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letterguide Inc, introduces a new portable
LETTERING TARLE complete with a stainless
steel "Cam-leck" T-Square. Ideal for
lettering certificates, signs,
transparencies etc. in the office, shop,
home or classroom.

The overall size is 20 1/2" x 18" x 4°
with a working surface of 18 172" «x
15 1/4", weight 7 pounds. There is ample
storage for paper, pens, templates,
triangles etc. beneath the “Borco" covered
removable top. The frame is solid oak,
finished patural to assure many years of
continued service, Price $87.50

Letterguide also has several new Tettering
styles available fncluding Helvetica
Qutiine - ideal for the silk screen field.

LETTERGUIDE, INC.,P.0. BOX 30203, LINCOLN,
NE 68503, 402/488-0925

Eric Hotchkiss

3-D Data Base of Vehicle



The newest edition of ENGINEERING GRAPHICS is, as always, a motivating, concise, reada-
ble, and readily adaptable textbook. Material has been updated wherever necessary, and the
many beneficial suggestions of past users have been incorporated.

NEW MATERIAL

Computer Graphics and its associated technologies are discussed in relation to their increasing
importance as a drawing and design tool.

Metrication is emphasized even further in this edition. The proper use of the SI system is

stressed, and fasteners are treated as the focus of many areas and supplemented where necessary
by their common-unit counterparts. Metric dimensions and units are used as the basis for
illustration and problem layout.

Standards Changes are included whenever possible, especially in the area of dimenstoning.

New [llustrations and Problems are introduced to help students learn the material.

CONTENTS

Tools of Communication/ Orthographic Projection and Space Geometry/ Presentation of Data/
Description of Parts and Devices/ Pictorial Drawing/ Design Synthesis and Graphical Applica-
tions;/ Advanced Graphical Topics/ Reference and Data/ Appendix/ Bibliography/ Index

ENGINEERING GRAPHICS will help your students develop the professional literacy every engi-
neer needs in making clear sketches and using and interpreting drawings. Order your complimen-
tary copy for adoption consideration and you will agree. Just complete the attached coupon and
mail it today.

Yes, please send me a complimentary copy of ENGINEERING GRAPHICS: Communication,
Amnalysis, Creative Design, Sixth Edition, by Paul S. DeJong et al. 2043

Course No. & Name Naine
Affiliation
Enroll. /sem. /gtr. Address

City
mm Kendall“Hunt Publishing Company~

2460 Kerper Boulevard - PO, Box 534 Dubuque, lowa 52001 State
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EDITOR’S PAGIEE

The past year in graphics has been a
busy one for most of us. There has been
much change both in curricuium and in the
students we see in our courses. Some of
the changes have caused some to question
the very purposes of graphics.

First, a comment on the attraction of
computer graphics, More people have shown
an interest in graphics than ever before,
You see some strange students these days,
each hungry to pick up some understanding
of visual imagery: dance, theater, music,
climatology, wgeolegy, chemistry... they
all see graphics, and by this I mean
computer graphics, as their salvation.

But the bettom line is that these
people still know nothing about graphics,
or coemputer graphics technology. They
expect everything to be automatic (after
211, it's a computer, isn't it?). They
expect it to be magic. Typically their
response s "but car't it do this?" Well,
yes, ff it were set up to do that. "Well,
can't I just push a button and it will
rotate, section, dimension, figure mass
properties, and do a color repdering?"
Well no, because it isn't set up to do
that,

The danger in all of this is that a
large section of the technical populaticn
is now accessing very powerful graphics
without the knowledge of now, why, or why
not.

4 EN@INEERING DESIGN GRARPHICS JOURNAL

Qur responsibitity as graphics
educators then has changed. We are still
the guardians of the true gospel, and to a
select group of engineers, technologists,
and designers we will continue to expound
its virtues. But to an entirely different
group of people .., the chemists, dancers,
filmmakers, agronomists, etc., ... we have
a different charge. That charge is to
dispetl the heretics, flush the
interlopers, and spread the message that:

1. Graphics has always Deen important,
not just since the advent of the
computer.

2. To use graphics intelligentiy is to
understand graphics. To not
understand graphics is to be used by
graphics.

3. There is no substitute for a soild
graphical preparation.

4, There is no substitute for a solid
computer preparation.

Many graphics areas will be in the
position to of fer a campus-wide
introductery graphics course ... sort of
an tnglish 100 ... to a wide audience.
Have any of us thought of what "Graphic
Composition 100" might look Tike? What is
the part of graphics that is 50 basic, so
universal that the course  would be
appropriate for both a dance and an
ganthrepoloegy major?

What 1s happening now is the worst
possible case: these students show up on
your doorstep, hungry to be anointed with
the graphical oils, yet unwilling to go
back and learn the basics. They want to
do some very sophisticated things RIGHT
NOW! We should start discussing this
right now so that our voice might come
acress as one,

A second obseryation, this time on the
unattractiveness of computer graphics. Up
until a few years ago, graphics people did
graphics. MNow, not only as I just discus-
sed with the case of a heterogeneous
student population but also with the gra-
phics innovators, ALL SORTS OF PEQPLE MAKE
GRAPHICS. Go te SIGGRAPH and I venture
you will see mathematicians, philesophers,
lots of electrical engineers and computer
scientists, their shirttails hanging cut,
peering from behind thick bdlack-framed
glasses, their hair uncombed for weeks or
months, each involyed 1in perfecting a more
parsimanious algorithm for displaying some
trivial 1image that graphics people have
been making for years by hand. The more
that these people take over the making of
graphics the more non-graphical it will
become,

An older professor, lucky enough to
retire before having to personally deal
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with some of this madness, said it best:

" It's not really amazing that
machines can't produce graphics
of as high a quality as that
which can be done by hand, what
is really amazing is that they
can be made to draw at all."

These last two negative points come to
bear when dealing with non-graphical
technical students who crave computer gra-
phics. It is up to us to Took these
would-be graphics converts sguare in their
beady little eyes and say "Why don't you
take Graphics 200, 210, and 220 and then
come back. Maybe then you'll understand
what you want out of this technology." We
owe it to the student, to ourselves, and
to graphics.

THCTH THCTH TR TH TH DA TH T TR THO B TM TR TR T TH TR TH T TH AT Th G (T TR THOTH TH TROTH T TN TH 0 THOTR TR

This is my last editorial as a faculty
member of the Department of Engineering
Graphics at Ohio State. After 10 years, I
return to Purdue to teach in their Tech-
nical Graphics department in the School of
Technology. If I have the opportunity to
continue as editor this change should

increase the horizons of the EDGJ. ‘In Frm o m - <:::;§

these 10 years I learned a lot about what ! +-
is true and untrue in graphics. I only S |_
wish all of you could haye had the same 1

gies as 1 was lucky enough to experience.
It was a time that will be difficult to

recapture. I guess I shouldn't try. _____VAA__J L

exposure to the old and the new technolo-

SOFTWARE EXCHANGE

This is the start of what will be a
continuing part of the EDGJ - a software
exchange. Since none of you have con-
tacted me saying that you have all of this
great stuff you want to share, I will
start by identifying those I know who are
actively developing graphics software. I
advise you to contact these individuals
directly to find out what they are doing.

Clyde Kearns Engineering Graphics IBM PC GRAPHICS
The 0Ohio State University

Bill Kolomyjec Engineering Graphics APPLE GRAPHICS
The Ohio State University

Len Nasman Engineering Graphics ATARI GRAPHICS
The Ohic State University

Larry Goss Engineering Technology IBM PC GRAPHICS
‘ ISU/Evansyille

Rohert Norton Mechanical Engineering APPLE GRAPHICS
Worcester Polytechnic

ENGINEERING DESIGN GRAPHICS JOURNAL &
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Why Deaf Students Choose Fields Using
FEATURES Bt

The importance of graphics as
perceived by engineering educators s
embedded in the role it plays as . part of
conceptual design and analysis.” The
: DEAF STUDENTS tools necessary for this process include

visual thinking and visualization: of
geometric and physical objects as active
mental skills. Rote tearning such as
memorization or 'see and do' tasks do not
assist in this type of thinking ability.
This 1is particularly true if the deaf
student acquired a severe to profound
hearing loss at a very early age prior to
the normal language development period.
These deaf students Tive in a viaual world
and for most part the sound (if available)
s distorted and not easy to comprehend,

; ; . : Fifteen deaf students were tested 1in
Deaf Students in The Engineering Design . - . . - )

. . K the Science and Engineering Orientation
Graphics Classroem: An Increased Happening Program at the University of Houston. A1l
. howed great facility in mechanical and

Manjula B. Waldren, Ph.D. s - A . -
Departmeﬂt of Engineering Graphics graphical reasoning, while having almost
The Ohio State University no English Tanguage skills, One student
Columbus. Bhio performed at the twelfth grade Tlevel in
: mechanical reasoning, math computation and
bstraction but cnly read English at the

Susan Rose, Ph.D. a
Department of Educational Psychology second grade Tevel! Those degf students
University of Minnesota who enrolled in the Engineering program
Minnea o1¥s Minnesota did very well in Engineering Graphics but
P * ) could ne handle other 1an%uage related
subjects. Waldron and Rose conducted a
: series of graphical problem solving tasks
Introduction on the computer and found that the deaf
. tudents could de equally well in these
Public Law 94-142 and 5.8.504 mandate > :
opportunities for handicapped students to tasks as hearing. The dependency on the
be educated within the mainstream of visual sense as a primary source allows
ponhandicapped students. The major chal- degf pfrsonm to do wﬁ}! in space related
lenge and benefits of these laws are to SUbJECts such as grapnics,

change the attitude of the normal
pepulation and to increase the level of

educational expectations, 1in particular

among young handicapped people embarking deaf StUdentS have a natural

on post secondary education., One such ]
roup is the hearing handicapped indi- H
giduaph Recently, innovations in UndeE’Standlng Of grapthS

education for the hearing impaired in-

cluding the availability of good
educaticnal programs, use of sign language
and improved hearing aid technology as
well as the early identification of deaf-
ness has enabled increased numbers of deaf
stuents te¢ reach post secondary level
equivalency in reqular = educational
programs. Until recently, technical

How Do I Teach A Deaf Student?

Deaf students, when they “seg" they
attend, perceive, discover, and think 11ke
any other person. However, the code which

: : : ¥ dent uses to do this is dif-
education was available to the hearing Ezie:faf %Ezriﬁg uFrsons rely largely on
impaired only at the National Technical rerent. ) per A o the hidher
Institute for the Deaf, With the audio-symbolic association fo an
assistance of 1litigation and 1ligislation ngn]t?;ﬁ areaf paq}ncqﬂ;:ﬂd; ihe 3;3:5;?-
increased programming for the deaf student tion Wi aural-verba quag . EaTie
at post secendary institutions is expand- deaf students utilize the visual-symb
ingp In 1981 50 such programs were avail- association relying primarity on visual

: : i i f itive processing.
; 1 spatial coding or cognit |
3gz§tﬁ;nﬂh1;ro$i;& 20 Ag:;uiiintiEW?CSf To convey the problem solving tasks the

; ; ; instructor can conveniently use the
E?gnsSt%gi:fs 1§nr;:;:€j(;n ﬁg;jfunlfgﬁ}ﬁﬁ graphic medium to demonstrate steg-by—;tep
i} e L] s .
engineering and health technology related procedures with jittle or nodwog 5% th?ny
areas 1 Since then both the number of graphics teachers are very adept a 15.
students and programs have increased, The Reduced verbal information supported by
robability of finding a deaf person fin visua1. graph1c demonstration can be most
P d A hics course is extremel effective with hearing impaired students
aggﬁ estgn arap Y as well as non-handicapped students e.g.,

& ENEINEERING DESIGN GRARPHICS JOURNAL



Step 1. Draw a line AB
A B

2., Find the Midpeint C

Line AC = Line CB
A C B

Some helpful hints for including the
hearing impaired student in the
instructional process follaws:

. Avoid long compliicated verbal discus-
sions explaining the procedures,

When using the blackboard, demonstrate
or model each step and, preferably,
write directions in a basic format.

. if using an overhead projector it is
important to have the room lighted
with transparencies that can be
clearly read.

In introducing new vocabulary,
graphical demeonstrations with simple
sentences help, A basic rule is that
the more visual-graphic dinformation
one can use the -easier it {fs to
explain,

. In examinations, use basic vocabulary.
I1f necessary, use & separate exam with
adapted syntax sc that you are measur-
ing their graphics knowledge and not
their mastery of the English language.
One can presumably leave this teo the
English teachers.

Assignments, announcements, changes in

scheduting should be posted in
writing.

Who is an interpreter?

