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SilverScreen

CAD & Solid Modeling Powerhouse

SilverScreen is the most powerful and versatile 3D CAD/Solid
Modeling system available, containing such features as: 2D and 3D
Boolean operations; rendering; shading; mass properites; text editor;
associative dimensioning (ANSI Standard); object-oriented database;
schema-based attributes; and camera walk. SilverScreen runs on DOS
and UNIX and supports a wide range of mice, video boards, printers,
plotters and digitizers. File transfer is handled through DFX, IGES,
HPGL, Postscript and others. SilverScreen features direct export 10
SmartCAM and Stereolithography (3D Systems).

Version 2 of SilverScreen has been released. Allschools that have
purchased site licenses have been updated at no charge. SilverScreen's
new features are:

1. State -of-the-Art Detailing

2. ANSTY14.5 Dimensioning w/Notes and Bubbles

3. Flexible Overlays Displaying Multiple Drawings

4. Faster Rendering and Shading Features

Yourschool may purchase a SilverScreen site license for the DOS
Version 2 of SilverScreen, which covers all computers on campus used
for classroom training, for $895 (plus shipping) In addition, your
school may purchase the extended DOS Version 2 of SilverScreen for
$§75 per computer. Included in the extended DOS version are a resident
C compiler, IGES import/export, and shadows. The extended DOS
version will also handle very complex drawing files.

The UNIX version of SilverScreen, which runs on the Silicon
Graphics Personal IRIS, has been released. School pricing is $350 per
machine.

SilverScreen will incorporate PIXAR's Renderman into the next
release; scheduled for distribution May 31, 1991.

Please contact us to inquire about our policy of holding two day
workshops on SilverScreen at your school. Please attend the Silver-
Screen workshop to be held in conjunction with the ASEE Annual
Conference in New Orleans, June 16-19, 1991,

Schroff Development Corporation
P'.O. Box 1334

Mission, KS 66222

(913) 262-2664 - Phone

(913) 722-4936 - FAX

Phone today for your free evaluation package!

*SilverScreen Authorized Training Center




New from McGraw-Hill

Now there's an alternative to the traditional large graphics books ...
It slimmer. . more concise .. amply lustrated .. and it serves as an effective prelude o CAD use
Introducing:

GRAPHICAL COMMUNICATION PRINCIPLES: A PRELUDETO CAD

Robert]. Foster, Hugh F. Rogers, and
Richard E Devon
All of Pennsylvania State University

This outstanding new text represents a bridge between the traditional large graphics books and direct
application of sottware for computer-aided drafting (CAD). The book presents in a concise, streamlined
manner those topics of graphics most needed by beginning CAD operators.

1941/320 pages/Order code: {H17-021643-6

To complnt the text:

WORKBOOK TO ACCOMPANY GRAPHICAL
COMMUNICATION PRINCIPLES: A PRELUDE TO CAD

Hugh ¥ Rogers, Penmsylvania State University

...cérefu](lf designed worksheels lead the student to
understanding basic graphical concepts.

Order code: 0-07-053536-1

TECHNICAL DRAWING WITH AUTOCAD
Leendert Kersten, University of Nebraska

..tutorials and problems, including refated software,
introduce students to AutoCAD.

Order code: (-07-021645-2

LEARNING CADKEY
Richard G. McGinnis, Bucknell Unfversity
Richard G. McGinnis, Jr.

..guided hands-on instruction helps students learn
CADKEY while using it to draw.

Order code: 0-07-044791-8

For more information, please contact your McGraw-Hill representative or write to:

McGraw-Hill College Division, Comp Processing and Control, PO, Box 444, Hightstown, NJ 08520, [




**%* COMPUGRAPHICS 91 ***
First International Conference on Computational Graphics
and Visualization Techniques

September 16-20, 1991 - "Villas de Sesimbra" - Sesimbra, Portugal
*** in cooperation with ACM SIGGRAPH ***

Conference Scope. Objectives, and Structure

. "COMFPUTATIONAL Graphics" is an emerging scientific area which combines traditional and COMPUTER Graphics, Technical Draﬁng, Descrip-
tive Geometry, Computational Geometry and Geometric Modeling. The present conference aims at gathering together outstanding experts, leading
researchers, scholars, engineers, scientists, industrialists and all interested individuals in these interrelated fields. The event, the actual first and

" truly interational meeting on "Computational Graphics®, is designed to be a large forum for everyone involved, materialized by high-level lectures,
papers, and panels, and is intended to be a unique opportunity to discuss the present situation, future directions, research and educational goals. It
will lead to a thorough definition and solidification of the discipline and will provide the needed fertilization of ideas and experience.

