22). He added:

¢ Tt is difficult for the average or below

. average student entering the entirely new
subject to place himself out of the realm of
perspective and into the orthographic. He
_ is not fully aware of the obliquity of the

. visual rays to the picture plane of
projection. It is this initial state that is so
vital to this large group of students. Itis
. most difficult especially for the weaker
student to make this visualization when
he looks from one position of the eye
perpendicular to surfaces parallel to the
plane of projection that the surfaces are
actually perpendicular to the plane of
projection are not visible as surfaces, as he
actually sees them, but are according to
orthographic projection only lines. It is
like looking down a hallway. He sees the
two walls, ceiling, and floor, yet the plane
of projection is perpendicular to all. (p. 22)

In Direct Descript C. E. Row (1938) ) Fr'ank‘ Heacock (1_938) wrote in
described the essentials of the direct method  Viswalization Tests for Beginners:
14  Engineering Design Graphics Jounal Vol 60, NO. 3
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An important objective in the teaching of
engineering drawing is to develop the
ability to read drawings; that is, to
visualize three-dimensional form from
orthographic views. Progress in learning
to visualize varies greatly with individual
students. Some minds adapt themselves
readily to this kind of constructive
thinking, while others need a great deal of
explanation and guidance. Frequent brief
- tests are found to be valuable aids in

_ teaching students to visualize drawings.

The value of these tests is twofold. In the
first place, they measure a student’s
ability to visualize an orthographie
drawing and provide a reliable check on
the progress of his training. Secondly, a
test of this type gives each student a
powerful incentive to concentrate on the
problem before him, so that he will exert
¢ his visualization powers to the utmost.

(p-18)

In cooperation with the Committee on
Visualization, Maurice Grancy of Purdue
University conducted a study to determine
the relationship between the ability to visual-
ize, as measured by certain tests, and success
in the engineering education curriculum. The
study aimed to select tests to accompany or
replace Wright's Drawing Test, then used to
determine freshman placement in advanced
drawing courses. The use of coefficients of cor-
relation indicated no selected test correlated
with success in the introductory engineering
drawing course. Drawing skill, comprising
one third of the course grade, might have been
a factor keeping correlation coefficients low.
Grancy (1938) recommended more research,
noting it highly probable that a valid visual-
ization test might predict success in advanced

engineering drawing courses.

V. D. Hales in Development and Use of
Attitude and Training Tests in Engineering
Drawing noted that aptitude tests were avail-
able for some subjects such as mathematics
and English but not for engineering drawing.
He deseribed the development of two tests -
an aptitude test and a training test. The apti-
tude test was to help determine a student’s
ability toe visualize objects and changes of
position, to understand verbal descriptions, to
follow directions, to be critical, to apply math-
ematics, and in general to use common sense.

TEST & (&3} Exna
XNGINXERIRS DRAWING
Geotional Yisws

Date _____. Beetion __

The erthographis top and front viaws of n
oue-placs block ars given. On this shewt draw
freshand Beation i-A In eorract proportions and
in prapar rolatlon to the given views.

T

Figure 3

=

Tests

A

The training test was to test the student’s
general knowledge of engineering drawing,
use of tools and instruments, and visualiza-
tion; ability to letter and criticize; familiarity
with applied geometry; and understanding of
orthographic projection (p. 7).

The World War il Years

During this time period a significant shift
had occurred in research in spatial abilities
by engineering graphics educators. A major-
ity of the focus on spatial abilities up to this
point had been on the development of visual-
ization instruments which had been devel-
oped, evaluated, and implemented by graph-
ics educators. During the 1940's focus was
shifting from a research base to a curriculum
development base which focused on spatial
visualization. Most of the emphasis during
this time was on the development, promotion,
and defense of descriptive geometry in the
engineering curriculum. Thus, the initial
research base in the investigation and impor-
tance of spatial abilities for the engineering
curriculum was not emphasized. With Clair
V. Mann changing his focus to a broader
realm that was mostly outside of engineering
graphics, engineering graphics educators
were esgentially without leadership in this
area. Hxcept for research reported by Mann
it wasn't until the late 1940’s that true
research in spatial abilities was undertaken
or reported by an engineering graphics edu-
cator. The significance of this research by

Sample Problem from
Heacock's Visualization
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Mary Blade was that it was based on psycho-
logical research in spatial abilities rather
than justification of descriptive gecpmetry as
the main visualization tool.

In Progress in the Teaching of Descriptive
Geometry (1940) C. E. Row quoted a 1913
descriptive geometry book by Miller and
Maclin.

In preparing the following text in
descriptive geometry, the authors have
endeavored

4

Z
%

1 to malke the subject easier for the
student,

2 2 to help the student to visualize
‘ magnitudes in space, and

3 to present the subject more nearly in
. accord with commercial practice (p. 13).

Row continued by saying that certain instruc-
tion practices in descriptive geometry allowed
the students to visualize rather than measure
an object . He concluded:

The course in descriptive geometry deals

. with problems that require instruction in

. the determination of visibility, in

visualization, and in orientation.

. Orientation is the mental process by which
the draftsman or the reader of a drawing

relates himself to any view of an object in

such a manner that the view appears to

him as the actual object would appear for

that particular direction of sight.

- Auxiliary views and oblique views require

orientation before they can be visualized

completely. (p. 14)

Harold Howe (1940) noted that descrip-
tive peometry problems develop the power to
visualize and plan solutions. He added:

Undoubtedly one of the chief values in
studying and applying descriptive
geometry lies in its adaptability to the
development of visualization.
Visualization does not confine itself to the
realm of scientific endeavor. Althcugh we
with technical attributes may realize our
need of it, obviously it is most essential to
all the concepts of mankind. It 18 evident
that some have more, let us say, natural
power than others, and many have
surprisingly little. But, if by any means
we can arouse that which is dormant or
encourage that which already has its boots
 on, we should make the effort. Certainly

the successful individual is the one who,
by locking ahead, may visualize the
danger or the opportunity and prepare for

it. (p. 2)

Howe observed that means other than a
practical descriptive geometry course should
be usged for visualization ability and should be
implemented early in the curriculum. He con-
tended:

In conclusion, with due consideration to
the practical usefulness of descriptive
geometry, I wish to stress the fact that we
are fortunate in finding this subject the
opportunity for arousing and
strengthening the mental concepts called
visualization. This, it must be
acknowledged, is a most important asset
in forming and directing our future
attentions. (p. 3)

Writing about the importance of descrip-
tive geometry, Jasper Gerardi {(1940) noted, “a
person will also find it difficult to make,
understand, or read a complicated drawing
because he has not had the proper training in
visualization, a training which descriptive
geometry is preeminently capable of giving.
Visualization can best be taught at a time
when the mind is flexible” (p. 10). He further
adds, “Visualization is like a catalytic agent
in the brain. It stimulates the power to think
logically” (p. 10).

In the article FEstablishing and
Maintaining Standards of Excellence in
Drawing, . D. Orth (1941) discussed five
standards for engineering drawing. These
were:

. lettering,

. freehand sketching,

. pencil mechanical drawings,
. tracing in ink, and

. vigualization.

He defined visualization as “the ability to
form clear mental pictures of objects which do
not exist or for which we have only orthoe-
graphic views” (p. 9).

Orth also made suggestion for developing
vigsualization standards.

§ Because of the fact that these pictures

_ exist only in the mind, the problem of
setting up standards and determining
when we have approached them is by far
the most intangible of those we are

i
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considering. Several attempts have been
made to devise tests which will measure
this important ability, none of which seem
to have been universally adopted.

From the teaching standpoint, it seems to
me that the most logical approach to a
solution of a problem is to begin with
simple rectangular prismatic forms and
progress to the forms having inclined
surfaces, cylindrical and conical surfaces.
. A course in solid geometry might well be

. congidered a prerequisite for a course in
drawing as a foundation for visualization.

I am convinced that the student makes
little if any progress in visualization by
merely copying orthographic views. If he
is given models or pictorial views, his
mental picture igs formed from these aids
. without effort and little gain is made
toward reading an original orthographic
drawing. If he is given the orthographic
views alone the effort necessary to

- visualize is greater and he gains in
proportion to the effort put forth.

Perhaps some aid may be necessary to
give the student the idea of what is
wanted and to boost his mental processes
over the threshold of visuahization., This
may be accomplished by using a model for
demonstration purposes which will
illustrate the principles under
consideration. The student should be
required to draw a different form
involving the same principles.

When a problem is presented to the
student his natural inclination is to try to
visualize the object as a whole at the
outset. For the beginner this is difficult if
not impossible and he may sit and stare at
. the problem without making progress.
The instructor can help him over this
difficulty by suggesting that he center his
attention on one detail until he has it
clearly in mind and then proceed to
another. In this manner he will gradually
build up a mental picture of the object as
a whole.

One of the most successful methods of
promoting vigsualization involves
numbering the corners in each view so
that surfaces and edges may be pointed

out in one view and the student asked to
indicate the same surfaces and edges in
other views by giving the corresponding
numbers in those views. This device has
the virtue of centering the attention of the
gtudent on details one at a time. His
answers reflect the vividness of his mental
picture. By increasing the difficulty of the
problems as the course progresses the
standard of visualization can be raised to
a satisfactory level (p. 9-10).

S
.

Orth (1941) listed survey comments:

-+ Should be imaginative.

+ Should have the ability to visualize
problems and carry out their solution.

* Should be able to visualize.

+ Ability to assemble parts by
vigualization.

+ Does not try to visualize what he is
drawing; that is, he tries to draw by

+ “rule of thumb” rather than picture the

part in his mind. Lots of them

cannot recognize the part in the shop

after they have drawn it. (p. 10)

.
.

Drawing is a language, the oldest
language and the one universal

language. It should be recognized as o
language and should be taught as a

language.

Carl Svensen, 1948

Frank Heacock (1941) in Graphic Aids to
Three-Dimensional Thinking contended that
an engineering drawing course should train
students to produce working drawings, devel-
op skill in producing and reading frechand
drawing, and to think constructively in three
dimensions. He added that the practical
drafteman learns these traits from actual
experience while students are taught from the
beginning to visualize in three dimensions.
Heacock observed:

We may ask what it is, how it is done, and
how the process may be aided and made
easier for the student. We may expect the
freshman to form and grasp a correct
mental picture of every object represented
in his drawings. For the beginner this is
often difficult, because his naive mind does
not always take kindly to this kind of
thinking. It is necessary to arouse the
interest and point out a convenient and

Autumn 1996
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satisfactory approach that appeals to the
student. Without going into the
psychology of the process, the teacher of
engineering drawing can do a great deal to
stimulate and develop a student’s power of
vigualization (p.10).

Clair V. Mann in A Partial Suggestive
Analysis of Graphic Talent suggested several
topics of investigation for graphic talent.
Visualization was one of the main areas to be
investigated. He contended that graphics
tests of visualization offer highly interesting
data for further philosophical study, such as
using blind subjects to explore how they visu-
alize through the “mind’s eye.” Mann advo-
cated that engineering drawing educators
should want to experiment and test visualiza-
tion abilities. He concluded that graphic tal-
ent tests would be developed through persis-
tent efforts or a master’s or doctoral student
seeking research topics (p. 19).

In 1945, B. M. Aldrich wrote in An
Isometric Approach to Descripiive Geometry,
that students developed habits of static think-
ing and lack kinetic thinking ability as evi-
denced by their difficulty in relative motion
assignments. He categorized descriptive
geometry students as: :

-?gj 1. those who grasp the subject with

. comparative ease,

. those who grasp the subject with
considerable difficulty, and

. those who cannot grasp the subject.
Students must be trained to make the
transition from three-dimensional to
two- dimensional, he said, adding that
descriptive geometry supplies this
training.

H. H. Katz {1945) noted that a designer
must develop a three-dimensional picture of
the design and then sketch it freehand. In
blueprints the planer views must be visual-
ized into actual objects and sketching may
allow the mental picture to occur. Engineers
also can use sketches to analyze and discuss
prebleins and to visualize suggestions to the
draftsperson.

Katz noted in the article, Visualization of
Motion by Pivoted Cutouts, that cutouts help
designers visualize motion. He noted that
many mechanisms require visualization of
motion, and many nongraphical methods may
be used to help visualization. He concluded

that motion must be wvisualized, and that
cutouts may help accomplish this type of visu-
alization.

