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Are Your Students Prepared

For the Year 2000?
———————————— e e

The Students at the Following Institutions Will Be

Arizona State University

Ball State University

Bay De Noc Community College
Black Hawk College

Bradley University

Burlington County Vo-Technical School
California State University - Fresno
California State University - Fullerton
Cameron University

Carleton University (Ottawa)
College of Staten Ysland

Coloradoe School of Mines

Cornell University

FAMU/FSU

Florida Aflantic University

Gaston College

Gloucester County College

Grand Valley State University
Grosse Pointe South High School
Hampton University

ITolyoke Community College

lowa State University

James Lorenzo Walker Vo-Tech
Johnson Ce. (KS) Community

Kansas College of Technology
Kansas State University

Lafayette College

Laurentian University

Longview Community College
Marquette University

Medicine Hat College

Milwaukee School of Engineering
Mississippi State University

Ohio State University

Oklahoma Christian College
OKklahoma State University

Pankow Vo-Tech Center
Pennsylvania State University
Pittsburg (KS) State University
Purduve University

Red Rocks Comimunity College

St. Louis University/Parks College

St. Louis Community College/Forest Park
Salina Yocational Technical Institute
Southern College of Technology
Sterling High School District

TAD Technical Institule/Kansas City
Taulane University

University of Alabama - Birmingham
University of Arkansas - Fayetleville
University of Arkansas - Little Rock
University of Arizona

University of Connecticut

University of Delaware

Universily of Idaho

University of Illinois - Champaign/
Urbana

University of Lowell

University of Nebraska

University of New Brunswick
University of Southern Maine
University of Southern Mississippi
University of Texas - Austin
University of Virginia

University of Wisconsin - Milwaukee
University of Wisconsin - Parkside
University of Wyoming

Washingfon State University
Wentworth Institute of Technology
West Valley (CA) Occupational Center
Western Oklahoma Stale College

By implementing SilverScreen into their engineer-
ing program, these schools are providing the CAD
background necessary for tomorrow’s design

engineers.

SilverScreen is a 3D CAD/Solids Modeling software
program that is object-oriented. Its many features
include: Boolean operations, multiple interactive
viewporis, camera walk-through, associative
dimensioning, hidden surface removal, mass
properties and the ability to assign attributes.

Site licenses for educational classroom use are
available through Schroff Development Corpora-
tion for $500. This means you can furnish your

entire department with the finest PC CAD software
available for the same cost as a good drafting table

and chair!

To order your site license today or to obtain more
information, please contact Stephen J. Schroff,
Educational Coordinator, at 913/262-2664 or by

writing him at P.O. Box 1334, Shawnee-Mission,

KS 66222,

[, SilverScreen.. I

Modeling Software
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A Visualization and Orthographic Drawing Test
Using the Macintosh Computer

Gary R. Bertoline

Engineering Graphics Department
The Ohio State University
Columbus, Ohio

Daniel ¢C. Miller

Engineering Graphics Department
The Ohio State University
Columbus, Ohio

(recipients of the 1989-90 Oppenheimer Award)

An examination to determine a student's visualization capabilities has been
developed which uses orthographic drawings displayed on the Maclntosh
computer. This examination, the Spatial Visualization Test (SVT), has two
versions, both developed to measure visualization ability, time to visualize,
and reaction time. The SVT indicates the learner's ability to visualize com-
plex 3-dimensional objects from the six principal views. All of these mea-
sures are automatically recorded by the computer during the testing process
and results are printed after the student completes the test. This gives the
student and his instructor an indicator of the student's ability to visualize
and read orthographic drawings.



2 G. R. BERTOLINE AND D. €. MILLER VOL. 54, NO. 1

Statement of the Problem

Drawing, the technology of
graphical representations, is
used to express engineering ideas
and as a means of communication
in many other areas. The ability
to represent the world graphi-
cally is based on a person being
able to visualize the world in
his or her own mind. Sigell be-
lieves that a person does not
naturally have representation
ability. Visualization, accord-
ing to Piaget and Inhelderz, is a
learned trait that is developed
in a sequence of stages. The ex-
act age that a child enters a
stage will vary from child to
child, but a child will develop
through the stages in the re-
ported sequence. Kangy3 pro-
fesses that to 1learn technical
drawing or engineering graphics,
the person must have spatial vi-
sualization skills equal to the
desired task.

Spatial visualization is also a
very important prerequisite for
other seemingly unrelated areas.
It has been reported that spatial
visualization ability is related
to achievement in mathematics4,
chemistrys, biologyG, and sci-
ence’ . Languis, et. al.,8 also
found that imagery is important
for language, memory, thinking,
learning, and problem solving®.
In the area of spatial visualiza-
tion, persons in the top ten per-
cent of ability have been identi-
fied as possessing a reguirement
for success 1in eighty-four occu-
pations, as listed by the United
States Employment Service.
Eighty-five percent of these in-
dividuals are represented in four
job categories: engineers, scien-
tists, drafters, and designers.

Representing the world graphi-
cally is a fundamental communica-
tions skill used by engineers to
change their conceptual designs
into sketches or engineering
drawings’ according to Voland®.
In a survey of industry and aca-
demic representatives of engi-
neering graphics, Jensenl® found
that both groups rated spatial
visualization as the most impor-
tant of fourteen different
skills. Bowers, et. al.ll, sug-
gest that there is evidence that
visualization is very difficult
for many students.

The Test Development

The nature of the problem was
to develop computer graphic mod-
els of 3-D images that can be
used to access visualization
skills and assist individuals
with low spatial ability with re-
medial education. These computer
models are to then be used to de-
velop future research in visual-
ization.

The SVT, developed under an
Ohio State University Seed
Grantlz, is for use on any Macln-

tosh Plus, SE, or Mac II computer
with Hypercard. sSurface 3-D mod-
els of thirty different cut-block
shapes were created with Super 3D

software. The six principal or-
thographic views of the model
were extracted and saved. The

Super 3D files were then brought
into Super Paint for editing.
Hypertalk, a script or program-
ming language, was used to create
the SVT. Hidden lines were not
included in Version 1 because it
was used by mathematics and sci-
ence teachers who had no engi-
neering drawing background. Ver-
sion 2 is in development and will
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include hidden 1lines and other
improvements that were Trecom-
mended from the pilot test.

How the Test Works

There are two equivalent forms
of the SVT, each taking 30 to 45
minutes to administer. Developed
for easy use, the test includes a
tutorial to guide students
through example problems. Indi-
cating most answers simply re-
quires moving the cursor to the
desired display, followed by
clicking the mouse button. Fig-
ure 1 shows the screen display
that requests demographic infor-
mation before the test is taken.
Figure 2 indicates the screen ap-
pearance for the first question.
An isometric view of the object

VISUALIZATION AND ORTHOGRAPHIC DRAWING TEST 3

is shown and the name of one of
the six principal views is listed
below the drawing.

At this point the subject must
visualize how the reguested view
appears. After the examinee
thinks he/she can didentify the
requested principal view, the
mouse button is clicked and six
possible answers appear in random
order on the screen, as shown in
Fig. 3. While the examinee is
visualizing the object, the soft-
ware activates a timer and
records the amount of time from
initial display of the isometric
view until the mouse button is
clicked (this 1is recorded as
visualization time). Another
timer starts after the possible
answers are displayed to record
the reaction time from the dis-

[ DEMOQGRAPHIC DATA ]

Subject’'s Name:|

| D.0B.:]

Present Date:[11/22/89 |

Examiner's Mame:|

| ca:l 1
|

Subject's File *:[ ] Group Classification] |

Please enter the subject’s identifying
data, starting with hisfher name. Press
the TAB key after sach entry.

PRESS HERE TO CONTINUE
AFTER ENTERING ALL DATA.

Fig. 1

Reguest for demographic information
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play of possible answers to click
of the mouse button (this is
recorded as reaction time).

The cursor must be moved into
the box believed to contain the
correct answer and the mouse but-
ton 1is clicked. If the subject
selects the correct answer, the
‘word CORRECT is displayed on the
screen and the next isometric
view of an object is displayed.
If the answer 1is incorrect, the
word INCORRECT is displayed on
the screen and the subject is
given up to five additional op-
portunities to select the correct
answer. The number of incorrect
responses is recorded as well as
the wvisualization and reaction
time.

There are three sections in
each of the twe versions of the
test and five different cut-block
shapes in each section, for a to-

Fig.' 2 Screen appearance for
first question

Fig. 3 Possible answers
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tal of thirty shapes. The SVT
tests, 1in random order, the exam-
inee's visualization abilities
for all six principal views of
each cut block. After the test
is complete, the SVT automati-
cally compiles the results in the
form of tables, as shown in Fig.
4. The first five stimuli re-
corded in Fig. 4 are for the five
cut blocks in Section One of Form
A of the SVTI. Visualization and
reaction times are listed for
each stimulus. The examinee's
response(s) are listed by type of
view in the order that they were
selected. If a response is cor-
rect, only one is listed. DMore
than one response means. that an
incorrect answer was selected.
Figure 5 indicates the total
number of incorrect responses and
the mean visualization and mean
response times that are automati-
cally compiled by the 8VT. The

VISUALIZATION AND ORTHOGRAPHIC DRAWING TEST 15)

mean visualization and response
times and total errors for each
object are listed. This informa-
tion is given for each form of
the test.

Results of the Pilot Study

A pilot study was conducted
during the 1989 Summer Quarter at
Ohio State Univergsity on a group
of thirty-seven mathematics and
science teachers to test its va-
lidity and reliability. Another
pilot study was conducted simul-
taneously on a group of eighteen
engineering design graphics stu-
dents at Ohio State.

The results of the pilot study
indicate that the SVT may be use-.
ful to measure spatial visualiza-
tion and knowledge of ortho-
graphic drawings. An item analy-
sis of each stimulus was not com-
plete for this report, but will

visual Perspective Task

Subject’s Name:[Dan_Miller

] poB:[7/7/586

Present Date:[g/27/89 |
Subject's File *:[0000252

Examiner's Name:[Me
Group Classification:[High Visualizer |

1 ca:[32 ]
|

VISUALIZATION RESPONSE

TIME TIME SUBJECT'S
STIMULUS OBJECT (SECONDS)  (SECONDS)  RESPONSE (S)
1 3A 1,52 2.704 TP
2 3B 0.912 2,304 ET
3 3C 0.512 2.16 LT
4 3D 0.848 2.112 RT..BK
5 3E 0.64 2.064 RT
6 3A 0.608 2,384 RT..BM
7 3B 0.912 1.92 BK
8 ac 0.528 2.256 RT
9 3D 0.544 2.48 P

Fig. 4

Test results
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Subject’s Neme:|terrence myles
MEAN MEAN
VISUALIZATION RESPONSE TOTAL
TIME TIME SUBJECT
oBJECT [SECONDY SECONDS] ERRORS
50 272 3.677333 0
Form A Totals: SP 3634667 5754667 ]
9R__ 2645333 3576 1
Total tean Visusalizetion Time: 25 2568 3848 2
3.372444 ol 3786667 3842667 0
Total Mean Response Time: SU_ 3618667 3 146667 1
4.350222 oY 2765333 5496 0
Tota, Number of Errors: oW _ 4261333 3962667 0
11 2X_ 4378667 6690667 0
9Y 5437333 6778667 !
27 5138667 46 2

Fig. 5

be used to modify the SVT. Fur-
ther pilot testing will be per-
formed during the Autumn Quarter,
1989 at Ohio State University on
engineering students.

Summary

More testing must be done on
the SVT to determine if it is a
valid and reliable instrument to
measure visualization and ortho-
graphic drawing ability. Goals
include the use of the SVT to:

1. measure visualization
pre—- and posttest capabilities,

2. measure the brain elec-
trical activity of examinees dur-
ing visualization processing, and

who
or-

3.  reeducate students
have low visualization or
thographic drawing ability.

The

SVT should be useful for

Test results

those in engineering and techni-
cal graphics who wish to pursue
research in visualization or
would 1like to determine their
students' ability to visualize or
understand orthographic drawings.
Bertoline13, Miller and Berto-
line14, Ross 5, Wileyl6, and oth-
ers strongly advocate visualiza-
tion research in engineering and
technical graphics. The SVT pro-
vides our profession the tool
necessary to pursue further re-
search in visualization.
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Engineering Graphics as a Lecture Course?

James C. Shahan and Paul S. De Jong

Freshman Engineering Department
lowa State University
Ames, Towa

The results of an experiment in teaching engineering graphics using the tra-
ditional lecture-homework-laboratory technique are compared to a newer
lecture-homework proposal. While the newer method reduces professor-stu-
dent contact, it may prove to be as effective as the older method requiring

laboratory instruction,

Introduction

Recent developments have af-
fected the discipline of engi-
neering graphics. Engineering
education seems to be in transi-
tion from a more "board-oriented"
to a more mathematical basis, and
there appears to be a trend to
put more of the burden of the
learning process on the student.
The growth and availability of
computing power and computer
graphics continues to necessitate
changes = in "basic™ draphics
courses. Engineering faculty are
exXpected to create time to either
teach more students or conduct
more research. All of these fac-
tors have limited the material
being covered by core graphics
courses and the expectations of
these core classes.

It is natural, in view of these
changes and pressures, to ask the
question, "Is it ©possible to
teach engineering graphics, con-
sidered almost universally to be
a lecture-homework=-laboratory
course, as a strictly lecture-

homework course?"

In an attempt
to answer that question, an ex-
periment was performed in which
two sections of the introductory
engineering graphics courses were
taught using three one-hour lec-
ture meetings per week for one
semester. Two instructors col-
laborated on the project and each
taught one experimental section
as well as one control section
that met for three two-hour peri-
ods. There were no other measur-
able differences in material pre-
sented, the intent being to du-
plicate the 1lecture for both
types of classes,

Traditionally engineering gra-
phics has been taught in a labo-
ratory setting in which classes
met for either two or three hours
per week. This arrangement was
required because of the "skills"-
related topics covered and be-
cause engineering projects needed
extensive manual documentation.
Example topics in a traditional
course include lettering, and ge-
ometric construction. These and
other topics were taught with
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rather specific goals and stu-
dents practiced until they were
able to produce drawings which
were "personality-free", correct
and uniform in appearance and ca-
pable of duplication as blue-
prints.

It would be difficult to order
chronologically all technological
and economic pressures, but both

have continuously influenced
drawing procedures. Development
of better 1light-sensitive dyes

and improved ammonia development
processes made Iinkwork unneces-
sary for working drawings. Sim-
plified drawing standards elimi-
nated "elegancies" of early
drafting. Embellishments became
expensive frills and were elimi-
nated. Variable-width leads for
mechanical pencils have made line
contrast a trivial problem to a
person exercising reaschable
care. A wide variety of readily-
available lettering machines have
made excellent lettering a talent
rather than an absolute necessity
in many offices.

None of these things even begin
to involve a computer,
properly utilized, has the poten-
tial for eliminating the drawing
as a document needed for planning
production. With the computer,
the drawing may be completely by-
passed, except as a verification
tool of the machining process.

As the Computer Takes Over

Within the framework of a com-
pany's financial ability, formal
drawing skills as such are becom-
ing 1less important and hence,
they are logically becoming less
important educationally. The
term "formal", when associated
with drawing skills, should be

which '

ENGINEERING GRAPHICS AS A LECTURE COURSE? 1]

emphasized as that which is
becoming less important. As com-
puters are assigned more and more
documentation and manufacturing
duties, sketching skills will be-
come perhaps more important than
ever, particularly when the oper-
ator is not an engineer. Letter-
ing is a good example of one such
"formal" concept.

Instruction in freehand Gothic
lettering wusually includes and
once required "stroking".
"Stroking" describes the direc-
tion and sequence of line drawing
to best form a given letter in a
way that all students would pro-

duce nearly identical 1letters
with a quill pen(!}. In a com-
puter Dbased environment, style

control is accomplished by simply
specifying text size and font.
Instruction of freehand lettering
igs then more concerned with neat-
ness and readability, not Gothic
perfection. similar statements
can be made about other drafting
topics, particularly 1line gqual-
ity.