Interpreters for the deaf function in
a similar manner as fereign Tlanguage
interpreters, An interpreter for the deaf
is a person who can translate the spoken
Fngiish expressions dinto a graphical
language, such as American Sign Language
or Sign English., In educational settings,
frequently it is beneficial tec the student
if the interpreter supplements sign
Tanguage communication with some illustra-
tions and notes regarding the c¢lassroom
Tecture.
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Interpreter services are often pro-
vided by the institution or rehabilitation
agencies at the request of the students.
At first, an interpreter in the classroom
may seem a bit strange. BRut most instruc-
tors report that soon the interpreter
becomes part of the scenery and even
forgets that he or she is present. Note
takers are sometimes employed, also, since
the deaf student is unable to follow the
instructor, the interpreter and be able to
write simultaneousiy. However, the bhene-
fits of note taking are extremely limited.
The most helpful informatfon 1is provided
by the regular instructor through writing,
drawing and demonstrating. Non-handicapped
students also benefit from this extra
effort. The interpreter can be used to
communicate with the deaf student in a
one-to-one situation, however, reading and
writing {the direct approach} can also be
used as long as the communication 1is
interspersed with graphic iljustrations,
It must be recognized that this latter
approach is slower for the instructor and
the student but more effective since it is
direct. If this communication is frus-
trating then an interpreter is the best
solution,

Conclusions

Deaf students are able to succeed in
the regular educational setting. Gra-
phics, visual aids, computers and computer
graphics allow the instruction to be made

highly wvisual and accessible. Deaf
students have a natural understanding of
graphical procedures,. A little extra

thought in delivery can make the dif-
ference between no comprehension to
complete comprehension. Visual imagery is
used to some extent by all as an aid to
problem solving, This is particulariy
true of the deaf student, The clearer the
picture of the steps taken to solve the
problem the easier it is for them to solve
that problem, For the deaf learner, cer-
tainly a picture ts worth a thousand
words.
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CAD SURVEY

Summary of Survey Results
on
“Implementation of Computer Graphics
and CAD Early in Undergraduate
Engineering Education"

Compiled by
Computer Graphics Committee
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Introduction

During the 1982 ASEE Annual Confer-
ence, a computer graphics survey was
addressed to the general membership of the
EDG DPivision of ASEE. The major intent of
the survey was to ascertain the status of
computer graphics and CAD idnstruction 1in
the early years of engineering undergradu-
ate education. The results of this survey
were compiled and studied by the Computer
Graphics Committee of the EDG Division
during the 1982-83 academic year. The
survey results were based on 31 response
from graphics educators in leading erngine-
ering colleges in the United States and
Canada. The responding schools' profile
¢an be construed frem the home institu-
tions of the participating members. of this
report. The quantitative results of the
survey, consisting of answers to 14

ENGINEERING DESIGN GRAPHICS JOURNAL

specific questions, have been graphically
itlustrated in this paper. The primary
purpose of this summary paper is5 tg
interpret these results, in a qualitative
sense, and to present a ccmmittee-hased
opinion cf the future direction of
computer graphics and CAD in undergraduate
engineering education, as perceived in the
1982-83 school year.

First Instruction in Computer Graphics and
CAD

The initial questions in the survey
were geared to determine the curricular
level at which computer graphics is first
introduced to engineering students, An
overwhelming response (84%} stated that
computer graphics was taught at the
freshman level at their own institution.
In some cases, this freshman exposure
involved a substantial number of students.
For instance, six schocls reported over
500 students involved in computer graphics
in the freshman program, In about 50% of
these cases, computer graphics fs first
introduced in traditional engineering
graphics courses. This would seem to be a
natural starting point since most engine-
ering programs offer a freshman graphics
course, and since computer graphics and
CAD have had a substantial {impact on
traditional engineering drawing. In a
smaller number of cases {20%} computer
graphics is first introduced in a computer
programming course, This offers an
excellent cpportunity tc teach programming
techniques related to graphics images, and
conversely, graphics can help the develop-
ment of programming skills, However, such
@ curricular approach to computer graphics
should be preceded by instruction that
insures engineering graphics Titeracy.

Hardware Methods for Computer Graphics

Introduction

Most schools that responded have
graphics terminals that are used for com-
puter graphics instruction. In the
typical case, a terminal is cennected to a
mainframe computer. However, a large
number of respondents indicated the use of
small stand alone systems for early com-
puter graphics instruction, The low cost
and flexibility of these new microcomput-
ers might signal a direction that all
freshman graphics programs could pursue if
mainframe hardware is not available,

The most advanced use of turnkey CAD
systems in undergraduate training did neot
appear prevalent in the survey, Although
eight respondents indicated that CAD sys~-
tems {(of some nature) were used in their
freshman computer graphics program, only
one institution reported actually having
an industrial turnkey CAD system. this
pattern may change in the future, though,
as more schools find fiscal resocurces for
CAD and as more industrial donaticn pro-
grams emerge. One observation is clear:
the use of a graphics termipal, with its
inherent interactiveness, 1is the current
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ENGINEERING DESIGN GRAPHIGS DIVISION - ASEE

CCMPUTER GRAPHICS
SURVEY

1. At what level of instruction do you first introduce computer graphics to your students?

Level of Instruction % Response

Freshman 84,

4. 0
Sophomore 6.4
Junior 3.z
Senior 3.2
Other 3.2
2. In which course or topic is computer graphics firstintroduced?
FIRST COURSE TORIC
EHGIRERATNG GRAPHLIES (BL,s%)
THTRO TO EMGIWEERING 13.2%)
T
CTHER (26.0% R COMPUTER PROGRANKING (19,43
3.

What methods are used to introduce computer graphics in your freshman program?

COMPUTER GRAPHICS IMTROIUCTION

HETHODS USEII'

=

0. RESPOHIES

a7

R,
A7 7

TERKLHALS PROG. €KER. TEHOS . CAD $YSTEMS OFFLIHE PLOT CAHNED MOD. OTHER

FIGURE 1

norm for computer graphics instruction,
while the use of batchmode off-1ine plot-
ting is outdated for graphics instruction.

Software Methods for Computer Graphics

Introduction

Although there appears to De many
consistent trends in the way different
institutions are intreducing computer
graphics, one area remains very unclear,
In a question related to whether computer

programming was taught before, during, or
after computer graphics introduction, the
response was very mixed. Approximately
forty percent of the respondents indicated
that computer graphics is introduced
before programming. Apparently this 1is
accomplished using demonstration, interac-
tive software, and other means that do not
require programming skills on the part of
the student, An approximately equal per-
cent of responses indicated that computer
programming is part of the first introduc-

ENRINEERING DESIGN GRAPHICS JOURNAL ©
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7. What type of hardware facility exists at your schoal for teaching computer graphics
to large undergraduate classes?

COMPUTER GRAPHICS HARDUWARE

FACILITIES AVAILABLE
HO. RESPOWSES

NN

i V;/ /4 r 71 [~

HATHFRAHE STHNB“LQHE‘ FRTCH TURNREY 5YS. HORE

B. How haa your pchool acquired software for teaching computer graphics?

COMPUTER GRAPHICS SOFTWARE

SDURCEY
HO. RERPONILY

AN

ol V777 ;ii

IH-HOUSE YEHBORS USER CROUPS OTHER

9, Does your school offer an upper-level eugineering course on computer graphics?

UPPER~LEYEL COMPUTER GRAPHICS COURSE

WO 12§, €%)

tion to computer graphics. This would FIGURE 2 In the area of computer graphics soft-
facititate a better understanding of the ware development, it is evident that
software mechanisms involved in the gener- instructional computer graphics software
ation of graphic images,. Determining is currently being developed by teaching
which of these two approaches s better faculty. Over two-thirds of the respond-
may not be easily ascertained, and the ents indicated that they used software
decision may rest on local curricular that was developed in-housa, This may not
constraints and traditions at each home be a totally undesirable situation, since
fnstitution, Nonetheless, a natural pro- it offers an opportunity for staff
gression would consist of simple computer development in computer graphics. Approx-
graphics demonstrations followed by imately one-half of the responding schools
increasingty complex programming also used software supplied by the vendor.
exercises, Whether this should occur in This saftware most Tlikely falls into
one packed course or in a sequence of specialized areas such as graphs and
courses that have additional objectivas is charts. Unfortunately, no network exists
still unresolved. for the systematic exchange of instruc-

10 EN@INEERING BESIGN @RAPHICS JOURNAL
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4, With reapect to your first student exposure to computer graphics, do you teach computer
programming before, during, or after this exposuras?

PROGRAMMING AND CDHPQTER GRARPHICS

TERCHING $SEOVENCI

DURIHE (43.3%)

FEFORE {2a%)

3. Which computer programming language is used to teach computer graphics?

PROGRAMMING LANSUAGE USED

FORTRAH (63.3%)

,.
2
%

5

2353
e
i

e
Yyt

ool

'&:{‘
3

PAIGAL [3.0%)

5%
T
et

<5
5
el

BASIC {23.3%)

6. Which textbook do you use for computer graphics instruction?

Texthook % Response

Rogers & Adams 6.4

Scott 3.2

Foley & YanDam 3.2

Misc, Notes 16.2

No text used 71.0

FIGURE 32
tional computer graphics software amongst engineering computer graphics seems to be
universities. 1t should be noted that congealing. The most commen topics in
FORTRAN and BASIC are the predominant engineering computer graphics are two-
programming languages used in engineering dimensional and three-dimensional
computer graphics. PASCAL is used much transformations which rely en matrix
less frequently. algebra. The use of interactive tech-
niques is also recognized as important in
Advanced Instruction In Engineering an advanced computer graphics course. The
Computer Graphics and CAD more scphisticated topics, such as data
structures and raster color graphics prin-
It is encouraging to note that almost ciples, were mentioned less frequently in
75% of the respondents indicated that the survey. In addition, it should be
their school offered an upper-level course recognized that topics related to computer
on computer graphics. This course normal- graphics hardware design are also a
1y would take the form of an elective component of this advanced instructional
course, perhaps in a CAD/CAM block option. affort.

The contents of this course are relatively
broad, but a "body of knowledge" for

EN@INEERING BESIGN GRAPHICS JOURNAL 11



SPRING 1984

10. What are soma of the topics covered in your upper-level computer graphics course?

Topie No. Responses
2.D Transformations 18
3.8 Transformations 17
Interactive Techniques 16
Projecticns 13
Geometric Modeling 10
Data Structures T
Color Graphics &
Qther 6

It. Are computer graphics and CAD techniques used as problem solving tools in other
engineering courses at your school?

COMPUTER GRAPHICS AHT CAD

YEF (B5.1%)

HY. 41,9%)

12.  If computer graphics and GAD techniques are used in other courses at your achoal,
*pleace list some of these courges:

Courses Listed
~ourses Listed

Statica
Dynamica
Mazchine Design
Network Theory
Mapping

Finite Elements
General Deaign

FIGURE 4
The integratioen of computer graphics Conclusions and Recommendations

and CAD in other core engineering courses

is Tess obvious, Respondents mentioned The survey was concluded with a series
that CAD was used in such courses as of general questions in order to solicit
statics, machine design, electrical net- global opinions on computer graphics in
work theory, and mapping, However, the engineering education. Special note
systematic wuse of computer graphics and should be made of the first three global
CAD, which ultimately will be common tools responses, since they represent a2 rather
in engineering practice, 1{is not yet strong similar agreement over all the
evident in engineering education. Almost entries. From these responses, and based
42% of the vrespondents indicated that on general extrapolatfons from the survey
computer graphics and CAD were not used as results, several conclusions can be drawn:

problem solving tools in other engineering
courses at their schools as of yet,

12 EN@INEERING DESIGN GRAPHICS JOURMAL
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13, Please estimate the number of students involved at each of the following levels
of computer graphics at your school:

FRESHMAH COMPUTER ERAPHICS CONPUTER GRAPHICS URPER-LEVEL
PRBGRAM IH CAD 1H PRUGRAMMING GOLRSE
3083 —§ + 600 — + soe 200 q-
I i- T
2508 500 van L+ 1.
158 4 +
zae8 480 ]
308 4 + )
ise8 : 300 + 160 T +
2a8 - + 1
taea f- 4 208 4 + + 1.
+ 58 -
108 :
see L1 we—+ F * ]
i I ; i
+
e gt ] ]

14, Which of the following statements agree with your overall opinion of computer graphics
in the engineering curriculum (check all that apply):

Statement % Agree
Computer graphics should be intreduced in the 93.5

freshman year.

Computer graphics should be used in other engine- 87.1
ering courses where applicable after a suitable

introduction.

Computer graphics should be taught with 83.8

engineering graphics (drawing) courses.

Computer graphics sheuld be taught with 45,2
computer pragramining,

A separate upper-division course on engine- 25.8
ering commputer graphics ghould be intreduced
28 a required course.

Computer graphics should be used in other 12.9
enginesring courses, but no effort should be
made to introduce it as a separate topic.

Engineering educators should not be concerned 3.2
with computer graphics.

FIGURE 5

. . 3. A second-level engineering computer
It is clear that computer graphics :
should be introduced in the freshman I iEaime fhrrently as an elecs
engineering program. The most logical tive course ' This course should
place for this first introduction is include 2-d and 3-d matrix transfor-
the traditional engineering graphics mations and projections, as well as

L

course. interactive graphics principles and
This first introduction could involve hardware design considerations.

some programming exercises, but that
is not necessary since Jinteractive
programs and demonstrations are use-

Chairman's Note

Professor Robert Wilke of Texas A&M
;#;dramﬁ?:gtnﬁgjfﬁl, ﬁ?etﬁgringgﬂpﬁgif University has recently reported to the
Late encinesrin Foqram sﬁa 1d committee results of a similar computer
include iome eﬁemeni gof com uger graphics survey which his group undertock
graphics, at least at the 1ev;1 of in the summer 1983, The results of his
Combuter aenerated 2-d drawings survey corroborate the general observa-

P d wings. tions of this committee report, and offer
extended details in some areas. inter-
ested persons may wish to contact
Professar Wilke for additional

information.

EN@INEERING DESIGY GRAPHICS JOURNAL 13
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OBLIQUE METHODS

A COMPUTER GRAPHICS METHOD
FOR
CREATING OBLIQUE PROJECTIONS

Donald S, Runk
Graphics Systems Programs
IBM Corporation
Kingston, New York

Introduction

Oblique projection can be produced
from two principal orthographic visws of
an object., It is usually practical to use
the plan and profile views for projectors
and the frontal viewing plane as the
"picture” or “oblique” viewing plane.
This paper defines the analytical
relationships for the foreshortening and
receding angle of an oblique line as a
function of the lines of sight te the
object as represented in the plan and
profile views. It also illustrates a
procedure for creating oblique projections
of objects from principal orthagraphic
views of the object using computer
graphics. The CADAM Computer graphics
program was used to develop the procedure
described in this paper.