A number of keynote lectures by especially invited speakers is being prepared to reinforce the overall goals of the event. Confirmed speakers
include: Varol Akman, Vera Anand, Joao Cunha, Alain Fournier, Jon Meads, Bob Parslow, Les Piegl, Judson Rosebush, Steve Slaby, Jorge Stolfi,

and Daniel Thalmann.

A parallel exhibition of equipment, software, and literature will take place and special demonstrations are being planned, including a slide, film, and
video show, Participants are encouraged to bring material of all kinds (publications, audio-visual items, books, etc.} to be displayed. Delegates’
software are especially welcome and demonstrations can be arranged.

Contributions and Deadlines

High-quality papers are solicited in, but not restricted to, the following topics:

Traditional Graphics and Descriptive Geometry Scientific Visualization and Supercomputing
Engineering Graphics and Computerized Drafting CAD and Engineering Design

Theoretical Graphics and Classical Geometry Artificial Intefligence and Expert Systems
Computer Graphics and Image Synthesis Computer Assisted Instruction and Education
Computational Geometry and CAGD Standards and User-Interface Methodology
Geometric and Solid Modeling Physically-Based Modeling and Animation
Computer Aided Design and Manufacturing Natural Scene Simulation and Fractals

Finite Element and Other Numerical Methods

- Authors are invited to submit 5 copies of a summary (preferably extended abstract) by May 3, 1991.
- Notice of acceptance will be given by May 31, 1991,
- Final papers will be due by July 31, 1951.

The Program Committee will select the best papers and will invite the authors to submit revised vetsions for a planned book to be published by

Springer-Verlag.
Contact

Summaries, full papers, and requests for further information should be addressed to:

COMPUGRAPHICS 91

c/o Prof. Harold . Santo, Conference and Program Chair Tel: +351-1-801579/802045 x 1638
Department of Civil Engineering Fax.: +351-1-897650,/899242
Institute of Engineering ' e-mail: d1663@eta.ist.reen.pt

Technical University of Lisbon
‘Av. Rovisco Pais
1096 LISBOA CODEX PORTUGAL
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Geometric Dimensioning Sentence Structure

Patrick J. McCuistion

Department of Industrial Technology
Ohio University
Athens, Ohio

Many mechanical drawings have been dimensioned with the concepts and
practices of geometric dimensioning and tolerancing, Complex relationships
can sometimes make learning geometric dimensioning and tolerancing a dif-
ficult process. However, having the ability to read and speak the geometric
dimensioning language is an increasingly important factor for employment
in many positions in engineering and technology. One way to start learning
the system is to learn how to interpret the dimensioning symbols.

Introduction

Geometric dimensioning and tol-
erancing (GTD) is an indispens-
able component of the mechanical
drawing. For the parts that re-
guire GDT, 1t can mean a clearer
expression of the intent of the
design. It can also allow better

choices of machining processes to

be made for the production of a
part and can better indicate how
"a part should be inspected. 1In
other words,
prove communications in the cycle
from design to manufacture.
However, GDT can be'a difficult
topic to learn and teach due to
the potentially complex relation-
ships within and between differ-
ent geometric teolerances. A part
of the difficulty is being able
to interpret the geometric dimen-
sioning symbols. = Most of the
current textbooks that deal with
GDT present information about the
symbols, but few present informa-
tion on how to put the words for
the symbols together to form a

. nect them.

it can wvastly im-

sentence. Explanations will be
provided to assist in the
instruction of the basic sentence
structure of geometric dimension-
ing by identifying the substan-
tive language within each con-
partment of the feature control
frame (FCF). Then words will be
provided that can be used to con-
A majority of the in-
formation to be described has
been derived from experience and
the given referencesl™

The Problem

It may be a formidable task to
look at the FCF in Fig. 1 and (a)
know what is being specified and
(b) know how to relate that in-
formation to another  person.
Iuckily, not all geometric toler-
ances have that many variables.
A beginning step to learning GDT
is to think of the information in
the FCF as the substance of a ba-
sic sentence. Then, with a good
memory of the symbol names and
the information to be presented,
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Figure 1.

plus some practice, any person
should be able to read what is in
the FCF in Fig. 1.