Similarly, while understanding
the definition and consequences

of the orthographic projection
system is still important to a
practicing engineer, increased

computer power has also made pos-
sible the soclution of many geo-
metric properties by analytical
methods which, until recently,
would have been too involved for
manual execution and too memory-
hungry to accomplish even with a

computer. Other topics, such as
computer modeling and computer
drafting, have been added to

graphics courses because of their
common use in industry.

All of the previously mentioned
developments -appear to be leading
engineering graphics courses from
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a practice~oriented environment
toward a more theoretical base.
This transition may also indicate
the possibility that graphics
could now be covered in a one-
hour lecture format with labora-
tory time replaced by homework.

In addition to these considera-
tions, pressures to make educa-
tional institutions more "produc-
tive" makes time more precious
every year. Reduction of class
contact by fifty percent would
produce large Dblocks of po-
tentially useful research time,
if indeed that reduction could be
implemented without wundermining
course quality. It was therefore
decided to undertake just such a
study to determine the potential
of this line of reasoning and the
students' impressions of such a
course.

Graphics at Iowa State University

- The freshman 1level graphics
course at Iowa State has experi-

DE JONG VOL 54., NO. 1

enced numerous changes. In the
1940's and 50's, students met for
ten hours per week. The course
was concerned with both delin-
eaticn and "engineering hardware"
familiarization. The present
graphics course meets six hours
per week with only about half of
the course dealing with tradi-
tional graphics topics. Virtu-
ally no "hardware"; i.e., instru-
ment work, is done in class. The
rest of the course is related to
design and computer graphics. A
topic outline of the course is
presented in Table 1.

Lettering and two- and three-
dimensional sketching are the
topics chosen to introduce engi-
neering graphics. Drawings are
copied to teach basics of engi-
neering drawing and eye/hand co-
ordination. The use of scales,
instrument drawings, and computer
programming expand the basic
knowledge used in freehand work.
Orthographic projection and
solids interpretation are used to

TRADITIONAL NON-TRADITIONAL

TOPIC TOPIC
Introduction
2D Sketching *
Lettering *
3D Sketching *
Scales *

*

Instrument Drawing
Computer Drafting
Orthographic Projection
Solids *
Computer Drawing (Basic)
Vector Methods

Geometric Modeling

¥

Modeling/Analysis

Sections *
Dimensioning *
Design Drawings *

Conceptual Design

Table 1

TOPIC PERIODS

L -

LWkerHFHFMFHEFNNWWOUNMNRFHRWORO
cCoOUUoUUuooocoOoOoOoUIon

Engineering graphics at Iowa State University
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introduce and develop visualiza-
tion skills. Computer modeling,
analysis, and vector methods are
topics which allow not only an
introduction to computer graphics
systems, but also an introduction
to how they work. Additional
graphics topics allow a chance to
intrecduce other important types
of drawings and practices and to
apply fundamentals to "practical"
situations.

The structure of the course has
gradually evolved to a point that
most of the topics are presented
in a lecture that lasts from ap-
proximately thirty minutes to one
hour. The rest of the period can
then be utilized as a lab where
students work on problems, with
instructors available for indi-
vidual help. It is 1logical to
question the need for the second
hour of a two-hour meeting in a
university-level course when a
great deal of the material 1is
mathematically oriented.

The One Hour Class

In view of the preceding fac-
tors, the authors proposed to de-
termine if modern engineering
graphics courses could be taught
as lecture courses, 1if students
could develop what few skills are
required without the benefit of
the "lab hour", and the modifica-
tions that might ke required to
implement such a drastic change.

Under the proposal, each author
taught one traditional two-hour
(control) section and one experi-
mental one-hour section, limited
to lectures with a few extra min-
utes for questions and only occa-
sional opportunities to start
homework before the hour ended.
To assure a rational comparison,

ENGINEERING GRAPHICS AS A LECTURE COURSE? 11

the experimental sections used
the same course outline, were as-
signed +the same homework, - and
took the same exams as the other
sections. It should be mentioned
that the contact time on exam
days was extended tc match the
"designed time" of the exam. The
only significant change was the
number of class-contact hours.

To aid in the process of adapt-
ing to a one-hour class, each in-
structor added two office hours
and the classroom was made avail-
able for the second hour to those
who wished to continue working.
The necessity of both of these
will be addressed later.

Special Section Preparation

Preparing to make the format
switch primarily involved modify-
ing lecture material. The lec-
tures were edited to fit the one
hour (actually, fifty-minute)
time limit. The same lecture was
then used for both sections.
only a few lectures had actually
to be reduced to fit the allotted
time. Some topics that had been
covered in "split" lectures were
combined. An example of a split
lecture is one involving the ex-
planation of scales usage. With
a two-hour class period, it is
convenient to lecture on the en-
gineer's scale and allow the stu-
dents to work related problems
during the first hour, then con-
tinue to the metric scale lecture
and problems in the second hour.

The biggest switch in the lec-
ture material was deciding what
to present and how to present it.
A laboratory format allows for a
more individual apprecach that en-
ables - students to do a limited
amount of self discovery. The
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lecture format has to be more
structured to avoid leaving too
many loose ends. Another aspect
of lecture mecdification was to
anticipate questions to minimize
the number of individual prob-
lems.

Experimental Results

The results of this experiment
are separated into two cate-
gories. The first group of re-
sults compare the exam results of
the experimental and reference
sections. These results are also
compared to the other sections of
graphics courses (Table 2). Also
presented are the results of an
end-of-semester survey taken in
an attempt to obtain some kind of
formalized opinion from the stu-
dents involved.

For the purposes of this paper,
the final exam is used for com-
paring test results. The final

SECTION AVG. GRADE
1 3.07
2 3.03
3 3.02
4 3.02
5 2.96
) 2.94
7 2.85
8 2.81
9 2.79
10 (instr. 2, ref.) 2.68
11 2.68
12 (instr. 2, exp.) 2.67
13 2.67
14 (instr. 1, ref.) 2.65
15 (instr. 1, exp.) 2.62
16 2.57
17 2.5¢
18 2.46
18 2.07

Table 2 Grade summary for FR.E.

170, Spring 1988
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exam is comprehensive and covers
the main components of an intro-
ductory graphics course - visual-

ization, computer methods, and
drawing conventions and prac-
tices. From the final exan,

eight out of the nine questions
were selected for use in the com-
parison. The ninth question was
not selected because an alternate
exam that some students took was
sufficiently different in content
that any comparison would be of
minimal wvalue. The selected
dquestions are presented in Fig.
1.

A section-by-section comparison
for each of the problems from
Fig. 1 is presented in Figs. 2
and 3. These diagrams indicate
the differences between the spe-
cial sections, 1b and 2e, that
met for one hour per week and the
reference sections, 2b and 1le,
that met for two hours per week.
One instructor taught sections 1b
and 2b; the other taught 1le and
2e. Moreover, a comparison of
the bar graphs of Figs. 2 and 3
shows no clear-cut differences
between the sections for the
problems shown in Fig. 1. Only
two of the problems (Nos. 2 and
4) showed each instructor's spe-
cial section receiving a lower
grade than his reference section.
Five of the problems (Nos. 1, 3,
5, 6, and 7) had one instructor
grade the special section higher
while the other instructor scored
the reference section higher.
There was even one problem (No.
8) where each instructor's spe-
cial section did better than his
reference section. The averages
for all the sections varied only
by one to two points for each
problem.

The sections had between 15 and
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25 students. A section average
can therefore be easily and sig-
nificantly influenced by two or
three scores that are either sig-
nificantly above or below the av-
erage. To show typical class
distributions, three problems
were selected. The first problem
deals with visualization. The
distributions are shown in Fig.
4. Figure 5 indicates class dis-
tributions for a drawing prac-
tices problem and Fig. 6 is a
comparison for a computer methods
problem. These graphics  show
that in all cases the individual
scores went from very low to per-
fect.

The results of a student survey
are presented in Table 3.  The
gquestions presented are directed
toward the students in the spe-
cial sections. The survey was
designed to sample a perception

Examination results,

(continued)

of each student's general feel-
ings and to see how important the
open laboratory time was.

The questions and corresponding
comments provided concerning the
open lab time indicated that most
students made use of this period.
It is unknown whether this may or
may not have affected their work.
Written comments indicated that
laboratory time was more critical
for computer work and team pro-
Jjects. '

The general results from the
survey were that the students
thought that the one hour format
was acceptable. Some of the com-
ments given related to factors to
consider when teaching the course
again. Other comments addressed
the original intent of the exper-
iment. If the one hour format
were to be adopted, the lecture
becomes even more important than
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NO

YES

25

Did you use the class during the open

hour?

1.

17
1l
19
6

13
11

29
24
5
2

anything of substance was left out?
Was there adequate office hours

Would the absence of the open hour
provided?

affect your progress?
Do you have the impression that

Were lectures adequate?
Did you have to study more?
Did you get your money’s worth?

2
3
4,
5
6
-

Student survey results

Table 3
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it is now. The lecture has to be
structured sufficiently to ensure
that the student can complete all
work without further help. A
common request was for more exam-
ple problems. Limiting lecture
time also results in reduction or
elimination of 1lengthy '"real-
world" examples. A lecture-only
class does not allow for skills
development. In general, 1f a
lecture-only course is going to
be adequate, it must be because
the "skills" requirement is re-
ally decreasing and that flexi-
bility in scheduling is more im-
portant than structure.

Conclusions

It is the authors' conclusion
that the content of the "modern"
graphics course presented no real
problems when taught in a lecture
format, and that a larger, de-
partment-wide adoption could be
made without insurmountable dif-
ficulties or consequences. In
all likelihecod, most of the stu-
dents could adapt more easily
than their instructors, who have
grown accustomed to lecture-lab
format. The authors found that
students in the experimental sec-
tions did not use available of-
fice hours for consultation and
help any more than other students
and that the additional office
hours were therefore not needed.
Thus, in a small institution, the
decision 1is probably determined
by the instructor's personal
preference and educational phi-
losophy.

In a larger institution, where
uniformity and conformity are im-
portant, the decision would be
more difficult. It is important
for students tc mature and become

ENGINEERING GRAPHICS AS A LECTURE COURSE? 17

responsible students and engi-
neers. The lecture-~lab format
allows flexibility and an oppor-
tunity for guidance and gradual
maturation.

The decisicn also must be based
on whether a faculty member's
time is best spent teaching in
the classrocom or at professional
activities and research. While

reduced contact obviously pre-
sents an opportunity to become
more productive 1in measurable

(and hence, popular) ways, it
places a rather low value on one-
to-one educational experiences.

The student must take a larger
initiative to ocbtain assistance,
and there is much less likelihood
of an apprenticeship relationship
ever occurring. Assuning the
newly-found faculty time is uti-
lized well, it might be expected,
as has been suggested by various
studies, that one should become a
more effective/popular educator,
bringing the cutting edge of
knowledge into the classroom.
Whether this quality is fully ap-
preciated by first-year students
or whether it would be perceived
as ramblings by a person more in-
terested 1in research than in
teaching is not known.

There are then several advan-
tages and disadvantages in either
option. In the final analysis,
the handwriting on the wall may
be that such decisions are often
defined by hard economic reali-
ties.
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A Microcomputer Descriptive Geometry Tutorial

Zuo Zongyi

Guangdong Institute of Technology
Guangzhou, People's Republic of China

In recent years, the number of computer graphics courses taught in the
People's Republic of China has been growing rapidly. Many universities and
institutes have sef up computer graphics curriculum or added the contents
of computer graphics to engineering drawing courses. In addition, many
universities have begun research in the computer graphics area and have
developed interactive software for learning descriptive geometry and

engineering drawing.
achieved.

Introduction

After three years of research,
a tutorial software system has
been completed which c¢an aid
descriptive geometry instruction.
This software includes extensive
examples and 1is very convenient
tc use. Each engineering student
may use it to familiarize himself
with the principles of descrip-
tive geometry, thus developing
his spatial visualization ability
and his ability to solve geomet-
ric problems. The software sup-
plies exercises which students
may solve through interactive
procedures and with man-machine
dialogues.

The software is named the Ap-
ple-microcomputer Tutor Descrip-
tive Geometry System (ATDGS). It
was develcped on an Apple II com-
puter using the Applesoft lan-
guage and some binary coded
files. Text files are also used.
An integrated system was formed
which runs reliably and rapidly.
It is convenient to use and is

Significani accomplishments have already been

easily illustrated to students.
Even students who know nothing
about computer graphics can use
it after an introduction of only
a few minutes. It has been used
at Guangdong Institute of Tech-
nology for more than three years
and at other universities in the
People's Republic of China for
teaching engineering drawing.
This software was approved by
the China Automation Association
in August, 1987 and has been hon-
ocred as the best and most ad-
vanced software of its kind in
the People's Republic of China.

Features of the Seftware

The software is designed to
serve as a tutorial for engineer-
ing drawing and descriptive geom-
etry. It furnishes exercises and
corrects student supplied soclu-
tions automatically. It can 1il-
lustrate the fundamental princi-
ples of orthographic projection,
introduce many solution methods
and procedures, and describe the
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features of geometric elements
with 3-D cartoons. Correct so-
lutions may also be displayed for
the various examples.

The software was developed to
allow the user toc follow the se-
quence of a normal text on de-
scriptive geometry or engineering
drawing; basic concepts are il-
lustrated first followed by more
complex material. Program imple-
mentation 1s conducted “through
the selection of various menu
items (Figs. 1 and 2). These
menus allow the projection of
points, 1lines, planes, curves,
and curved surfaces. In addi-
tion, the intersection of a line
and a plane, a plane and a plane,
a curved surface and a plane, and
curved surfaces may be deter-
mined. Also, the development of
a surface may be displayed as
well as the orthographic and iso-
metric projections of solids
(Figs. 3 - 15).

Correct student usage is en-
sured when activating each menu
item by the display of specific
instructions on how to use that
menu item. To avoid input/output
errors or other execution errors,
the system has a set of automatic
prevention and restriction means.
Thus, once a problem 1is initi-
ated, execution is never aborted
until the computer is turned off.
The software is meticulous in de-
sign and thus reacts rapidly to
user commands, Each step lasts
ne more than five seconds, in-
cluding elimination of hidden
lines and planes for 3-D solids.
Input and output data are limited
and protected. If any input er-
ror occurs, a request for a sec-
ond input of data appears on the
screen. In order to select menu
items, an automatic detective
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function has been established,
enabling one to press the ESC key
or a special function key to re-
turn to the main menu or one of
the submenus.

Generally, the system has 2-D
and 3-D graphics capabilities and
the ability to eliminate hidden
lines and planes of c¢oncave or
convex solids, and it functions
in an interactive mode. In addi-
tion, it is able to modify a
part, edit graphics, and c¢lip and
display text and graphics to-
gether. The response speed 1s
faster than any other method.

Software Configuration

The software is formed in six
boxes or modules, each module
containing many models or con-
struction frames (Fig. 16). The
main menu selects the appropriate
modules and the submenus select
the appropriate models. To de-
crease response time, the disk
operating system has been modi-
fied so that it operates three
times faster than normal.

Each model is relatively inde-
pendent, but all models share the
same data base and resources.
Menu actions are chained to each
other dynamically so there are no
repetitions. Most graphics data
is stored in data text files.
Adding new data files or modify-
ing data files can create new
graphics without inputing a new
program. The software also sup-
plies a model allowing the input
of solid model data, thus allow-
ing its orthographic and isomet-
ric projections to be displayed,
thus developing a new exercise.

A free-drawing model 1is avail-
able to help students design geo-
metric objects, to write letters,
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and to wvisualize pictures and
patterns. By utilizing function
keys and the cursor, various line
types may be displayed on the
screen. The student may then
create, erase, edit, delete, etc.
their own creations, thus en-
abling them to gain a knowledge
of the software capabilities
(Figs. 17 - 24).

The software is stored on two
sides of a single disk. After
booting, the main menu appears on
the screen and prompts the stu-
dent to select a menu item. With
the aid of instructions displayed
on the screen, students may ini-
tiate actions desired.