Background

The procedure for creating principal,
auxiliary, or isometric views of an object

using CAD programs such as CADAM. are well
known and used as a matter of course.
However, the procedures for creating

obligue or perspective projections with 2D
CAC programs are not as well documented
for the end user.

Im the process of investigating the

possibilities for applying the CADAM
program to Pictorial drawing it was
determined that the well known procedure
for creating an oblique projection from
two principal views of an object could be
applied to a computer graphics generated
model., It Was also shown that

foreshortening along the receding axis and
the receding angle are a function of the
obtique line of sight. Equations were
formulated which allow the user to either
predict the characteristics of an oblique
projection which are related to a given
1ine of sight or to determine the line of
sight required to produce 2 desired set of
characteristics for the projecticn,

B o
H
AN
LT N
A
AH \
~ AN
H LN N
F { =
Line of Sight i
{Pian Approach Angle} | Bg h
L —_
| -o ™.
| S Line of Sight
_-e .__....\._\51 \\ (Profile Approach Angle)
Ag NZ::E————ﬁzlw
18 A b Bp
I
Flp

Figure 1. Oblique Prajection of Line AB
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Theory
Figure 1 shows the oblique projection angles and . These angles are formed
onto the frontal plane of line AB whose by the intersection of the lines of sight
true length is L. The oblique length, Lo, with the frontal plane edge lines.
{usually a foreshortened Tength) and its .
accompanying receding angle are a {a) Oblique length:
function of the obligue line of sight. 2.1/2
Orthegraphically, the Tine of sight fis Lo = L [1+(tan tan 7]
represented as a projection onto the b} Receding Angle:
horizontal projection plane {(PTan Approach (b) g gles
Angle } and a projection onto the = tan™t t
profile projectien plane. (Profile an [tan an ]
Approach Angle } as shown in Figure 1. Figure 2 chows the relationship
between +the Plan and Profile approach
The following equations relate the angles for constant foreshortening,
oblique Tength (Lo} and receding angle { ) Figure 3 shows the relationship between
of the line AB to the lines of sight as the Plan and Profile approach angles for
defined by the plan and profile approach constant receding angle.
Plan Approach Angle ( O }
vs
Profile Apptoach Angle { [ )
{Censtant Foreshortening)
{Cabinet) {Cavalier}
Lo Lo Lo Lo
‘I:‘—" = 0.25 L—=D.5 ‘E—=0.?5 T"=1

& {Degrees)

50

a0 | | | I |

0 10 20 L] 40 S0
3 (Degreest

Figufe 2. Oblique Length {Foreshortened}
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Thus, for a given line of sight as Examptes
defined by and , the plan and profile )
approach angles, the resulting (a) Analysis - It is desired to
foreshortening and receding angle may be predict the foreshortening ratio and
predicted. receding angle obtained from a line of
5ight whose plan and profile approach
The process may alsc be reversed to angles -are: = j70°, = 30°

provide the required plan and oprofile
approach angles for a desired oblique

length, usualty foreshortened, and
4 1 Th . Lo 1 2.1/2
;:ffoJ;F angle. e equations are as - = 'E5ﬁ7ﬁ[1+(tan70 tan30)°]
Lo
L tan
(c} = tan-1 = 0.682
1+ Tan® )]
tan (Estimate from Figure 2: LO/L 0.69)
(d) = Tan™! [----- 1
tan
Plan Appreach Angle { ()
s
Profile Approach Angle ( 3 )
(Constant Receding Angle}
90
79
60 |
g 45 1
a
=1
30
15
0 i —
15 30 a5 60 75 90
g Degrees

Figure 3. Receding Angle
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tan'l[tan70 tan30]
= b7.75

{Estimate from Figure 3: = 58°)

(b} Synthesis - It is desired to find
the lines of sight required to produce an
oblique projection with a foereshortening
ratio of 0.5 (i.e., cabinet projection)
and receding angle of 307,

2
+ ban-lgp 08 tan30)? q1/2y

14.04°

SPRING 1984
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o

Fiqures 2 and 3 may be used to verify

these calculations.

Figure 4, Principal Views of a Cube

a

Pp

Computer Graphics Construction of the

Model

In the CADAM computer graphics
program, it 1s necessary for the user to
create the working views each of which is
orthogonal to its adjacent yiew and
oriented with respect to the adjacent view
by a line of sight chosen by the wuser.
Figure 4 shows three principal views of a
unit cube.

A line representing the intersection
of tne plan and frontal viewing planes is
created in the plan view at a convenient
distance C from the front edge of the
cube, Then, in similar fashion, a line
representing the intersection of the
profile and frontal viewing planes s
constructed in the profiie view. The
lines are relimited and their type fis
changed to phantom as shown in Figure 4,
They are Yabelled in conventional “hinge"
line notation.

Since the front view in an oblique
projection is generally the orthographic
front view of the model, it may be stored
as a detail for use later., Point P. will
be referred to as a "pivot" point for
placement of this view,

Next, create a pivot point P_ in the
oblique (i.e., frontai) view which" locates
the lower teft front corner of the cube,
This point will be used to place the front
view in the oblique viewing plane., Figure
5 shows the placement of peint P, in the
oblique projection plane.

This requires the selection of the
required plan and profile approach angles
and which are defined by the desired
foreshortening and receding angle. These
parameters are usually chosen to minimize
distortion of the model in the oblique
view.

EN@INEERING DESIGH GRAPHICS JOURNAL 17
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The procedure is to place a line at
angle through P in view H, Then
create a point il view K at  the
intersection of this line and hinge line
H/0O. This point, Tabelled will
project as a vertical un11m1te% length
line in the oblique plane {already created
as view F) as shown in Figure 5,

Follow the same procedure for
projecting P, from the profile view to the
oblique view, This will result in the
projection of an un!imited length
horizontal Tine through The
intersection of these two 11nes qocates aof
the pivot point (P for the placement of
the front view gf the cube, After
creating point P in view F, the front
view may be moved from the detail page to
view F, the Obligque view. (Labelled 0 in
Figures 5 and 6),

This procedure can then be used to
project the necessary points from the plan
and profile views to complete the oblique
projection of the cube as shown in Figure
6.

Summary

It is pessible to predict the
foreshortening ratio and receding angle
associated with a given line of sight for
an oblique projection. It is also
possible to predetermine the plan and
profile approach angles required to
produce a desired foreshortening ratic and
receding angle,

It should be noted that in order to
produce a foreshortened oblique Tlength,
thS plan approach angle must be at 1east

and the plan approach angle must not
exceed a5°,

This method allows for efficient
computer aided drafting of an obligue
pictorial representation of the model whan
the principal orthographic views are
available.

N
{"'Pivot” Paint) —

Figure 5. Placement of Front View
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Figure 6. Oblique Projection of Cube
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PROPOSALS

PROPOSAL PREFARATION
IN
ENGINEERING DESIGN

by

Gerard Voland
Assistant Professor
Department of Industrial Engineering
and Information Systems
Northeastern University

Boston, MA 02115

The Benefits of Proposal Preparation

Engineers {particularly design
engineers) are frequently involved in the
development of proposals far project
funding. Engineering students should be
encouraged to prepare propcsals for each
project which they undertake in order to
have their skills in this vital area of

the profession.

The projects may be of two types:

1.
wil

employer;
development,
tasks, product design modffications,

internal efforts, f.e., projects which
1 be financed by the engineer's
such efforts include new product
support for manufacturing
plant

Tayout and equipment purchases, etc.

2. external efforts which are to be
supported by outside funding Sources
(either governmental adencies or other

companies).

In either <case, a truly professional

presentation is needed which will persuade

the funding source that the ©proposed
effort will produce valuable, tangible
results.

The project proposal, 1in addition to

generating funding for the effort, also

provides the following henefits:

(a) a methodology for the project
{included in the proposal) which 1is
expected to lead to successful
results.

(b) a work/task schedule with distinct
milestone events which can be used to
both gquide personnel and measure
progress; the responsibility for
specific tasks is allocated to the
appropriate person or group.

{(c) an infitial user evaluation/marketing

survey is often performed prior to the
preparation of a proposal; such a
survey can be used to identify user
needs (and, therefore, project goals),

20 ENGINEERING DESIGHN GRAPHICS JOURNAL

existing competition, etc, (1t 1is
important to realize that a
comprehensive marketing or feasibility
study is conducted after the project
has been funded and initiated - any
surveys conducted prior to the
submission of the proposal are

preliminary and only provide a general
perspective of project goals,
specifications, product users, etc.}.

{(d) the required staffing for the project
is specified, with the appropriate
areas of expertise provided by company
personnel or by outside consultants;

in additien, all equipment needs are
identified.

(e} finally - and perhaps mast importantly
- agreement is achieved between the
funding source and those conducting
the project effort regarding the
cutput which is to be preduced by the
effort; all parties understand that

the project personnel have been
contracted to: submit specific
reports, generate recemmendations,
conduyct experiments, produce a
specified quantity of wmanufactured
units, etc,
After a need has been identified or a
problem has been formulated [see Voland
{1983a)], the preparation of a proposal
should begin. Al1l design efforts can only
benefit from the thought and effort which

is devoted to the project proposal.

Preposal Preparation

The standard proposal should include the
foellowing sections:

1. Title Page - which identifies the

title of the proposal, the person or
group to whom it is submitted, the
person or group submitting the

preposal and the date of submission,
2. Table of Contents

this 1s the
which focuses

3. Technical Proposal -
portion of the proposal

upon the technical aspects of the
project. A separate 'Business
Proposal' {described below) is also
included in the total package which is

specifically directed toward those who

will be responsible for approving the
economic aspects of the proposed
effort,

The Technical Proposal should include

an INTRODUCTICN which identifies the
user or group who will benefit from
the proposed work and which provides a
Justification for the effort by
persuasively detailing the needs of
the user group which will be satisfied
by the results of the project. In
conjunction with such a justification,
a listing of the major results
which can be expected from the project
should be given.



A proposed METHODOLOGY is then
presented which details the procedure
to be used to achieve the desired
project goals. One should demonstrate
his/her familiarity with the project
by specifying the particular
activities which will need to be
performed during the effert, e.g.,
_product familifarization {including
Titerature reviews, patent searches,
consultations with experts, existing
competition, desirable product
characteristics), user group
orientaticn {for which marketing
SUrveys, experiments, abservations,
interviews and other interactions with
members of the user group are
designed), the phases of the design

process, [including detailed goals’

specification, the wuse of creative
technigues in developing feasible
alternative solutions [see V¥oland
(1983b)] and the technical analysis of
the chosen final design (including the
construction and testing of a
prototype, if appropriate}], interim
and final reports {including a
detailed description of the final

design/sotution, all necessary
illustrations and drawings, etc.} and
F final oral design review-
presentation befare the funding
agency.

An estimated time fTnterval for each
phase of the technical effort should

be included. a milestone chart - in
which the completion dates for key
events during the project are
identified - should also be provided

in the proposal.

Finally, all references (literature

and individuals}y should be given.

4, Business Proposal - in which the
salaries of the required personnel,
equipment needs, travel expenses,
overhead costs and other expenditures
are identified,.

5. Resume - Finally, resumes of all key
personnel who will be invoived in the
project effort should be included in
the proposal package, perhaps as an
appendix.

Other requirements for a propesal (both in
content and style) will cften be specified
by the particular funding sources. One
should, of course, satisfy all of these
requirements and “customize" the proposatl
for the funding agency to which it wiil be
submitted.

A cover letter should always be included
with the proposai, This letter should
include the following information:

a statement that the proposal s
attached

the time peried during which the
proposed work will be performed

SPRING 1984

the estimated cost of the proposed
effort, together with the amount of
funding requested,

. a brief description of the proposed
effort, together with the potential
users of the results, the benefits
which can be expected for the funding
source, the methodology to be used and
the tangible results {(reports,
surveys, promotion copy, etc,} to be
generated.

. cliosing remarks in which enthusiasm
for the effort 1is expressed and a
telephone number s provided for
additional information,

Concluding Remarks and an Example

An example of a proposal {together with a
cover letter) - in which the above
recommendations have been used - is
presented on the following pages.

Proposal preparation is a crucial part of
engineering work; in fact, it sometimes
requires greater thought, effort and time
than the proposed project itself. The
design engineer who has developed his
skills in proposal writing techniques has
also increased his value to his emplaoyer
and to society. The importance of careful
proposal preparation cannot be
overemphasized.

REFERENCE

VYoland, G., “"Initial Probliem Formulation
in Engineering Design", Engineering Design
Graphics Journal, in review [1983a).

Yoland, G., "Stimulating Creativity in
Engineering Design Efforts", Engineering
Design Graphics Journal, in review
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identify needs—then
develop a proposal
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T
INTEGRAL RESEARCH INSTITUTE,ING, 2t i

integrating scientific heritage with ereative ability Bridgewater, Mansochusetts 02324

February 23, 1983

Hr R Manager
orts Research jsi
Company, Inc.

Dear Mr. Hill:

Enclosed please find our PROPOSAL FOR THE DESIGN OF A NEW
THERAPEUTIC RECREATJONAL PRODUCT FDR THE UNDERNOURISHED, WEAK OR
AGED. The proposal is for a period of three weeks with a tatal
budget of § 3846, The proposal has been divided into three parts
in order to facilitate your reviewing process: ‘the TECHNICAL PRDPOSAL,
the BUSINESS PROPOSAL and an APPENDIX.