Carl Svensen (1948) in Drawing in
Engineering Education noted its importance
as a curriculum component. He said that engi-
neering drawing develops constructive imagi-
nation from the power of visualization, accu-
racy of thought, and the ability to analyze. He
added:

Drawing is a language, the oldest
language and the one universal language.
It should be recognized as a language and
should be taught as a language.
Engineering education should be taught as
a language. Engineering education should
include the development of ability to think
in this language - in the engineering world
the engineer must be able to think in the
engineering language - must be able to

© visualize. (p. 20)

Svensen (1948) also noted that both physical
and non-physical things can be visualized. He
said, “With the increase in accuracy of repre-
sentation and visualization has come the hife
and growth of civilized man. Thus [ repeat
that the accuracy of visualization is the yard-
stick of education. The power of visualization
has been and must continue to be developed
as an essential factor in education.” (p. 20)

He contended that thought development
was divided into literary, mathematical, and
graphical. The most important factor of the
graphical language is visualization and its
related problems of translation. He discussed
the development of a classification system
forming the factor of visualization and con-
cluded, “Without visualization there could be
no engineering education - no truly profes-
sional engineering.” (p. 20)

In Integration of Engineering Drawing
and Descriptive Geometry, James Rising
{1948) contended that engineering drawing
and descriptive geometry would supplement
development of visualization abilities and
help integrate graphics as a whole. In devel-
oping courses, he noted two main ohjectives:
1. development of the student’s ability to

read and write the language of the
engineer and
2. maximum emphasis on the qualities of
space visualization in the solution of
engineering problems.

18
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He concluded that engineering drawing and
descriptive geometry can assist in the devel-
opment of visualization skills in engineering
students and an integrated engineering draw-
ing and descriptive course will continually
stress visualization.

B. Leighton Wellman (1948) in The Logic
of Visualization described how most engineer-
ing graphics students are typically good stu-
dents but they cannot visualize. He contend-
ed that these students visualization abilities
can be improved through logical examination
of multiview drawings and the simplification
of them into familiar geometric solids and
two-dimensional surfaces. He notes that most
experienced drafters and instructors use a
logical process to visualize multiview draw-
ings. Wellman contended that students can
improve their visualization abilities if instruc-
tors make the effort to use logical processes to
present visual clues to their students.

In, Development of Siudents Ability ito
Think and Analyze in Space, F. M Warner
(1949) suggested that visualization akills
might be developed in an engineering drawing
course. He elaborated on the need to develop
visualization abilities of engineering stu-
dents:

One of the most important assets of a
professional engineer is hig ability to think
and analyze in three dimensions. Scme
students who are just beginning their

.\ engineering education have a natural

: ability along this line and others have very
little. A definite effort must be made to
develop this ability for all students if we
are to give them the best preparation
possible for an engineering career. The

. responsibility for teaching visualization
falls squarely on the shoulders of drawing
instructors because our subject deals
entirely with three-dimensional cbjects.
Since the student’s first college contact
with engineering is usually made through
his drawing instructor, the degree of
success we attain in teaching visualization
may be a determining factor in arousing
his interest and assuring his ultimate
guccess. {p. 31)

Mary Blade (1949) in Experiment in
Visualizaiion presented one of the first in-
depth visualization articles based on psycho-
logical research. She reviewed the topic his-
torically and gave several definitions of visu-

[
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Figure 4 Examples of Weliman's Visudlization Problems.

alization. She noted that engineers must be
able to visualize and to solve problems as well
as be able to communicate the visualized
golutions and understand other graphic com-
munications. She added:

Z Thus, engineers must visualize, (must
form mental pictures) must draw pictures
of objects in epace according to a
conventional system they learn, and must
be able to understand the pictures of other
engineers in the conventional language.
Our purpose, as teachers, is first of all to
teach the engineering student how to
solve problems by creative analysis, and
as a necessary part of this, to assist him
in the visualizing which is so important to
solve problems, as I have peinted out. (p.
20)

s

Blade presented both developmental and
environmental theories of spatial visualiza-
tion and introduced nine clues to perceive
space relations. The making, mampulating,
and interpreting of abstract symbols must be
included in any engineering student’s visual-
ization development,” a process developed
through descriptive geometry exercises.

Blade advocated the measurement of
spatial ability to determine any correlation
between students and their success as engi-
neers, She noted the differences between
males and females in spatial ability and ques-
tioned if these measures are a result of expe-
rience or potential ability. Encouraging fur-
ther research, ;
she concluded by
noting that moti-
vating a studen-
t's interest is the
most  effective
means to develop
spatial visualiza- |
tion ability.

Figure 5
Mary Plumb Blade
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A Changing World and a
Changing Engineering Curricula

Ag the 1950s began, interest in visualization
concepts was strong but dropped sharply by
the end of the decade. This was of critical
importance because the engineering curricu-
lum was going under major revisions that
directly effected the acceptance and mmpor-
tance of engineering graphics in the engineer-
ing curriculum. While the ASEE (American
Society  for  Engineering  Education)
Committee on Kvaluation of Engineering
Education was calling for engineering pro-
grams to emphasize spatial visualization abil-
ity, engineering graphics educators were
spending less research and curriculum devel-
opment time in these areas. Thus a critical
time period in which engineering graphics
could have taken the lead in a vital compo-
nent of the engineering curriculum was lost.
The consequences of this oversight were dis-
astrous to engineering graphics departments
and programs. Over the next twenty to thir-
ty years almost all engineering graphics pro-
grams were reduced in stature and size or
completely eliminated.

In Appreciation of Engineering Drawing
as a Basic Academic Study, Stanley Radford
(1950) called for instructors to 1instill an
appreciation of engineering drawing with
their students through improved presenta-
tion, visual aids, sketching, and practical
engineering problems and projects. These
and other practices develop better engineers
and various qualities of the mind such as
imagination and the power to visualize.
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Figure 6 Worsencroft's frequency distribution charts

The 1953 report of the ASEE Committee
on Evaluation of Engineering Education
renewed interest in the Engineering Drawing
Division. R. P. Hoelscher in A Reappraisal of
Engineering Drawing, noted:

Graphical representation is both a form of
communication and a tool for analysis. Its
professional usefulness may be evaluated
in terms of its success in these directions.
Its value as a skill alone does not justify
its inclusion in a curriculum. The ability
to convey ideas by drawing should be
measured at an appropriate time and
where deficient should be developed so
that its use is evident in reports presented
in advanced courses. Another ability to be
developed in this study is spatial
visualization. Since most creative
engineering work 1is initiated by the

process of illustrating ideas by sketches, it
is believed that an experience in the use of
technieal sketching that may be obtained
in drawing offers the opportunity for
initiating the creative process. (p. 12)

Hoelscher (1950) commented that spatial
visualization ability is developed preeminent-
ly by descriptive geometry. He claimed that
most problems are solved by analytical
processes, then visualized. His observation
was that most students have difficulty under-
standing accurate three-dimensional concepts
...an ability that takes experience and time.

R. R. Worsencroft's (1955) The Effects of
Training on the Spatial Visualizing Ability of
Engineering Students, is one of the few exper-
imental research-based reports. Worsencroft
defined spatial visualization ability as “the
forming of images in terms of three dimen-
sions; in short, of visualizing physical enti-
ties.” {p. 7) He added that spatial visualiza-
tion is recognized as an essential ingredient
in all fields of design. The objectives of this
study were:

1. to determine in incidence of
visualization in engineering students
and whether they possess it as a group;

2 to evaluate statistically the amount
and significance of improvement of
visualization ability during the
freshman year in engineering, as
against the general freshman group;

3. to determine any study experiences
responsible for visualization ability
development.
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Engineering and non-engineering students
were given The Spatial Relation Test.
Freshman received the survey as well as a
demographic questionnaire the first week of
the semester and again at year end. The
study concluded:

. Engineering students possess greater
visualization ability than non-
engineering students.

. Visualization improvement for non-
engineering students did not
statistically occur.

. Engineering students visualization
abilities improved greater than non-
engineering students.

. An analysis of scholastic experiences
between the two groups showed that
engineering students had courses in
shop and drawing which the non-
engineering students did not have.

. Since the shop courses did not
specifically address the development of
spatial visualization abilities it was
concluded the primary factor in the
development of engineering students
spatial visualization abilities was the
drawing courses that they were
exposed to. (p. 12)

In 1955 in Graphics In An Expanding

Scientific Age, A. S. Levens responded to the

1953 ASEE report, Evaluaiion of Engineering
Education, by pointing out the wvalues of
graphics training. Development of perceptive
ability, visualization ability, the power to
analyze and solve three-dimensional prob-
lems, the inspiration of young engineers, and

the development of punctuality, resourceful-

ness, initiative, orderliness, and the ability to
work with others are key to the engineering
curriculum.

Raymond Kliphart's 1957 article,
Descriptive Geometry Courses which Comply
With the Evaluation Report, also addressed
the 1953 ASEE Report on FEvaluation of
Engineering Education. He contended that a
descriptive geometry course must comply to
the report:

It seems to me that visualization may be
thought of in three aspects. First there is
native ability in mental imagery. Can the
student visualize familiar non-technical
items such as his desk, the campus flag
pole or the Union Building? There is wide

variation in mental imagery from person
to person. Secondly, there 1s the matter of
accuracy in mental imagery. Can the
student count the number of drawer
handles on his desk when visualizing the
desk? Can he estimate the height of the
flag pole? Can he sketch the Union
Building in reasonable proportion and
with proper number, spacing, and size of

2 windows from his mental image? Can he

¢ wvisualize an equilateral triangle inscribed
m a circle and estimate the area of the
circle which is inside the triangle and
outside the triangle? Finally, there is the
aspect of generalization in mental

i imagery. Can the student vigualize

general and limiting conditions of a
verbally described space configuration? (p.

23)

He presented examples of descriptive
geometry problems that could develop visual-
ization abilities. Of special interest is his use
of mental imagery with practical concrete
examples.

R. R. Worsencroft (1957) maintained in
Objectives of Engineering Drawing in
FEngineering Education that an engineering
drawing course should have four objectives:

. development of spatial visualization
and analyzing abilities;

. 1nstruction in orthographic projection;

. fundamental elements of conventions,
standards, and dimensioning; and

. acceptable standards of drafting
techniques.

He referred to the 1953 ASEE Report on
Evaluation of Engineering FEducation and
noted that engineering drawing is the only
study concerned primarily with the develop-
ment of visual thinking and analysis. He ref-
erenced L. L. Thurstone’s paper on The
Mechanics of Thinking and used three of his
gpace theory factors: (the first space factor
which is the ability to imagine a solid object
as it looks in a different direction, the second
space factor which is the ability to imagine a
three-dimensional configuration which has
internal displacement among parts, and the
third closure factor which is the ability to
keep a configuration in mind, in spite of dis-

tracting surrounding detail) and how they

relate to engineering drawing. He stated:
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Now it is evident that these three factors
of visual thinking will be quite specifically
affected by improvement in spatial, or
three dimensional visualization. Thus our
first, and most important objective in the
bastc courses should be to develop the
student’s ability to (a) visualize spatially,
and (b} apply this process in analyzing
problems of engineering design. The
value of engineering drawing lies
primarily in the degree of success it can
claim in developing this latent and
essential visualizing ability. And I believe
it has been satisfactorily established that
drawing can and does develop it. (p. 32-33)

He further stated, “I think that we may fairly
conclude from these facts that engineering
drawing is the salient factor in any signifi-
cant increase in visualization ability among
engineering students; that it can fulfill the
requirements of our first ohjective, and in ful-
filling these requirements becomes an essen-
tial subject for engineers.” {p. 33) He con-
cluded with, “The emphasis should be on spa-
tial visualization, experience in creative
thinking, and ability to convey ideas.” (p. 34)

A short note from the editor, Irwin L.
Wladaver, is also of interest, although no
replies were published:

One of the virtues attributed to
descriptive geometry is that it develops in
students the ability to visualize in three
dimensions. We believe that this is
correct, but correct only to the extent that
visualization is taught deliberately and
directly. In our opinion, the ability to
visualize will not develop as an incidental
by-product. Does anyone have any
evidence either way? Professor Kliphardt
deals with this matter to some extent in
his current article. Do you agree with
what he has to say? (p. 34)

The 1960’s

During the 1960's engineering graphics
educators seemed to forgot abowut spatial visu-
alization research and its importance for the
advancement of engineering students spatial
abilities. The lack of research in spatial visu-
alization coupled with a decline in spatial
visualization curriculum development came
at a time when many engineering graphics

programs and departments were being elimi-
nated. Engineering graphics educators cur-
riculum focus during this period was on the
implementation of design in engineering
graphics classes. For almost a nine-year peri-
od from 1967 until 1976 not a single article or
mention of spatial visualization research or
curriculum was mentioned in any articles
that appeared in the Engineering Design
Graphics Journal.