Conclusion

At the Guangdong Institute of
Technology, all students who ma-
jored in mechanical building and
in environmental engineering from

1
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1986 through 1988 used this soft-
ware. Each student is allocated
16 to 20 hours of computer-ter-
E? minal time each semester. The
-Wiﬁﬁa course work is divided inteo five
\ or six experiments, reguiring the
T completion of wvarious exercises
and the preparation of reports.

The students have been most en-
thusiastic in their use of the
software, and it has proven suc-
cessful in the study of descrip-
tive geometry and engineering
drawing, as well as in allowing
them to become familiar with the
operation of the computer. It
seems to have combined the pre-
sentation of knowledge with
entertainment, bringing together
drawing conventions and computer
data, thus ailding the student to
relate graphics to number
manipulation. This new method of
study allows each student to use
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the computer from his initial
introduction to engineering draw-
ing to the completion of his
studies. Comparisons between
students who have used this soft-
ware to those who have used
conventional pencil and paper
methods indicates better results
for those learning by using com-
puter graphics.
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Effects of MicroCAD On Learning
Fundamental Engineering Graphical Concepts:
A Qualitative Study

James A. Leach

Engineering Graphics
University of Louisville
Louisville, Kentucky

Randall L. Gull

Dept. of Curriculum and Teaching
Auburn University
Auburn, Alabama

Students' reactions and performances are examined when tanght engineering
geometry concepts using a standard microcomputer-aided drafting

(microCAD) software package.

Two purposefully sampled groups were

investigated: one group had extensive to moderate computer experience and
the other had limited to no computer experience. Data were collected using
videotapes, individual and group interviews, and document analysis. In-
terpretations and conclusions were deduced by coding and categorizing data
into emerging trends. Recommendations are given for teaching engineering

graphics courses using microCAD.

Introduction

After completing a microcom-
puter-aided drafting (microCAD)
test, Allen and Robert were asked
how they felt about the test:

Allen: "I felt at home. I
felt at ease. I felt like I had
an advantage over the others be-
cause this was right down my al-
ley!"

Robert: "I didn't know. If I
did fiddle with it, maybe it
would go bleep and wipe out my
whole drawing!"

What made Allen feel "“at home"
with the microcomputer, and
Robert, who seemed equally quali-

fied, tense up and fear the mi-
crocomputer might "bleep out" his
work?

puring the fall term, 1988, two
college-level introductory engi-
neering graphics classes, each
with about 48 students, were
taught the same engineering
graphical concepts; however, one
class used manual instrument
methods and the other class used
microCAD methods.

For the first test, each class
was given the same engineering
geometry prcblem. Although the
test score means for each class
were about equal, the grade dis-
tributions were vastly different.
In the manual class, the grade
distribution was a normal bell
curve with a standard deviation
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of 15.2, Dbut in the microCAD
class, it was an inverted bell
curve with a standard deviation
of 23.5 (of 48 grades, 19 were
A's and 12 were F's). For some
reason, the micreoCAD class had
polarized results. Many students
had no trouble completing the
task, and many had such diffi-
culty that they never completed
the task. '

Schaer and Trentham! showed
that students entering college-
level engineering graphics
courses have a range of abilities
in +two- and three-dimensional
perceptual skills that may affect
performance -on related course
wWork.
dents had taken at least one high
school drawing course, while most
had ne training in engineering
graphics. These factors, and
others, such as IQ and test pre-
paredness, may help explain the
normal distribution of test
scores.

What theory could explain the
abnormally polarized scores of
the students in the microcaD
class? A literature search re-
vealed no findings on this tech-
nology's effect on performance in
engineering graphics courses.

Computer experience may have
enhanced some student's perfor-
mances in the microCAD class.
Perhaps these students had a more
positive attitude about computers
than students without computer
experience. Or, maybe these stu-
dents could transfer knowledge,
such as keyboarding skills or
command syntax, to the microCAD
instructional environment.

While many graphics educators
may subscribe to ‘this theory,
other factors should be consid-
ered. Leach? and orrd believe

‘learning new tasks.

Also, some entering stu-

microCAD software has a high de-
gree of user-friendliness that
minimizes the impact of a stu-
dent's computer experience on
These au-
thors also point out that micro-
CAD software is highly special-
ized; therefore, the advantage of
computer experience would be min-
imal. In support of this argu-
ment, a student interviewed for
this study stated:

"I've worked with various com-
puters and word processors. I
just want everyone to know it
doesn't matter ... AutoCAD is to-
tally different to a word proces-
sor or Jjust typing. I think,
even it you have worked on a com-
puter previocusly, I'm in the sanme
shoes that you are in."

These issues were investigated

by applying qualitative research

design to the microCAD class in
the 1989 winter term. This
class's format was similar to
that of the 1988 fall quarter
class in which the polarized
scores were observed. The micro-

' CAD software .package which the

class used was Autocad Release 10
by Autodesk, Inc.?

Research Questions

Initially, the
tions were asked.

following ques-

l. Was previous computer ex-
perience helpful to students who
used the AutoCAD program to learn
engineering graphics?

2. How does a student's pre-
vious experience, or lack of ex-
perience, using a computer affect
his/her learning engineering gra-
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phics with the AutoCAD program?

3. Are students comfortable
learning engineering graphics in
a microcomputer-based environ-
ment?

During data collection, addi-
tional research questions were
formulated to investigate prepa-
ration for taking tests and the
use of partners for completing
daily assignments.

Research Methodology

The qualitative analytical re-
search design5 with case studies
was used. With this design, work
could focus on how and why the
students reacted to the instruc-
tional method, by probing their
attitudes, feelings, and inner
thoughts, as well as by examining
their test results. Differing
from quantitative research which
deals with large samples and asks
what were the effects (by study-
ing the gquantity of behavior),
qualitative research involves an
in-depth investigation of a small
sample to determine why the ef-
fects occurred (by studying the
gquality of behavior). A small,
purposefully sampled group was
most amenable to this qualitative
investigation. The design did
not address issues that could be
quantified, and findings were not
statistically generalized to a
larger population.

Five students were studied.
Data were collected from a combi-
nation of direct observation,
videotape, and group and individ-
ual interviews during a five week

period - about two weeks before
and two weeks after the first
test.

EFFECTS OF MICROCAD ON LEARNING 27

Questionnaires were given to
the students at the beginning of
the guarter. The completed ques-
tionnaires briefly profiled each
student's previous mathematics
courses and current grade point
average (GPA). Using these pro-
files and a purposeful sampling
methods, four students were se-
lected for the initial research
sample. All of the students had
a GPA above 2.7. All had similar
mathematical backgrounds of four
Or more courses. Two students
had extensive to moderate com-
puter experience; two had limited
to no computer experience. Thus,
sample members differed only by
experience, not by the other fac-
tors which could be potentially
correlated with the performance
measure.

After the first test, the sam-
pling criteria were expanded to
include the students' test per-
formance. The researchers felt
that further delineation of sam-
pled students based on test re-
sults might give insight on how
computer experience affected stu-
dent performance. A rTeview of
the test scores substantiated the
selection of the initial four
students. Based on the new cri-
teria, one more student was added
to the inexperienced sample.

For data collection, students
were placed in twe groups.

Experienced/High Test Scores
- students with extensive to mod-

erate computer experience and
with high scores on the first
test.

Ineyxperienced/Low Test Scores
- students with 1limited to no
computer experience and with low
scores on the first test.
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Data Collection

Observations and interviews
were the primary data collection
methods. Students were not in-
terviewed by their instructor,
but by a "neutral researcher. To
ensure objectivity, the data were
triangulated with the following
data collection methods:

Videotape - One student
from each group was videotaped
while solving the engineering ge-
ometry test problem using Auto-
CAD. Coded notes from tape ob-
servations were compiled. Video-
tapes were replayed during indi-
vidual interviews to assist stu-
dents recall their feelings and
thoughts during the test. The
videotapes also supported data

cbtained from direct observa-
tions.
.Group Interview - A 15-

minute, unstructured group inter-
view of the five students was
conducted immediately after the
test. Before and during this in-
terview, neither the students nor
interviewers knew the students'
test performance. The students
were simply told,
dents are being asked to get to-
gether and discuss their feelings
and- thoughts on using the com-
puter to learn engineering graph-
ics. " The discussion was tape-
recorded and then transcribed.

From the group interview infor-
mation, using topics of concern
voiced by the students, questions
were developed for the ensuing
individual interviews.

Individual Interviews -
Forty-five minute, individual,
structured interviews were con-

"Several stu--

VOL. 54, NO. 1
ducted several days after the
test. Each of the five students

was asked fifteen questions,
grouped according to the three
research questions, in a consis-
tent, objective, and structured
format. In a supplemental ses-
sion, the two videotaped students
were shown preselected portions
of the videotapes and were asked
to reflect on what they were do-
ing and how they felt.

Document Analysis - The en-
gineering graphics test had two

sections: short-answer guestions
(20 points), and an engineering
geometry problem (80 points).
The course instructor evaluated
the types of errors and classi-
fied them according to probable
computer-related or graphical
concept-related errors.

Data Analysis Strategies

Using the transcripts of the
group and individual interviews,
summary videotape observation
forms, field notes of direct ob-
servations, and test analysis,
the researchers coded and catego-
rized the data into a data base
of six major categories:

Transfer - Skills, knowl-
edge, or experience that were
learned or wused before entering
class and that were helpful dur-
ing the test. Subcategories:
Graphical concepts, computers.

Attitude - Positive or neg-
ative feelings or thoughts. Sub-

categories: Graphical concepts,
computers.
Poise - Composure, and

stress of confidence levels dur-
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ing the test. Subcategories: rience generally 1learned engi-
Graphical concepts, computers, neering graphical concepts using
environment. AutoCAD easier than those with
limited to no experience. stu-

Strategy - Systematic ap- dents with computer experience

proach to an objective. Subcate-

gories: Test taking, test pre-
paredness.
Performance - Work quality

and accuracy. Subcategories:
Graphical concepts, computers.

Partners - Attitude about
using partners for microCAD ses-
sions. Subcategories: Advan-
tages, disadvantages.

Two matrices, the Data Coding
Summary Sheet and Antecedent-Ex-
periential—-Results Matrix, were
constructed. Data were weighed
as having either a positive or
negative impact on the category,
then mapped and displayed about
two axes. The Data Coding Sum-
mary Sheet axes were student sam-
ple and coded data categories.
The Antecedent-Experiential-Re-
sults Matrix axes were student
sample, and gquestionnaire cate-
gories, coded data categories,
and test scores.

Interpretations and Conclusions

The following interpretations
and conclusions were made:

Research Question 1: Was previ-
ous computer experience helpful
to students who used the AutoCAD
program to learn engineering
graphics?

Despite the relative ease of
learning AutoCAD and its propri-
etary command structure and syn-
tax, students with computer expe-

were aware of the transfer of
skills and knowledge and stated
s0:

"] ¢can see what they're say-
ing, how if you've got two dif-
ferent programs, it's different,
but there is the factor that if
you have worked with computers
before, you do feel more confi-
dent."

When interviewed, the inexperi-
enced students had positive atti-
tudes and felt that they were not
disadvantaged at the onset of the
term. One student stated:

"This is AutoCAD, it's dif-
ferent We're all at the same
level.”

Despite their positive atti-
tudes, the inexperienced stu-
dents' poise and performance lev-
els fell extremely low in the
testing environment, as this stu-
dent's quote illustrates:

"When I got there I thought T
knew what I was doing and every-
thing. And you know, I started
off pretty well, but as time went
on, I asked myself: 'What am I
supposed to do now, and what anm I
supposed to do after that?'"

These students were struggling
on two levels - microcomputer use
and graphical concepts. Com-
pounding these problems with the
normal stress of a testing envi-
ronment generally resulted in
loss of poise and confidence, and
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in frustration and intimidation.
Students with computer experience
could focus on using graphical
concepts and on solving the test
problem. Their confidence with
computers alleviated and, in one
case, counteracted the stress of
test taking.

"I felt at home,. I felt I
had an advantage over the others
because this was right down my
alley."

Differences between the experi-
enced and inexperienced students
were also evident through obser-
vations and document analysis.
The videotapes showed the experi-
enced students' initiatives and
strategies in solving the test
problem, and the inexperienced
students' frustrations and
inabilities in creating the geom-
etry that led to 3- to 5- minute
inactive pericds. Test analysis
of the inexperienced group showed
they did not understand either
graphical concepts, software com-
rands, or coordinates resulting
in incorrect dimensional propor-
tions and tangencies of lines and
arcs.

The primary objective of the
engineering graphics course taken
by the students was to learn the
engineering graphical concepts in
order to . communicate through
standard engineering drawing
forms; a secondary objective was
for students to learn the skills
to create those drawings. Stu-
dents with computer experience
could concentrate more on learn-—
ing the engineering graphical
concepts, whereas students with-
out computer experience had to
learn graphical concepts in an
unfamiliar environment that di-

verted their attention to learn-
ing computer skills.

Research Question 2: How does a
student's previous experience, or
lack of experience, using a com-
puter affect his/her learning en-
gineering graphics using the au-
toCAD program?

During data collection, two
themes were immediately evident
that addressed this question:
student attitudes and knowledge
transfer.

Regardless of the experience,
all the students' attitudes to-
ward computers were positive.
They realized the computer's po-
tential as a problem-solving tool
and were willing to learn the
technology. During the individ-
ual interviews, the students were
asked, "“If you had a choice,
would you choose to take an engi-
neering graphics course using a
microcomputer or using manual in-
struments?" All students re~
sponded with "microcomputer".
One inexperienced student added:

"The computer is the way of
the future, if it's not already
here. I've got to learn to work
with the computer because I'm
sure I will be working with themn,
so I would have taken the com-
puter course."

Although the inexperienced stu-
dents had positive feelings going
into the test and had even estab-
lished some confidence with their
newly-acquired microcomputer
skills, their poise and perfor-
mance levels dropped dramatically
during the test. One student

stated:
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"] was afraid to fiddle with
the computer to maybe draw this
or try that. Maybe it would go
bleep or wipe out my whole draw-
ing."

The testing environment com-
pounded the problem, as one stu-
dent noted:

"Well, at first I was all
right. But once I saw everybody
else banging away and I was not
banging, I got a little nervous,
a little scared."

The inexperienced students'
lack of poise and confidence im-
pinged on their insecurities with
basic file management techniques.
In contrast, the experienced stu-

dents confidently experimented
with alternate problem-solving
methods. As one student ex-
pressed:

"Tf you don't understand the
concepts, you can do two or three
different things You can ex-
periment with it, trying to get
things right. I've always felt
like you could make a mistake.
You can always back up and change
it."

In individual interviews, stu-
dents with computer experience
said that knowledge transfer was
most related to file management
techniques. Referring to Xnowl-
edge transfer from other pro-
grams, one student said:

"A lot of the commands are
the same or very similar, 1like

QUIT, and STOP, and SAVE, and
HELP, and a lot of that sort of
thing."

the students

EFFECTS OF MICROCAD ON LEARNING 31

During group and individual in-

terviews, the commands that came
up repeatedly were related to
saving work and correcting mis-
takes; they were not specifically
AutoCAD commands. Only one com-
mand was mentioned that was re-
lated specifically to creating or
editing drawings.
'~ Computer experience was unre-
lated to the students' attitudes
toward computers, but graphics
experience did affect their atti-
tudes toward graphical concepts.
Two students without engineering
graphics experience felt  they
lacked the abilities to under-
stand the material. One student
expressed this frustration:

"Graphics and mechanical
drawing are compiled from a 1lot
of other things that I don't know
..+ I just don't have that line
of thinking. I'm the one who
wouldn't see a square; I think
the word square..., but I can't
visualize three-dimensional fig-
ures."

However, these same students had
positive feelings toward their
abilities and willingness to
learn computer skills.

Computer experience does affect
learning of engi-
neering graphics with AutoCAD,
mainly by giving them the knowl-
edge and confidence of basic file
management. This extended their
abilities to concentrate on, and
experiment with, graphical con-
cepts.