As noted within the Technical Proposal, hospital patients,
inhabitants of many underdeveloped couhtries and other large populatioh
groups have & high incidence of metabolic abnormalities which result in
2 state of undernutrition. This total population group offers to

Sporting Equipment Company, Inc. the opportuhity to provide
therapeutic recreation designed specifically for the members of this
group while also generating substantial company profits. 1In addition,
the product should be popular among those who are not undernourished
but who have limited abilities {e.g., the aged, the disabled and those
who fail to exercise regulariy)., As a result, the potential exists
for substantial profits to result from this product development effort.

The propesed design effort will be accomplished in five phases,
as outlined within the proposal, As a result of the activities of
Phases 1 and II {Product Familiarization and User Orientation), the
interfaces between (i) the user and our product and (11} our product
and the goal of providing proper therapeutic recreatfon to the user . ...
will be clearly reflected in the design's particular goals and specifications,
with the consequence of a comprehensive yet focused effort by the IRI
design team and SENENENEENN Sporting Fquipment during the final three phases
of the project.

Proven creative design techniques will be used during Phase IT1
of the project to generate unique and feasible designs, after which
a final design concept will be selected together with the fdentification
of any areas of needed improvement in this final design. A prototype
will then be constructed and clinically tested against the criteria
established during the early phases of the project.

Finally, a written report which describes the final design (including
fully-dimensicned drawin s;. test results, a preliminary claims list for
patent application purposes, suggested promotion copy for marketing of the
product and all other relevant results will be provided to WENEENEN

Sporting Equipment. In addftion, a Design Review before representatives
of will be scheduled and given, '

We at IRI are conyinced that the approach to the design and
deveiopment of this new product in a major marketing arena {therapeutic
recreation) outlined in the attached proposal will produce the most
successful results within the shortest time. We 4re anxious to begin
work on this project upon acceptince of the proposal by your firm,

If 1 can be of further assistance, please contact me at the
above address or telephone me directly at (617) ENEEMENEN

Very best wishes,

.¢¢7
Gerard Yoland
President

FIGURE 1
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PROPOSAL FOR
THE DESIGN OF A NEW THERAPEUTIC RECREATIONAL

PROOUCT FOR THE UWDERNOURISHED, WEAX OR AGED

TABLE OF CONTENTS

Page
Table of Contents
TECHNICAL PROPDSAL
e Introduction ..........iiies. i eaaniasrasasanaareannn [ 1
® Methodology . .ocvvnnnrninnnnns e bdaeiataara sy P 2
o Phase 1 - Product Familjarization ................ viseo- 2
» Phase II - User Orientation & )
Oynamic Analysis of Existing Products ........ .3
e Phase 1I] - Ideation & Prototype Design ........... cevanens &
¢ Phase IV - Construction & Verification
0f the Prototype DESTON ...vvverneenrnaeenn.n .. B
¢ Phase V - Presentation: Dimensioned Solutien,
Final Report with Claims List &
Oesign Review ......c..coieniun. daaaaerrreaear &
+ References .........- avaaiaenieenanann PO eaebiiiaanan ?
BUSTNESS PROPOSAL
@ Proposed Budgét ................. G |
¢ Milestone Chart ........-... i bbaeriaiesiniesiaases P
APPEKDIX
% Restme of Principal Investigator ............... P L1
F1GURE 2
. Sl
Week |1 4 3
PHASE 1 XERXXAANOKN
PHASE 11 [XXXCXNKCON | XXXKIOKXXNKN IRXAIXNLXXXRKX | XXXRXAKKXNLK
PHASE TI1 XERXAXXRXNEK | XRXKXXHRRXAXX
PHASE IV ' HROUOOCACAC] KOO XXX
PHASE V FXO0ONNONCE L CRN0KXEN [ XXXAXXXXAEAX
PHASE 1 «Product Familiarization |
PHASE 1T - User Orientation & Dymamic Analysts of Existing Products
PHASE I1I- Ideation & Prototype Design
PHASE TV = Construction B Verificatidn 4f the Prototype Design

PHASE V ~Presentation; Dimemsioned Selution, Final Report
with Claims List & Design Review

Reai-time duration of Project: 3 weeks

FIGURE 3

ENGINEERING DESIGN GRAPHICS JOURNAL 23



SPRING 19684

BUSINESS PROPOSAL

PROPOSED BUDGET

The proposed budget is for a period of 3 weeks beginning upon acceptance

of the proposals. Payment is to be made in installments as mutuaily agreed upon.

s SALARIES

Engineering & Design {Principal Investigator: Gerard Voland)

@ $400/day ~ 2 days per week for 3 weeks ..... $2400
Drafting & Model Maker

@ 518/hr ~ B hoUTS ..o..oviiininninnn. [P § 144
Machinist @ $20/hr « 3 hours . .u.eviuveiinrenrnsnnrennnnnnn.s $ 60
Technical Assistant (Questionnaire effort)

@ % 5/kr - 3 hours ...,.. e ama At e e $ 15
Computer Programmer (data manipulation; analysis - as needed)

@ $15/hr - B hours ....... F et ateeieeaiaaaaay § 120

. EQUIPMENT

Instrumentation, mock-up items, lab supplies ........oivieves $ 50
Computer time .......,.. e reeter e eieaeas R .... § 150

o TRAVEL (to local hospitals & suppliers)
2 20¢/mile - 100 milES «...vieiiiiiiiaiiiainiaans $ 20

Sub-Total: DIRECT COSTS $2959

e OVERKEAD
Secretarial, telephone, supplies, space, etc.

@ 30% of Direct COSTS ..eunevivrrnvranansrns . § BBY

T $346

FIGURE &4
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FUTURE GRAPHICS

MICROCOMPUTERS IN ENGINEERING GRAPHICS
IMPLICATIONS FOR THE FUTURE

Dr. Leonarda Nasman
Engineering Graphics Department
The QOhio State University

Background

We have now reached the year 1984,
Some are surprised that we made it at all,
while many are reflecting on Orwell's
book, trying to determine the relative
accuracy of his projections. A few,
however, have noticed that it is Jjust ten
years since an electronics magazine pub-
Tished the plans for a personal computer
based on a relatively new microprocessor
chip, The response to the article was
amazing. The magazine got more requests
for reprints of this article than any that
had gone before. A couple of kids in
California worked up a kit they called the
Apple, and Radio Shack, Commodore, and
Atari, started wmwarketing microcomputer
systems for less than $1000. A couple of
college boys put together a spread sheet
analysis program that they calied Visi-
cale, and thousands of small businesses
decided that they just had to have a
microcomputer. In spite of the demon-
strated usefulness of microcomputers, the
computer science folks remained aloof for
awhile, and tried to pass the machines off
as toys. The entry of IBM into the mar-
ket, howevar, seems tc have made believers
out of most of the holdouts,

In less than ten years, the computer
business has moved from a situation where
computers were only accessible through
computer specialists, to a point where
nearly every toy store, catalog
distributer, department store, and even
neighherhood supermarkets are selling
computers, And the computers they are
selling are in scme ways more powerful
than the big expensive machines of a few
years ago.

The big question for us fs Just how
will microcomputers affect the way we
conduct engineering graphics education?
What are the implications for us now, and
in the foreseeable future? For my discus-
sion of microcomputers in the context cof

engineering graphics education, I will be
talking about three diffeent areas in
which I see significant impact. The thnree
areas are: Microcomputers as engineering
graphics tools; Microcomputers as part of
the instructional delivery system; and
Microcomputers as an instructor's aid.

A Graphics Tocl

Within the last three or four years,
microcomputers have made it feasible for
every educational institution to consider
purchasing one or more computer aided
graphics systems. If you have anywhere
from five to fifty thousand dollars to
spend, you can get a reasonably sophisti-
cated graphics tool!. As a matter of fact,
you might even find some instructional
applications for hardware in the $1000
range., The real problem is not finding
the funds to purchase the hardware
(although that is a problem)., No, the
real problem is deciding just what the
instructional objectives are for having
computer graphics hardware in the first
place, and deciding just where computer
graphics fits into the curricuium, Should
we be teaching prospective engineers how
te operate equipment? Many would argue
against this on the grounds that equipment
eperation requires more training than
education, and that training does not
belong in the university's academic envi-
ronment, Well then, should we be teaching
engineers how computer graphics hardware
or software works? Some would argue that
it doesn't matter how they work as Tong as
the end user can make them work. Should
we be teaching engineers how to design
computer graphics systems, or write compu-
ter programs that generate graphics? If
we do, what percentage of cur students
will find such knowledge useful in their
work?

What about the question of just where
computer graphics fits into our curricu-
tum? I don't know what has been happening
to engineering graphics at your institu-
tion, but at Ohio State engineering
graphics over the last ten or twenty years
has been pushed into a fairly small piece
of time in the curriculum. MWhat was once
a primary foundatien course in most col-
leges of engineering, does not even appear
in many engineering college catalogs at
all. The competition for time in the
curriculum is intense, and is not Tikely
to ease up in the foreseeable future.
Wwell then, can we bite the bullet and
replace some of our graphics course
content with computer graphics material?
One thing stressed by nearly every indus-
trial representative that I have heard
speak about the use of computer graphics,
is the importance of having a strong back-
ground in the fundamentals of engineering
drawing before trying to get a machine to
do the drawing for you. As an individual
that spent a good part of his Tife in
drafting and design, I have been both
amused and appalled by some of the stuff
that the computer science wizards consider
representative of engineering drawing.
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We face a significant challenge in
finding a place in our curricula for com-
puter graphics without short changing our
students in their exposure to the tradi-
ticnal communication language of the
engineering profession, We are in the
middle of a revoluticn, Perhaps we need
to do some revoluttonary thinking about
just what constitutes an effective educa-
tienal background for engineers that are
destined to spend most of their working
lives in the twenty first century. We
have on hand a2 remarkable new tool for
doing graphics. This microcomputer
graphics tool, however, is not just some
kind of clever electric pencil as some
would have you believe, The same device
that allows you to make and change
drawings with amazing speed and accuracy,
is also capable of data analysis, word
precessing, and project management, not to
mention playing great games. To think of
microcomputers strictly as new graphics
tools, is extremely short sighted. To
think of them in the larger context of
the total engineering curriculum is
frightening.

It appears to me that engineering
education is suffering to some degree from
over specialization. At least we are
guilty of spending too much time within
cur disciplines, and too tittle time
communicating with our colleagues, As a
result, discussions of what hardware
should be purchased, or what progamming
languages should be taught, or just which
department will take or what part of the
instruction, are sure to get very inter-
esting when everyone suddenly realizes
that they all need to incorporate micro-

computers in some way into their
curriculum. 5S¢, we started out by
wondering about the impliications that
microcemputers have for engineering

graphics, and end up wondering how we can
deal with the problems inherent in revis-
ing the entire engineering education
curriculum, Oh well, revolutions rarely
allow for easy times for the people living
through them. Let's move onto another
exciting area.

An Instructional Delivery System

The idea that individualized instruc-
tion is more effective than the tradition-
al lecture method is not very new. 1
remember a Jjcurnal article that I cri-
tiqued back in my graduate school days.
The author's research demonstrated that in
a typical lecture class about 20% of the
students were ahead of the lecture, and
were relatively bored, Another 40% were
behind, and were missing the points being
covered. Only about 20% of the students
at any particular time were effectively
receiving instruction, The author then
presented a strong case for the need for
individualized 1instruction,. The date on
this article, by the way, was 1917. The
fact is that economics has had more effect
an our instructional strategies than
research on instructional effectiveness.

In the 1960's, a great deal of money
was spent on developing computer assisted
instruction, also know as CAIL, Much of
this was spent on developing a wonderful
mainframe-based system called PLATO. 1
was an account director for a PLATO in-
stallation for awhile, and got a feel for

the tremendous potential of CAI, By
taking advantage of the computer, we can
develop instructional software that

actually monitors student progress, and
adjusts content delivery accordingly, Now
I would not advocate that dinstructors be
totally replaced by computers, but I do
believe that properly designed software
can allow us to fndividualize a percentage
of our curriculum. The major problem with
systems such as PLATO is cost. Two years
ago a full subscription for one PLATO
terminal was %1200 per month, The cost is
lower for multiple terminal systems, and
it may have come down recently, but it is
not concefvable to supply every one of our
students with very much time on such a
system. It is important to realize,
however, that projects such as PLATO have
demonstrated the instructional effec-
tiveness of CAI to all reasonable
investigators.

FIGURE 1
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The good news for CAI fans is the
microcomputer revolution. As the cost per
student station gets down below $1000, we
must seriously consider using microcompu-
ters as a major instructional delivery
system, In some ways microcomputers are
superior to mainframes for CAI. Hardware
without software, however, 1is absolutely
worthless, Now for the bad news. There
is very little currently avaiiable soft-
ware designed to deliver instruction 1in
engineering graphics. Now for some more
bad news. It is unlikely that very many
instructors at colleges and universities
will be developing instructional software
for engineering graphics 1in the near
future, I'm not referring to little units
here and there, by the way. There will be
plenty of these, I'm referring to matert-
als that would be the equivalent to the
introduction of the first edition of
fFrench or Giesecke. Here is why I believe
this to be true,

1 recently directed a $200,000 Depart-
ment of Education sponsored software
development project at the National Center
for Research in Vocational Education. The
project was to adapt career education
materials for delijvery by microcomputer to
mainstreamed handicapped junior high
students, We ended up with 127 separate
computer oprograms occupying 30 floppy
discs all linked together and running as
one (as far as the user is concerned). I
mention this here because that project
taught me a great deal about developing
computer assisted dnstruction materials.
The folks in the business, for example,
know that it takes about 300 te 500 hours
of effort to develop one student contact
hour of computer assisted dinstruction
materials., It takes much more than a
supject area expert to do the job. It
also requires a subject area expert, an
instructional design expert, and a sharp
programmer working together to develop
good €Al materials. 1 submit that most of
us in engineering education have neither
the time, expertise, or resources to do
the job.