A. S. Levens (1960) in Graphic Science -
A New and Challenging Frontier briefly
reviews the history of graphics in the enpi-
neering curriculum. He noted that emphasis
in other content areas caused a decline in
graphics requirements.

In 1963 Mary Blade wrote in an editorial
for the Journal of Engineering Graphics stat-
ing that engineering graphics teachers must
modernize their curricula to serve the stu-
dents better. “It is this ability to visualize
and perceive spatial concepts which particu-
larly differentiates the engineering student
and practitioner from others and is his special
province in the creative solution of engineer-
ing problems.” (p. 1)

In A New Approach to Teaching
Graphics, Maurice Hamilton (1963) observed
that students most often struggle visualizing
three-dimension objects presented in two
dimensions. He advocated isometric pictori-

" als to help the students develop visualization

abilities. In an limited study he used the
Minnesota Paper Board Test to measure the
students’ visualization ability but discarded
results because the test only measured two-
dimension ability. He then designed his own
test to measure three-dimensional thought by
presenting two views of an object and having
the student choose the third view. He found a
significant difference in favor of the group
who was presented isometric pictorials over
those who received traditional instruction He
concluded that isometric pictorials are more
effective to teach visualization easier and
faster.

Spatial visualization was frequently ref-
erenced in the Journal of Engineering
Graphics summary of the FEngineering
Graphics Course Content Development Study
{1965) supported by the National Science
Foundation. The report noted, “Engineering
graphics is one of three modes of expressing
thought and manipulation of ideas and tech-
nical information. Graphics is used as an aid
to visibility and as a memory-fixing device
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Craig L. Miller

while 1deas are being considered and refined.”
(p. 13) Two other references noted: “ It is also
important that the engineer should develop
the ability to visualize - to form a mental
image of vision.” (p. 14) “Engineers who
develop the ability to visualize geometrical
and physical configurations and think in
graphical images have a decided advantage
in creating and instructing others in achiev-
ing actual production of design. There are
numerous engineering problems that in

many cases the graphical solution is much

quicker, more vivid, and even more practi-
cal” (p. 14) The report concluded with an
outline for engineering graphics course struc-
ture and faculty requirements. It stated,
“The ability to think in terms of spatial rela-
tions, to express such thoughts graphically,
and to grasp quickly the concepts of addition-
al ideas is a vital need of the engineer.” (p. 45)

In the report, Comments on the Goals of
Engineering Education, the Engineering
Graphics Division of ASEE responded to the
document, Goals of Engineering Education
Report. The response reaffirmed the divi-
sion’s support of engineering graphics cours-
es, specifically the development of communi-
cation skills through descriptive geometry as
well as three-dimensional spatial visualiza-
tion ability. The paper pointed out many
independent studies have determined the
need for engineers to possess effective graph-
ic communication skills in sketching, draw-
ing, and three-dimensional visualization.
The use of graphical methods allows many
problems to be solved more easily than by
other analytical methods.

A. 8. Levens (1966) proposed a curricu-
lar approach emphasizing open-ended con-
ceptual design projects to develop a “thought
model” for students. Levens claimed that
because design is a mental process, graphics
1s an integral portion and sketches should be
used to record conceptual ideas. First, stu-
dents must form a mental image of physical
and geometrical configurations so curricula
must help them develop effective visualiza-
tion powers. He described the thought model
as:

... consisting of tracing and descrbing
related points, lines, planes, and surfaces,
in the air, by use of the hands. The
construction of imaginary figures is
accomplished by verbal descriptions. The
orthogonal representation of these figures

is made on the blackboard. The two-
dimensional representation, however, ig
made only after the student has the
experience of “seeing” and “manipulating”
the visualized three dimensional
configuration. In this way it is possible to
create geometric space relations which are
so fully visualized that the students can
come forward and add items, describe
elements, analyze and solve problems —
employing the imaginary figure. (p. 14}

Levens (1966) added, “With confidence in
his ability to visualize a problem the student
is then prepared to advance to ever more com-
plex problems requiring visualization and
employ graphic technique to problems not
ordinarily thought to be susceptible to such
methods.” (p. 14) He showed data on a series
of studies leading to his conclusion that the
“thought model” helps students’ visualize
physical and geometrical configurations.

The Influx of Psychological Research cand
Other Theories

Spatial visualization research made a resur-
gence during the mid to later half of the
1970’s. It should be noted that the first arti-
cle to refer directly to spatial visualization
was a reprint of a 1913 article written by
Thomas E. French who advocated the impor-
tance of spatial abilities. This article was fol-
lowed by a series of articles that were
research based articles on the importance of
spatial abilities for engineering students and
how spatial ability advancement was a cen-
tral focus of engineering graphics. The foun-
dations of these articles were based on spatial

Figure 7

Themas £ French
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Figure ¢ Jon M. Duff

. Graphics is an integral part of design and

design ig the key element that
differentiates the engineer from the
scientist. Designs are visualized and

. presented graphically; thus an individual
who has not developed a feeling for
graphics cannot function effectively as an
engineer. He or she must be able to
visualize a problem in both two and three
dimengions. (p. 21)

Jonn M. Duff (1979) in Visual
Perception: The Problem of
Creating  Virtual  Space,
described the problem of the
existence of three dimensions
on two-dimensional surfaces
and how this limits students
and professionals from reach-
ing their full potential as
designers and engineers. He
contended that virtual space
is the core of engineering
graphics and that the cre-
ation of virtual space cannot
be different from the reading
of virtual space. He explained that individu-
als fall into three different ability areas con-
cerning their ability to create virtual space
and that these different groups must be con-
sidered when designing engineering graphics
instructional activities.

The Return of Spatial Visualization Research
in Engineering Graphics

Although spatial visualization research
had resumed with specific individuals who
were engineering graphics educators in the
mid to late 1970's a continued focus in the
engineering graphics literature did not devel-
op until the mid 1980’s. Again a lapse of over
five years did not allow engineering graphics
to be able to continue to justify its importance
in the engineering curricula as the single
most important course for advancing spatial
abilities. Except for one article in 1981 it was
not until the mid to late 1980°s that a
renewed emphasis of research in spatial visu-
alization and curriculum proposals that
emphasized its importance appeared in the
engineering graphics literature.

W. J. VanderWall (1981), in the article
Increasing Understanding and Visualization

Abtlities Using Three-Dimensional b
described the inherent value of using
dimensional models as a learning tool {
dents. He contended that the benefits
models far outweigh the time involved
ducing them. He gave examples of how
models could be produced.

In the article, Cognitive Processir
the Teaching of Engineering Graphics,
Bowers (19386) presented left-brain
brain theories for use by engineering
ics Instructors to teach drawing and
develop spatial visualization abilities
two-course graphics sequence at A
State University utilizes these theorie:
focus of the first course - development
tial visualization - is on right-mode bra
cessing with exercises that use variou
ricular techniques, including con
graphics, to teach representational di
and develop visualization techniques.

The results of the descriptive surv
Impact of Computer Graphics on Instr
in Engineering Graphics were presen
Jon Jensen in 1986. In this article in
al and academic respondents ranked
teen items for their importance for eng:
Both sets of respondents ranked spatia
alization as the most important ability
dent can develop to be a successful eng
This survey was important from the
point that practicing engineers felt the
tial abilities were a essential skill for p
ing engineers, ,

S. E. Wiley (1989) noted in the
Advocating the Development of
Perception as a Dominant Goal of Tec
Graphics Curricula, that many visual
ula including engineering graphics has
ited professional status because of a |
research base. This observation is con:
by the engineering graphics professio
speak of visualization but do not have :
research base to support these ideas.
contended that visual perception shoul
cede other visual goals because it -
them possible. He wrote that the eng
ing graphics profession should not limi
to the development of visual perc
through drawing exercises but start wil
models followed by photographs of the
views of an object, perspective pictorial
ings, 2-D mulitivew drawings, and
with the presentation of 3-D isometric
ings. He concluded that these step
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enhance a students’ development of visual
perception.

In Visualization in Graphics: Time for a
Change? James Shahan and Roland Jenison
(1989) wrote that computer-based procedures
should supplement traditional methods.
Regarding the elimination of descriptive
geometry, they noted it as a basic principle
and “..cornerstone of all engineering pro-
grams.” (p. 29) They stated that people who
visualize can recognize a three-dimensional
object and represent it appropriately for
design and analysis. This ability is enhanced
in the study of both traditional graphics
(descriptive geometry and orthographic pro-
jection theory) and computer graphics. (p. 29)

G. R. Bertoline and D. C. Miller (1990) in
A Visualization and Orthographic Drawing
Test Using the Macintosh Computer, wrote
about a test that both evaluates and helps
students to develop spatial visualization abil-
ities. They noted that visualization is devel-
oped in various stages as individuals mature,
and that this ability is of vital importance for

Fig. 4 Orthegraphic
projection of solids

Figure 11 Visualization in Graphics

B o

many unrelated areas including engineering,
and that it varies from individual to individ-
ual. They distributed this test for future
research studies in spatial visualization for
engineering graphics educators.

In the article, Computer Graphics and
the Development of Visual Perception in
Engineering Graphics Curricula, S. E. Wiley
(1990) presented two curriculum models to
develop visual perception. In the mechanical-
ly-orientated visual perception model, he con-
tended that curriculum should be structured
sequentially:

real objects

photographs

linear oblique perspectives
3-D isometrics

Goss boxes

2-1) orthographics

3-D axonometrics

Exercises would start with simple to complex
problems and progress from realistic to
abstract back to realistic problems. He con-
tended that without the progression from real
objects to abstract line representations many
students would not be able to advance their
spatial abilities.

Wiley further contended that with the
computer-graphics orientated visual percep-
tion curricular model, exercises would start
with simple to complex problems and
progress from realistic to abstract back to
realistic problems using computer graphics
and real models. Sequence for the computer
centered curriculum would be:

real objects

scanned ohjects

3-D color animations

static wire-frame models
3-D 1sometrics

2-I) orthographics, and 3-1
axonometrics.

S S

He concluded that 3-D solid models and ani-
mation, if affordable, could possibility help
develop visual perception abilities (1990).

In An Hierarchy of Visual Learning,
Wiley (1990) proposed that meanings of visu-
alization need to be clarified. He presented a
model of visual learning including visualiza-
tion. He observed three primary stages to
visual learning—cognition, production, and
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resolve—that can be divided further into hier-
archical stages. Wiley concluded that study
of this model would resolve much of the con-
fusion about visualization which would allow
engineering graphics educators to develop
and implement their curricular models that
would emphasize spatial visualization as a

central theme.

W. Rodriguéz (1990) in the article 4
Dual Approach to Engineering Design
Visualization presented a freshman engineer-
ing graphics course that stressed design visu-
alization and documentation concepts as a
dual approach. In this course traditional and
computer graphics concepts followed comple-
mentary paths that merged inte an integrat-
ed design visualization/documentation phase.
Rodriguéz explained course objectives,
description, administration, and advantages
and encouraged its implementation.

W. J. VanderWall (1991} gave the results
of a study that incorporated the use of video
tape presentations of the concepts of engi-
neering graphics. The experimental group
was exposed to the video tapes while the con-
trol group was not. One of the hypothesis of
the study compared exposure of the video
tapes with visualization proficiency as mea-
sured by a orthographic readings test. The
author determined that exposure to the video
tapes of bagic engineering graphics concepts
did not have a statistically significant differ-
ence than the regular engineering graphics
curriculum for students visualization profi-
ciency.

In the 1991 article Static vs. Dynamic
Visuals in Computer-Assisted Instruction, P.
J. McCuistion reported the results of a study
that compared two methods of presenting
graphic images (statistic or dynamic) which
could enhance student achievement and spa-
tial abilities. He reported that the objectives
of the study were to ascertain if a series of
static or dynamic vigsuals would allow stu-
dents to achieve higher performance test
scores and / or higher mental rotation test

scores. MeCuistion reported that the stu-
dents who viewed the statistic presentations
achieved slightly higher scores on perfor-
mance tests while students who viewed the
dynamic presentations made larger gains on
the mental rotations tests. He concluded that
dynamic visual presentations should be
implemented to advance the spatial abilities
of students and that more research in this
area should be undertaken.