Research Question 3: Are  stu-
dents comfortable learning engi-
neering graphics in a microcom-
puter-based environment?
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During the individual inter-

views, all students responded
positively to the choice of
learning engineering graphics

with microcomputers versus manual
"instruments. Based on these data
and on general observations dur-
ing daily laboratories and analy-
sis of daily assignments, the
students were generally comfort-
able learning engineering graph-
ics in the microcomputer environ-
ment. However, they were uncom-
fortable in the testing environ-
ment where pressure and stress
lowered their confidence and
poise levels. The students were
affected differently, depending
upon their experience levels, in
three areas: computers, graphi-
cal concepts, and test taking.
One student said:

"It was like practicing to
play a tennis match - you get out
and practice and you can hit any
shot you want to, but when you
get 1into a match, 1t really
counts. You tense up ... choke."

Although the original research
question dealt with the use of
AutoCAD to learn engineering
graphics, the observations and
interviews were purposefully
structured around the testing
situation to elicit insightful
student differencies and re-
actions. Interpretations of the
interviews and observations are
valid in the less intense every-
day learning environment.

Other Findings

Because of space and eguipment
limitations, the students had to
work with partners in the super-
vised 1laboratory periods; how-
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ever, they were encouraged and
given opportunities to work indi-
vidually outside of class. Their
attitudes toward working with
partners differed and were di-
rectly related to the sampling
criteria. After doing poorly on
the test, the inexperienced/low-
scoring students felt that part-
ners hindered the learning pro-
cess, particularly for hands-on
microcomputer experiences. One
student voiced the feollowing con-
cern:

"When you have a partner,
that person becomes part of vyou.
What they don't know, you might
know, and what you don't know,
they might know. And when it
comes to taking the test, you are
thrust out on your own - you
don't have that partner to ask
and confer with."

In contrast, the experi-
enced/high-scoring students liked
working with partners and felt
that having two opinions was an
advantage. "Tt's a good way to
learn things," stated one stu-
dent, High-performing students
felt they controlled their own
destinies regardless of their
partner's abilities.

Test preparedness was in pro-
portion to test results: better
preparation resulted in higher
scores. The students' test
scores agreed with their inter-
view responses on test prepared-
ness for the short answer and mi-
croCAD sections. 0f the two ex-
perienced/high-scoring students,
one student saijid:

*T spent the twoe nights be-
fore up in the lab just working
on my own stuff."
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The other student stated:

"Well, I'm working on comput-
ers and AutoCAD so I can Just
blow that test off."

The resulting scores were 100 and
84, respectively.

One inexperienced student, who
scored 39, stated afterward:

"I went back and studied from
the book. I really didn't study
any drawings."

The students' GPAs and mathe-
matics experiences apparently had
no predictable effect on test re-
sults, whereas their computer and
graphics experiences did affect
themn.

Recommendations

The following recommendations
are offered for persons who plan
curricula or teach engineering
graphics courses using computers:

1. Teach file management
skills as a fundamental part of
computer use. In the first les-
son, devote adequate time to the
concepts of files and drawing
files. And, in the first few as-
signments, include software com-
mands and operating system com-
mands for saving, listing, copy-
ing, deleting, and viewing files.
students must be confident with
saving their work before they
learn fundamental graphical con-
cepts.

2. Delineate the two instruc-
tional dimensions o©f graphical
concepts and computer use. The
students must understand that the
computer 1is one of many tools
used to communicate graphically
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and that graphical concepts stand
independently of the media. At
least occasionally teach  the
graphical concepts in an environ-
ment other than the computer lab-
oratory, and with other media,
such as sketches, chalkboards,
manual instruments, or models.

3, If a partner or buddy sys-
tem is necessary, assign team and
independent work. Randomly as-
sign partners and rotate or al-
ternate them regularly (e.d.,
weekly). Assign work to be done
with and without a computer, such
as sketching on grids. Provide
an "open laboratory" with comput-
ers for independent work on per-
sonal time.

4. Schedule later in the grad-
ing period tests that require a
computer so that all students

have adequate time to build
skills and confidence. Devise
tests that delineate graphical

concepts and computer skills so
that individual student's strong
and weak areas may be isolated.
Schedule early in the grading pe-
riod tests that require manual
drawings, sketches, or short an-
swers.

5. Administer questionnaires
or pretests to determine the en-
tering students' computer and
graphical experiences. Using
these as class profiles, adjust
the instruction accordingly. Of-
fer remedial instruction early in
the grading period for some stu-
dents, possibly as an additional
class period.

Future Research

Purposeful sampling of computer
experience and test performance
assured a wide range of student
differences for this study. Data
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collection showed that the two
experienced/high-scoring students
alsoc had some experience with
graphical concepts; the three in-
experienced/low~scoring students
had little or no experience with
graphical concepts. No correla-
tion is implied, nor is such an
inference valid, from this quali-
tative case study. However, a
follow-up study should be con-
ducted of two additional student
groups: students with computer
experience, but without graphical
experience, and students without
computer experience, but with
graphical experience. Such a
study may show more clearly how
computer experience, or the lack
of it, affects learning engineer-
ing graphics using microCAD soft-
ware.
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Representation of Projection and Coordinate Systems
in Engineering Graphics

William. A. Ross

Department of Technical Graphics
Purdue University
West Lafayette, Indiana

Inconsistencies have been noted in methods used to graphically depict first
and third angle projection in engineering graphics texts. Also noted is the
lack of attention to the inconsistency in the relationship of projection to co-
ordinate systems. A comparison of the methods illustrated in several of the
market's established textbooks is presented. During the period of transition
from manually generated engineering graphics to computer generated two-
and three-dimensional data bases, the adoption of a standardized graphical
representation for projection and its relationship to X-Y-Z coordinate space -
is deemed useful for engineering graphics education.

Introduction

Each semester on university and
college campuses across the coun-
try, thousands of students pur-
chase tens of thousands of engi-
neering graphics and CAD text-

books. At an appropriate moment
in each introductory course, stu-
dents are introduced, often

hastily, to the simple but ele-
gant principle of . orthographic
third angle projection as shown
in Fig. 1(a). Although third an-
gle projection is standard in the
United States, if a textbook hap-
pens to contaln references to
both third and first angle pro-
jection, Fig. 1(b), additional
explanations concerning the in-
ternational method may be re-
quired. In an attempt to help
students clearly grasp these elu- (b) First Angle Projection
sive concepts, instructors at all

levels proudly display their Fig. 1

35
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plexiglass projection boxes, sure to projection is inevitable,
glossy overhead visuals, slick if for no other reason, because
wooden models, elegant CAD of the growing international na-
(chalk-aided drafting) illustra- ture of engineering.

tions, and of late, video pro-
jected computer graphics images.
Having apparently conguered this
topic, for all but a few stu-
dents, the instructor charges
ahead into the uncharted, myste-
rious territory of visualizing
and manipulating three-dimen-
sional geometry.

Thoughtful engineering graphics
educators may pause at this point
in the course to ponder some pro-
found questions. What is projec-
tion and why is it included in
our courses? Why do Europeans
and Asians use first angle pro-
jection? Why won't first angle
just go away? What about second
or fourth angle projection? How
does projection relate to the in-
consistent mixture of X, Y, Z co
ordinate reference systems found
in computer graphics and CADD
software? Are projection and
reference planes necessary with
3D computer graphics software
which lets us directly revolve
the object? Why can't we Jjust
deal with the direct view!
method, as shown in Fig. 2, like
George Heod used tco do? Having
gone through +this questioning
loop numerous times, one conclu-
sion reached is that some expo-

Fig. 2 The Direct View Method

Recently an attempt was made to
graphically depict first and
third angle projection together
in a single consistent model.
Unfortunately, efforts to do this
pointed out that texts are in
need of review and standardiza-
tion. The methods depicted in
textbooks are inconsistent, in-
complete, and in some cases, mis-
leading or confusing for students
attempting to grasp the whole
concept.

First Angle Projection

The development of a precise
technique for utilizing projec-
tion to graphically describe or
analyze engineering problems is
generally attributed to the
Frenchman Gaspard Mongez. An il-
lustration from his Geomenrie De-
scriptive. manuscript of 1795, shown
in Fig. 3, demonstrates the ini-
tial use of first angle pro-
Jjection. This 1llustration,
which projects plan and elevation
geometry onto two planes, may
also depict the origin of repre-
senting space as four guadrants.
Although a classified military
secret for nearly thirty years,
this technique eventually
achieved wide acceptance and re-
mains as the standard method
still used in European and Asian
engineering and engineering edu-
cation practice.

First angle projection also
served as the standard for engi-
neering graphics in the United
States until third angle projec-
tion began to gradually replace
its use in the late 1880's. Fig-
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Fig. 3 Plate I from Monge's
Geometrie descriptive of 1795

ure 4, from Thomas French's FEng-
neering Drawing text of 19183, de-
picts first angle projection and
identifies four quadrants for
projection. Professor French
also noted, in his 1918 text, the
curiocus mixture of first and
third angle projection used by
the British in which the right
side view is shown in third angle
projection4. This technique is
illustrated in Fig. 5. Modern
text illustrations consistent
with French's description include
Hammond, et. al.> (Fig. 6(a)) and
Iuzadder® (Fig. 6(b)).
notation for quadrants with only
two planes of projection are
shown by Eide, et. al.” (Fig.
6(c)), but the end results are
consistent.

First angle projection may be

A reverse
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First Angle Projection

+ L]
F'o"ﬂ QHLE\
Foy
En "Gu

Fig. 4

Fig. 5

thought of as projection of an
object to a plane. The cardinal
rule that must be applied for
true first angle projection is to
always place the object between
the observer and the plane of
projection.

Third Angle Projection

Third angle projection differs
from first angle projection only
in the location of the plane of
projection. Again there is only
one cardinal rule to follow - al-
ways place the plane of projec-
tion between the observer and the
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object.

This simple technique has been
illustrated consistently bg
French3 (Fig. 7(ay), Higbee
(Fig. 7(b3), Earle” (Fig. 7(c)),
Gieseckel (Fig. 7(d)), and Yan-
keell (Fig. 7(e)).

Consistent with the quadrants
of projection used in first angle
projection, modern text illustra-
tions from 0livol2 (Fig. 8(a))
and Eide, et. al.7, (Fig. 8(b))
are shown. A reverse notation
for guadrants with only two

(a) Hammond

Vortical Plome

(b) Luzadder T
1 d}k |
B I I %W

” I }
[ ]

a" . . ¢

':z;:.:”/

(c} Eide, et. al. (b) Higbee
Fig. 6 First Angle Projection Fig. 7 Third Angle Projection

Models Models



WINTER, 1990
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(d) Giesecke
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perpendicutar to projection plane

(e} Yankee

Fig. 7 (continued)
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(b) Eide, et. al.

Fig. 8
Models

Two Plane Third Angle

planes of projection are shown in
the Eide illustration, but again,
the end results are correct.

Division of Space by Projection Planes

The systems of first and third
angle projection apparently de-
rived their names from the quad-
rants that are formed by inter-
section of one horizontal and one
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vertical plane in space, as pre-
viously illustrated (Fig. 3).
Consistent with the two-plane
method are descriptions by
French, Vierck, and Fosterl3 (Fig
9(a)), Olivol? (Fig. 9(b)), and
Eide, et. al.’, (Fig. 9(c)).

The inclusion of a third plane

of pra; ction is illustrated bg
Higbee (Fig. 10(a)}, Luzzader
(Fig. 10(b)), Spence (Fig.
10(c)), and Dobrovolny and
o'Bryant*? (Fig. 10(d)). These
illustrations imply, but do not
specifically name, the other
quadrant set that exists on the
opposite side o©of the ©profile
plane. The illustration by Do-

brovelny and O'Bryant does, how-

ever, include an additional pro-
file plane to account for both
left and right side profile
views.

Unfolding the Transparent Glass Box

Probably the most common tech-
nique for illustrating the tangi-
ble existence of third angle pro-
jection 1is to model it as a
transparent, hinged glass Dbox
containing the six common views
of an object. A variety of phys-
ical models have been built to

show this relationship. The
technique is well documented, as
shown by French? (Fig. 11(a)_)L6
Earle? (Fig. 11(b)), Giesecke

(Fig. 11(c)), Spence (Fig.
11(d)) and Yankee (Fig. 11(e)).

It is important to note the
common characteristics of all
third angle glass box models:

1. the front view plane is
the central or primary view

2, the other five planes of

the box all swing outward, away

ROSS VOL. 54, NO.
(a) French, Vierck, & Foster

(c} Eide, et. al.
" Fig. 9 Division by Two Planes

1
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Fig.
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(k) Luzadder

(c) Spehce

Division by Three Planes
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LinE oF SIGHT
Tar View

(d) Dobrovolny & O'Bryant

Fig. 10 (continued)

from the center of the box and
toward the observer

3. when the box is opened to
a single flat plane, it is as-
sumed in all six wviews that the
plane of projection always lies
between the observer's eye and
the object.

If first angle projection is
considered to be the inverse of
the third angle projection, then
one logical scenario for design-
ing a first angle projection box
would be to have it hinged in an
exact reverse of the third angle
box. Based on this premise, a
graphical model illustrating the
folding sequence of a first angle
projection box is shown in Fig.
12.

As with third angle projection
boxes, it is important to note
the common characteristics of all
first angle glass box models:

1. the front view plane is
the central or primary view
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(a) French
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Fig. 11 Third Angle Glass Box Models
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Fig. 12
Box

First Angle Projection

2. the other five view planes
of the box all swing outward,
away from the center of the box
and away from the observer, and

3. when the box 1s opened to
a single flat plane, it is as-
sumed in all six views that the
ocbject always lies between the
observer's eye and the plane of
projection.

Computer Graphic Coordinate Systems

Individuals trained to work us-
ing first or third angle projec-
tion should find two-dimensional
computer—aided drafting a natural
extension of their experiences on
the drawing board. The additiocn
of an X and Y coordinate system
and highly precise and qguick geo-
metric construction methods com-
pliment either first or third an-
gle projection equally.
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In imagining three-dimensiocnal
computer graphics, those trained
to use third angle projection may
tend to think of the object as
existing inside the computer and
being projected onto the screen.
This assumption appears to be
consistent with those developing
and explaining algorithms for
three-dimensional object descrip-
tion, as shown by Foley and Van
Daml5 (Fig. 13)

Learning to use 3D computer
graphics software for modeling
and design is a rather different
experience from traditional draw-
ing. The student or user quickly
learns to work directly in a
world focusing on revolving and
manipulating objects.  With the
exception of temporary construc-
tion planes, there is less need
for projection. The emphasis ap-
pears to be on geometric model
building facilitated through user
defined construction planes. The
use of construction or work

"planes" to define geometric pro-
files for 3D operations is 1l-
lustrated in Fig. 14.
shows

Figure

14 (a) the creation of a

3D NDC space

View surface

Fig. 13 Projection of Normalized
Device Coordinates

Ly
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Create Body

1~ %

Modify Body

(a)

(b)

Fig. 14 User Defined Construc-
tion Planes (Hewlett-Packard)

hexagonal prism by extrusion
along an axis. Figure 14(b)
shows the removal or subtraction
of geometry by defining the pro-
file of the part and revolving
the workplane about the axis of
the part. The presence of con-
struction planes should indicate
that a clear understanding of
projection -and reference planes
are likely to remain as critical
visual thinking skills.
Visualizing for students and
users of 3D CADD software is typ-
ically based on an orientation to
a predefined X-Y-Z coordinate
system. Most systems make the X
and Y axes parallel to the screen
with the 2Z axis normal to the
screen and parallel with the
user's line of sight. Although
coordinate systems may be user
defined, the default position for

. top, and
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most 3D CADD systems is a right-
hand rule model in the first
quadrant. As shown by Eide’ in
Fig. 15(a), the positive Y-axis
peints up, the positive X-axis
points to the right, and the pos-
itive Z-axis points out of the
screen toward the user. This co-
ordinate system is commonly re-
ferred to as the world or abso-
lute coordinate system. Ideally,
in mechanical drawing, the orien-
tation of this coordinate system
is also keyed with the front,
right side views as
shown in Fig 15(b). To assist
the user in keeping track of the
relative position of the 3D ob-
ject as it is rotated in space,
many software packages also show

HE 'SCREEN

(a)

A,
\ ’?O“‘/
9?\0‘\ e
z 3
{a)

(o)

Fig. 15 3-D Screen Coordinate
System (Eide)



WINTER, 1990 PROJECTION AND

the tripod of the world coordi-
nate system displayed in addition
to the object.