Is there no hope then for using micro-
computers to help increase the effective-
ness of engineering graphics dinstruction?
Not at all, 1 see microcomputer as a
significant part of the engineering gra-
phics instructional delivery system within
the next three to five years. What must
happen, however, is that institutions pooj
their resources to spread development
costs that we must come to some consensus
as to curriculum content. I predict that
microcomputers will do more to standardize
curricula across the country than any
previous device or scheme, This will be
true not just in engineering graphics, but
will occur throughout education. The day
when an dindividual instructor had the
Tuxury of being absolute dictator over
course content may become history because
of the wuse of microcomputers as an
instructional delivery system.
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Before ieaving this area, I must make
mention of a related instructicnal techno-
logy that will be a part of the revolution
in education in the near future. Video-
disc technology now allows us to randemly
access, and view, any of up to 54,000
separate high resolution color displays in
tess than 3 seconds., I have on my office
desk right now a Pioneer taser disc player
attached to an NCR microcomputer, This
combination allows me to write interactive
programs that combine the power of compu-
ter assisted dinstruction with the large
storage capacity of the video disc,
Imagine, if you will, having access to
every engineering graphics visuval aid you
every conceived of within less than three
seconds. I have dreamed of such an
instructional aid every since I first saw
a demonstration of laser disc technology.
Before this particular dream of mine comes
true, however, someone has to develop the
master videodisc. At 0SU we are working
on a proposal to find a sponsor for the
development of this master disc. We'l)d
keep you informed by way of the Engineer-
ing Graphics Journal.

An Instructor's Aid

Much of what I have had to say so far
about microcomputers in engineering
graphics education has been future dream
stuff. How about something that could
have immediate benefits for instructors.
If you have the desire, microcomputers
could have a positive impact on your work
right now. There are a number of applica-
tions of microcomputers that are at your
disposal for a minimum expenditure of
doliars.

Inexpensive hardware can be used fn a
number of ways to help make an instruc-
tor*s 1ife easier. One application is
simply to use it in place of a slide
projector or overhead projector. It takes
quite a bit of fooling around to prepare
title slides for a presentation. Even if
you %now a fair amount about photography,
and use the fast developing slide films
that are now available, I find that it's
easier to prepare the equivalent of a set
of color slides with the Atari. A1l I
need to do is load my sltide making soft-
ware, and type the words I want, I also
can type in scrolling bulletin board mes-
sages to my class quicker than I can write
them on the chalk board, With a little
more effort, I can develop visuals for
various grahics topics. some degree of
animation is possible, even on an
inexpensive system.

There are other applications in the
area of dnstructicnal management. With
the addition of a $100 modem, and a %25
software package, 1 have been using my
Atari to access the 0SU Amdahl to manage
my student programming accounts without
having to leave my office. Within the
year, 1 predict that all 0SU engineering
graphics faculty will have this capability
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through desktop personal computers, I Summary and Conclusions

suspect we may be behind many of you in

this regard. Other applications of micro- I have discussed three generazl areas
computer abound when it comes to the many in which I belfeve microcomputers will
clerical functions required of instruc- have an impact on engineering graphics
tors. When it comes to <calculating education. The first was their use as a
student scores and grades, the micro graphics tool, the second as a part of the
shines, If you are at all bothered by instructional delivery system, and the
security of your records, or by heing a third as an instructor's aid. The advent
slave to big system schedules and mainte- of microcomputer technology has many of
nance problems, then you will be quickly the attributes of a true revolution, and
spoiled by the relative freedom the use of there are many serious implications for

thoese concerned with engineering educa-

tion. We need to prepare ourselves to
I must digress and tell you how Fred deal with quetions such as:

(my home Atari) finally convinced my wife . ) . .

that the computer was worth the expense *  HWhere do microcomputers fit as engine-

and space it occupied. My wife teaches ering graphics tools?

a microcomputer allows.

English as a Second Language at 0SU. * How do we.incorporate these tools into
Every quarter, she has to make a calcula- our engineering graphics curriculum?
tion to determine the grade for each * How can we best work with our col-
student. The students write several leagues in engineering education to
papers each of which is awarded a C+, B, design the best approach for prepar-
A-, etc.,, and each of which is given a ing future engineers to wtilize
different weighting factor for the final microcomputer technology?

grade. Her problem is tc translate the *  Where will the software come from that
Tetter grades to numbers, apply the will enable us to take advantage of
weighting factor, and translate the the potential of microcomputers as
resulting number back to a letter grade. an instructional technology?
Needless to say, she did npot find this fun * How can we obtain the time and re-
on her pocket calculator, Well, it only sources necessary tc develop the
took about 20 minutes to write a program applications software we need to
to de this on Fred the Atari, Now she take full adventage of microcompu-
simply types in the letter grades for each ters as instructor's aids?

paper, and Fred does the transiations and

tells her what Tletter grade the student These are but a few of the many ques-
has earned. There are a lot of clerical tions we must deal with as a result of
tasks like this that we can do now that this revolution we are 1iving through.
microcomputers are so inexpensive that we The prospects are a 1little frightening,
can afford to have one at home and cne at but at the same time very exciting. I
the office, expect that by 1994, all of us in engine-

ering education will find that our jobs
have been significantly changed because of
the advent of micrecomputers, I, for one,
am optimistic about these changes, and
believe that we will be deoing a better job
of preparing future engineers by taking
advantages of these wonderful machines.
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TESTING TIME Ingrodustion

Teaching any course requires
administering tests to measure student
performance, This perfermance measurement

TESTING TIME-ENOUGH MAY NOT BE ENOUGH could also be considered as a means of
providing pasitive or negative reinforce-

by ment toward the course. An instructor

usually prepares a test and sets a time

Dr. J.5%. Duggal 1imit for it. The test time is normally

Associate Professor chosen to give the average students
Fngineering Design Graphics sufficient apportunity to complete the
Texas A&M University test. This practice of selecting test

time was analyzed to determine if a
relationship exists between the grade
earned on a test and time allowed to
complete the test.

TEST & ENCINEERIMG DESIGN GRAPHICS 106 Geo2
A Version 4649 (Vectors, skewed lines)
File No. Name Section Grade

1. The notational method of labeling the spaces between structural members and the loads applied to them is called
{A) Bow's notation, {B) Maxwell’s notation, {C} Funicular notation, (D) joint notation.

— 9. If a heam supported at each end is loaded with vertical forces of 200 pounds end 800 pounds, what would the
support at the righi end support if the one al the left end supported b00 pounds? {A) 800 pounds, (B} 500 pounds,
{C}) 1000 pounds, {D} 600 pounds.

_ .—— 3. The shortest distance between two skewed lines is found in the view where { A} one of the line appears true length,
(B) one of the lines appears as a point, (C) both of the lines appear true length, (D) both lines appear as points.

4. The shovtest distance between two skewed lines is a line that is { A} perpendicular to one of the lines, (B) parallet
to one of the line, (C) paraliel to both of the lines, (D) perpendicular to both lines.

__ . 5. The frst part of a Maxwell diagram that should be laid out are the (A) inlemal loads, (B) the extemal loads, {C)
the tension loads, (D) the compression loads.

6. Construct a Maxwell diagram to find the forces in the members of the truss helow. THagram—14 pts, forces—3 pts
each, and tension or compression—3pts each,

120%  |20¥  2o®

§_ | SCALE: |"=100%

LOAD CORT
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Method

A study was conducted during the
spring semester of 1983 to evaluate the
various weekly cpen book quizzes of a
freshman Descriptive Geometry course, (EDG
106}, to determine the effect of testing
time on the grades of the students. in
other words the study was to determine if
there existed a relationship between the
grades earned and the time taken tao
complete the test, The author collected
the data for the amount of time the
students took 1in completing the test,
Sufficient time was given for each test to
a maximum of forty minutes, The normal
time given for these tests is fifteen
minutes. An example of the test is shown
in Figure 1. The experimental subjects
were 51 students in the author's classes.
Analysis of variance was conducted for all
the coliected data. The analysis was
performed using the StatisticaH gna1ysis
S5ystem (SAS) computer program.-’ Data
from each quiz and all quizzes combined
was analyzed for the following polynomial
tests.

1. Linear Correlation: time vs grade
2. Quadratic Correlation: time vs grade
3. Cubic Correlation: time vs grade

These polynomial curves are shown in
Figure 2, These standard distributions
were anticipated for the collected data.

b X X
Positive Linear Positive Quadratic Positive Cubic

X : X X
Negative Linear Negative Quadratic Negative Cubic

Figure 2 Typical polynomial curves.
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Observations and Conclusions

Contrary to the author's anticipated
mathematical distribution of polyinomial
form shown above on the collected data, a
scatter diagram was chtained for the com-
bined data of all gquizzes. This scatter
diagram for time versus grade had a unique
v-bucket distribution. As shown in Figure
3, initially there were larger number of
high scocres and small number of low scores
as shown at the left of the bucket, The
right side of the bucket is initially
composed of low scores and as more time is
given the number of high scores increases.
Thus potential A students are found to
have the widest range of time in which
they complete the tests starting with as
low as ten minutes to as high as forty
minutes. The students with a potential of
earning a B grade have a shorter range of
time in which they complete their tests,
starting from fifteen minutes to thirty
minutes. The students who are potentially
in the range of C,0, or F operate in the
smallest range of time, and are closest to
the median time of twenty-six minutes fer
the tests. Therefore it can be said that
providing more time helps the potential A
student the most and the potential F
student the least, The potentially poor
student may not want te be helped in terms
of giving him extra time, while the
potentially good student may make use of
the time and hence earn a better grade.
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It is noticed that high scorers, on top of
the bucket, are most in number. In the
middle of the bucket are moderate scorers,
which are less in number. The low scorers
at the bottom of the bucket are least in
numher, It is therefore shown that if one
wants to help the potentiaily poor
students, giving extra time to ccmplete a
test is of lesser significance while extra
time provided to the potentially good
student is helpful,

In analyzing the individual quizzes it
was found that, for mnst of the quizzes,
there appears to be no correlation between
the student grade and time of turning in
the test, Some tests however, did show
significant positive quadratic, and
positive or negative cubic correlation for
time versus grade.

It is therefore recommended that for
each test which 1is administered on a
continuing basis, similar data should be
collected to determine if there exists a
mathematical relationship between the time
allowed for testing and grades. If there
exists a mathematical relationship the
instructor can draw his own conclusions
regarding the time to be allocated. 1If no
mathematical distribution 1is found, the
conclusions drawn by the author appears to
be valid and would provide a guideline for
instructors to set time Timits for their
tests irrespective of their philosophy of
education. Further studies «could be
conducted with a control group included.
Additional studies could provide answers
to questions like these: {a) Does the

100 1
90 1 High
Densit
80 Y
@ Medium
g | Density
1G]
1 Low
Density
30 %
10 25 40
Time in minutes. 0
Figure 3
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DELIVERY METHODS

A-T GRAPHICS -~ NEW HYBRID
YIELDS BIG RETURN

by

Robert K. Snortiand
Associate Professor
Department of Mechanical Engineering
University of North Dakota

Background

This year I am celebrating my silver
anniversary as a classroom teacher of
technical drafting and design, and it is a
milestone of which I am proud. Ten years
ago, however, I was not very certain about
my future in the teaching profession as I
began sensing some symptoms of "mid-career
burnout".. The pleasure and excitement of
teaching was rarely felt anymore, I was
becoming ~ bored with the repetition
required in the traditional Tlecture-lab
(L-L) format, and I was usually tired.
During the next couple years more definite
signs followed and T knew I would soon be
faced wtih a choice. Clearly, it was time
for a change, not only for my personal
health and satisfaction but also for the
sake of my students and of my institution.

Two possibilities were obvious: (1)
leave the teaching profession and make a
career .change or (2) seek  ways of
reversing the situation so I could again
enjoy my work. For a number of reasons 1
ruled out the first option and decided to
remain in the educational arena. The
challenge of designing a different
teaching approach which would permit both
myself and my students more flexibility
and freedom with Tless repetition was
exciting. I had turned the corner, and
felt good!

In 1971 I was granted a "developmental
lTeave” of absence from UND, Concurrently,
I was afforded the opportunity to attend
Purdue Unfversity and study educational
technology and individualized instruc-
tional design. Since the early 1960%'s Sam
Postlethwait and his many followers have
recorded significant progress with their
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experimentation and application of the
audio-tutorial {(A=T) individualized
teaching approach, The A-T method has
since been adopted for use in a variety of
subject areas, class sizes, and types of
institutions. During my internship with
Sam Postlethwait I not only had the chance
to study the educational psychology and
philosophy behind his A-T system, but also
the content and workings of various other
individualized fnstructional systems which
had been designed and used elsewhere,

The Instructional Design

My goal while at Purdue was to design
{and prepare to implement) an individual-
ized system which would effectively assist
me in conveying the traditional graphics
content in a non-traditional manner., The
general objective was to improve the
quality of dnstruction 1in engineering
graphics; 1in other words, to improve the
"climate" for teaching and learning, The
design of my new modified A-T Graphics
approach was based largely on
Postlethwait's philosophy, which suggests
that "learning must be done by the
learner", and therefore the instructional
strategy must be matched as closely and
carefully as possible with the needs of
the Tearners. I was also influenced
somewhat by the ©psychologies of B,F.
Skinner and Benjamin Bloom. The following
three premises were understood at the
cutset:

1. The famiiiar saying "a picture is
worth a thousand words" strongly
suggests that the best way to teach
about pictures {drawings) is to use
pictures (visuals) fairly extensively.
This "learn by seeing" philosophy,
when combined with the traditional
"learn by doing" method, was analyzed
as being a logical and highly viable
foundation for any effective approach
to teaching graphics.