Table 1 contains the names of
all the symbols that may appear
in an FCF. Remembering the sym-
bol names can be a good beginning
in learning how to read the con-
tents of the FCF. But to be able
to fully comprehend what is read,
the following must be understood:
the type of tolerance specified,
the type of tolerance zone, the
tolerance meaning, and the poten-
tial uses. Only the reading of
the contents of the FCF will be
described.

Before describing the methods
of reading the FCF, it is impor-
tant to understand that the spec-
ified tolerance is being used to
precisely control the form, ori-
entation, and location of plane
or size features. Sometimes
changes are made IN the way regu-
lar dimensions are drawn. For
example, a dimension with a rect-
angular box arocund 1t is a
"basic" dimension. This dimen-
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SYMBOL NAML

STRAIGHTNESS

FELATNESS

CIRCULARITY

CYLINDRICITY

PROFILE OF A LINE

PROFILE OF A SURFACE
PARALLELISM

ANGULARITY
PERPENDICULARITY

CIRCULAR RUNOUT

TOTAL RUNOUT
CONCENTRICITY

POSITION

DIAMETER

MAXIMUM MATERIAL CONDITION
REGARDLESS OF FEATURE SIZE
LEAST MATERIAL CONDITION
PROJECTED TOLERANCE ZONE

Table 1.

P00®se0N\FA=DIR0ON | | <

Geometric symbols.

sion does not give size; it only
gives the location of a tolerance
zZone.

Beginning Solution

The FCF is divided into two or
more compartments. Figure 2(a)
illustrates that the first com-
partment contains the geometric
characteristic symbol. The sec-
ond compartment contains the tol-
erance information. Additional
compartments would contain datum
references. These are the vari-
ables within the basic sentence
structure.

The first descriptive words
relate to the feature. For exam-
ple, a common introductory phrase
is, "THE FEATURE MUST BE" (Fig.
2(b)). The 1lines dividing the
compartments indicate where the
connecting words are used. The
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FEATURE CONTROL FRAME

Lol o [al2le]

GEOMETRIC SYMBOI_S \X
TOLERANCE INFORMATION
DATUM REFERENCES
(a) COMPARTMENT VARIABLES

I Izl el [ [ ]
- WITHIN & RELATIVE TO
THE FEATURE MUST BE
(b) CONNECTING WORDS

Figure 2. Fecture Control Frame.

first connecting word 1is "WITH-
IN", The words for the second
connection are "RELATIVE TO".
These three phrases can remain
the same for all geometric call-
outs, except for a few examples.

Combining the Words

Armed with this information,
the simple flatness tolerance
specified in Fig. 3 can be read,
"THE FEATURE MUST BE FLAT WITHIN
A FIVE THOUSANDTHS TOLERANCE
ZONE". The statement included an
intreoductory phrase (the feature

must be), the geometric charac-
teristic (flatness), the first
connecting word (within), and the
tolerance value (0.005). The

form tolerances require only two
compartments in the FCF.

A datum reference 1s included
in the FCF in Fig. 4. The state-
ment for this tolerance may be,
"THE FEATURE MUST BE PERPENDICU-~
IAR WITHIN A THREE THOUSANDTHS
TOLERANCE ZONE RELATIVE TO DATUM

GEOMETRIC DIMENSIONING SENTENCE STRUCTURE _ 5
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Figure 3. Flatness tolerance.

L].005[A]

— - 2X .30

] *
1.20

|1
w.zoL ==

-

Figure 4. Perpendicularity tolerance.