C. L. Miller and G. R. Bertoline {(1991)
wrote an article entitled Spatial Visualization
Research and Theories: Their Importance in
the Development of an Engineering and
Technical Design  Graphics Curriculum
Model, in which they contended that engi-
neering graphics educators must go beyond
traditional curriculum research and bhase
future studies on existing research in psy-
chology, art, mathematics, and other disci-
plines. They reviewed existing research and
how it could be used for the development of
spatial visualization research in engineering
graphics. They contended that without a
sound research base any claims made by engi-
neering graphics educators could not be
defended and would not be accepted.

In the Spring 1992 edition of the
Engineering Design Graphics Journal J. A.
Leach wrote the article Utilization of Solid
Modeling in Engineering Graphics Courses.
In this article he contended that engineering
graphics should be considered as a body of
knowledge and that spatial visualization
should be one of the major components of this
body of knowledge. He also contended that
solid modeling brings a new capacity to engi-
neering graphics education that enhances the
capability of spatial ability advancement. He
outlined a strategy implementing solid model-
ing into the engineering graphics curriculum.
He added that the use of solid modeling to
advance spatial abilities is distinctly different
than the ability to create or read a conven-
tional engineering drawing. _

E. N. Weibe (1992) in the article

Now loak at
this object:

@ WO&EGE

Two af these four drawings show the same object, Can you find those two? Circle

the number below those two:

Sctentific Visualization: An
Experimental Introductory Graphics
Course for Science and Engineering
Students described a course that was
being developed that explored a
broader role of graphics in science
and technology. The foundation and
the central focus of this course was

Figure 12 Sample question from Mental Rofafion Test

scientific visualization and it guided
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the development and implementation of the
it. Weibe described the strategy of the course,
its orgamization, the role of hardware and
software and its content. He conclusions and
contention were that visualization is an
important portion of a course similar to his or
to any engineering graphics course.

C. L. Miller in the 1992 article
Enhancing the Spatial Abilities of Freshman
Engineering Graphics Through the Use of
Real and Computer-aided Models described a
research study that involved the use of real
and computer-generated models. This study
investigated the use of real and computer-
generated models and the learning styles of
visual and haptic, to determine if an interac-
tion of instructional treatment and learning
style advanced the spatial abilities of engi-
neering students. The researcher concluded
that supplementing traditional engineering
graphics instruction with real and computer-
generated models allows students to further
advance their spatial abilities as compared to
traditional engineering graphics instruction.

In the article Effect on Spatial
Visualization: Introducing Basic Engineering
Graphic Concepts Using 3D CAD Technology
T. J. Sexton explained his study which
involved the use of 3D wireframe modeling
capability in fostering spatial visualization
abilities while intreducing basic projection
theory. This study compared the use of tradi-
tional instructional methods of projection
with 3D wireframe model approach of teach-
ing basic engineering graphics concepts and
advancing spatial abilities. Spatial visualiza-
tion ability was measured by the mental rota-
tions test (MRT). Sexton concluded that the
new 3D CAD approach did not prove to be
more effective in increasing the visualization
ahility of students over the traditional meth-
ods but he also concluded that the 3D CAD
method was as effective as the traditional
approach.

In a 1993 article titled Visualization of
Three-Dimensional Form: A Discussion of
Theoretical Models of Internal
Representation, E. N. Wiebe (1993} discussed
a number of theoretical models that explain
the process of three-dimensional forms. He
summarized and compared these models and
explained the appropriateness of dynamic
and static imaging techniques that can be
used to advance a students visualization abil-
ities. He recommended further experimenta-

Figure 6. Week four problems.

Figureld Sample Problems from Miller’s Study

tion into the use of dynamic and statistic
imaging techniques to determine which
might support a learning environment that
would allow for the advancement of spatial
visualization abilities.

W. A. Ross and S. Aukstakalnis (1993) in
the article Virtual Reality: Implications for
Research in Engineering Graphics gave an
overview of virtual reality systems and sug-
gested that virtual reality could be a future
key for the advancement of students visual-
ization abilities. The authors also gave vari-
ous scenarios on how virtual reality could be
incorporated into the engineering graphics
curriculum.

In the 1993 paper A Structure and
Rationale for Engineering Geometric
Modeling by G. R. Bertoline the author pro-
posed an engineering graphics curriculum
model that was based on the categorization of
human knowledge. The author also present-
ed several models that further defined a basis
for the the engineering graphics curriculum.
Of central importance was the needs of the
learner and the importance of visualization
abilities for learners.

In the 1993 article, Trends and
Techniques in Imaging Science, D. Bowers
presented a currviculum model for imaging
science. The three main areas of the model
are applications, subject matter, and learned
capabilities. The author further broke down
each of these three areas. Bowers contended
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that visualization is one of the most impor-
tant areas under learned capabilities. He also
proposed that the importance of visualization
and how many textbooks and problems do not
help students to advance their visualization
abilities, He contended that visualization is
an integrative, holistic learned capability that
is best advanced by non-analytic graphics
procedures. This is especially true with
beginning students or with students with
poorly developed spatial abilities,

R. Devon, et al. (1994) 1n the article The
Effect of Solid Modeling Software on 3D
Visualization described a study that mea-
sured the effect of a solid modeling curricu-

lum on the development of 3D visualization

slalls in freshman engineering students. In
this study wireframe CAD was compared
with solid modeling CAD to determine if one
wag better at advancing students 3D vigual-
ization abilities as measured by the mental
rotations test (MRT). They concluded that
exposure to a solid modeling curriculum did
advance students spatial abilities more so
than the exposure of wireframe modeling.

In the 1994 article, Visual Perception,
Spatial  Visualization and FEngineering
Drawing, J. Roorda examined the process of
visual thinking, imagining, and engineering
drawing with psychological studies in visual
perception. He gave thoughts on the
“mechanics” of transforming mental images
and how these relate to the interpretation,
understanding, and preparation of engineer-
ing drawings. The key points of this paper
were placed into an engineering graphics con-
text through the use of students drawing
interpretation as shown through freehand
sketches.

W. Rodriguéz (1995), in the article
Principles of Design and Communication con-
tended that principles guide successful
design. He proceeded to expand upon the dif-
ferent processes and principles that influence
successful design implementation. He stated
that visualization i~ 2gual to perception plus
imagination plus communication. Thus, he
observed that visualization abilities are of
major importance and actually lead design
communication. He gave a working example
of a successful design and a historical
overview of graphics and the importance of
vigualization to graphics.

In the results of a 1995 research study
titled The Relationship of Previous
Experiences to Spatial Visualization Ability
J. A. Deno determined that non-academic
activities has the most positive significant
relationship to spatial visualization ability of
men, but not women. In this study, Deno
attempted to determine if background experi-
ences discriminated among subjects on spa-
tial visualization ability. A significant sex-
related difference between male and female
subjects was also found on the mental rota-
tions test (MRT). The author recommended
further research inte background experi-
ences to determine if other factors may be
involved.

Conclusions

In conclusion, claims that the inclusion
of visualization exercises and research in the
engineering graphics curriculum is a recent
trend must not be taken seriously.
Visualization research in engineering graph-
ics wag a cornerstone for the development of
the Engineering Design Graphics Division.
It is sugpested that any researcher who
intends to pursue research in visualization
within the context of engineering graphics
must be familiar with the research already
completed and conclusions that have been
already reached. Without this information,
one may be “reinventing the wheel” in visu-
alization research in engineering graphics.
Further, visualization research is instrumen-
tal for the survival of current engineering
graphics programs and courses. Without a
sustained effort in spatial visualization
research it will be difficult to justify the exis-
tence of engineering graphics programs and
possibly engineering graphics courses.
Spatial visualization abilities are a key factor
in the development of successful engineers,
and engineering graphics curricula must con-
tinue to be the cornerstone for the advance-
ment of spatial visualization abilities.
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This is the first column in
a series planned for our read-
ers to keep them posted on
changes in standards which
govern engineering documen-
tation. The primary docu-
ment affecting dimensioning
is ANSI Y14.5M-1994 We
lived under the 1982 versicn
of this document until last
yvear. Many vears of work
and discussion are represent-
ed in the 1994 version. Pat
MecCuistion, an active mem-
ber. of EDGD, is a member of
this committee and several of
its sub-committees.

The changes are not
major from the standpoint of
graphics instruction, however
they do demonstrate a steady
movement of the United
States toward international
standards. The opening
General section includes the
statement, “The
International System of
Units (SI) is featured in this
Standard because ST units
are expected to supersede
United States (U.5.) custom-
ary units specified on engi-
neering drawings.” English
words in dimensions are lim-
ited: features such as coun-
terbores, countersinks, and
multiple features are given
with symbols and numerical
values. An example is shown
below:

Fritz Meyers

Another example is
demonstrated in dimension-
ing counterbores:

0T %5
oy Ay
DATHER THAN

10°DIA. X 25 [RFP
¢5 (BORE X 17 DFEP

Many progressive instruc-
tors and practicing engineers
have been using the symbolic
notation for years. It appears
we should all move in this
direction. Recently I visited a
large, well-known manufac-
turer and found that they are
atill using aligned dimen-
stong on their CAD drawings.
If we teach our students the
current standards they can
help move industry forward.

Geometric dimensioning
and tolerancing ceccupies
most of the pages of Y14.5M
and it was in this area that
much of the time was spent
in revision. For basic courses
in graphics the impact is
minimal; for in-depth courses
there are significant changes.
These will be covered in later
columns. The most obvious
change for beginning GD&T

4X @ .50

RATHER THAN
.50 DIA,

4 HOLES

18 the datums symbol. The
new symbol is:

A

A

RATHER THAN

_A_

The “S” for Regardless of
Feature Size has been elimi-
nated from the feature con-
trol frame. Principal changes
in the standard are noted in
Appendix A, included in the
volume with the standard.
Another major change in this
edition is the addition of a
new volume, Y14.5.1M-1994,
Mathematical Definition of
Dimensicing and Tolerancing
Principles. This provides a
mathematical basis for the
tolerancing practices.

Please call or E-mail us
with comments, recommen-
dations, or questions about
standards affecting engineer-
ing design graphics.

Fritz Meyers

Ohio State University
(614) 292-1676
mevers. 2@osu.edu

Pat McCuistion
Ohio University
(614) 593-1457
pmac.I@ohiou.edu
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S DivisioNn News

I just completed reading the
latest issue of Computer
Graphics World which featured
articles about surface modeling
and designing large assemblies.
Halfway through the articles, I
realized very few engineering
design graphics programs
include instruction in surface
modeling or 3D assemblies.
Yet, the articles were expound-
ing the use of them in engineer-
ing design.

Many engineering design
graphics courses do not mention
surface modeling, let alone 3D
modeling of assemblies. Let's
face it, we all spend an inordi-
nate amount of time on very
traditional topics, such as read-
ing scales, ASME standards,
auxiliary views and so forth.
We also realize we are forced to
teach All there is to know about
graphics, but were afraid to ask
in a two or three hour semester
course. This is a totally unrea-
sonable task, bound to have any
instructor confused and frus-
trated as to what to keep and
what to throw out of the course.
I believe there is a special place
in heaven for all the graphics

Chair’s Message

ANd NoTtes

Gary R. Bertoline

What we cut out to put these new things in
is probably why we're having problems.

Tirr Sexton
Ohie University

22nd Annual EDGD MidYear Meeting

instructors who have survived
the last 25 years in engineering
education. Given the monu-
mental task of teaching engi-
neering students all there is to
know about geometry, projec-
tion theory, standards, and
tools, then throwing on top of
that the fact that many stu-
dents are nearly visually illiter-
ate, it’s a wonder we have not
all given up.

The fact is we, as a group of
dedicated professionals, believe
what we do 1s of great value to
practicing engineers in spite of
what ABET and some engineer-
ing deans and faculty might
think. The truth is design engi-
neers are better at what they do
if they know geometry and how
to use it, have a high degree of
visualization ability, and under-
stand how to use the computer
hardware and software neces-
sary to create elegant, cost
effective, and safe designs. Itis
time we stand up as a profes-
gion and express our. displea-
sure with the treatment graph-
ics has been given in the last
quarter century.