?2. Teaching is hard work. The A-T
approach was not designed as an easier
way to teach, but was intended to make
learning mare meaningful and
interesting for both student and

FIGURE 1



The fact that many students de drop
put of their basic graphics course very
early in the semester, often after having
attended only one to two classes, does
distort the statistical picture of
attrition. 1t is also a fact that most
students who are enrclled in an individ-
ualized course approach feel even less
comfortable during the first weeks of
school because it is usually a completely
new experience for them. Many feel like
walls are closing in around them, they are
lTonely, and the logical answer is to find
a way out,. This has been a weakness of
the A-T graphics approach at UND and the
attrition statistics point this out very
clearly. Greater efforts are needed to
offset the circumstances which lead to
premature decisions hy good students, but
much progress has been made during the
past two years. Figure 3 shows that the
A-T and L-L attrition statistics are much
closer now than when the A-T program was
in the early stages of development. The
shift toward a "hybrid" dinstructional
strategy has been a significant asset in
helping reduce the attrition for the A-T
ctassaes, although it has also tended to
increase the attriticn in the L-L courses,
as Figure 3 shows.

Questionnaire Results

Flexibility and Freedom: When the 247
students who had studied a graphics course
at UND via the new A-T individualized
approach were asked what they liked about
it most, 36% agreed it Was "the
FLEXIRILITY of scheduling my lab time and
the accompanying freedom.” A majority of

the A-T students did not seem to worry

about the lack of structure. They
responded with "no" when commenting on the
statement: “in general, 1 would have

preferred more structure than the A-T
graphics course required or permitted".
Oniy 16% indicated that they felt more
structure would have been helpful,

Sixty-three percent of the A-T
students felt that their experiences in
the A-T graphics course/courses improved
their own general ability to organize
their study time and budget their time.
However, 9% did not feel the A-T experi-
ences helped them very much regarding the
organization of study time, while 28% did
not indicate feelings in either directioen.

Nearly a third of the A-T students
indicated they "had strong reservations
about being enrolled in such an open-ended
drawing class when it was first explained"”
to them, However, 47% did not indicate
any strong reservations, and the remaining
22% did not appear to care one way or the
other, since they responded neutrally.
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A majority of the students questioned
who had studied via the A-T approach {562%)}
said they much preferred "the indivicdual-
ized A-T approach for taking both elective
and required «courses in engineering”.
Thirteen percent did not prefer the A-T
approach, and the remaining 2b% did not
have preference since they responded 1in
the "neutral” column.

Sixty-two percent of the students who
had studied via the structured L-L
approach said they much preferred "the
traditional L-L teaching approach for both
elective and required courses in
engineering”. Only 10% stated that they
did not prefer the L-L approach, with 28%
responding in the "neutral" column.

Performance levels: Sixty-four percent of

the students surveyed in April 1983 did
not think the performance levels required
for the various grades were too low, Only
9% felt it was too easy to get a good
grade in graphics, and the remaining 27%
did not have an opinion about ft. In
responding to the statement "1 felt
somewhat Jless worry and concern about my
grade in A-T graphics than I generally do
when enrolled in a more structured
learning type course", about one-half cf
the A-T students said "yes" and one-half
said "no"

Seventy-eight percent of the students
surveyed considered the grading of the
assigned technical sketches and plates to
be "quite fair", but 6% did not agree and
the remaining 16% did not respond.
Likewise, when asked if they felt the
"examinations given in the graphics
course/courses were based on the printed
objective and were evaluated fairly, 88%
said "yes". Eighty-four percent also felt
“the examinations Were quite well
integrated with the topic material®.

Study Helps: Eighty-nine percent of the

B-T graphics students surveyed felt the
written study guides for the dgraphics
course/courses they had taken were "fairly
thorough, quite clearly presented, and
generally were very helpful." This
compares to 79% of the L-L students who
gave the study guides a high rating. In
another question asked only of the A-T
group, 72% of them agreed that "“probably
the one most helpful ingredient of A-T
graphics" was the study guide, and anly 6%
disagreed,
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Seventy-five percent of the A-T
students surveyed responded they felt "the
audio-visuats (tapes, slides, and/or video
tapes} used in the A-T graphics and/or
descriptive geometry course were satisfac-
torily presented annd integrated fairly
well with the sequence of the course
units, and were generally effective in
contributing to my wunderstanding of the
subject and my ability to draw." However,
even though many felt that +the audio
tapes, slides, and video tapes were fairly
well dintegrated with the courses, the
self-study center did not rate very high
in another questicn which was asked. Only
27% of the A-T students said it had been 4
"quite helpful" to them, and 49% of all T FIGURE 3
the A-T students surveyed did not think . .
they had been helped that much by the Tgtors and Faculty: E1ghty—e1gh; percent
tapes and slides in the self-study center. gh :heh39a"5tUde"tS surveyed indicated
Twenty-four percent were neutral, at they "always felt free to seek out

their instructor or one of the GTA tutors

for assistance in soTving problems when
Value of Lectures: When the 163 students " -
who studied graphics via the traditional bogged down. Interestingly, however, 29%

L-L approach responded regarding what they of the students responded that they had

X - : "received as much or more help from other
Lzze%tiifufesgﬁ;E?tgnjgfh:g;gi%mt:it1;t students in the same class than they had
structure" Only 4% disagreed gutythg obtajned from the instructor and/or tutors
remaining 17% were "neutral’. But when combined". Forty-eight percent disagreed

asked if they would have "preferred to with that but 23% were neutrel.

hear more tectures, possibly one hour of s . R
lecture for each two hour lab session," Only 12% dndicated they agreed with

only 15% of the L-L students said "yes® the statemenp "in my opinion, the method
and 50% of the respondents who had studied and manner in  which the A-T graphics
via the L-1L approach said "no", The other course was taught greatly reduced the
352 were "neutral®. The A-T students were instructor-student contact and therefore

. it is not a viable teaching approach®
also asked if they would have preferred to ! — . .
hear more "minilectures" at the weekly A-T The majority of the A-T graphics students

i : . {65%) responded with a "no" answer,
ﬁzzaﬁ1csHJffigg?Salgﬂia?g%"Sgsfhgﬁd5;;% indicating that they feel it is a viable
were "peutral". approach.
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In evaluating the tutors who had been
assigned to the graphics courses, 53% of
those surveyed felt the tuters '"were
usually friendly, patient, understanding,
and generally quite helpful to me when
explaining things", Only 2% of the
students did not find the tutors helpful,
and a large group, 45% were "neutral"
about their response, In the same vein,
when the students were asked to rate the
faculty involved with teaching engineering
graphics and descriptive geometry, 91%
agreed that "graphics teachers were
generally around to help and demonstrated
adequate patience in dealing with the
students enrolled in their courses." The
responses to the statement: "in retro-
spect, I feel very good about what I
learned in my UND graphics course/courses,
and enjoyed the experiences," were very
favorabhle, Eighty-five percent answered
with a "yes", 15% were "neutral”, and only
3% said "no®. Only 129 of the A-T
students responded that they would not
select the A-T approach again, but 56% of
them responded by saying "yes", they would
select A-T again, ~The others, almost one
third of the students, did not offer an
apinion.

Adapting To Individualization

Students who are not familiar with
individualized dnstruction have a more
difficult time adjusting. It usually
takes two or three weeks for these studens
to feel comfortable in such settings, and
some never do reach that point! I have
also found that students who have com-
pleted an individualized course, either in
high school or another college, tend to
adapt more easily to the A-T graphics
approach, Also, five years of observation
have shown that students who have had at
least one semester of technical drafting
in high school tend to do better in A-T
than students with comparable ACT scores
who did not have a drafting course.
Likewise most students who have taken
their basic graphics course via the A-T
approach at UND tended to re-enrcll for
the A-T descriptive geometry course, and
they generally did better than those who
completed their basic graphics course via
L-L. The new hybrid design helps students
with less experience in individualized
instructicn by offering them some
familiar, more traditional ways tin which
to work. When they are ready for more
freedom and flexibility it is available to
a 1imited degree,.

Minilectures

Another problem I have encountered
with individualized dinstruction is that
many students expect lectures because they
are conditioned to learning that way. In
fact, some do not feel that they are
getting their money's worth if they cannot
listen to lengthy lectures! Some even use
the lack of lectures as a reason for
failing. Also, many parents expect that
when they pay so much tuition, their
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students are entitled to lectures -- and
some demand them; they had to listen to
them while in school so their children
should have to do the samel After alil,
the technique worked then so why change
it?

The answer to this problem has been to
borrow a traditional teaching technique
and deliver some shorter lectures, or
"minilectures,” sprinkling them in
whenever there is a need for additional
technical explanation or clarification.
the term, "minilecture" vs. "lecture" has
several positive aspects: (1) it s
shorter in duration, (2} since it is
shorter, it is probably less boring, (3)
the term itself has a "modern"
connotation, and is readily accepted by
students.

Cost Effectiveness

Upen reviewing faculty teaching loads,
based solely on student credit hours
generated each semester, the statistics
reveated that faculty members using the
A-T approach were nearly 25% more produc-
tive per year than L-L colleagues,.
However, other factors are not as easily
and readily measurable, such as the costs
of purchasing and maintaining the audio-
visual equipment, the 1ife expectancy of
said equipment, the «costs of software
generation (audio and visual tapes) and
the fringe benefits paid to personnel,
But 1in spite of these elusive areas,
student credit hour loads indicate that a
?5% to 40% savings should be possible for
an institution over a ten-year period.

The A-T approach accommedates a much
larger number of students, but to keep the
attrition rate from becoming too
undesirably high, it alsoc requires a cor-
respondingly greater number of qualified
tutors and checkers, Therefore, much of
the real savings is in the difference
between the salaries required for student
assistants and those required to engage
professional faculty members who would
otherwise be needed for the L-L sections.

FIGURE &
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The lack of new qualified engineering
graphics faculty who are willing to teach
for the comparatively low salaries coffered
in academia is also an important economic
consideraticn. Because of faculty short-
ages, it may be that in the near future
the choice students presently have between
the A-T or the L-L teaching approaches may

have to be T1ifted purely for economic
reasons. Institutions may he forced to
utilize more student tutors and checkers
just to keep their classroom doors open.
The hybrid design might prove to be the
best answer for getting the job done
without sacrificing quality. In such a

move toward semi-individualized teaching,
administrators could easily justify higher
salaries for a more productive faculty,
plus an increase in the number of tutors.

New Directions Explored

Some universities and prafessors
around the country have experimented with
various methods of individualized instruc-
tion in engineering, and many have been
quite successful. Individualization <can
work quite effectively in many more of the
engineering <c¢lasses, but the personne}
involved must be willing to make the
change and have the desire to make it
work!

indicate that future emphasis
graphics may be less on the

of technical drafting" and
computer graphics delivery
systems. Video-tapes used for the hybrid
graphics approach can-be combined with
computer generated graphics iliustrations
and used in the classroom for demonstra-
tions and minilectures. An added
advantage is that video-tape equipment and
computer graphics terminals 1located in
study centers of dormitorfes, student
unions, and libraries, add flexibility by
permitting busy students to work after
hours.

Trends
in basic
“Techniques
more on

In areas of continuing education and
TV delivery of technical subject matter,
the potential for use of the  hybrid

approach is unlimited,
constrafints. At UND,
ized study approach

limited degree in the UND Division of
Continuing Education for the engineering
graphics and descriptive geometry corres-
pondence courses, A wide educational Ty
network which would deliver engineering
education to military ©bases, smaller
colleges, hospitals, jails, and homes
could be organized in much the same manner
as the University of Mid-America Network.
The technology is here, ideas are fresh,
but money is Yimited.

except for economic
the A-T dindividual-
is being used to a

Summary

The biending of the most desirable
features of both A-T and L-L instructional
approaches which has resulted in this new
"medium range" hybrid approach continues
to show much promise for the mid and Tate
1980's., Already we are seeing some cross-
over students; many L-L students now use
the A-T self-study center and some A-T
students sit through lectures din L-L
sections, Both A-T and L-L students work
side by side, often borrowing learning
techniques from each other and exchanging
jdeas about how to complete common
assignments, Learning more responsibility
and self-discipline are valuable fringe
benefits for students who enroll in
individualized courses,

The changes described above are occur-
ring at UND not only because of research
data, but also because of the practical
problems invelved in economically teaching
traditional and computer graphics to a

targe number of students. Everyone in-
volved 75 quite excited about ¥t, and the
teaching/learning struggle has been les-

sened to a considerable extent because of
new directicns and obstacles that have

FIGURE 5
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teacher. It is most important that sizes, and counted students wha had

this point be remembered because there successfully completed the course via both

is the danger that, with the use of routes.

audio-visuals and machines, the

program may be expected to run More statistical data was obtained

itself", and that rarely happens! from a graphics questionnaire, circulated

in the Spring of 1983, Responses were
3. Learning is a very personal matter. cbtained from 394 students who had
The most important ingredients in A-T completed the basic engineering graphics
teaching and learning are the people and/or the descriptive geometry course at
involved: teacher, tutors, and UND. Three upper level courses from each
students., The machines, tapes, of the six engineering disciplines at UND
siides, books, study guides, and were surveyed, providing a representative
drawing assignments are only tools sample ¢f students from the various majors
which may help facilitate learning, and years, The fifty questions which were
but they were never meant to take the asked covered a wide range of topics

place of the teacher. . The retating te the effectiveness of both A-T

individualized design must permit the and L-1 teaching styles, as well as the

teacher more time to help those degree to which each approach was enjoyed
students who really need help. by the students.