FEATURE A". This statement in-
cluded an introductory phrase
(the feature must be), the geo-

metric characteristic (perpendic-
ularity), the first connecting
word (within), the tolerance
value (0.003), the second con-
necting words (relative to), and
the letter of the datum feature
(A) . Many geometric tolerances
are controlled relative to one or
more datum features.

Due to the unigue characteris-
tics of the profile tolerances
(line and surface), the introduc-
tory statement is usually differ=-
ent. Also, it is fairly common
for the tolerance to be specified
between points. The geometric
tolerance in Fig. 5 may be read
as, "“EACH FEATURE LINE PROFILE
MUST BE WITHIN A TEN THOUSANDTHS
TOLERANCE ZONE REILATIVE TO DATUM
FEATURES A AND B BETWEEN X AND
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Figure 5. Profile tolerance.
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AL Here the word for the geo-
metric characteristic is included
in the introductory phrase. Pro-
file tolerances can control ir-
regular surfaces and as such are
different in some ways from the
other geometric characteristics.

The example in Fig. 5 also re-
veals that when additional infor-
mation in needed for complete un-
derstanding of the tolerance,
that information if printed below
the FCF. If the information is
lengthy, a reference to an ex-
planatory note 1is given. -

The proper geometric call-out
for Runout can also be slightly
different from the other call-
outs. The example of Runout
shown in Fig. 6 has a multiple
datum. This tolerance controls a
surface of revolution relative to
two bearing surfaces that to-
gether form an axis of revolution
for the part. The sentence for
the example in Fig. 6 may be,
"THE TOTAL RUNOUT OF THE FEATURE
MUST BE WITHIN A THREE THOU-
SANDTHS TOLERANCE ZONE RELATIVE
'TO MULTIPLE DATUM A, B".

The American National Standard
Institute Y14.5M-1982 Dimension-
ing and Tolerancing Standard has

3.50
= .80 1.70 =

1.211 ‘ 1.003
¢1.203 2

__A_
2.006 |
27 398

27.003]|A-B]

Figure 6. Runout tolerance.

specified that when using Posi-
tion tolerancing, condition modi-
fiers must be stated for the tol-
erance value and for any size da-
tums. Therefore, the maximum ma-
terial condition, least material
condition, and regardless of fea-
ture size symbols are used pri-
marily with the position toler-
ancing (refer to Table 1 for the
symbols). The diameter symbol is
also used primarily with posi-
tion. Some of the sentences for
position can be very long. The
tolerance in Fig. 7 can be read
as, "THE FEATURES MUST BE POSI-
TIONED WITHIN FIFTEEN ‘THOUSANDTHS
DIAMETER TOLERANCE ZONES, AT MAX-
IMUM MATERIAL CONDITION, RELATIVE
TO DATUM FEATURES A, B, AND C".

. Figure 8 illustrates an example
where the position tolerance and
datum are controlled regardless
of feature size. The sentence
for the geometric call-out in
Fig. 8 may be, "THE FEATURE MUST
BE POSITIONED WITHIN A FOURTEEN
THCUSANDTHS DIAMETER TOLERANCE
ZONE, REGARDLESS OF FEATURE SIZE,
RELATIVE TO DATUM FEATURE A, RE-
GARDLESS OF FEATURE SIZE". The
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Figure 8. Position RFS.

material condition must be stated
for each tolerance and size datum
separately.

The example in Fig. 9 illus-
trates one large hole positioned
relative to the three plane con-
cept. The hole then is used as a
datum to help locate the four
small holes. The four holes are
also controlled within a pro-
jected tolerance zone. This tol-
erance 2zohe can be read as, "THE

GEOMETRIC DIMENSIONING SENTENCE STRUCTURE 7
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Figure 9. Projected tolerance.

FEATURES MUST BE: POSITIONED
WITHIN ONE AND FIFTEEN HUNDREDTHS
TALIL: BY EIGHT THOUSANDTHS DIAME-
TER PROJECTED TOLERANCE ZONES, AT
MAXIMUM MATERTIAL CONDITION, RELA-
TIVE TO DATUM FEATURES A, D AT
MAXIMUM MATERTAL CONDITION, AND

BII- . .