In some 3D CADD systems, the
default view is the top view.
This is contrary to the front
view as principal view in mechan-
ical drawing and should be con-
sidered as the user begins the
creation of a 3D file. Resetar-
its and Bertolinel” illustrate
(Fig. 16(a)) the method of ori-
enting world coordinates to the
respective views of an object us-
ing CADKEY. A similar technique
is used in AutoCAD for construct-
ing or extruding 3D geometries,
as 1illustrated by pasl8 (Fig.
16(b)) .

Conclusions and Recommendations

This article contains an ini-
tial examination of the existing
methods for graphically illus-
trating projection and coordinate
systems for manual and computer-
aided drafting and design. From
this survey, the following obser-
vations have been drawn:

Because an object may be cre-
ated and located arbitrarily with
respect to a 3D CADD world coor-
dinate system, the X-Y-Z coordi-
nates should not be absolutely
related to a standardized model
for the first and third angle
projection.

Solids are normally associ-
ated with three axes, X, Y, and
7. The projection of a solid ob-
ject should therefore require
three mutually perpendicular
planes for description: X-Y, X-Z,
and ¥-Z. ‘This is especially im-
portant with respect to projec-
tion.
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Fig. 16 AutoCAD and CADKEY Coor-
dinate Systemns

In order to make a complete
graphical model for describing
both first and third angle pro-
jection in describing solids, it
is suggested that the model con-
tain and depict eight octants of
space as opposed to only four
gquadrants.

A complete projection box
which hinges correctly for the
first angle projection would be
useful for students to compare
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and contrast with the third angle
Goss projection box.

Even in a world of total 3D
computer-aided design, the abil-
ity to clearly understand projec-
tion and reference planes is a
critical thinking skill which is
essential for graphical analysis
and description.

There are only two logical
methods of projection which are
fully ceonsistent in view genera-
tion. Why? Because, in any pro-
jection system the object is ei-
ther in front of or behind the
pPlane of projection. All other
quadrants (or octants) of space
surrounding the three planes con-
tain mixtures of first and third

angle projection, as noted of
British drawing by Thomas E.
French® in 1918.

Based on the logic of these
conclusions, the following spe-
cific recommendations are made:

The Engineering Design Graph-
ics Division should appoint an ad
hoc committee to develop a conm-
plete standardized method for
graphically illustrating and mod-
eling the following:

(1) A uniform octant-based
master projection model showing
both first and third angle pro-
jection.

(2) A glass box folding
method which depicts both the
third angle glass box and an in-
ternational glass box model show-
ing first angle folds. The two
glass boxes should be illustrated
SO0 as to nest in the octant-based
master projection model.

(3) A method of illustrat-
ing the X-Y-Z world coordinate
systems most commonly used in 3D
computer graphics which does not
imply a fixed relationship be-
tween first and third angle pro-
jection and positive or negative
coordinate location for objects.

This technique should be pre-
sented to the Division for possi-
ble adoption. This standard can
then be submitted to ANSI, text-
book publishers, software devel-
opment firms, and other agencies
having need of such information.

Corrections to the organization
and presentation of the material
in this study would be appreci-
ated. Continued efforts to de-
velop and standardize the
paradigm on which graphics educa-
tors operate is critical to the
longevity and growth of the pro-
fession.

References

1Hood, G. J., "On the Difference
Between Projection and the Direct
View", Engineering Design Graphics Jour-
nal, Vol. 47, No. 2, Spring 1983.

2Reynolds, T. 8., "Gaspard Monge
and the Origins of Descriptive
Geometry", Engineering Design Graphics
Journal, Vol. 40, No. 2, Spring,
1976.

3French, T. E., Engineering Drawing
(2nd ed.), McGraw-Hill, New York,
NY, 1918.

“Spence, W. bP. Engineering  Graphics
(2nd ed.), Prentice-Hall, En-
glewcod Cliffs, NJ, 1988.



WINTER, 1990

SHammond, R. H., et. al., Eng-
neering Graphics, Ronald Press, New
York, NY, 1971.

®Luzadder, W., Fundamentals of Engi-
neering Drawing (9th ed.), Prentice-
Hall, Englewood Cliffs, NJ, 1986.

7E:'Lde, A., Jenison, R., et. al.,
Engineering Graphics Fundamentals, Mc-
Graw-Hill, New York, NY 1985.

8Higbee, F. G., The Essentials of De-
scriptive Geometry (4th ed.), John Wi-
ley & Sons, New York, NY, 1930.

%Earle, J. H., Engineering Design
Graphics (5th ed.), Addison-Wes-
ley, Reading, MA, 1987.

10¢iesecke, F. E., et. al., Eng-
neering Graphics (4th ed.), Macmil=-
lan, New York, NY, 1987.

llyankee, H. W., Engineering Graphics,
PWS Engineering, Boston, MA,
1285.

12Olivo, ¢. T., et. al., Basic
Blueprint Reading and Skefching (5th
ed.), Delmar, Albany, NY, 1988.

13french, T. E., Vierck, cC. J.,
and Foster, R. J., FEngineering Draw-
ing and Graphic Technology (13th ed.),
McGraw-Hill, New York, NY, 1986.

14Dobrovolny, J. 5. and O'Bryant,
D. C., Graphics for Engineers, Visualization,
Communication, and Design (2nd ed.),
John Wiley & Sons, New York, NY,
1984.

15Foley, J. D. and Van Dam, A.,
Fundamentals of Interactive Computer Graph-
ics, Addison-Wesley, Reading, MA,
1982,

PROJECTION AND COORDINATE SYSTEMS 47

16yewlett-Packard:  Mechanical En-
gineering Series 30 Introduction, #74836-
90031, The Hewlett-Packard Co.,
Boeblingen, West Germany, 1987.

17Rese’carits, . J. and Berto-
line, G. R., Using CADKEY, Del-
mar, Albany, NY, 1987.

18pag, M. K., Learning CAD with Au-
toCAD, Prentice-Hall, Englewood
Cliffs, NJ, 1988.



Designing on your own desktop . . .

Educational Partnership Program

In an effort to promote educational excellence,
Control Automation is notifying schools of en-
gineering and architecture about its $18 million
Educational Partnership Program for the 1989-'80
school year. Control Automation invites you to in-
clude ModelMATE PLUS+ 4.0 in your MCAE lab
and curricuium. An unlimited site license and $1000
worth of free training are provided.

The Educational Partnership Program is open to all
schools offering undergraduate and graduate
degrees.

ModelMATE interfaces with many popular drafting

and FEA programs—>
ModelMATE PLUS + 4.0 Features CALL OR WRITE US NOW
e Integrated System
e Advanced User Interface FOR AN EPP APPLICATION!
e Easyto Learn and Use
e 100% Mouse Driven 407-676-3222
¢ Feature Based Modeling M o deIM ATE Users:
e Boolean Operations .
e 2D Construction System
e Tutorial Documentation
e Simple Entity Selection
e More Primitives
e Parametric Programming AL
e Coon’s & Bicubic Patches U of Arkansa U of Houston U of Wisconsin
e Sweeps Along Paths —
e Automated Ruled Surfaces Minimum Configuration needed:
e Expanded Display Databases IBM AT or Compatible 286 or 386 DOS 3.0 or Higher
¢ Multiple Light Sources Hard Drive 287 or 387 Math Co-processor
e Phong & Gouraud Rendering 1.2 MB 514" or 312" Floppy Standard EGA/VGA/PGA board with
. Parallel Port compatible monitor— over 100 video
e Surface Meshing Mouse or Digitizer cards supported.
[ ]

IGES & DXF Formats

CONTROL AUTOMATION, INC.

2350 Commerce Pk. N.E. #4
Palm Bay, Florida 32905 e 407-676-3222



New From McGraw-Hill

MATHEMATICAL ELEMENTS FOR COMPUTER
GRAPHICS, 2/e

David F. Rogers, United States Naval Academy
J. Alan Adams, United States Naval Acaderny

This book introduces, in a unified manner, the mathematical theory undetlying
computer graphics—since mathematical technigues are inherent in most
computer graphic applications.

Mathematical Elements for Computer Graphics, 2/e covers topics of keen
interest to students and practitioners in engineering and computer science:
transformations, projections, 2-D and 3-D curve definition schemes, and surface
definitions, as well as the newest techniques, such as B-splines, which are
incorporated as part of the software in advanced engineering workstations. i
also features sample programs {in the Appendix) and worked examples to help
illustrate the theory and to reinforce understanding.

The new edition has been thoroughly updated to present the state-of-the-art in
computer graphics so that its full operational potential can be realized. The book
is available in hard or soft cover.

Also from McGraw-Hill
COMPUTER GRAPHICS, 2/e

Steven Harrington, Xerox Corporation
1987

PROCEDURAL ELEMENTS FOR COMPUTER GRAPHICS

David F. Rogers, United States Naval Academy
MCGRAW-HILL 1985

ENGINEERING
To order your examination copies, please contact your local McGraw-Hill
representative or write to: McGraw-Hilf Colfege Division, Comp Processing
and Control, PO. Box 444, Hightstown, NJ 08520 .
A CONSTANT

FORTHE FUTURE
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With Ritter's new Problems Book you can
immediately move your freshmen into the
Engineering Problem Solving Methed. Solve
problems in Descriptive Gecmetry, and
Engineering Drawing through sketching, and
delineate the results with CADKEY. No
pictures with hints for deriving
solutions. No partially completed
problems, Each problem presents a format
with GIVEN data; REQUIREMENTS for
proceeding; HINTS for solutions; and
CADKEY functions to use. For a copy or an
adoption, call or write:

KERN INTERNATIONAL, INC.
190 Duck Hill Road
Duxbury, MA 02332

{617) 934-2452

Problem solutions available to faculty
committing to an adoptiocn.

— | )

Engineering
Drawing Videos

| This complete VHS video package will help prepare your students
4 for careers in CAD and Engineering. The six tapes combine a

teacher’s classroom presentation and computer-animated graphics
with aciual drawing exercises from the workbook included. Intended
to help you teach basic Graphic concepts, it was designed by
Dr. Leonard O. Nasman of The Ohio State University.

| Topics include: intro. fo Drafting Tools & Equipment, Parts 1 & 2,

Basic Graphic Principles, Mulfiview Drawing,
Dimensioning, & Secfional Views.

i These ¥2* VHS instructional tapes are avallable separately for

$49.95 each, or get the entire set for just $269.95 (No. EDV-600).

Call TOLL FREE today 800-622-1000
From All 50 States

HEARLIHY & CO.
714 W. Columbia St.
Springfiefd, Chio 45501
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A Remembrance

Abram Rotenberg

Word is received of the passing
of Abram Rotenberg. Abe is sur-
vived by his son Joe, an electri-
cal engineering student at the
University of Melbourne, Aus-
tralia.

I think most agree that Abe had
one of the world's finest engi-
neering graphics minds. His pa-
pers occupy a unique place in
graphics development because of
his attempts to systematize the
manner in which descriptive geom-
etry problems and solutions, and
all engineering graphics problems
and solutions, are analyzed and
established as true. Abe ab-
horred imprecision and ambigui-
ties. His approach was "old
world", through the scientific
method rather than mere visual-
ization and intuition - although
his intuitive insights were sur-
passing. If Monge told us the
how, Abe proved the why. He of-
ten focused on applying to engi-
neering graphics and descriptive

ENGINEERING DESIGN GRAPHICS JOURNAL 51

geometry the equivalent of the
mathematical and geometric condi-
tional invariant. His last pub-
lished work of which I am aware
advocated a definition of de-
scriptive geometry in terms of a
conditional invariant.

I became acquainted with Abe
some fifteen years ago during my
tenure as the Puzzle Corner edi-
tor for the EDG Journal. One of
the Corner's most gratifying ex-
periences was publishing Abe's
"First Descriptive Geometry Gen-
eral Solution To The Problem: De-
termine All Directions In Which
Any Two Skew Lines In General Po-
sitions May Be Viewed Such That
They Appear Equal In Length",
dubbed The Rotenberg Solution.

Abe's quietness and passion for
precision belied a very human
person. Once at a mid-year meet-
ing at which he won the Oppen-
heimer Award, he advised me when
T was feellng particularly inade-
guate, "Do not prepare too much."
Another insight into his charac-
ter came at the International
Conference on Engineering and
Computer Graphics in the People's
Republic of China. There he pub-
licly chided the hosts for their
refusal to allow entry permits to
Israelis.

Abe was born in Poland in 1921,
"relocated" to Siberia by Stalin,
migrated to China, Canada, the
United States, and Australia. He
lectured at the Tashkent Univer-
sity, USSR, at Princeton Univer-
sity, and since 1959, at the Uni-
versity of Melbourne.

The lack of Abe's presence
somewhere on the planet is felt
by all who knew him. I shall
miss him very much.

Pat Kelso



52 ENGINEERING DESIGN GRAPHICS JOURNAL

Chairman's Message

by
Frank Croft

For those members of the divi-
sion who could not attend the
Mid-year Conference 1in Tusca-
loosa, I can only say that you
missed one of the best meetings I
can remember. Jim Weiss did an
outstanding job as host and the
division owes Jim a big "Thank
- you', Also, the technical pro-
gram was outstanding, thanks to
the efforts of Bruce Rogers.

Aside from the program and the
great times had by all, the divi-
sion made some important deci-
sions that will, hopefully, keep
it moving forward in the years to
come. The executive committee
approved a proposal to develop a
nembership directory for the
EDGD. Ed Boyer of Ohio State is
the person heading this project.
The directory will be pocket size
and contain address and telephone
information of each member of the
- EDGD. This directory will be up-
dated annually to reflect the
current membership. Ed hopes to
have the first directory to each
member in time for the Annual
ASEE Conference in Toronto. I
believe this directory is a step
forward for the division. There
have been many occasions when I
needed to contact a division mem-
ber and I didn't have his/her ad-
dress or telephone number. A di-
rectory of this nature will en-
hance everyone's ability to com~
municate.

ASEE celebrates its 100th an-
niversary in 1993. As the oldest
division within ASEE, the EDGD
has a rich and varied history.
To commemorate the 100 years of
ASEE, Bill Rogers and several
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other Yelder statesmen" of the
EDGD, have undertaken the respon-~
sibility of writing the division
history. The division is looking
forward to seeing its history
recorded and we thank Bill and
his friends for volunteering
their time in this endeavor.

The bylaws of the division have
not been updated since 1984.
Yes, the division has bylaws and
we are, for the most part, func-
tioning under them. Due to some
unusual circumstances over the
past six months, I have ap-
pointed, with approval from the
executive committee, an ad hoc
committee to review the bylaws
and offer revisions that will
eventually have to be approved by

the membership at large. The
committee is made up of four past
chairman: Bill Rogers, Bob

LaRue, - Larry Goss, and Rollie
Jenison. They will report to the
executive committee at the Annual
ASEE Conference in Toronto.
Lastly, the division has dis-
solved the Metrication Committee.
This action was taken at the re-
guest of the chairman of the com-
mittee, Ed Mochel. Due to the
growing «concern with graphics
standards in all forms, the divi-
sion has established a standards
conmittee, chaired by Ed
Knoblock. This committee will
examine all standards with regard
to graphical communication and
strive to have significant input
into the process with regard to
establishing such standards.
This committee is extremely im~
portant to the division as we go
forward into the coming decade.
After reading these comments,
you may feel as though you really
missed something if you did not
attend the EDGD Mid-year Confer-
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ence in Tuscaloosa. You can en-
sure that you do not miss any-
thing again by planning to attend
the Annual ASEE Conference 1in
Toronto and next year's Mid-year
Conference 1in Tempe, Arizona.
The division 1is moving forward
and input from every member with
their wvaried talents 1is desired
and needed.