However, before we do that,
we must get our own house in
order. Quite frankly, some of
the criticism and displeasure
leveled against our profession is
warranted. Time spent in your
classroom teaching every
nuance of dimensioning stan-
dards is time that could be
spent teaching geometry and
how it 1s produced with CAD.
Twenty years from now, when
your engineering students are
in mid-career as engineers, they
will need knowledge of geome-
try more than they will need
20-year-old standards. The
challenge facing the Division
today is to create a model
graphics curriculum that has
relevance to us, our discipline of
engineering, and, more impor-
tantly, to our students.

Gary R, Bertoline
Chair, EDGD
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James A. Leach

Jim is an assistant professor at the
University of Louisville Speed Scientific
School and Director of the Authorized
AutoCAD Training Center. He holds a
Bachelor of Industrial Design and Master of
Fducation from Auburn University. Before
teaching at the University of Louisville, Jim
worked as an industrial designer in Atlanta,
Georgia for 3 years and then taught engineer-
ing graphics for 13 years at Auburn
University. As coordinator of Engineering
Graphics at Auburn University, Jim is credit-
ed with developing the CAID labs and courses.
As an ASEE/EDGD member since 1984, he
has served as Director of Liaison Committees,
member of the EDG Journal Board of Review,
and two terms as Secretary/Treasurer. Jim
authored the AutoCAD Instructor and
AutoCAD Companion textbook series from
Irwin Publishers. Other professional activi-
ties include several presentations, journal
articles and workbooks.

‘division news

Slate 1997

AN 5

Mary A. Sadowski

Mary Sadowski is a Professor of
Technical Graphics in the School of
Technology at Purdue’s main campus in West
Lafayette, Indiana. She received her B.S. at
Bowling Green State University in Qhio, her
M.A. from The Ohio State University, and her
Ph.D. from Purdue University. At Purdue, her
activities include teaching graphics, anima-
tion, electronic publiching, Web design and
development, and color illustration. She was
actively involved in the development of the
Purdue Technical Graphics baccalaureate pro-
gram and designed several of the new courses
needed to implement the program.

Mary has been an active presenter in the
Engineering Design Graphics Division and
NSPI (National Society for Performance and
Instruction) conferences for the past 11 years.
She has written and presented especially in
the area of creative thinking, design layout,
and publishing. She recently presented a
paper at the 7Tth International Conference on
Engineering Computer QGraphics and
Descriptive Geometry in Krakow, Poland.

Mary is currently serving her second
term as Director of Publications for the EDG
Division and has therefore been editor of The
Engineering Design Graphics Journal for the
past five and a half years.
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Jim Shahan

SecReTARY- TREASURER

Eric Wiebe

Jim is an Assistant Professor of Agricultural
and Biosystems Engineering at Iowa State
University. He has been teaching at ISU for
twelve years, recently teaching Engineering
Graphics, Structural Engineer-ing, and com-
puter programming (C / UNIX). Previous
experience includes work as a Contractor,
Farm Automation Manager, and Product
Engineer.

Jim has been a member of ASEE/EDGD
since 1984. He was program co-chair for the
EDGD 1995-1996 50th MidYear Meeting in
Ames Jowa, and is currently the Treasurer of
the National Design Graphics Competition.
Current academic interests include rendering
and animation of geometric models, and cus-
tom applications of CAD programs (AutoCAD
and SilverScreen) utilizing: Custom menus,
command scripts, slide shows, LISP, .nd C
programming. Jim ceceived his B.S. (1979)
and M.S. (1985) degrees in Agricultural
Engineering from Iowa State University and
is a licensed Agricultural Engineer.

Eric N. Wiebe has been a Lecturer in the
Graphic Communications Program at North
Carolina State University for the past eight
vears. He received his M.A. in Industrial
Design at North Carclina State in 1987. His
graduate work in Industrial Design focused on
the role of computer graphics and CAD in the
design process. After completing his Masters,
Mr. Wiebe helped develop a photorealistic ren-
dering and modeling system for architectural
and design professionals and worked as a pri-
vate consultant.Since joining the faculty at
NC State, Eric has been actively involved in
the ASEE-EDGD and curriculum development
issues, including the development of a 3-D
solids modeling courge. He has attended and
presented papers at every EDGD Mid-Year
Meeting since joining in 1989. For the past
two years, he has been interim Director of
Professional and Technical Committees for the
EDGD and on the board of review for the EDG
Journal. He instituted and manages the et-
graphics listserve and was co-chair of the 51st
Annual EDGD MidYear Meeting. .Eric is
author or co-author of four textbooks on tech-
mical graphics and numerous research arti-
cles. He i1s currently working as a .consultant
to the furniture industry on the use of
CAD/CAM tools in manufacturing and design.
Eric 1s also a member of ADDA and the
Human Factors and Ergonomics Society.
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Judy A. Birchman

Craig L. Miller

Judy Birchman is an Associate Professor inthe
Department of Technical Graphics at Purdue
University. She is a graduate of Purdue
University with a Masters Degree in Interior
Design. Before joining the Department of
Technical Graphics, she worked as a kitchen
designer and an architectural illustrator.

A member of the Technical Graphics
Department since 1974, she has taught cours-
es in drafting fundamentals, perspective
drawing, computer-aided drafting and desktop
publishing and design. Professor Birchman
has a strong interest in course development
and design and has developed course manuals
for several TG courses as well as co-authoring
and producing three CAD workbooks for dif-

ferent grade levels. Professional activities

include presentations and workshops on both
design and CAD topics.

Judy is the Technical Editor of the
Engineering Design Graphics Journal. She
supervises the paper review process for the
Journal and the EDG papers for the ASEE
Annual Conference Proceedings. Other activ-
ities for the division include designing the net-
work Home Pages for the EDG Journal and
the EDG Division.

Curvently, her interests are multimedia
and interactive authoring systems as well as
alternate publishing outlets including the
World Wide Web and CD-based publishing.

Craig L. Miller is an associate professor in the
Department of Technical Graphics at Purdue
University. e received hizs Bachelor of
Science and Master of Education from Bowling
Green State University and his doctorate from
The Ohio State University. Dr. Miller is very
active In American Society for Engineering
Education (ASEE)-Engineering  Design
Graphics Division(EIDGD), having served on
various committees and serving for the last
three years as the advertising manager for the
Engineering Design Graphics Journal. Craig
has been Thonored with the Frank
Oppenheimer Award for the best paper at the
EDGD Mid-Year Meeting in 1991. Craig has
presented over twenty papers at professional
conferences in North America and Australia.
He is a co-author for the Richard D. Irwin
Graphics Series, and has authored papers in
journals on engineering and technical graph-
ics, CADD, and visualization research.
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The Engineering Design
Graphics Division of ASEE is
extremely pleased to present
this year’s Distinguished
Service Award to Roland D.
Jenison. Rollie is a Professor of
Engineering Fundamentals and
Multidisciplinary Design at
Towa State University.

Rollie was born and raised
on a farm in north-central
Iowa. Contrary to the opinion o
many, he did graduate from
Belmond High School primarily
due to the efforts of the base-
ball coach changing grades to
maintain his eligihility. He
elected to attend Towa State
due to it outstanding athletic
reputation, and enrolled in
engineering. He graduated in
1961 with a B. S. in Aerospace
Engineering.

Rollie began his teaching
career almost immediately after
graduation as an instructor in
Industrial Engineering and
later the College of Engineering
Technical Institute. He started
teaching and simultanecusly
worked on his M. 5. in
Aerospace completing that no-
gram in 1965.

In 1972, Rollie was recruited
by the Kansas Technical
Institute to be head of the
Mechanical Technology
Department, but returned to
Towa State in 1975 as a faculty
member in the new and recent-
1y created Department of
Freshman Engineering. Rollie

June 25, 1996
Washington D, C.

Engineering Design Graphics Division

1996 Distinguished Service Award

Presented to Roland D. Jenison
ASEE Annual Conference

Prepared by A. R. Eide
Presented by John Barry Crittenden

became a prominent and een-
tral figure in that department
providing leadership in a vari-
ety of areas, including orienta-
tion, advising, and the develop-
ment of lower-division
courseware. He was also
instrumental in the integration
of computers into lower-division
activities.

The department name was
changed in 1989 from
Freshman Engineering to
Engineering Fundamentals and
Multidisciplinary Design and
Rollie continued to provide
leadership, by being selected as
Interim Chair from 1989-91.

Although Rollie has demon-
gtrated a wide range of signifi-
cant accomplishments, one of
his most important contribu-
tions has been classroom teach-
ing. He is well recognized as
one of the college’s “top” teach-
ers. Thig gtatement can be eas-
ily documented by a partial list
of his teaching awards.They
include:

The Depar ment Instructor of
the Year Award,

The Superior Engineering
Teacher Award from the
College of Engineering,

The ISU Foundation
Outstanding Teaching
Award, and

The Excellence-Teaching-
Award from the Jowa State
Legislature. '

Rollie has also served the
Division in many important
ways. He has written six arti-
cles that appeared in the
Engineering Design Graphics
Journal, 11 articles that have
appeared as proceeding, and he
has given 24 presentation at
national meetings that applied
to aspects of the Division.
Rollie has served as chair of
several Division Committees,
Director of Programs, reviewer
for the Journal, chair of the
United States Organizing
Committee for the Sixth
International Conference on
Engineering Computer
Graphics and Descriptive
Geometry, Vice-Chair and
Chair of the division, and most
recently, coordinator for the
EDG Division’s 50th
Anniversary MidYear Meeting
at Iowa State University.

As of July 1, 1996, Rollie
will be the lowa State
University College of
Engineering Synthesis
Coalition Primary Invesgtigator
and a Professor of Aerospace
Engineering and Engineering
Mechanics.

It ig with extreme pleasure
that I present to the Division
membership the 1996 recipient
of the prestigious Distinguished
Service Award, Rollie Jenison.
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1996 Distinguished Service Award

Acceptance by Roland D. Jenison

Thank you, members of the
Fngineering Design Graphics
Division, for the prestigious
honor and special recognition.
Thanks to the nominating com-
mittee for selecting me to be
added to a distinguished list of
46 outstanding individuals who
are a part of the best organiza-
tion within ASEE and all of
engineering education. Thanks
to you Barry, for your wntroduc-
tion and kind remarks on my
career accomplishments.

I didn’t know how long this
response should by so [ dug out
the Journals with the respons-
es of some recent honorees. |
found out that Garland Hilliard
had 1173 words in his. Mine
has about the same. I was not
able to attend the banquet
when the award was given to
Garland in Edmonton. How-
ever, given our respective talk-
ing rates, I should finish in
about half the time Garland
used.

I stand before you tonight a
very fortunate, grateful, and
humble individual. I am fortu-
nate to have been born to won-
derful parents, raised in a fami-
ly environment, and
encouraged and supported in
achieving a college education. I
am fortunate to have a wife,
Phyllis, for 36 years who
worked to support my educa-
tion, has provide continuous
love through good times and
less than the best of times, and
unfailing encouragement for all
the goals T have set. It was not
possible for Phyllis to be here
tonight, but she sends her
greetings to each of you. We
are fortunate to have two won-

derful children who have now
established their own lives and
provided four grandchildren for
Phyllis and I to spoil.
Grandchild number five 18 a
few months away.

I have been fortunate in
having colleagues who share
common goals, face and con-
quer similar problems, and pro-
vide the mentoring that has
enabled me to achieve a mea-
sure of success in engineering
education. Yogi Berra, that oft-
guoted philosopher, is reported
to have advised one to, “When
you come to a fork in the road,
take it.” At each major career
decision point, I have been for-
tunate to take the appropriate
fork in the road leading me to
greater challenges and corre-
sponding rewards for accepting
the challenges.

As an example of my good
fortune in selecting the correct
fork in the road, I would like to
relate to you how I first got into
teaching. As a baccalaureate
aerospace engineering graduate
in 1961, with a working wife
and baby daughter, and with
three offers to work on the west
coast, it appeared there was
just on fork in the road open to
118, the west fork. Then on one
of the last days of my senior
year, a professor asked me over
coffee if I had thought abut
graduate school which in the
post-Sputnik era, was becoming
a stronger congideration for
graduating seniors plus promis-
ing additional monetary bene-
fits. “How do I support my
family?’ I asked, since I had
not applied for any type of aid.
“I heard the Industrial

division news

Engineering Department was
looking for teachers for the
freshman engineering prob-
lems course.” A few days later,
T accepted a full-time nine-

" month position for $5,000,

teaching engineering problem
solving and slide rule and
entered graduate school. (By
the way, the money was con-
siderably less than any of the
offers to work in the aerospace
industry). I had chosen the
teaching fork in the road and
have never looked back. 1 can-
not explain why this choice
seemed to be the best, but I
was very excited. | know many
of you can cite similar forks
which have guided your career.
I moved from the freshman
engineering problem solving
course to the twao year engi-
neering technology program in
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1963. This gave me an oppor-
tunity to teach mathematics,
engineering mechanics, graph-
ics, and design. The teaching
of design gives one the correct
perspective on the purpose for
all other courses in a technical
curriculum. Design brings out
creative abilities, appreciation
for the engineering team, and
motivation for study in almost
any area. It is too bad that all
design, including capstone, can-
not be taught first, but I guess
that is like being able to live
our retirement years first so we
can be young and frisky with
all that money. In 1972, I
joined ASEE, another wise
choice of forks in the road.