Feature Control Frames with Two Lines

With the understanding of the
variables and constants of the
geometric dimensioning system,
the previous few instructions
will suffice for most one line
geometric tolerances. Occasion-
ally, two or more different geo-
metric characteristics must be
specified for the feature. The
second line tolerance is usually
thought of as a "refinement" of
the first line tolerance. When
this occurs, the word "AND" or
"WHILE" is placed between the two
tolerance sentences and the in-
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troductory phrase is removed from
the second sentence. The toler-
ance in Fig. 10 could read, "THE
FEATURE MUST BE CYLINDRICAL
WITHIN A ONE THOUSANDTHS TOQLER-
ANCE ZONE AND STRAIGHT WITHIN A
FOUR  TEN-THOQUSANDTHS TOLERANCE
ZONE" .,

Composite tolerancing is a par-
ticular type of position toler-
ancing where a two line tolerance
can occur. In composite toler-
ancing, the first 1line of the
tolerance relates to all the fea-
tures as a group. The second
line of information is also a re-
finement of the proceeding toler-
ance. The example in Fig. 11,
which is a copy of Fig. 1, is a
composite tolerance. It may be
read as, "THE PATTERN OF FEATURES
MUST BE POSITIONED WITHIN THIRTY
THOUSANDTHS DIAMETER TOLERANCE
Z0NES, AT MAXIMUM MATERIAL CONDI-
TION, RELATIVE TO DATUM FEATURES
A, B, AND C, WHILE THE FEATURE TO
FEATURE RELATIONSHIP MUST BE PO~
SITIONED WITHIN FOURTEEN THOU-
SANDTHS DIAMETER TOLERANCE ZONES,
AT MAXIMUM MATERIAL CONDITION,
RELATIVE TO DATUM FEATURE AY“,
This represents one of the more
complicated sentences in geomet-
ric dimensioning. This type of
tolerance is often used with bolt
hole pattermns.

5.40
\ £.003] @1.003
—[.0004] 995

Figure 10. Two line tolerance..
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Figure 11.lConﬂposhe tolerance.

Practical Concerns

By now an appreciation should
have developed for the amount of
space saved on the face of the
drawing due to the use of the
symbols in the geometric dimen-
sioning system. Using this sys-
tem increases the white space on
drawings which improves readabil-
ity.

Pricr to the 1973 release of
the Y14.5 standard, the use of
geometric symbols on drawings was
not common practice, except for
the companies that developed the
standard. Drawings of the past
were, and still are, subject to
misinterpretation due to the use
of English words on the drawing.
This situation has changed due to
increasing international interac-
tion which has forced the use of
universally understood languages,
such as geometric dimensioning.
Also, the complexity of modern
designs has given rise to a more
precise language to explain then.
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The engineering graphic lan-
guage receives a relatively low
priority in many engineering col-
leges 1in the United States.
Therefore, it should not come as
a surprise that GDT 1is rarely
taught well in university
courses. It is common for new
engineering and technology gradu-
ates to enter the work place
functionally illiterate of this
essential communication system.
This has removed a part of the
basic engineering education from
the university and forced it onto
the industrial sector.

Conclusion

The geometric dimensioning and
tolerancing language is a way of
specifying precise feature form,
orientation, and location. A be-
ginning step toward learning GDT
is to acquire the knowledge of
how to read the information in
the feature control frame. A re-
liable and consistent method of
being able to form an English
sentence with the information in
the feature control frame of a
geometric dimension has been pre-
sented.

The widespread use of GDT to
precisely define the intent of a
design from initial engineering
activity through final verifica-
tion makes it a vital link to the
gquality of the products produced
in the United States. The educa-
tion of the topic should not be
left to chance. It should be a
required part of the education of
engineering and technology stu-
dents.

GEOMETRIC DIMENSIONING SENTENCE STRUCTURE 9
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A Comparative Study on the Effectiveness and Influence of
Required Supplemental Video Teaching Upon Students' Grades,
Course Completion, Visualization Proficiency, and Course Attitudes

William J. Vander Wall

Graphic Communications Program
North Carolina State University
Raleigh, North Carolina

An experimental study was conducted on two groups of a students in an in-

troductory engineering graphics class.