Fourth International Conference
on Engineering/Computer Graphics
and Descriptive Geometry

.Sponsored by ASEE's Engineering
Design Graphics Division and the
Florida International University,
Miami, Florida.

June 11-15, 1990.

Topics: Descriptive geometry,
theoretical graphics, computer
graphics, kinematic geometry and
other applications of geometry,
engineering computer graphics,
computer-aided design, computer-
aided geometric design, computer-
ized descriptive geometry, graph-
ies and computer graphics teach-
ing techniques, gdraphics exer-
cises and computers in engineer-
ing graphics education.

Contacts: Steve M. Slaby,
¢ivil Engineering & Operations
Research Department, Princeton

University, Princeton, NJ 08544:
(609) 452-4654 and/or Dr. Oktay
Ural, civil & Environmental
Engineering Dept., Florida Inter-
national University, Miami,
Florida 33199, (305) 554-2824.
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Calendar of Events

by
Bill Ross

1990 4th International Confer-
ence on Engineering/Computer
Graphics and Descriptive Geometry
June 11-15, 1990
Miami, FL
(see previous section)

1990 Annual ASEE Conference
June 24-28, 1990
Toronto, Canada

1990-91 EDGD Mid-year Conf.
Nov 18 - 20, 1990
Tempe, AZ

1991 Annual ASEE Conference
New Orleans, LA

1991-92 EDGD Mid-year Conf.
Norfolk, VA

1992 Annual ASEE Conference
Toledo, CH

1992 5th International Confer-
ence on Engineering Graphics and
Descriptive Gecmetry
August 17-21. 1992
Melbourne, Australia
Contact:
Larry Goss
Univ. of Southern Indiana
8600 University Blvd.
Evansville, IN 47712

1992-93 EDGD Mid-year Conf.
San Francisco, CA (tentative)

1993 Annual ASEE Conference
Urbana, IL

1993-94 EDGD Mid-year Conf.
Evansville, IN (tentative)
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Nominees for Division Officers

Bob Foster

The following persons have been nominated for the positions 1ndlcated

Ballots will be mailed in February.

Vice~Chairman (1990-91)

VERA ANAND

Vera, an Associate Professor
and Coordinator for the Engineer-
ing Graphics Program at Clemson
University, obtained her under-
graduate degree in C¢Civil Engi-
neering from the University of

Brazil and her graduate degree
from Northwestern University.
Actively involved with the
ASEE/EDGD for the past five

years, she has served as Program
Chairman for the 1985 Annual Con-
ference and is presently chairman
of the International Relations
Committee and Director: Profes-
sional and Technical Committees.
In addition, she has moderated
sessions and made presentations
at several EDGD meetings. During
1989 she received a grant from
the National Science Foundation
to conduct a workshop on the use
of computer graphics in under-
graduate engineering design.

JOHN DEMEL

John is Professor and Chair of
the Department of Engineering
Graphics at Ohio State and also
serves as Associate Dean half
time. Prior to teaching at Ohic
State, he taught at Texas A&M
University and at Savannah State
College. He 1is a registered
professional engineer 1in Texas.
John earned his BS degree in me-
chanical engineering at the Uni-
versity of Nebraska and his MS
and PhD degrees in metallurgy at
Iowa State University. Within
the EDGD, he has made numerous
presentations, winning the Oppen-
heimer Award at one mid-year con-
ference. He has taught workshops
with Bob LaRue and has served as
Circulation Manager of the EDG
Journal. John has alsc co-au-
thored two textbooks and severatl
workbooks in the graphics area.
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Director: Professional and Technical Committees (1990-93)

GARY BERTOLINE

Gary, an assistant professor of
Engineering Graphics at Ohio
State University, has been on the
faculty for two years. Before
going to ©Ohio State, he was an
assistant professor at Wright
state University. He received
his B.S. at ©Northern Michigan
University, his M.Ed. at Miami
University, and his Ph.D. at Ohio
State University. While at
Wright State he developed the
CADD lab and courses. At Ohio
state he integrated CADD into en-
gineering graphics and is pursu-
ing research 1in visualization.
He has authored numerous text-
books and papers. He has been
active in ASEE, serving as trea-
surer and vice-chairman of the
North Central Section and in the
EDGD serving on the Industrial
Relations Committee. He will be
the Program Director for the 1990
midyear conference to be held at
Arizona State University and is
on the board of review for sev-
eral Jjournals. Currently, Gary
is one of the directors of an en-
gineering graphics curriculum de-
velopment project funded by SIG-
GRAPH.

DEL EBOWERS

Del is an Assoclate Professor
of Interactive Computer Graphics
and Coordinator of Freshman Engi-
neering Graphics at Arizona State
University. He has been a member
of ASEE since 1983. Recent pro-
fegsional activities include pre-
sentation of papers at national
and regional conferences, journal
articles, and contributions to
workbooks and textbooks. Ongoing
research activities include in-
vestigation of teaching methods
to improve visualization and cre-
ativity.
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Director: Zone Activities (1990-93)

LARRY GENALO

Larry received his B.S. degree
from Hofstra University and his
M.S5. and Ph.D. degrees from Iowa
State University. His Ph.D., ob-
tained in 1977, is in applied
mathematics and systems engineer-
ing. He has taught in the De-
partment of Freshman Engineering
at Towa State since 1976. The
freshman year courses in engi-
heering problem solving and FOR-
TRAN programming and in engineer-
ing graphics and design have been
his special interest. Each of
these courses includes an exten-
sive laboratory component. Larry
has been active in ASEE since
1976. He was the Chair of the
Freshman Programs Constituent
Committee in 1988-89 and previ-

ously served as its Progran
Chair.‘ He 1is currently the sec-
retary/treasurer for DELOS and

has been active in the Engineer-
ing Design Graphics Division,
winning the Oppenheimer Award in
1985,

BILLY WOOD

Billy is currently Director:
Zone Activities for the EDGD. He
is a Teaching Specialist in the
Engineering and Computer Graphics
Area of the Mechanical Engineer-
ing Department at the University
of Texas at Austin. He has
taught for ten years at the UT -
Austin and for four vyears at
Texas A&M University. His Bache-
lor of Science degree was ob-
tained in engineering technology
in 1974 and his Master of Archi-
tecture was ~obtained in 1977,
both from Texas A&M University.
He is a member of the ASEE, the
Society of Automotive Engineers,
and the Tau Sigma Delta National
Architectural Honor Society.
Billy has authored nineteen pub-
lications in the areas of automo-
tive design, architectural de-
sign, computer graphics and CADD.
He has published three CADD labo-
ratory manuals, an architectural
study, an engineering graphics
textbook, and an interior design
workbook. Besides his teaching
responsibilities, he is responsi-
ble for managing the CADD facili-~
ties in the Mechanical Engineer-
ing Department.
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Advertising Manager - The EDG Journal (1990-93)

MICHAEL MILLER

Mike is an Assistant Professor
of Engineering Graphics at Ohio
State University. He has taught
computer graphics and programming
full time for four years. He has
been active in ASEE and the EDGD
since 1985 by presenting papers,
serving as a program moderator,
reviewing papers for publication
in the  Engineering Design Graphics
Journal, and participating in
the computer graphics committee.

DENNIS SHORT

Dennis is a tenured Associate
Professor in the Technical Graph-
ics Department in the Schoel of
Technology at Purdue University's
main campus in West Lafayette,
Indiana. He received his B.A.
degree from Purdue in 1980 and
his MSed in 1983. Dennis 1is a
member of ASEE and SME and 1is a
Certified Manufacturing Engineer
in the area of CAD. As an active
participant in the EDGD, he has
presented papers at recent mid-
year meetings and at the 3rd In-
ternational Conference on De-
scriptive Geometry and Engineer-
ing Graphics at Vienna in 1988,
He has also published in the EDG
Journal. His work has included
serving as a faculty advisor for
a monthly student publication
which was self-supported by ad-
vertising revenues.
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International Computer Graphics
Calendar
by
Vera Anand

Mar 12 - 15, 1990

EDAC '90 - The European Design
Automation Conf., Glasgow, U. K.
Contact EDAC 90 Secretariat, CEP
Consultants Ltd., 26-28 Albany
St., Edinburgh EH1 3QH, U. K.

Jul 8 - 12, 1990

CATS '90 - Internat. Conf. on
Computer Aided Training in Sci-
ence and Tech., Barcelona, Spain.
Contact Prof. E. Onate, Centro
Internacional de Metodos Numeri-
cos en Ingenieria, Jorge Girona
Salgado, 31. 08034 Barcelona,
Spain. Ph. 34-3-205 70 16/204 82
52.

Aug 6 - 10, 1990

SIGGRAPH 90, Dallas, TX, Con-
tact: David D. Loendorf. Ph.
(505) 665-0866.

Aug 28 - 30, 1990
ICED 90, International Conf. on

Engineering Design, Dubrovnik,
Yugoslavia. Contact: HEURISTA,
Conf. Dept., Postfach 102, CH-

8028 Zurich, Switzerland.

Sep 3 - 7, 1990

Eurcgraphics '90 - A conf. and
exhibition sponsored by the Euro-
pean Assoc. of Computer Graphics,
Montreaux, Switzerland. Contact
Eurographics '90, Conf. Secre-
tariat, Paleo Arts et Spectacles,
Case postale 177, CH-1260 Nyon,
Switzerland. Ph. (41) 22 62 13
33.

For further information, contact
Vera Anand, 302 Lowry Hall, Clem-
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son Univ.,
656—-5755,

Clemson, SC, (803)~

Call for Help

As part of our celebration of
the 100th anniversary of the
founding of the Society for the
Promotion of Engineering Educa-
tion (now the American Society
for Engineering Education) in
1993, a special issue of the En-
gineering Design Graphics Journal

is planned. Bill Rogers has
agreed to undertake, with the
help of Bob Hammond and Bob

LaRue, a compilation of the his-
tory of our Division (Engineering
Drawing, Engineering Graphics,
and Engineering Design Graphics).
It is believed that previcus his-
tories of the Division have been
written and published 1in the
Journal or elsewhere. We seck
copies of any previous histories,
historical notes, and other mate-
rial, both archival and anecdo-
tal, which will aid us in compil-
ing an accurate up-to-date his-
tory for this 1993 anniversary
issue of the Jowrnal.

Please send material to:

William B. Rogers
308 Sutton Place NE
Blacksburg, VA 24060-2630

or call:
(703) 951-2630

All material will be returned to
the sender after completion of
the compilation. Significant
contributions will be acknowl-
edged and attributed in the Jour-
nal.
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Call for Papers

EDGD 1990-91 Mid-year Conference
November 18 - 20, 19980
Arizona State University
Tempe, AZ

Visualizing Engineering Design Graphics
in the 90s:
The Gateway to the 21st Century

Suggested‘topics:

Engineering design graphics in
the 21st century

Curriculum issues for the 90s

Sketching in the EDG curricu-
lum: A renewed emphasis

Engineering design graphics:
An historical perspective

A research agenda for EDG
Visualization applied toc EDG

Future trends in hardware and
software

Abstracts of 250 words are due
July 1, 1990. Submit to:

Gary R. Bertocline
Program Chair

Dept. of Engrg. Graphics
The Ohio State Univ.

240 Hitchcock Hall
Columbus, OH 43210

(614) 292-7930

Notice of acceptance mailed by
July 30, 1990. Completed papers
for Proceedings are due Sep 15,
1990.
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Call for Papers
on

Geometric Modeling
in Engineering Education

for the Winter, 1991 issue
of the EDG Journal

sponsored by the EDGD
Geometric Modeling Committee

The purpose of this issue is to
provide a number of articles
dealing with educational as well
as research and application is-
sues in the emerging field of ge-
ometric modeling in engineering.
Topics of interest include:

Curricula in geometric model-
ing at the undergraduate and
graduate levels in engineering

Experience and techniques of
teaching geometric modeling
courses

Innovative ideas for teaching
geometric modeling in the fresh-
man graphics course

Geometric modeling applica-
tions in the wvarious areas of
engineering

Other topics on geometric

modeling and design
Submit papers to:

Prof. Nadim Aziz

Engrg. Graphics Program
320 Lowry Hall

Clemson Univ.

Clemson, SC 29634

not later than July 1, 1990.
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Reflections from the
1989-90 Mid-year Meeting
by
William Rogers
Professor Emeritus, VPI&SU

The 1989-90 Mid-year Meeting of
the Engineering Design Graphics
Division 1is, as they say, his-
tory. And, like any other after-
the-fact commentary, what I have
to say will be highly subjective.

The advance planning, registra-
tion, organization, sleeping and
eating facilities, conference and
banquet rooms, and related para-
phernalia can be described in one
word: outstanding. Jim Weiss,
Bruce Rogers, Chairman Frank
Croft and those assisting them
did their Jjob well. They have
earned our thanks and commenda-
tion. But, this is not news.
For many years our mid-year meet-
ings have been characterized by
efficient planning and organiza-
tion. We expect things to run
smoothly and are seldom disap-
pointed.

The ladies program and related
non-technical activities were di-
verse, taking advantage of the
local attractions. Some of these
activities appeal to some, not to
others. To each his own, whether
it be a steel mill, dog track,
museumn, historic restoration,
shopping mall, etc., etec. It is
regrettable that there is not
more time in the packed schedule
for individual divertissements.
For example, an afternoon free
for walking around the beautiful
campus of the University of Al-
abama would have been most enjoy-
able ... It is not always raining
in Tuscaloosa. A good after-din-
ner speaker is hard to find. We
had a great one, and we thank
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host Jim Weiss for arranging the
appearance of Eddie Conyer.

There 1is no doubt that the
quality of our technical presen-
tations has improved signifi-
cantly over the past twenty or so
years, due in no small part to
the motivation provided by the
Oppenheimer Award. Presentations
at this meeting ranged from out-
standing to mediocre, with more
in the good to excellent category
than in the fair to poor. The
Oppenheimer Award Jjudges were
faced with difficult decisions.
The winner well deserved the
award; however, had ancther one
of two or three outstanding pre-
sentations scored the highest,
the selection would have been
most difficult to refute.

Our meetings, both annual and
mid-year, have always provided a
forum for frank and open discus-
sions of our mutual goals and
problems, both local and na-
tional, encountered in attempting
to achieve these goals. And, if
the wind was right, we might have
learned something which could be
applied to good advantage back on
our home campus. This is still
true, but I sense the presence of
an element of hypocrisy. Perhaps
it has always been with us and I
have only Jjust now reached the
degree of cynicism required to
detect it. In my humble judge-
ment, the content of the papers
has not kept pace with the im-
provement in the quality of the
presentations, A minister of
some fame was once described as a
man who could say nothing with
great eloquence. The same might
be said of some of our technical
speakers. Fortified and sup-
ported by a variety of computer-
based technology, remote-con-
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trolled slide projectors, and
other mysterious and costly hard-
ware, the ©presentations have
reached an unprecedented and
heretofore unattainable level of
visual and auditory eloguence.
There have always been technical
papers that, I readily admit, I
did not understand. Either I did
not, because of my own ignorance
of the subject, understand the
technical aspects of the paper,
or I failed to grasp the point
the speaker was trying to make.
But, I was optimistic that the
content of the paper was making
sense to somebody.
been times, however, when I won-
dered if we were not all nodding
gravely and admirably at the
"emperor's new computer”.

It is difficult, perhaps impos-
sible, for a program and/or edi-
torial committee to be one hun-
dred percent effective in accept-
ing material for presentation or
publication that is pertinent,
timely, and substantive, and to
satisfy the varied opinions in
this regard. And it is certainly
impossible to control what the
speaker will say once given the
podium. At that point, about all

the moderator can do 1s control

the allotment of time. The mod-
erators in recent years have done
a commendable Jjob in this re-
spect.