In 1975, I took another fork
and returned to Iowa State to
work in Freshman Engineering
for Arv Eide. This fortunate
choice brought me back to four
vear engineering education and
my first contacts in EDGD and
all you great educators and
friends who have indeed
enriched my career much more
than I can ever hope to repay.
My attendance at these meet-
ings germinated new ideas for
topics and teaching methods
from you and other members of
EDGD. Having the opportunity
to make presentations at our
meeting and publish articles in
the Journal was instrumental

in my promotion as professor.
The combination of support
from Iowa State and EDGD
was a synergistic combination
for which I will be eternally
grateful. Although I cannot
possibly name all of the persons
who have helped me along the
way, | take this opportunity to
thank each and every one for
their support.

I have been know to listen to
a country western song or two
during my working and leisure
hours. A current top-30 song
has words that go something
like this, “the only thing that
stays the same is, everything
changes”. Although this line
may not be etched in history
like, “if the phone don’t ring,
youll know it's me”, it does
state a message that has
impactedus tremendously in
engineering design graphics.

In the past 20 years, as a
member of this great division, I
have observed and been a part
of many changes.

* Engineering Graphics, as
credits in an engineering
program, has been cut more
than half, in some cases to
zero with graphics-
integrated into other
courses.

% The set of pencils with a
wide range of lead types, is
now a keyboard and a
mouse.

%+ The engineering drawing is
now an electronic grouping
of bytes.

Is change the only constant?

% We don't write letters
anymore, we exchange
email.

+ We used to discuss problems
and debate teaching
technigques with our
university colleagues over
coffee, now we also do this

with colleagues in Austria,
Japan, and Australia as well
as those in the USA through
email without the coffee.

** We used to spend hours in
the library researching areas
of interest, now in minutes
we access on the Web more
information than we can
ever hope to digest.

Is change the only constant?

< We still meet as a Division
once a year at our MidYear
Meeting.

< We still meet as a Division
once a year at the Annual
ASEE Meeting.

< We still develop graphics
lesson plans and teach to the
best of our ability:

“* We still mentor vounger
faculty as they teach us how
to survive in this
information revolution!

Does this mean we are out of
synch with everyone also
because we are not chang-
ing?

Not by any means! Because of
the constancy of the purpose of
this Division, the caring and
dedicated membership, and the
continuing fellowship at our
national meetings, we are a sta-
bilizer for young educators and
a catalyst for continued educa-
tion reform in engineering
design graphics. This why I am
very proud to stand before this
group and accept this honor on
behalf of all of you have taken
the graphics education fork in
the road. [ continue to stand
ready to serve this Division in
any way possible.

Thank you very much.

Rollie Jennison
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Plan to attend

1997 CIEC

ASEE
Conference for Industry and Education
Collaboration

January 27-31
Tampa, Florida

for information contact:
Ken Gowdy [(513) 532-5580

http:/ /www.engg.ksu.edu,/CPDO/ 97 ciec.html
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Hando-On

CADREY

A Guide to Versions

S, 6, and 7

Author: Timothy J. Sexton
Publisher: Irwin
Date: 1995
ISBN: 0(-256-17141-6

Reviewed by Nathan Hartman

Purdue University

Companies are constantly
locking for ways to keep their
workers competent and up-to-
date. This task is becoming
increasingly difficult due to the
number of new software pack-
ages released each year, as well
as the revisions to existing soft-
ware. Training and continuing
education has never been more
important. But with shrinking
budgets and time constraints,
where do companies find ade-
quate help in this area?
Instructors at today’s technical
colleges and universities arve
also caught in a similar dilem-
ma. They face a growing stu-
dent population with depleted
funding and old technology. In
many courses they are torn
between teaching the necessary
technology which gives atudents
the working tools to feel comfort-
able, and teaching the body of
the academic subject matter.
What do they do?

In the field of engineering
design graphics, the previous
§Cenarios are not uncommon.
Instructors and employers need
solutions that keep their stu-
dents and employees competent
in the latest techniques.
Hands-On CADKEY by
Timothy Sexton can help with
this problem. The book is well
written in language that is easy

to understand even for the
beginning user. I must admit
that prior to this review, I had
never used CADKEY. I was
familiar with several other CAD
packages, so most of the tech-
niques used by CADKEY were
not foreign. As with any CAD
package, the language that each
uses to describe its own com-
mands ig often quite unique.
Sexton states that the book is
intended to address two audi-
enceg: students enrolled in
courses that use CADKEY as
the primary software, and indi-
viduals with a background in
engineering graphics who are
trying to learn CADKEY on
their own. | happen to fall into
the second category, and I must
say that I am quite impressed
with the book.

The book is divided into
eight sections with an appendix
of commands and an index at
the end. This type of book orga-
nization is compatible with an
appropriate teaching sequence
for CADKEY. The first section
begins by giving an overview of
who should use this book and
why, and then goes on to cover
the basic layout of the book and
how it should be used. One of
the many good things about the
book is that it provides mean-
ingful tutorials for each chapter.

The chapters are divided into
the content material and the
tutorial. The content portion
contains a focus, outline of com-
mands used, and a list of topics.
This is followed by the tutorial
section of the chapter which
includes a focus, rationale,
objectives, and the step-by-step
mstructions to accomplish the
task. Many of these tutorial
files are contained on a floppy
disk that comes with the book.
Each chapter is also accompa-
nied by numerous illustrations
and screen captures from the
software. This is an invaluable
feature, because it is important
for the student to see an exam-
ple of what it is they are doing.
Sexton also does a good job of
covering multiple releases of
CADKEY. Realizing that not all
users upgrade on schedule,
Hands-On CADKEY covers
releases five, six, and seven in
an organized and easy-to-follow
manner.

Section Two of the book deals
with several of the basics of the
CAD software: the basic draw-
ing environment, file types,
environment manipulation, and
printing and plotting. These
topics are covered thoroughly in
an attempt to make the begin-
ning user more comfortable in a
potentially uncomfortable situa-
tion. Accompanying illustra-
tions are plentiful, and the tuto-
rialg are appropriate. Section
Three covers a staple of any
CAD package, and that is basic
geometric construction. With
each CAD package having its
own gquirks about how geometry
1s constructed, Sexton does a
nice job of exploring all of the
options a user has in CADKEY.
IMustrations of each command
are placed adjacent to the exam-
ples avoiding the need to turn
pages several times to find the
examples.

Once geometry is created it
18 sure to be edited, and that is
the focus of Section Four., This
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section thoroughly covers translating, moving, copy-
ing, and scaling which seem to be the most common of
the editing commands. The tutorials that Sexton pro-
vides here and elsewhere focus on the most commonly
used options within these commands. Section Five
covers topics that occur once the geometry has been
constructed and edited. These include adding and
editing text, dimensioning, and 2D sectioning. At the
end of most of the chapters is an illustrated chart
showing the construction and editing commands cov-
ered, as well as illustrated examples of each com-
mand. For schools and companies that focus on the
creation of 2D drawings, these topics and the profi-
ciency thereof are essential. Sections Two through
Five cover the basic parts of CADKEY, while final
three sections cover advanced commands and tech-
nigues.

Three-dimensional modeling is introduced in sec-
tion Six. Hands-On CADKEY does an excellent job of
introducing and explaining the advanced drawing
environment in CADKEY. User-defined views, multi-
ple viewports, coordinate systems, as well as wire-
frame modeling and the definition of new views and
construction planes are all covered here. Knowledge
of the definition of new views and construction planes
are esgential topics for the construction of accurate 3D
models. In Section Seven, multiview drawings are
introduced, and coverage of how they are generated
from 3D models in CADKEY is given. This is impor-
tant, as we see the shift of engineering design graph-
ics from pure 2D construction to the extraction of data
from the 3D database. Section Seven also covers how
to clean up the views once they have been extracted
from the medel, since this rarely happens according to
standard practices. Finally, Section Eight explores
the subjects that are considered advanced command
sequences in CADKEY. Conics, surfacing and mesh-
ing techniques, analysis, file formats, rendering, and
advanced drafting techniques are covered. Knowledge
of these commands can make the life of the advanced
user considerably easier. These commands enable
efficiency, better visualization, and ease of communi-
cation between several parties and are a must in
today’s fast-paced engineering design environments.

If CADKEY 1s the software of choice for an engi-
neering graphics class, then I think that Hands-On
CADKEY would be an excellent choice for an accom-
panying text. I also think that it would serve as an
excellent reference or training material for profession-
als in the workplace. The book is written in a manner
which ig not intimidating to a new user, and it pro-
vides plenty of practice and help on the journey
through the software. Having used several different
CAD software packages, I can think of numerous
occasions when I wished for a book like this, and for
CADEEY, Timothy Sexton has given us one.
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The address for the EDGD web page is

http://'www.tech.purdue.edu/tglfedgd_division/index. html

52nd Annual 1997 EDGD
Mid-Year Conference

Oct. 24-26, 1997

Theme (tentative): This Year's Model
Program Chair: Sheryl Sorby
Michigan Tech

(teneral Chair: Kim Manner
Department of Mechanical Engineering
1513 University Ave.

University of Wisconsin-Madison
Madison, W1 53706
kmanner@engr.wisc.edu

(608) 262-4825

53rd Annual 1998 EDGD
Mid-Year Conference

54th Annual 1999 EDGD
Mid-Year Conference
Ohio State University, Columbus, OH

COMPUGRAPHICS ‘96
Fifth International Conference on

Computational Graphics and Visualization

Techniques

December 15-19, 1996

Nogentel Nogent-sur-Marne
Paris , FRANCE

Contact: Harold P. SANTO

P. 0. Box 4076

Massama, 2745 Queluz, PORTUGAL
Tel. + AM + Fax :+351-1-439-2571
Internet :chpsanto@beta.ist.utl.pt

1997 ASEE IL-IN Section Conference
March 14-15, 1997

TUPU - Indianapolis, Indiana
Conference Chair: V. Raju

Purdue School of Engineering and
Technology, Indiana University Purdue
University Indianapolis, IN

799 West Michigan Street

Indianapolis, Indiana 46202
RAJU@TECH IUPULEDU

phone: 317-274-3429

FAX: 317-274-4567

WSCG’97

The Fifth International Conference in
Central European Computer Graphics and
Visualization 97

February 10-14, 1997 in Czech Republic in
cooperation with IFIP working group on
Computer Graphics and Virtual Worlds.
Contact:Vaclav Skala

Computer Sci.Dept.,

Univ.of West Bohemia

Univerzitm 22, Box 314,

Plzen, Czech Republic

e-mall: wseg97@kiv.zcu.cz

1997 Annual ASEE Conference
Milwaukee, WI, June 15-18, 1997

Topics: What's Happening in Graphics?
Theme: What are vou doing and how
does it relate to the rest of the profession.
Program Chair: Frank Croft,

The Ohio State University

2070 Neil Ave.

Columbus, OH 453210

Phone: 614-292-6230

Email: croft.3@osu.edu

FAX: 614-292-3780

1998 Annual ASEE Conference
Seattle, Washington

1999 Annual ASEE Conference
Charlotte, South Carolina
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2000 Annual ASEE Conference
St. Louis Missouri

2001 Annual ASEE Conference
Albuquerque, New Mexico

1CCE 97

INTERNATIONAL CONFERENCE ON
COMPUTERS IN EDUCATION
December 2 - 6, 1997

Kuching, Sarawak, Malaysia
Submission date: Apr 30, 1997
Program Chairs:.