I returned to my teaching duties at Gbservations from colleagues alsa
the University of North Dakota in 1978 and contributed to the evaluating. Not only
implemented the experimental A-T Graphics have many of my colleagues in the Schoaol
program for a group of 84 students. (The of Engineering and Mines been interested
details and findings of that research were in and candid about what has been
reported previously at the 1980 North- happening, but my peers from all around
Midwest Section ASEE Annual Meeting, and campus have also been supportive of the
are published in the proceedings of that overall directicn our graphics pregram has
conference under the title: "A-T Graphics taken, Therefore, some of what I report
at UND - An Individualized Approach"). are my personal "gut-level" feelings, the
Since that time over a thousand freshman results of my experiences as the
engineering students have elected to study instructional designer, tempered by

engineering graphics via the individual-
ized route. The A-T graphics approach has
met the test of time and is no longer
considered experimental, but viable as a
teaching approach. That does not mean,
however, that it is without some problems,
or that the L-L approach has nothing to
offer, Many students continue to henefit
from 1it, perhaps even more than some

comments and reactions of both students
and my colleagues.

Findings

Demographic Data: During the five year
pericd that the A-T teaching approach has
been used for engineering graphics and
. g descriptive geometry at UND, 730 students
studying via the A-T approach. As a successfully compieted the basic course
resuit of the on-going evaluation and via the individualized route and another
student feedback some significant changes 281 received descriptive geometry credits
have been made in both the experimental via the A-T approach. During the same

indiyvidualized methed and in the tradi- period, 567 students successfully

tiona1‘ L-L structureq format.during ﬁhe completed their basic graphics course via
past five years. An dnstructional design the structured format, and another 291

is now evolving which dncorporates the received descriptive geometry credits via
most functional and desirable features of the L-L route (Ssee Figure &)

each taaching strategy in a manner
complementary to both, The result is a
new "hybrid" design which serves a larger
variety of student needs.

GPA's Compared: From analyzing Figure 2,
a five year comparison of the grade point
averages for the basic graphics A-T and
L-L students at UND, two significant
findings are apparent. First, it is safe
to assume that approximately the same

Evaluating The Approach

A basic problem has been to measure amount of learning has been taking place
the degree of effectivenass of two quite in 211 classes. The 2.89 GPA for the A-T
different teaching approaches, and. the students as compared with the 3.03 GPA
answers have not always surfaced quickly registered for L-L students is not a
or easily. Statistical data for the significant difference because the
evq]uat10n was obtained by comparing grade personal expectations and grading
point averages of basic graphics and standards of different instructors and
descriptive geometry courses during the checkers vary somewhat. Also, most of the
past five years. To determine which major examinations which were given to

students may be more suited for the both the A-T
individualized approach and which should identical for the past five years. The
be advised to study via the traditional drafting plates assigned have alsa been
L-L format, 1 alsc compared attrition the same. Therefore, it is safe to state
rates of students enrolled in both A-T and that criteria for evaluations have been
L-L sections, In an attempt to assess the similar snough to rule out any significant

cost effectiveness of each approach, I differences 1in the amount of learning
reviewed faculty teaching 1loads, <class which took place.

and L-L groups have been
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The second fact that can be gleaned
from studying Figure 7 ds that UND is
experiencing a period of "grade deflation®
in the basic engineering graphics course,

Attrition Concerns: During the same five
year time frame the attrition rate for
each of the teaching styles was derived by
combining the number of "W" grades and the

In view of the high enrollments which have "F" grades for each group. The results
been experienced during the past three show an average attrition rate of 21.5%
years this statistic is not alarming, but for all of the A-T sections compared to
may even be viewed as a healthy sign, only 14.5% for the L-L sections, The
showing that the standards have not been overall attrition rate for both A-T and
relaxed, L-L courses was 18.4%, and the descriptive
geometry courses consistently showed a 2%
lower rate of attritfon than the basic
graphics courses. (See Figure 8}
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been overcome by using the hybrid
approach. As more pragmatic changes are
made 1in both approaches, the new hyhrid
design shows promise for improved yields
with each additienal school year as we
move through the 1930 decade.

Many of my personal feelings about the
typical expectations, limitations, frus-
trations and hopes of teachers are very
aptly expressed in the poem "Small Gains"
and it seems a fitting way to conclude.
The poem was written by the late John R.
Phillips, a Professor of Tnglish at
Western Michigan University, and is
printed with the permission of Mrs. Polly
Phillips who still resides in Kalamazoo.
1 trust that your analysis of the
philosophy provided will stimulate both
animation and comfort as it has for me
over the many years since I first read it.

Small Gains

Some workman faltered in the task; no
hutch

Is small enough, no pltan so Clear, no
sight

So true that every Joint and plane
falls right.

I eye The slit where porch slabs
failed te touch:

One edge is three-eights high, The gap
too much

To tolerate. I've Cieared the seam
and stand,

A 1ittle Frustrated, wrong trowel in
hand,

Aware that what I['m making is a
crutch.,

Who owns a house admits that he's a
mug;

And so I brood, a greying college wit,

Revolving in my mind the lack of fit

In hourses, teaching, counsel--Ti3l I

shrug

It off and, working slowly, soothe my
soul:

At least the Patch is better than the
hole,

BIOGRAPHICAL NOTE

Professor Snortland has been teaching
engineering graphics at the University of
North Dakota since 1963, Prior to that
date he taught technical drawing at the
secondary school 1level in California and
also worked as a detail and layout
draftsman in the aerospace industry. His
bachelors and masters degrees are in
industrial education and were earned from
the University of North Dakota. Post
masters work includes a year at Kansas
State University studying in the area of
coellege student personnel work, a year at
Purdue University studying educational
technology and individualized
instructicenal design and a workshop in
Computer Graphics at the University of
Texas.
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instructor allocate time for testing
keeping in mind an average student? (b}
How does he know that the time 1imit set
by him will be sufficient for the average
student? {c) Is it a good practice to set
time only for average students? (d) Can
we motivate students by providing ample
time for testing? (e Are we making
students think slow by providing more time
to write the test?

In conciusion it can be said that
testing time in education and especially
in graphics education is an area open for
investigation. 1t should be noted that
testing time will also depend upen the mix
of questions pertaining to various
categories of Bloom's Taxonomy cn a
specific test. Xnowledge, comprehensiaon,
and application orfented questions would
require less time than analysis,
synthesis, and evaluation type questions.
Although many gquestions, including the
ones mentioned above remain unanswered,
the author believes, the study conducted
is surely a step in the right direction in
determining time for testing students.
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GRAPRICS

TANGENGCY

Those familiar with the works of
Gaspard Monge (1746-1818) will recognize
the "Tangent Circles Problem" (Engineering
Design Graphics Journal, Spring, '83) as
one of the degenerate cases of Apolionius’
famous tangency problem {see p. 154,
Heinrich Dorrie's book, 100 Great Problems
of Flementary Mathematics, Dover
Publicatiaons, Inc., New York, 1965), to
which Monge apparently devoted some
attention., Using Gergonne's construction
{see Dorrie, p. 160}, the solution can be
expressed in a single sentence:

Drawing the chorda?l, Y, and
similarity axis, x, of points A and
B, find power center 0 and pole P
of x in relation to the given
circle and A or B, following which
the connecting Tine through P and 0
will cut the given circle at the
two points, T. and Tz, at which it
is tangent %o the™ sought-after
circles.

In somewhat greater detail, the steps
used in the construction and the resulting
figure are as follows:

STEP 1, Draw a Tline through points A and
B, calling this Yine the x-axis. This
line, according to the thecrem of
d'Alembert (Dorrie, p. 155), 1is the
similarity axis of the given circle (call
it €) and the two points A and B, each
point A and B being looked upon as a
degenerate circle.

STEP 2, Construct a line perpendicular to
and bisecting the Tine segment AB, calling
this perpendicular bisector line the
y-axis. The two centers being sought (to
be called C and C,, and from which
evenptually cah be-ﬁraan the two required
tangent circles) will each be located on
this y-axis. Also, according to the
theorem of the chordal {Dorrie, p. 153},
this y-axis line is the chordal {or power
iine) of the two degenerate point circles
A and B.

4p ENGINEERING DESIGN @RAPHICS JOURMAL

OBSERVATION: Because of symmetry, it is
apparent that center ¢ of given c¢ircle C
can be transferred {using compass and
straight-edge only) to its mirror position
on either side of the y-axis. Also, the
plane of the paper containing the probtem
can be rotated to whatever degree s
desired. Therefore, without Tloss of
generality, this problem can always be
posed with center ¢ located somewhere
within the first quadrant of a
conventional -y plane, with the
y-coerdinate of ¢ being taken greater than
r.

STEP 3. To construct the chordal of the
two nonintersecting circles C and A
{degenerate) or € and B (degenerate),
first draw an auxiliary circle, such as D,
that cuts C and passes through one of the
two points A or B. A line drawn through
the twe cut points is the chordal of C and
D, whereas a line drawn tangent to D at
the point A or B through which it passes
is the chordal of D and that point. These
two chordals dntersect at pecint 1 in the
accompanying figure. Now a 1line drawn
through this intersection point and
perpendicular to the line of centers (L0C)
between ¢ and B (or between ¢ and A for
the other point) is the desired chordal of
C and that point,

STEP 4, Since the theorem of Monge
{Dorrie, p. 153) states that the three
chordals of three circles pass through a
point known as the power center of the
three circles, extending the chordal just
constructed in STEP 3 to its intersection
with the y-axis chordal line locates the
power center, 0, of the three given
circles c, A {degenerate), and B
(degenerate).

STEP 5. Pole point P is found as the
conjugate {see Dorrfe, p. 157) of base
point 1 where a perpendicular dropped from
center ¢ intersects the similarity axis
(x-axis).

STEP 6. A line drawn through power center
0 and pole point P will cut the given
circle, C, at two points, T and T,.
These are the tangent points where the t%o
required circles, each passing through
points A and B, will meet the given circle
C TANGENTIALLY.

STEP 7. LOC's drawn through ¢ and T,, and
through ¢ and T,, will loccate o the
¥-axis the two sou%ht-after centers C1 and
C?, respectively,

STEP 8, Finally, with €., as center and
Tength C.7, as radius, the (larger) circle
passing {haough points A and B, tangent to
C at Tl’ and contafining C within, can be
drawn. Likewise, with C_, as center and
length C€,T,, as radius,” the (smaller)
circle pags%ng through A and B, tangent to
C at Tz, and exterior te C, can be drawn.
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ENGINEERING ANALYSIS

TEACHING GRAPHICS FOR ENGINEERING ANALYSIS

Jesann W, Duane
Department of Engineering Graphics
The 0Ohio State University

INTRODUCTION

The computer's impact on the theory,
practice, and teaching of engineering
graphics 1{s reshaping engineering cur-
ricula today. Soon after World War II,
engineers Dbegan to replace graphical
methods of analysis such as descriptive
deometry and nomography by applied math-

ematic¢s. Engineering graphics usage
became primarily 1imited to design docu-
mentation. However recently, engineering

graphics again has become an integral part
of the analysis process, Demcnstrations
include: applications cf  the finite
element method to structural and thermal
analysis; remote sensing and image
interpretation; and analysis of fit,
tolerance and mass properties. Graphics
is now as much associated with engineering
research as it is with engineering
practice and sc become a part of graduate
study.

Engineers perform analysis and develop
models by some combination of empirical
and analytical methods. Empirical models
are formulated from relationships between
variables deduced from reducing experi-
mental data. Statistical methods are used
to isolate relevant information from back-
ground noise and formulate algebraic
relationships between variables. The
major drawback to empirical models is that
their validity in predicting results of
future experiments is Timited to regions
where experimental measurements have been
made. For example, empirical models are
impractical for predicting the conditions
for failure of a bridge radically differ-
ent from bridges presently in service.
Analytical models, on the other hand, are
based on governing relationships between
variables that are usually formulated as
partial differential equations valid over
regions extending beyond that which is
known experimentaily. This means that
analytical models can be used to predict
the behavior of structures that have a
design departing radically from past
designs. The weakness of analytical
modeling is that closed form solutions
exist only for medels with simple geome-
try, material properties, and boundary
conditions. If any one of these 1is
complex, numerical solutions must be
obtained.
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Before the widespread availability of
digital computers, most engineering models
were either empirical or semi-empirical.
This is because most engineering problems
have complex boundary conditions, complex
geometry and complex material properties.
Hand calculations using numerical methods
are too tedicus to be used for any but an
extremely Tlimited number of problems.
Numerical methods were first extensively
used 1in the aircraft idindustry where the
social consequences of design failure
justified the cost, As a result of the
decreased cost of <computing, this has
dramatically changed. Numerical methods,
especially the finite element methol are
being widely used. Last year, for
example, one of my industrial colleagues
used the finite element method to analyse
stress contours in a bathtub.