The number of papers accepted
for presentation needs to be cur-
tailed. Everybody wants to say
his piece and “earn" a trip to
the meeting. How does the pro-
gram chairman say to a friend or
colleague, "I am SOrry: your pa-
per does not fit the theme or em-
phasis of this meeting". And a
great abstract does not guarantee
greatness in the paper. At the

There have
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Alabama meeting there were too
many papers, with no time for
questions or a general discus-
sion.

I suspect that too many of our
technical speakers are using our
division and our meetings, not as
the aforementioned forum for the
exchange of ideas and problems of
mutual concern, but as a platform
for self-promotion. Perhaps it
has always been so, but I have
never before felt this strongly
about it. The institutional
pressure to "publish or perish",
the limited availability of pub-
lications and platforms, and the
higher standards required have
left many of those with little or
nothing to say, but with a com-
pelling urge to speak. Do we,
the Engineering Design Graphics
Division, and indeed, ASEE as a
whole, provide that opportunity?
Are we being used as an available
platform, the "Hyde Park" of
technical education, where any-
body <can, by self-invitation,
speak on any subject even re-
motely relevant to our sphere of
interest? I hope not.

When those of us, particularly
those of us financially under-
written from institutional funds,
are called upon by colleagues,
department heads, and deans to
answer, "Well, what did you get
out of this 'boondoggle'?" The
correct and most straightforward

response is probably, "Nothing!"
- certainly nothing that can be
quantified, placed in neat

columns on a laundry 1list and
stored on a disk for future use.
There may be those who can do
this. I have tried, and failed
miserably, to share with my skep-
tical «colleagues my increased
wisdom and knowledge gleaned from
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faithful and dutiful attendance
at the technical sessions of this
or some other society meeting.
It is somewhat akin to describing
a sunrise to an habitually late
riser. To identify the immediate
tangible results from attendance
at our division meeting might be
compared to an investment in a
mutual fund. Money invested in a
mutual fund does not result in a
guick profit.

How much profit can be realized
from a mutual fund in a week, a
month, a year? Not much! How-
ever, by investing small amounts
and reinvesting all the dividends
and interest, a substantial
profit can be realized over tine.
Attending our division meetings
(or the meetings of any other
professional society) on a one-
time basis or once or twice over
a period of years yields little
in the way of tangible dividends.
However, consistent attendance
over a long period of time with
active participation in both the
technical and executive aspects
cf the society will build an eg-
uity from which many valuable ad-
vantages accrue. The most valu-
able of these advantages is being
a recognized part of a nation-
wide/worldwide network of profes-
sional colleagues able to provide
mutual support and aid in solving
individual problems. Being wide-
ly known in this, or any other
profession, may not be an essen-
tial element in tenure and promo-
tion considerations, but it never
hurts. Advancement is not so
much  dependent upon who one
knows, but rather on who knows
what one knows. Whatever success
I may have achieved over a 40-
year career in engineering graph-
ics education was materially

aided by my active participation
in the EDGD of ASEE and consis-
tent attendance at the annual and
mid-year conferences. Did the
institutions funding my travel to
these '"boondoggles" get their
money's worth? I think so.
There 1s an immediate public re-
lations benefit by having a re-
spected member of a national so-
ciety bearing the logo and repre-
senting his institution at soci-
ety gatherings. The institution
can bask in the reflected glow of
a faculty member elected to a ma-
jor office in a national society.
And, over time the faculty member
does return to the institution a
significant bonus through his ev-
ident professional growth result-
ing from society contacts. A
prominent faculty member repre-
senting an institution at a na-
tional conference will attract
competent young faculty to that
institution. While the short-
term gain may be too small to
measure, the long-term dividends
are great and should not be un-
derestimated. Deans, department
heads - it is well worth the time
and small amount of travel money
needed to send the best of your
faculty to our meetings, whether
they are there to "recite" or
not. It recharges the batteries
to share experiences and realize
that, "Others have the same prob-
lems I do and maybe we at '01ld
Siwash' are not deing such a bad
job after ali!"

None of this harangue should be
construed as negative criticism

of those responsible for the
planning and implementing the
just-past mid-year meeting at

Tuscaloosa or any other past
meetings, or of the present or
past officers of the Division.
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You are doing a splendid job of
carrying on a long and honored
facet of engineering education in
the noble tradition of our dis-
tinguished predecessors in engi-
neering drawing/graphics/design.
Nor am I being critical of our
newest graphic tool, the computer
and its magical software. We
must move forward with the best
tools available to us at any
given time - and the tools are
getting better all the time.

If I understood and remembered
correctly, the core of the Oppen-
heimer Award-winning paper, so
ably presented by Gary Bertoline
from The O©Ohio State University,
was that we need to identify and
clearly define our subject matter
and 'stick with it. The tools we
use become inefficient and obso-
lete and are replaced by new and
better tools. The subject matter
remains.

Editor's Note: A similar "Re-flections" authored
by William Rogers appeared in Vol. 20, No. I of
the Journal.

Position Wanted

In the technical graphics and de-
scriptive geometry area. Possess
both teaching and industrial ex-
perience in the U.S. and abroad.
Ph.D. obtained in engineering
graphics and descriptive geome-
try. Areas of interest in me-
chanical and structural engineer-
ing design. Write: c¢/o Editor,
EDG Journal, EF - VPI&SU, Blacks-
burg, VA 24061-0218.
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Survey Results -

EDG Curriculum
Modernization Project
by
Ron Barr and Davor Juricic

A continuation of the NSF-spon-
sored projectl, initiated to de-
sign, develop, test, and promote
a modern curriculum for engineer-
ing design graphics, included a
survey on a preliminary 15-week
(nominal) curriculum schedule
given to each panel member for
their opinions. Results of the
two-part survey, which were
presented at the mid-year meeting
in Tuscaloosa, are given below.

A. Adequacy of Coverage
Rating scale: 1 to 5
1 - too high

3 - about right
5 = too low

Week Topic Avg. St.
No. Dev.
Role of Graphics in Engrg. 3.25 0.433
Lettering Exercises 2.88 0.599
Freehand Sketching Exer. 3.50 0.707
Sketching Lines, Circles, Arcs 3.50 0.707
Loading and Viewing CADD Dwg. 3.13 0.5%99

2 Geometric Line Constructions 3.13 0.927
Use of Scales 3.18 0.9%2

CADD Functions I 3.13 0.331
Manual Tool Constructions EX. 3.13 0.927
Reading the Scale Ex. 3.38 0.857
Setting up 2-D CADD Workplane 3.25 0.433

2-D CADD Primitives 3.50 0.500

3 Tangency Constructions 2.88 0.781
Conical Sections Constructions 2.25 0.661

CADD Functions 11 3.00 0.500
Manual Tool Tangencies Ex. 2.38 0.696
Manual Tool Conic Sections Ex. 2.13 0.599
Ellipse Sketching Ex. 2.50 0.500

CADD Tangency EX. 2.75 0.661
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Lescriptive Modeling
Types of Engr. Models
Pictorial Sketching
Straight Axon. Sketching
CADD Conic Sections Ex.
CADD sSpline Ex.

Types of Geometric Models
Wireframe, Surface, Solids
3-D Base Primitives
Curved Axon. Sketching
Load and View Solid Model
3-D Viewing Control Ex.

Unary Operations in SH
Boolean Operations inm SM
Isometriec Sketching

Use of Isom. Ellipse Template
Oblique Sketching

Build SM with 3-0 Primitives

Feature-Based SM

Extrusion and Sweeping $M
Parametric SM

Pictorial Sketch From Modat
Build 8 Using Feature Basis

Projection Theory

Hultiview Drawings

Multiview Layout from SM
Multiview Sketching Ex.

Build 5M and Obtain Multiview

Manufacturing Processes

‘Detail Design

Manufacturing Files from SM
Missing Lines Sketching Ex.
Build sM with Fillets and Rds.
Produce Manufacturing File

Sk Geometric and Mass Properties

Mesh Generation for FEA
Design Modification Sketch Ex.
Analvze SM for Mass Properties

Conventions in Multiview
Auxiliary Views

Auxiliary View Sketching
Auxiiiary View Layout from SM
Editing CADD Layouts from SM

Sections and Conventions
Sketching Ex. in Sections
Sectioning in SM and 2-D CADD

3.13
3.13
3.25
3.25
2.88
2.75

3.38

-3.50

3.50
2.75
3.38
3.25

3.25
3.25
3.25
2.50
3.25
3.50

3.25
3.25
3.13
3.00
2.88

3.50
3.50
3.25
3.38
3.50

2.7%
3.25
2.63
3.38
3.38
2.63

2.50
2.13
2.88
2.50

3.50
3.25
3.13
3.25
3.71

3.38
3.50
3.38

0.331
0.331
0.433
0.433
0.599
0.433

0.484
0.500
0.500
0.433
0.484
0.661

0.433
0.433
D.433
1.000
0.433
0.500

7.199
1.199
1.053
0.866
0.781

1.118
0.866
0.82¢9
0.857
0.707

0.661
0.661
0.484
0.696
G.484
0.484

0.866
0.781
0.331
0.866

0.767
1.0%0
1.053
1.0%90
0.700

0.696
0.707
0.857

Dimensioning Practices
Sketching Ex. in Dimensioning
Bimensioning in SM & 2-0 CADD

Engineering Production Drwgs.
Graphics for Data Reporting
Short Design Project

Project Planning and Sketching
Solve Project with SM and CADD

VOI..

54,

w

.75
.38

(%]

3.13

3.25
3.25

NO. 1

0.948
0.857
0.696

0.599
0.59¢
1.479
1.090
1.090

Scheduled Place in Curriculum

Rating scale: 1 to 5
1 - too soon
3 - about right
5 - too late

Role of Graphics in Engrg.
Letter%ng Exercises

Freehand Sketching Exer.
Sketching Lines, Circles, Arcs
Loading and Viewing CADD Dwg.

Geometric Line Constructions

Use of Scales

CADB Functions [

Manual Tool Constructions Ex.
Reading the. Scale Ex.

Setting up 2-D CADD Workplane
2-D CADD Primitives

Tangency Constructions

Conical Sections Constructions
CADD Functions I1

Manual Tool Tangencies Ex.
Manual Tesl fonic Sections Ex.
Ellipse sSketching Ex.

CADD Tangency E£X.

Descriptive Modeling
Types of Engr. Models
Pictorial Sketching
Straight Axon. Sketching
CADD Conic Sections Ex.

CADD Spline Ex.

Types of Geometric Models
Wireframe, Surface, Solids
3-D Base Primitives

Curved Axon, Sketching
Load and View Solid Model
3-0 Viewing Control Ex.

3.25
3.25
3.25
3.25
3.00

3.25
3.25
2.88
3.25
3.13
2.63
2.88

2.88
2.75
3.00
3.13
3.13
3.25
2.88

3.25
3.25
3.50
3.38
2.75
2.50

3.00
3.00
3.60
2.88
2.88
3.00

0.433
0.433
0.433
0.433
0.500

0.433
0.433
0.59¢
0.433
0.5%9
0.857
0.599

0.927
1.090
£.500
0.781
0.781
0.661
0.331

0.433
0.433
0.707
G.484
0.433
0.707

0.500
Q.500
0.500
0.927
0.5%99
0.707



11

13

14

WINTER, 1990
Unary Operations in SM 2.75 0,433
Boolean Operations in SM 2.75 0.433
Isometric Sketching 3.50 0.707
Use of Isom. Ellipse Template 2.88 0.599
Oblique Sketching 3.50 0.866
Build SM with 3-D Primitives 2.88 0.5%9
Feature-Based SM 2.88 0,599
Extrusion and Sweeping SM 2.75 0.661
Parametric SM 3.00 0.866
Pictorial Sketch From Model 3.00 0.707
Build 5M Using Feature Basis 3.13 0.¢27
Projection Theory 3.38 0.696
Multiview Drawings 3.50 06.707
Hultiview Layout from SM 3.50 . 0.707
Multiview Sketching Ex. 3.38 0.696
Build SM and Obtain Multiview 3.50 0.707
Manufacturing Processes 2.50 0.707
Detail Design R.38 0.696
Manufacturing Files from SM 2.88 0.927
Missing Lines Sketching EX. 3.00 0.707
Build SM with Fillets and Rds. 2.75 0.829
Produce Manufacturing File 2.13 0.781
SM Geometric and Mass Properties 2.50 0.707
Mesh &Generation for FEA 2.43 0.728
Design Modification Sketch Ex. 2.63 C.857
Analyze SM for Mass Properties 2.88 0.927
Conventions in Multiview 3.63 0.6%6
Auxiliary Views 2.50 0.707
Auxiliary View Sketching 3.50 0.707
Auxitiary View Layout from SM 3.50 0.707
Editing CADD Layouts from SM 3.63 0.696
Sections and Conventions 3.38 0.696
Sketching Ex. in Sections 3.38 0.696
Sectioning in SM and 2-D CADD 3.25 0.433
Dimensioning Practices 3.63 0.696
sketching EXx. in Dimensioning 3.63 0.696
Dimensioning in SM & 2-0 CADD 3.50 0.500
Engineering Producticn Drwgs. 3.25 0.829
Graphics for Datas Reporting 3.00 0.500
Short Design Project 3.25 0.681
Project Planning and Sketching 3.38 0.857
Solve Project with SM and CADD 3.38  0.484

lBarr, R. and Juricic, D.,"Survey

Results - EDG Curriculum Modern-
ization ©Project", EDG Journal,
Vel. 53, No. 3, Autumn, 1989.
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Axis Systems - A Hesponse

by
Jon Duff

I must thank Professor Blakney
for raising the issue of axis
systemsl. The understanding of
geometry (and thereby its repre-
sentation with graphics) is fun-
damentally linked to being able
to manipulate the geometry rela-
tive to directions 1in space.
However, graphics educators in
general have not used this con-
cept of axes other than to ex-
plain planes of projection. In
fact, axis specification in mod-
ern graphics is the antithesis of
planes of projection. If one
continues to think in terms of

planes of ©projection, he may
never understand axes. Several
statements concerning the state

of axis use in engineering graph-
ics may be made:

1. Historically graphics edu-
cators have not stressed the ma-
nipulation of geometry relative
to axes. Instruction has been
characterized by planes of proc-

jection, fold 1lines, and miter
lines.

2. Future graphics in-
struction, even in manual graph-

ics, will be characterized by ro-
tation, translation, and scaling
of geometry relative to one or
more axes.

3. There is not a single axis

systemn. There are instead axis
systems characterized by world,.

device, and user-specified direc-
tions.

4. There is no industry-stan-
dard or educational-standard axis
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system or systems. That is, the
assigmment of axes to views, and
axes to directions in space con-
tinues to be variable.

5. Our lack of leadership in
this area has caused others -
most notably computer graphics
software vendors - to develop
their own standards.

For students to ke able to un-
derstand how geometry performs in
space, an understanding of the
location of that geometry rela-
tive to some axis system is
paramount. Many have expressed
the frustration of manipulating
geometry, say through a rotation,
only to arrive at totally unpre-
dictable results. The answer
usually lies in the fact that the
rotation was done about a differ-
ent axis system than one had in
mind - about the device 2 axis
when what was really wanted was
the rotation to occur about the
world Z axis. The implication is
that to efficiently use today's
tools to produce engineering
graphics, one must have a thor-
ough understanding of the com-
plexity and variability of axis
systems.

lBlakney, W. G. G., Axis Systems
- Something New?, Engineering Design
Graphics Journal, Vol. 53, No. 3, Au-
tumn, 1989.
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Review of SilverScreen@
Solid Modeling Software
by
Mary Jasper

"Somebody said that it couldn't
be done,

But he,
replied..."”

with a chuckle,

We all know the old poem above,
and by no small coincidence, the
words of this poem apply to a new
software which just appeared on
the market nationally this sum-
mer. Some of us were fortunate
enough to see SilverScreen demon-
strated at the ASEE Annual Con-
ference in Lincoln, Nebraska.
(At the same meeting, I overheard
ocne educator say to another that
it would be almost impossible to
have a Boolean algebra solid-mod-
eling software on a DOS-based
computer.) If you did not take
advantage of the special purchase
price for a site license
($150.00) during the annual con-
ference, then shame on you! For
this low, low price, friends and
graphics educators, vyou could
have received an unlimited site
license for SilverScreen and one
of the most powerful software
packages available today.