Thomas Ottmann

Universitaet Freiburg, Germany
Zahran Halim

Universiti Malaysia, S8arawak
Inguiries to:

ICCE97 Secretariat

Faculty of Information Technology
Universiti Malaysia Sarawak

94300 Kota Samarahan, Sarawak, Malaysia
Email icce97@fit.unimas.my

Tel + (6082) 671000 x370

or + (6082) 672279

Fax + (6082) 672301

Web Site: http://www.icce97. unimas my

1997 Frontiers in Education
Conference (FIE)

November 5-8, 1997
Teaching and Learning in an

Era of Change

Pittsburgh Hilton &Towers

Pittsburgh, PA.

Abstracts Due: January 15, 1997

For further information:
www.engrng.edu/~He97 or e-
mailfie97@engrng.pitt.edu

SPONSORS: IEEE Computer Society
IEEE Education Society

ASEE ERM Division

In cooperation with the Umversity of
Pittsburgh

Chairs:

Cynthia J. Atman: atman@engrng.pitt.edu
Larry J. Shuman: shuman+@pitt.edu
Alisha A. Waller: waller@macalester.edu
5. B. Seadman: seidman@cs.colostate edu

division

50th Anniversary Symposium

Hosted by Oregon Institute of Technology
Klamath Falls, OR

April 23-27, 1997

Theme: High Tech Education for the
Third Millennium

Keynote speaker: Senator Mark Hatfield
Abstract Due : December 15, 1997
Marilyn A. Dyrud

Communications Department

Oregon Institute of Technology

3201 Campus Drive

Klamath Falls, OR 97601

Phone: (541) 885-1504

Fax: (541) 885-1687

E-mail: dyrudm@mail oit.osshe.edu

Ed Media & Ed Telecom ‘97 World
Conference on Educational
Multimedia, Hypermedia, &
Telecommunications

June 14-19, 1997

Calgary, CANADA

For further information, see
http:/f’www.aace.org/conflfedmedia
Hosted by University of Calgary
Organized by AACE Association for the
Advancement of Computing in Education
(AACE).

ED-MEDIA 97/AACE

P.O. Box 2966

Charlottesville, VA 22902 USA

E-mail: AACE@virginia.edu;
http://aace.virginia.edw/aace

Voice: 804-973-3987; Fax: 804-978-7449

1997 Conference for Industry &
Education Collaboration

of the American Society for
Engineering Education

January 27-31, 1997

Hyatt Regency Tampa Hotel

Tampa, Florida USA

http://www.engg. ksu.eduw/CPDD/97ciec.html
Ken Gowdy: 913-532-5590
kgowdy@dengr.ksu.edu

Dr Wayne R. Hager,

College of Engineering

Penn State University

University Park, PA 16802

Tel (814)-865-7589 Fax (814)-863-7229
http://'www.ecsel psu.edu/setce/

news
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‘i d National Design
s Graphics Competition

Submitted by Larry Goss

On June 23, 19986, the National Design Graphics
Whereas the annual meeting of the

Competition (NDGC) was held in Washington, DC as
a part of the annual American Society for Engineering
Fducation (ASEE) Conference. Seventeen (17) entries
from ten (10) colleges and universities in the United
States were judged on how well they followed a set of
guidelines for designing a lawn mower jack. The com-
petition is open to students enrolled in freshmen engi-
neering classes.

The project included an abstract (10 points), a ten
(10) page written report {75 points), and a graphices
portfolio (100 points). Twenty (20) points each were
awarded for presentation quality and a workable solu-
tion. An average of three judges scores for each entry
wag used to determine first, second, and third places.

The 1996 winners were:

Place School Advisor Team Members

James Heskins
Brett Maughan
Matthew Pisha

of Mines

Team membears on the first three finishing teams
receive appropriate certificates and computer drawing
software from Autodesk and Addison-Wesley. The
sponsoring schools alse win software and plaques. All
other team members receive certificates of participa-
tion.

The project for 1997 1s a totally automa. 2 com-
puter mouse ball cleaner. Ii must clean ten (10} com-
puter mouse balls unassisted in five (5) minutes or
less. For more information contact Patrick J.
McCuistion at 614-593-1457 (phone), 614-593-9382
(fax), or pmacl@ohiou.edu {e-mail).

The corporate sponsors for the NDGC are
Autodesk and Addison-Wesley. The ASEE division
sponsors are Engineering Design Graphics, Deslgn in
Engineering Education, and Freshmen Programs.

Engineering Design Graphics Division
has oceurred in conjunction with the
American Society for Engineering
Education Annual Conference at the
Sheraton Washington Hotel in
Washington, D. C. and the ASEE
Washington office has provided us with a
sutiable forum for the exchange of 1deas,
concepts, methodologies, and conviviality;

And whereas Professor Fritz D. Meyers of

The Ohio State University, as Program
Director and acting as program
Chairman, has attracted scholars from
across the United States who presented
excellent and thought proveking papers;

And whereas Irwin Publishing represented

First Northe‘m Ar‘lzona - Steven Howell Scott Corapi by Katherine Hepburn, Tom Caseon,
University Jason Kordus

Joshua Platt Scott Isenberg, and Betsy Jones, has

Second | Colorado School - Rebert Knecht - Nicole Abbott hosted the social hour for our awards

banquet;

And whereas the spouses and families of

our divigion members have enjoyed the

o  Jenny Wolfschilag
Third | Ohio Northern  SubhiBazlamiti  Kyle Boggs special ﬁours and family events of this
University o Ken Lewis meeting including sites of historic

interest in our nation's capitol;
P

Now therefore it is resolved that the

Engineering Design Graphics Division of
the American Society for Engineering
Education extends its thanks and
appreciation to the aforementioned
individuals.

Copies of this resolution shall be

transmitted to these individuals and
shall be spread on the records of the
division.

1996 Annual Meeting Resolution Committee,

Larry Goss
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Hightlights from Washington, 1996

division news
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When you think of Milwaukee,
do you think of this?

1997 ASEE Annual Conference
and Exposition, June 15-18, 1997
Milwaukee, Wisconsin

There’s more to Milwaukee than Laverne and Shirley!

Recently ranked #14 in Fortune Magazine’s “Best Cities in Which To Live
and Work”, Milwaukee is a city full of amenities with a small town feel.
Milwaukee welcomes the 1997 ASEE Annual Conference and Exposition
with exciting festivals, enchanting Lake Michigan, genuine, midwestern
hospitality and an international flair.

At the conference, June 15-18, you'll have the chance to stroll along the
Third Street Pier and jump on the riverboat rides at the Society-Wide
Picnic, complete with German cuisine and an authentic Gompah band!
Take a tour of Harley-Davidson or hob-nob with Tommy Thompson,
Wisconsin's governor, at the expositon’s focus on Exhibits reception.

In addition, you can tap your feet to the Mississippi Mudcats at the Awards
Banquet, attend the Plenary Session with renowned speaker Carol Barte,
CEO of Autodesk, Inc., and take advantage of the restaurants and shops in
Milwaukee's ethnically diverse neighborhoods in your free time.

These are just of few of the things the ASEE Conference promises!
Milwaukee is affordable, scenic, festive, safe and exciting-- z great place om
a great lake”. Come alone or bring the whole family! Plan now to attend
June 15-18, 19970 More information will be mailed with the March issue
of ASEE PRISM or visit ASEE’s website www.asee.org for info today!
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Department of Technical Graphics
Purdue University

Faculty Positions in Technical Graphics
Full-time, Tenure-track, 10 month appointments
beginning Falt 1997

The Department of Technical Graphics at Purdue
University is accepting applications for tenure
track positions at the West Lafayette campus and
Statewide Sites for Fall 1997. The positions
require a Master’s Degree and industrial experi-
ence; Ph.D. preferred. Experience with 2D/3D
computer graphics tools appropriate for under-
graduate education is required. Candidates
should have expertise in at least one of these
areas: 1.) Engineering Design Graphics, 2.)
Interactive Multimedia, 3.) Computer Animation,
4.) Page Design and Layout, 5.) Graphic Design,
6.) Technical Ilustration, 7.} Commercial/educa-
tional WWW publishing, 8.) Virtual Reality, and
9.} Digital Videc and Photography. A strong
interest in undergraduate teaching and curricu-
lum development is expected. Rank and salary
determined according to qualifications and expe-
rience. The Department’s Technical Graphics BS
degree program includes over 30 undergraduate
and graduate courses in the areas of engincering
design graphics, illustration, and publishing
media with over 400 BS students. The depart-
ment also serves over 2,000 students every vyear
in the Schools of Engineering, Technology, and
Liberal Arts.

Send resume and list of at least three references
1o

Donna Goetz,

Faculty Search Committee,

Department of Technical Graphics,

1419 Knoy Hall, Purdue University,

West Lafayette, IN 47907-1419.

Direct questions to:

Gary R. Bertoline

Purdue University

1419 Knoy Hall, Room 363
West Lafayette, IN 47907-1419

Ph 317-494-4585

Fax 317-494-9267

e-mail: a
grbertol @ tech.purdue.edu QQU
hetp:/fwww tech.purdue edu/tg 5 =t

Department of Mathematice, Science, and
Technology Education
North Carolina State University
College of Education and Psychology

Search For Department Head
Position: Department Head: Full Professor,
Twelve Month position
Starting Date: July 1, 1997

Setting: North Carolina State University is located in Raleigh, has
27,000 students and is in close proximity to Duke University and the
University of North Carolina at Chapel Hill. The Department of
Mathematics, Science and Technology Education is one of five depart-
ments in the College of Education and Psychology. The departmental
undergraduate programs include: a BS and teacher licensure for mid-
dle grades and high school in mathematics, science, and technology; a
minor in Graphic Communications emphasizing the selection and
application of graphic techniques; and a minor and non-teaching BS in
Technology Education. Graduate degrees are offered in Technelogy
Education (MS, MEd, EdD), science Education (MS, MEd, PhD), and
Mathematics Education (MS, MEd, PhD). Additionally the depart-
ment administers the doctoral program in Occupation Education.
Currently there are 320 undergraduate majors and 110 graduate stu-
dents in the department. The Department has 16 full time tenure-track
faculty, 6 full time lecturers and visiting lecturers, and 5 fuil time vis-
iting instructors. Additional units within the Departiment include the
Center for Research in Mathematics and Science Education (CRMSE)
and the Environmental Science Education Initiative. The College in
conjunction with the local public school system is in the process of
developing a public middle school (6-8) to be housed on the
University campus.

Qualifications: Earned doctorate in mathematics, science or tech-
nology education or related field Demonstrated record of scholarly
research, publications and grantsmanship Public school and universi-
ty teaching experience and ability to work collaboratively with public
school districts and university units Evidence of successful experience
with preservice teacher education programs

Responsibilities: Provide leadership for the Departmentis acade-
mic programs Administer the Departmental budget, including person-
nel, scholarships Lead the Department in developing national recogni-
tion Facilitate program and cuomriculum development for the
Department Support professional development of faculty, staff and
students Represent the Department to the Dean, the University, and
the Community

Salary: Competitive and commensurate with qualifications and
experience; twelve months.

Procedure: Review of applications will begin December 10, 1996
and will continue until the position is filled. Applicants should send
letter of application, current curriculum vita, and three letters of refer-
ence to:

Dr. Jack Wheatley, Interim Department Head
Mathematics, Science, and Technclogy Education
Box 7801, NC State University

Raleigh, NC 27695-7801

(919) 515-2238

FAX (919) 515-1063
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NATIONAL DESIGN GRAPHICS COMPETITION

Date: 1 August, 1996
Dear Colleague,

On behalf of the sponsoring divisions of the American Society for Engineering Education
(ASEE) and the corporate sponsors, | want to invite you to submit student design projects for
the National Design Graphics Competition (NDGC). This event will be held in conjunction with
the 1997 ASEE Annual Convention, 15-18 June, in Milwaukee, WI.

Please find the enclosed guidelines and registration forms for this event. These guidelines
shouid answer most of your questions. The project this year is a computer mouse ball cleaner.
Cleaning mouse balls is one of those jobs that never seems to get done until the entire mouse
is so gummed up it won't work. It's an irritating problem. 1 hope you enjoy the project.

The graphic part of the project is the major component of the competition. The graphics must
augment the written report and present a chronological graphic record of the project. Any
graphic form is acceptable including sketches, photographs, graphs, detail drawings, assembly
drawings, =fc. :

Please realize that the main reason for this competition is for students to gain a good
understanding of the design process. Only 20 points out of 250 are refated to a workable
design. This project is a vehicle to allow your students to learn a design sequence that will stay
with them for the rest of their lives. | hope to see you and your student entries in Milwaukee.