Digital computers have also dramat-
ically altered the techniques of empirical
modeling. Statistical methods for isolat-
ing relevant data from backgrcund noise
are now being used to reduce enormous
guantities of digitally recorded informa-
tion. Using these methods, image
enhancement software produces images
recognizable by humans from data which
has no easily recognizable patterns.
Pattern recogniticn software identifies
features that would be otherwise lost in a
sea of irrelevant information., These tech-
niques make possible empirical models of

FIGURE 1

A model of a Bridgeport milling
machine is displayed on the graphics
system students developed as part of
their study of graphics for engine-
ering analysis. In creating this
system, students wrote a device driver
tinking PADL-2 solid modeling
software, running on a VYAX 11/750
minicomputer, to a Lexidata 2410 color
graphics terminal.



phenomena once too complex to be
understood.

Graphics has become a part of bath
analytical and empirical methods hy
creating a wide and rapid communications
channel between human and the machine,
Using modern graphic systems, engineers
can view 3-dimensional by rotating, trans-
lating and magnifying the projection of
the model on the graphics tefminal.
Color, highlighting, and shading facil-
itate visualization of shape. Color also
serves as a fourth dimension teo display
the results of anaiysis, or tc cocde parts,
Animation is a natural way to display
models of time dependent phenomena.

L

Finite Element Model of
Culvert System
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When using analytical methods, engine-
ers begin by creating geometrical models
using interactive graphics application
programs, Analysis software which
accesses the model's geometric data .base
is then used to evaluate mechanical,
thermal, or electrical response of the
modeled system to applied boundary condi-
tions. With access to this same geometric
data base, graphics software can be wused
to interactively display numerical results
from analysis in a variety of ways includ-
ing color contouring and animation.
Interactive display of results allows to
the analyst to evaluate assumpticns made
during model creation and revise the mocel
so that it more closely approximates the
physical system under analysis. Anyone
who has tried to assimilate pages and
pages of numerical results from finite
element analysis appreciates the use of
graphics in model evaluatien,

Distorted Geometry

Moximum Principal Stress

FIGURE 2

Laboratory exercises for the course
sequence on graphics for engineering
analysis included evaluation of finite
element mesh generation schemes, One
student used a culvert subject to
gravitational loads from surrounding
sgil as a test case for the evalua-

tion. Weak soil

elements were

included toc evaluate the mesh
geometry’s effect on the model's
response to discontinuities in

material properties.

Max imum

principal stress on the culvert
system is displayed as stress isobars.
Displacement of the culvert system

with weak soil

elements is displayed
as distorted geometry.
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Using empirical methods, engineers
model systems by deducing relationships
between variables from numerical measure-
ments. Interactive display of the
relationship between variables 1is oeven
more important to empirical modeling than
analytical modeling because of the
judgement required in making empirical
modeling assumpiions. Graphics makes
possible recognition of patterns in data
that would go undetected when evaluated by
non-graphic methods. For example,
evaluation of features on the earth's
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FIGURE 3

Digital reflectance measurements of
the earth's surface recorded by
satellites are displayed numerically
Graphical identification of the dis-
continuities in the reflectance
measurements is used to identify
features on the earth's surface,
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COURSES IN GRAPHICS FOR  ENGINEERING
ANALYSIS

Recognizing that graphics had become
an important part of engineering analysis
and as such an essential part of graduate
study, we began developing graduate cur-
riculum in graphics during the 1982 - 83
academic year (1), The first product of
this curriculum development was two
courses that opresented the analytical
capabilities of computer-based engineering
graphics to advanced undergraduate and
graduate students,

These courses objectives were the
following: development of skill in inter-
active graphics programming; experience fin
using <commercial graphics systems for
engineering design and analysis; ability
to evaluate graphics systems performance
with respect to a specific engineering or
scientific function. These objectives
were achieved through a series of labora-
tory and field prejects.

In the first course, students learned
to write two-dimensional interactive
graphics application oprograms using a
FORTRAN addressable graphics cade.
Students learned about graphics systems
by interviewing engineers using graphics
in their work and by preparing technical
memos based on these interviews. Labora-
tory projects were assigned to give
students experience in working with com-
mercial graphics systems and to develop
skil1l in graphics application programming.

In the second course students learned
advanced graphics application programming
and analyzed several commercial graphics
applications programs and "turn-key"
systems. For example, as a class project
students used PADL-Z (2), a solids model-
ing language, to develop a graphics
system. For this they wrote a graphics
application program using PADL-2,
FORTRAN77, and DCL {command language for
Digital Equipment Corporation’s VAX 11/750
operating system), and linked a Lexidata
2410 high resolution color graphics
terminal to a Yax 11/750.

During the first offering, theory was
intermeshed with application. Student
comments revealed that the opportunity to
code a device driver and write basic
graphics application pregrams gave them a
detailed understanding of the subject
matter and the confidence to use what they
had learned in their graduate research.
Students also said that understanding the
theory and the algorithms underlying
graphics application programming was
important to their successful use. Small
enroliment permitted tailoring of the
courses to meet individual needs.
However, as the number of students
requesting enroliment in  the courses
increased, we recognized the need for a
better definition of the scope of graphics
for engineering analysis as well as an
understanding of how this subject meshes
with the engineering curriculum,
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CURRICULUM DEVELQPMENT

As I began to search Tliterature,
interview engineers using graphics, and
talk to developers of graphics systems, I
realized that graphics for engineering
analysis is found in many academic disci-
plines and is rapidly expanding in all
engineering fields. In order to catalcgue
the work, I segregated thecry from appli-
cation, Applications were divided into
three categories: graphics for analytical
model building, graphics for empirical
model building, and graphics for simula-
tion display.

finite method is widely used

Graphics Applications

Graphics that are used to help
engineers reduce data and formulate
empirical models has become important for
image analysis. Engineers from a multi-
tude of disciplines utilize image
analysis, Civil reduce remote sensing
data using image analysis. Metallurgists
analyze electron micrographs of crack
nropagation in metal parts. In additien
to static two dimensional image analysis,
three dimensional and dynamic image
analysis is becoming important in bHio-
medical engineering. Analysis of X-ray
and uitra-sound scans of the human body is
used to detect tumors or developmental
deficiencies 1in unborn babies. Dynamic
image analysis helps engineers understand
time dependent phenomena such as beach
erosion or accelerated motion of fluids.

An  important dillustration of image
analysis may be found in the broad area
of remote sensing by satellite. Engineers
are able to gather vast amounts of data
for the earth's surface wusing multi-
spectral scanners on Dboard satellites.
The scanners record reflectance
"signatures” of the earth. FEach measure-
ment contains reflectance informaticn for
a section on the ground in several wave-
length intervals. Software has been
developed which is capable of correlating
digitally recorded reflectance data from
the satellite with known greound features
such as water and foliage.

Displaying digitally recorded reflect-
ance signatures is an essential part of
remote sensing data analysis. Color con-
tours of reflectance ischars, for example,
have proven highly effective in aiding
engineers to develop empirical terrain
models. Identification of mineral
deposits by remote sensing techniques, for
instance, have decreased the financial
risk of o1l exploration (3).
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Geometric models are a necessary part
of all analytical modeling. Used alone,
geometric models have aided in the design
and analysis of such diverse structures as
three dimensional integrated circuits and
chemical plants by permitting engineers to
easily identify interferences. Geometric
modeling has dynamic as well as static
applications. Mechanical engineers use
geometric models for mechanical simula-
tions of motion especially robotics.
Geometric models are also used to create
valid geometric data bases for numerical
anatysis,

The finite element method has become a
widely used means of numerical analysis.
The graphics for finite element analysis
has become so intermeshed with the
analytical method it supports that it has
become part of the analytical technique,.
The finite element methed's strength lies
in generating numerical solutions ta
problems with complex boundary conditions
and material properties. For example, to
analyze the stress distribution  in a
culvert, the culvert drawing is subdivided
into a mesh of small elements and each
element in the mesh 1is analyzed. The
solutions at the boundary of adjacent
elements are matched at a finite number of
discrete points. The analyst can control
solution accuracy by altering the mesh's
design. To achijeve the cptimum solution,
the analyst must visualize the model's
geometry and display numerical results,
For structural analysis, this is done by
interactive display of stress contours and
distorted geometry superimposed on the
mesh, '

Display of numerical results is not
only essentfal for effective finite
element modeling but s an important part
of all analytical and empirical engineer-
ing modeling. Without graphics it is
nearly impossible for humans to assimilate
a multitude of measured or calculated
numerical results. For example, Figure 2
shows lines of constant maximum principal
stress and distorted geometry resulting
from a soil gravitational load on a
culvert. Using interactive graphics, the
analyst can identify regions of stress
concentraticn and redisplay magnified
views of these regions to evaluate the

structure's behavior in detail. As
another example, Figure 3 shows discon-
tinuities din reflectance “signatures”,

These discontinuities outline ground
features making them easy to identify.

Advances in graphics displays and a
dramatic lowering in the cost of computer
memory ¢ive promise of color and anima-
tion's commen use in tomerrow's display
of simulations. Color can be used as a
forth dimension in  mapping numerical
results on three dimensional surfaces,
This is commonly done by displaying color
isobars. Animation is a natural means of
displaying simulations of time dependent
phenomena.

4% ENGINEERING DESIGHN GRAPHRICS JOURMNAL

Graphics Theory

During our first offering of courses
in graphics for engineering analysis,
students had the opportunity use a variety
of commercial graphics systems, The
students found that wunderstanding the
theory and algorithms underlying graphics
apptication programs was important to
understanding these systems and ultimately
to their successful application. However,
in our first offering of these graphics
courses, theory was presented in bits and
pieces. We needed to better define the
bounds of the theoretical bastis of
graphics for engineering analysis. Part of
the theory pertinent tec computer graphics
is also relevant to engineering graphics
but other areas such as theories of
tolerancing also should be included, We
have formulated the following partial 1list
of eight theories that underly graphics
used for engineering analysis.

1. Theories and algorithms for devel-
opment of pattern recognition software are
important to the development of software
to analyze images (4).

2. Statistical techniques for enhanc-
ing images are the basis for human
interpretation of scattered optical data

(5).

3. The central features of modern
graphics systems are communicating graphic
information between human and machine and
managing a geometric data base shared
between many processing programs. The
first method of managing geometric data
bases was pre- and post-processing. Now
algerithms for managing geometric data
directly are being developed so that the
inefficiencies of pre- and post-processing
can be eliminated (6). Graphics language
development is dimportant for the interface
between human and machine, C. Fritsch (7)
of Bell Laboratories found that graphics
languages were far superior fo text
command languages used in interactive
graphics application programs.

4. Cocre graphic representations of
objects is the basis for geometric
modeling. This field dncludes algorithms
for graphics primitive representations as
well as algerithms for creation of sculp-
tured objects, solids bounded by quadric
and toroidal surfacas (8).

5. Theories of tolerancing are impor-
tant to geometric modeling, Tolerancing
is the 1link between mathematical models
where surfaces are defined exactly in
space and engineering models where sur-
faces are approximated within the 1limits
of the design. Presently tolerancing is
imprecisely defined and relies on engine-
ering judgement, The ambiguities of
present tolerancing theories must be
eliminated before algorithms to incor-
porate tolerance in computer graphics can
be formulated (9).



6. Graphics application program
development is an area that includes
program structure, user dnteraction, and
application dependent algorithms such as
finite element mesh generation (10},

7. Some aspects of computer display
graphics are also important to understand-
ing analytical graphics. These dinclude:
screen control by panning, zooming, and
naging; editing features; and graphic
input.

8. Understanding of graphic devices
and their operation is necessary for
critical evaluation of graphics systems.
This area includes system architecture as
well as operation of individual devices
(19).

With the subject of graphics for
engineering analysis more clearly defined,
we turned our attention to effective
teaching. Since students responded favor-
ably to the mix of theory and practicail
experience presen in the first offering of
the course sequence we plan to continue
this basic approach to teaching in subse-
quent offerings of the course sequence on
analytical graphics, However, we plan to
introduce a variety of new projects and
change the presentation of oid projects to
find ways to teach more effectively.

CONCLUSTONS

Computer technology made practical the
appiication of numerical methods to
engineering analysis in the 1960's,
Today, low cost digital display technology
is making practical graphics' inclusion as
an fntegral part of engineering analysis.
A dramatic example is the full color,
interactive creation of finite element
models using graphics applications
programs such as SDRC's SUPERTAB and PDA
Engineering's PATRAN-G.

Experience in the use of graphics for
engineering analysis and understanding of
the theories underlying this disclipline
are becoming an essential part of an
engineer's education.

Faculty in the Department of Engineer-
ing Graphics at The DOhic State University
have begun teaching graphics for engine-
ering analysis to advanced undergraduate
and graduate students. The development of
courses in graphics for engineering
analysis was c¢hallenging because the
theory and practice of this important and
rapidly growing aspect of engineering
graphics it are found as a part of many
diciplines. In defining the disclipline
cf graphics for engineering analysis we
identified eight topics wunderlying the
theoretical development of this
disciipline: pattern recognition, image
enhancement, data base management, core
graphics for geometric medeling, toler-
ancing, graphics appliication preogramming,
digital display technology, computer
architecture,
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It 1is essential that we begin to
incorporate new graphics in the engine-
ering curriculum at all levels. Some
aspects of graphics for engineering
analysis can be taught at the entry under-
graduate Tevel, hut others must be
postponed Until students attain sufficient
understanding of numerical methods to use
interactive graphics as an integral part
of analysis.

It is our expectation that the addi-
tion of graphics to the graduate curricu-
Tum at The Ohio State University will give
our graduates the knowledge, skill, and
confidence to use graphics for engineering
analysis throughout their career and
expand the technology in this vital area.
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