A product of Schroff Develop-
ment Corporation of Shawnee-Mis-
sion, ZKansas, SilverScreen 1is
pure 3-D and pure solid-modeling.
The SM portion uses Boolean alge-
bra with unions, junctions, dif-
ferences, etc. (Se, it can be
done!) The 3-D aspect of Silver-
Screen 1is always resident, so
there's no more importing and ex-
porting as with some CAD pro-
grams. A four-way screen split
allows one to see the top, front,
and right-side views in typical
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projection graphics, and the "NE"
gquadrant of the split screen
shows either an isometric view or
a perspective view of the object
being constructed. This is one
of the most wvaluable aspects of
the program when considering vis-
ibility education of freshman en-
gineering students. As surfaces
are swept or holes "drilled" or
3-D polygons subtracted from the
solid, the actions show up in all
four views, at the same time.

A full range of colors (l6) and
patterns for hatching are avail-
able. SilverScreen supports sev-
eral different translators in-
cluding "SmartCAM", a software
language used with many CNC manu-
facturing operations. Even with
a "286" computer, the regenera-
tion is much faster, even with
hidden 1lines and shading, than
some of the other CAD programs
the reviewer has used. Silver-
Screen offers a menu selection
called "quick-Hide" which hides
lines and fills the surfaces with
one of the <c¢olors available.
There 1is also a file utility
called Script Files, which can be
used for presenting and reviewing
the steps involved in building a
three-dimensional object from
"scratch". The total Silver-
Screen program, with all the
demonstration files (mechanical
and architectural) and Script
files, slideshows, etc., only
takes about 4Mb hard disk space -
which is amazing, considering the
many utilities of the program.

Using a structured "tree" file
system, the program adds primi-
tives, groups the primitives into
object groups, places these ob-
ject groups into larger object
groups, and, finally, groups ev-
erything together into a drawing.
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Several drawings may be imported
into a window structure which can
accommedate up to 9 windows. The
windows may be individually
"zoomed" and/or M“panned". The
menu structure is "context-sensi-
tive", which means that the dis-
play will show only those menus
which are usable at that particu-
lar stage in the drawing process.
SilverScreen supports a full
range of input devices, both dig-
itizers and "mice". However, be-
cause the program is new, there
are Jjust a few output devices
supported by SilverScreen. As
the popularity of the program de-
velops, Schroff Development Cor-
poration will probably add more
plotters and graphic printers to
the list of drivers in the pro-
gram. Schroff 1s currently of-
fering a demonstration package of
the software, and a short tuto-~-
rial. Much information on these
products may be obtained from:

Schroff Development Corp.
P. 0. Box 1334
Shawnee-Mission, KS 66222
(913) 262-2664

Position Available
Engineering Graphics

Assistant or Associate Professor
of General Engineering - Tenure
Track (Beginning Fall, 1990) The
Penn State University, University
Park, PA. Benefits package pro-
vided, including health insur-
ance, life insurance, retirement
plans, etc. Educational opportu-
nities available for full-time
faculty members and dependents.

Responsibilities include: (a) in-
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struction - introductory courses
in engineering graphics and CAD
(b) schelarly activity = research
and/or scholarly activity in en-
gineering, CAD, pedagogy, ©or en-
gineering related areas (c) re=-
lated activities - interest and
participation in course, curricu-
lum, and program development in
engineering graphics; freshman
advising; active participation in
professional organizations; as-
sist in the development and coor-
dination of freshman graphics and
CAD courses between the Univer-
sity Park campus and the seven-
teen Commonwealth campuses of the
Penn State system.

Qualifications:
Required - MS degree in engi-
neering, instructional expe-

rience, knowledgeable in computer
languages, CAD, basic experimen-
tal methods;

Preferred - PhD or terminal
degree in engineering or related
field, professional registration
and/or industrial experience,
record of scholarly activities.

Send letter of application, re-
sume, and names of three refer-
ences to:

Dr. Robert J. Foster
Dept. of Engrg. Graphics
The Penn State Univ.

245 Hammond Bldg.
University Park, PA 16802

(814) 865-2952

An affirmative action/equal op-
portunity employer. Women and
minorities are encouraged to ap-

ply.

Visiting Scholarship Wanted

Miss Zuc Zongyi of the People's
Republic of China wishes to come
to the USA to pursue her studies.
She has both research, teaching,
and 1industrial experience. Her
most recent industrial work has
involved the development of a CAD
die cutting system. For further
information contact:

Miss Zuco Zongyi

Guangdeng Institute of Tech.
Dept. of Engineering Drawing
729 East Dongfeng Road
Guangzhou

People's Republic of China
5100920



AMERICAN SOCIETY FOR ENGINEERING EDUCATION
Suite 200, Eleven Dupont Circle, Washington, D.C. 20030

(202) 293-7080

INDIVIDUAL MEMBERSHIP APPLICATION

Pate

hereby apply for membership in the American Society for Engineering Education

and enclose

{siguiature}

as my annual membership dues for the year. $18.00 and $6.00 of this amount are for 4 year's subscription to Fngineering
Education and Engineering Education News respectively. The undersigned member of ASEE stands as my sponsor. {1 ASEE sponsor is not readily avail-
able. application mayv be submitted to ASEE Headquarters for continuing action.

{print nare of sponser)

(signature of sponsor)-

Please complete the application form below, hand-lettering or typing all entries. Enter one letter or number per block, leaving a blank box for normal sepa-
ration of words. Use standard abbreviations where possible.

MAILING ADDRESS

Name (iitle. fisst, middle. last)

T I O A I

[nstitution (if applicable to
mailing address}

Street Address and.or Department -
(if applicable)

City (if served by
1.8, Post Cftice}

PROFESSIONAL DATA (as it will appear i

n ASEE's Individual Member Directorv)

(City & Country
{Imernational Applicants only)

Professional Position

I T T v

InstitutionCompany Name

N T T T 1 A s o o

City (if served by
L.5. Post Office)

NN EER NN AR

City & Country
{International Applicants only}

Telephione (include Area Code}

Fucimile Xumber

Electronic Mail Number

Sex
1
F M

Dute of Birth

(Month) tYear)

D Yenured D Rewistered

In order for ASEE to qualify as # society member in the American Association of Engineering Societies. we must verify that 50% of our members are either
Professional Engineers or have degress from ABET/ECPD aceredited institutions. Will you please help us by marking the appropriate box below and return-
ing this sheet with your dues payment.

[ Professional Engineer

(O Degree from accredited institution (1 Neither (OVER PLEASE)

FOR ASEE
USE ONLY

Institution Code

Lt

Section Code  Country Code

L Lt




MEMBER DUES
01 $50  will supply one full year of membership for REGULAR MEMBERS.

O $20  will supply one full year of membership for ASSOCIATE MEMBERS. Associate Memnbers must be graduate students at one of the educational insti-
tutional members of the society and interested in teaching. Verification of student status MUST accompany application and subsequent reriewal
notices. Upon completion of Ph.D. degree or five years from the date of initial Associate Member status, whichever comes first, membership auto-
matically converts to Mermber grade.

Send check for new member dues to ASEE, Eleven Dupont Circle, Suite 200, Washington, D.C. 20036. If an individual desires special mail serv-
ice, or wishes to affiliate with dues paying divisions/committees, the extra costs MUST be added to new dues payment.

OPTIONAL MAILING SERVICES
First Class Mail (1.5, Canada & Mexico) Journal: $15.00 [ Newsletter:  $8.00 O
Air Mail (All Countries except U.S., Canada & Mexico) Joural: $50.00 L Newsletter: $22.00 O

NOTE: ASEE publications will be sent via second class mail unless otherwise stipulated. Payment for the above optional mail services must accompany this
application.

DIVISION/COMMITTEE MEMBERSHIP

An individual ASEE member may become a member of six (0} divisions, committees, Three (3) non dues paying affiliations are allowed. if 2 member
desires to join more than three (3) groups, the additional cnes must be dues paying. Payment for dues paying affiliations must accompany this application.
A listing of ASEE divisions/committees and their respective dues are listed on the hack.

L] Please check if vou have chosen dues paving [ | | l | f l I I l I | l I I I | l
division: committee affiliations. Enter your divisions/committees in order of preference

ASEE DIVISIONS AND CONSTITUENT COMMITTEES
{Please Note: Several divisions charge a small annuat dues amoum. separate from ASEE membership dues.)

Code : Code Code
DIVISIONS *23 Liberal Education (Economics, English. *50 Biomedical Engireering $3.00
1 Aerospace History. Languages. Psichology. 52 Ccean and Marine Engineering
11 Biological and Agricuftural Enpineering Specify Other) 5200 54 Energy Conversion and Conservation
L2 Architectusal Engineering *14 Computers in Education $5.00 56 Engineering and Public Policy
13 Chemical Engineering 25 Materials { Mineral Engineering) 52.00 *57 Engineering Management $1.00
*¥ Civil Engineering {Construction, Hvdraulics. “6 Mathemutics s *5% Design in Engineering
Sanitary, Soil Mechanics, Structural, Surveving. *27 Mechanical Engineering (Machine Education (DEED) $3.00
Trarspartation) $5.00 Design. Thermodynamics. Power) 50,00 59 Information Svstems
*15 Continuing Professional Development $5.00 *28 Mechanics ) $100 6l Experimentation and Laboratory
*16 Cooperative Education $5.00 30 Nuclear Engineering $2.00 Oriented Studies (DELOS)
*17 Educational Research & Metheds $1.00 31 Physics b4 Manufacuring
"8 Electrical Engineering $1.00 32 Relations with Industry
*19 Engineering Econemy $2.00 *33 Engineering Technology $5.00 COMMITTELS
*20 Engineering Design Graphics §3.00 “34 Environmenta! Engineering $2.00 55 Engineering Acoustics & Vibration
21 Graduate Studies 35 Instrumentation *60 Construction Engineering $2.00
"2 Industrial Engineering $2.00 36 Engineering Libraries $100 *62 Women in Engineering SLo¢
37 International 65 Minerities in Engineering

67 Freshman Programs

6% New Engineering Educators {Intended
for faculty within the first five vears
of teaching}

*Include division/committees dues with payment
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Scope

This Jousnal is devoted to the advancement of engineering design graphics technology and education. The Journal publishes
qualified papers of interest to educators and practitioners of engineering graphics, computer graphies, and subjects related to
engineering design graphics in an effort to (1) encourage rescarch, development, and refinement of theory and application of
engineering design graphics for understanding and practice, (2) encourage teachers of engineering design graphics to
experiment with and test appropriate teaching techniques and topics to further improve the quality and modernization of
instruction and courses, and (3) stimulate the preparation of articles and papers on topics of interest to the membership.
Acceptance of submitted papers will depend upon the resulfs of a review process and upon the judgement of the editors as to
the importance of the papers to the membership. Papers must be written in a style appropriate for archival purposes.

Submission of Papers and Articles

Submit complete papers, inciuding an abstract of no more than 200 words, as well as figutes, tables, etc. in quadruplicate (four
copies} with a covering letter to J. B. Crittenden, Editor, Engineering Design Graphics Journal, BF - VPI&SU, Blacksburg, VA
24061. All copy must be in English, type double-spaced on one side of each page. Use standard 8 1/2 x 11 inch paper only,
with pages numbered consecutively. Clearly identify ail figures, graphs, tables, etc. All figures, graphs, tables, etc. must be
accompanied by a caption. Iilustrations will not be redrawn. Therefore, ensure that all line work is black and sharply drawn
and that all text is farge cnough to be legible if reduced to single or double column size. High quality photocopies of sharply
drawn illustrations are acceptable. The editorial staff may edit manuscripts for publication after return from the Board of
Review. Galley proofs may not be returned for auwthor approval. Authors are therefore encouraged to seek editorial
comments from their colleagues before submission of papers.

Publication

The Engineering Design Graphics Journal is published one volume per year, three numbers per volume, in winter, spring, and
autumn by the Engineering Design Graphics Division of the American Society for Engineering Fdueation. The views and
opinions expressed by individual authors do not necessasily reflect the editorial policy of the Engineering Design Graphics
Division. ASEE is not responsible for statements made or opinions expressed in this publication,

Subscriptions

Yearly subscription rates are as follows: Single copy rates are as follows:
ASEE member  $3.00 U.S. member $1.50
Non-member $6.00 U.S. non-member  $2.50
Canada, Mexico $10.00 Canada, Mexico $3.50
Foreign $20.00 Foreign $7.00

Non-member fees are payabie to the Engincering Design Graphics Journal at: The Engineering Design Graphics Journal,
The Ohio State University, 2070 Neil Avenue, Columbus, GH 43210, Back issues are available at single copy rates (prepaid)
from the Circulation Manager and are limited, in general, to numbers published within the past six years. The subscription
cxpiration date appears in the upper right corner of the mailing label as follows: (1) for an ASEE/EDGD member, the
expiration date is the same month/year as the ASEE membership expiration (for example, 6/90) (2) for all others, the
expiration date is the date of the last paid issue (for example, W90, for Winter 1990). Claims for missing jssues must be
submitted within a six-month period following the month of publication: January for the Winter issve, April for the Spring
issue, and November for the Fall issue.

Deadlines

The following deadlines apply for submission of articles, announcements, and advertising: Fall issue - August 15, Winter issue
- November 15, Spring issu¢ - February 15.



With the CADKEY advantage your students can work smarter!

You Can Use CADEKEY 3 As Part Of A Total "Concept-To-Completion Solution.,"

CADKEY, Inc,
440 Oakland St.
Manchester, CT 06040-2100
203-647-0220

THE CADKEY VIDEOS
A Unique Instructional Package for Learning CADKEY

The CADKEY Videos are like no other instructional video tapes, A special combination of computer and video equipment aflows the viewer to
see both the actions of the user, and the CADKEY display responses at the same time. The instructor in the tapes also uses an on-screen pointer

1o call attention to features being presented. Close-up views of the keyboard and drawing assignments help the viewer observe and better un-
derstand CADKEY.

The CADKEY Videos were developed by Dr, Gary Bertoline and Dr, Lecnard Nasman of the Chioc State University Engineering Graphics Depart-
ment. They have introduced hundreds of engineering students to CADKEY, and have carefully planned the scope, pace, and sequence of the
tapes 1o help new CADKEY users become proficient in a minimum amount of time. The tapes offer the following applications and advantages.

e The tapes can be used to supplement lectures for large group instruction.
e The tapes provide consistent delivery of instruction in multiple section classes.

eThe CADKEY Videos are a great help in situations where classes are assigned to new Graduate
Teaching Assistants, or to instructors who are teaching CAD for the first time.

o The tapes, along with the Study Guide, provide a ood foundation for individualized instruction .
o The tapes can be made available in a learning resource room to students who miss class sessions.

# Provides the opportunity for students to review the tapes several times to huild CADKEY skills.

There are currently ten tapes in the series. Tapes one through four cover the most commonly used CADKEY features. Five through seven
cover advanced dimensioning, cross-hatching, and editing. Tape eight provides a foundation for the powerful 3D capabilities of CADKEY. Tape
nine contains a brief review of the CADKEY configuration process, and tape number ten covers the extensions found in CADKEY version 2.1,

The tapes vary hetween 30 and 40 minutes in length, and are designed to be fit within a normal lecture period and still allow some time for
the instructor to cover local assignments and problems.

The price of the tapes is $30 each except for tape #9, which is $40. A set of tapes 1 through 4, or 5 through 8 is $300 per set. A set of tapes
1 through 8 is $560, and the complete set of tapes 1 through 10 is $680. ASEE members are eligible for a 50% discount off these prices. The
Study Guide is priced at $10 per single copy {quantity discounts are available).For more information on the CADKEY Videos, contact:

Microcomputer Education Systems Inc.

3867 Braidwood Drive
Columbus, Ohio 43026 Phone 614-433-7305
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. Vera Anand
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