If you wouid like to help judge the competition in Milwaukee, please contact me at:
Phone - 614-593-1457 Fax - 614-593-9382 e-mail - pmac1@ohiou.edu.

Sincerely,

Patrick J. McCuistion, NDGC Chair

PS. The 1996 winners were: 1st Place, Northern Arizona University; 2nd Place, Colorado
School of Mines; and 3rd Place, Ohio Northern University. The winners and their
schools won a considerable amount of Autodesk software. Congratulations to all
participants and a special thanks to the judges, Addison-Wesley and Autodesk for
providing guidance, prizes, and finances.

\, A
- ASEE DIVISION SPONSORS A
COPORATE SPONSORS ENGINEERING DESIGN GRAPHICS
ADDISON-WESLEY DESIGN IN ENGINEERING EDUCATION
L AUTODESK FRESHMAN PROGRAMS )
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NATIONAL DESIGN GRAPHICS COMPETITION

A

Y

1997 COMPETITION GUIDELINES

The National Design Graphics Competition (NDGC) will be held June 15, 1897, in Milwaukee, W, in
canjunction with the American Society for Engineering Education (ASEE) Annual Conference. In addition

to the competition, a display of the entries will be held.

1. Design Project:

Design an electro-mechanical device to clean 22 millimeter diameter computer mouse bails. The
device must be totally automatic {no human activity allowed after the ball enters the device). It must
be able to clean 10 balls unassisted, one ball at a time. A dirty ball must enter one crifice and a
thoroughly cleaned ready-to-use bail must exit from a different orifice. The maximum time a ball is
allowed inside the device is 30 seconds. The total volume of the device must not exceed 5000 cubic
centimeters. Any cleaning features or fluids should be easily inserted and removed and be
environmentally safe. The maximum operating noise level is 50 decibels at 1 meter. No harmful or
objectionable fumes are allowed from its use.

Il.  Project Contents:

Each praject entry should contain the items in sections A-C. The possible peint value for each part of
the eniry is noted after the description. The highest judged average point value will be used to
determine the winners. One copy of the abstract, written report, and all graphics must be submitted

for each entry.
-- Do not send original work - -

A. Abstract: An abstract page typed on 8.5" X 11" white paper shall accompany each report. It must

include the project title, school name, participating student names, date completed, estimated time to
complete, and a coherent narrative of no more than 250 words. The type font should be no less than

12 point size. 10 points

B. Written Report: The written report shall be type written on no more than 10 - 8 5" X 11" white
paper pages. The print must be double spaced, on one side only, be 10-12 point font size, and not
encroach on 1" borders on all four sides of each page. The report shall be a seamented narrative that
completely describes the results of the activities of the team members in the following: 1) Problem
Statement, 2) Preliminary ldeas, 3) Refinement, 4) Analysis, and 3) Final Solution. Each section is
worth 15 points {75 paints total). Mo graphics are permitted in the written report, but all graphics must
be referenced.

C. Graphics: A chronological graphic record of the project must be grouped separately from the
written report. Pertinent graphics are required for each phase of the design project except for the
problem statement. Each graphic must include the minimum of a title, date, and name of the person
who is responsible for it. The point values for the different segments are: 1) Preliminary ldeas, 20 pts,
2} Refinement, 20 pts, 3) Analysis, 20 pts, and 4) Final Solution, 40 pts. (100 points total)

D. Additional Scoring: A Workable Solution to the problem and the Presentation Quality of the entry
are worth 20 points each. Adherence to the design project specification is werth 25 points.

Il.  Project Team/Entry Limitations:

A. The team must have at [east 2 members but no more than 5 members. Each team member must
be enrolled in the same Freshmen level class where this design preject is introduced.

8. The maximum number of entries per school or branch campus is 3.

~

\.

ASEE DIVISION SPONSORS
COPORAT‘; ?EEOSLSEORS ENGINEERING DESIGN GRAPHICS
ADD’%?_O'DESK Y DESIGN IN ENGINEERING EDUCATION
A FRESHMAN PROGRAMS

S/
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NATIONAL DESIGN GRAPHICS COMPETITION

Vi
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VL

VL

Project Interest and Registration Forms

Please find the entry forms on the back of this page. The Project Interest Form must be received no
later than 1 March, 1997. The Registration Form and entry fee for each design team must be
received no later than 1 June, 1997.

Entry Fee:

An entry fee of $10.00 must accompany each Registration Form. Gnly checks drawn from U.S.
banks will be accepted. Entry fees are not refundable.

Entry Subrmission Date and Time: :

All project entries must be submitted at the judging session or at the main conference hotel
registration area before 8:30 a.m. (Central Time Zone), 15 June, 1897. Transporting the project(s) to
the canference is the sole responsibility of the entering schoal.

Judging:

Judging will be based solely on the items listed in sections | - V1. Any items intended solely for the
display will not be judged. Each project will be judged by at least three judges. Judging will start on
Sunday morning 15 June, 1997, at 9:00 a.m. and be compieted the same day. All decisicns made by
the judges are final.

Display Location and Schedule:

Location: Wisconsin Convention Center

Set-up: 15 June, between 2:00 p.m. and 4:00 p.m.

Display hours: 9:00am.-5:00 pm. 18 & 17 June
Project security is the responsibility of the entering schools.

Removal: 18 June, between 10:00 a.m. and 12:00 noon
Remeoval and return of projects is the responsibility of the entering schools.
Projects not removed will not be returned.

Display contents:

The disptays must include the abstract, written report, and graphics. An 8.5 X 11" placard with the
school and advisor names will be provided for each entry. The displays may utilize any additional
medium of communication but must fit on table space no larger than 36" wide X 18" deep.
Awards/Prizes:

Team members from the First, Second, and Third place teams will receive appropriate certificates

and prizes. All other students will receive certificates of participation. The award winning schools will
receive plagues and prizes.

Please direct questicns to:

Patrick J. McCuistion, 124D Stocker, Ohic University, Athens, OH 45701-2979
Phone - 614-593-1457 FAX - 614-593-9382 e-mail - pmac1@ohiou.edu

s

Y

hS

ASEE DIVISION SPONSCRS

COPORABEI\ISPONSORS ENGINEERING DESIGN GRAPHICS
ADDISON-WESLEY DESIGN IN ENGINEERING EDUCATION
AUTODESK

FRESHMAN PROGRAMS
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1997 ASEE NATIONAL DESIGN GRAPHICS COMPETITION
PROJECT INTEREST FORM
Milwaukee, WI
Our institution is considering submission of student design projects:
Number of Freshman projects (3 permitted)

Contact person at your institution;

Full Name:

Address:

Phone; Fax: e-mail;

Please mail to: Patrick J. McCuistion, Ohio University, 124D Stocker Center, Athens, OH 45701-2979

This form due by March 1, 1997

1896 ASEE NATIONAL DES!GN GRAPHICS COMPETITION
REGISTRATION FORM
Washington, D.C.

Ali the information on this form should be the same as you wish it to appear on any award.

School:

Address:

Phone: Fax; e-mail;

Team Members:

(limit of five)

Please mail to: Patrick J. McCuistion, Ohio University, 124D Stocker Center, Athens, OH 45701-2979

This form due by June 1, 1997

54 Engineering Dasign Graphics Journal
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Submission Guidelines
The Enginecring Design Graphics Journal is published
by the Engineering Design Graphics (EDG) Division of the
American Society for Engineering Education (ASEE).
Papers submitted are reviewed by an Editorial Review Board

EDITOR |
Mary A. Sadowski, Purdue University

TECHNICAL EDITOR

S

i
i

- for their centribution to Engineering Graphics, Graphics
%ﬁ? Education and appeal to the readership of the graphics edu- Judith A. Birchman, Purdue University
i cators. By submitting a manuscript, the authers agree that the
@“gg copyright for their article is transferred to the publisher if and C] : ‘M, :
o PY . eI A o the p
= when their article is gccepteq for publication. The author Clyde Kearns, The Ohio State University
o retains rights to the fair use of the paper, such as in teaching

3%
et

and other nonprofit uses. Membership in EDGD-ASEE does
not influence acceptance of papers.

i

i
b
i

ADVERTISING MANAGER

ki)

e

i

T

Material submitted should not have been published
elsewhere and not be under consideration by another pub-
lication. Submit papers, including an abstract as well as
figures, tables, etc., in quadruplicate (original plus three
capies) with a cover letter to

Mary A. Sadowski, Editor

Engineering Design Graphics Journal

1419 Knoy Hall / Technical Graphics

Purdue University

West Lafayette, IN 47907-1419

FAX: 317-494-9267 PH: 317-494-8206

email: masadows @tech, purdue.edu

‘Cover letter should include your complete mailing
address, phone and fax numbers. A complete address should
be provided for each co-author. Use standard 8-1/2 x 11 inch
paper, with pages numbered consecutively. Clearly identify
all figures, graphs, tables, etc. All figures, graphs, tables, etc.
must be accompanied by a caption. Iilustrations will not be
redrawn. All line work must be black and sharply drawn
and all text must be large enough to be legible if reduced.
The editorial staff may edit manuscripts for publication after
return from the Board of Review. Upon acceptance, the
author or authors will be asked to review comments, make
necessary changes and submit both a paper copy and a text
file on a 3.3" disk.

Page Charges
A page charge will apply for all papers printed in the EDG
Journal. The rate is determined by the status of the first
author listed on the paper at the time the paper is received by
the Editor. The rates are as follows:

$5 per page for EDGD members

$10 per page for ASEE, but not EDGD members

$25 per page for non-ASEE members
This charge is necessitated solely to help offset the increasing
costs of publication. Page charges are due upon notification
by the Editor and are payable to the Engineering Design
Graphics Division.

The EDG Journal is entered into the ERIC
{Educational Resources Information Center), Science,
Mathematics, and Environmental Education/SE at:

The Ohio State University

1200 Chambers Road, 3rd Floor

Columbus, OH 43212.

Article copies and 16, 35, and 105 mm microfiche are
available from:

University Microfilm, Inc.

300 Zeeb Road

Ann Arbor, MI 48106

Craig L. Miller, Purdue University

BOARD OF REVIEW

Ron Barr, University of Texas, Austin

Robert A. Chin, East Carolina University

Jon M. Duff, Purdue University

Audeen Fentiman, The Ohio State University
Robert J. Foster, The Pennsyivania State University
Lawrence Genalo, lowa State University '
Retha E. Groom, Texas A & M University

Roland D. Jenison, Iowa State University

Jon K. Jenson, Marquette University

Robert P. Kelso, Louisiana Tech University

Ming H. Land, Appalachian State University

Dennis K. Lieu, University of California at Berkley
James A. Leach, University of Louisville

Pat McCuistion, Ohio University

Michael J. Miller, The Ohio State University
Timothy Sexton, Ohic University

Michael D. Stewart, University of Arkansas-Little Rock
Eric N. Wiebe, North Carolina State University

The Engineering Design Graphics Journal is
published three times a year by the Engineering
Design Graphics Division (EDGD) of the American
Society for Engineering Education (ASEE).
Subscription rates: ASEE/EDGD members ,
$6.00; non-members, $20.00. If you would like to
become a member of EDGD/ASEE, write ASEE,
Suite 200, 11 Dupont Circle, Washington, D. C.
20036, and request an ASEE membership
application. Non-members can subscribe to the
EDG Journal by sending their name, address,
telephone number, and a $20.00 check or money
order payable to Engineering Design Graphics.
Mail to:
Clyde Kearns
The Ohic State University
2070 Neil Avenue
Columbus, OH 43210
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have a choice.

he days of using a dated text-

book are over. Thanks to the

revised Second Edition of
Technical Graphics Communication,
you now have a contemporary
approach. One which offers cutting-
edge coverage that doesn’t neglect
the basics. |

Available

December 6, 1996
Second Edition
TECHNICAL
GRAPHICS
COMMUNICATION

ISBN 0256260532 « Book No. 91776600

Gary R. Bertoling, Furdue University Eric N. Wiebe, North Carclina State University
Craig L. Miller, Purdue University James Mohler, Purdue University

GONSII]ER THESE FEATURES:
Updated chapters on dimensioning and tolerancing that include the 1994 ANSI/ASME standard.

« A Web site where adopters and students can ask the author team questions, view CD-ROM animations,
consult reference lists, and learn about upcoming graphics meetings.

» Complete supplements package that includes an animated Instructor CD-ROM, student CD-ROM,
Instructor's Manual, Solutions Manual, and a complete line of CAD companion books.
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