One group (experimental) was re-

quired to watch thirty mini-video tapes presenting basic concepts of
engineering graphics. The second group (control) was not allowed access to .
the video tapes. No differences were revealed between the groups for four

hypotheses postulated.

Introduction

Since 1980, the author has ex-
perimented with an
study course in beginning engi-

neering graphics. The course
topics included: (1) basic geo-
metric constructions, (2) multi-

view sketching and drawing, (3)
isometric sketching and drawing,
{(4) basic dimensioning, (5) sec-
tions and conventions, (6) pri-
mary auxiliary view drawing, and
(7) detailed production drawings.
Also included in the normal
semester schedule of fifteen
weeks were two formal quizzes and
an examination. Although the six
class sections used for the study
were organized on an independent
study format, all student work
was graded immediately upon
completion of each course topic
and was assigned an A, B, C, D,
or NC (no credit) grade. The
quizzes and exam were similarly
graded.

independent

The basic concepts, procedures,
and content of the course topics
were video-taped. There were
thirty mini-cassettes varying
from nine-minutes to twenty-five
minutes in length (Fig. 1). The
video tapes allowed selected stu-
dents to:

1. Receive additional supple-
mentary help at their conve-
nience.

2. Review the subject matter
as much as necessary to master
it.

3. Progress through more dif-
ficult topics at individual
rates, '

4. Visually reinforce subject
material that had been read in
the textbook.

Research Design
Six randon class sections were

selected to participate in a one-
semester classroom research pro-
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ject. Three of the sections were
considered contreol groups and the

1 List of Video Tapes; Mini-Lectures

to allow

- SPRING, 1991 VIDEC TEACHING 11
- LIST OF VIDEO TAPES, EIi01
(Mini-Lectures)
Tape No. Title Plates
la Care and Use of Equipment .
2a Points of Tangency and Alphabet of Lines
2b Scales; Combination
2 Scales; Metric
3a Introduction to 3-Dimensional Pictorial
Sketching; Isometric -

3b " Isometric Sketching; Example Problem 6-7, 9-10
i Isometric Sketching; Example Problem 6-8 (Self Test)
3d Sketching Ellipses and Example Problems 6-11 (Conics)
da Irregular Curves and Sections in Isometric 6- ll(Bushmg)
Sa Introduction to Multiview Drawing =~ 6-8
5b Space Dimensions and Multiview Vanations 7-2
5 Object Orientation and Line Identification
5d Surface Ident. and Alt. View Construction 7-5
6a Alternate View Construction and Proj. Method Seif Quiz (1,9)
6b Example Problems; Explanation & Discussion 7-5(1,2,4)
6c Example Problems; Explanation & Discussion 7-6 (2, 4)
Ta Introduction to First Auxiliary Views "
7b Drawing Partial Auxiliaries; Example Problems 84
Tc Curved Auxiliary Surfaces; Example Problems 8-4,8-3
7d Complete Auxiliary View; Example Problem ‘8-5 (Octogonal)
8a Introduction to Second Auxiliary Views and 9-1

Example Problem 9-2
8b Exampie Problem; Explanation and Discussion 9-3
Oa Introduction to Sections and Conventions
9% Types of Sections
Sc Conventional Practices
10a Conventional Practices (Con't.) and General 10-1

‘ Comments on Work Plates 10-2, 10-3
10b Conventional Practices {Con't.) and General 104
Comments on Work Plates :
11a Introduction to Basic Dimensioning and
' Dimensioning Standards _

11b Dimensioning Practice; Example Problem
12a - Industrial Dimensioning Examples

the main library Media Center and
instructor

only

were denied access to the wvideo
tapes. The other three sections,
the experimental groups, were re-
gquired to watch all video tapes.
At the beginning of the semester
a system was developed between

those students who presented a
Video Tape Authorization slip
(Fig. 2) to have access to the
video cassettes. No control stu-
dents were allowed to watch the
tapes. Alsc, at the start of the
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Video Tape Authorization
Student
Section Number
Tapes to be Reviewed:
Date
Instructor’s Signature
Date
Signature, Media Center
Fig. 2 Video Tape Authorization
Slip

semester the students of the ex-
perimental dgroups were given a
Video Rule Sheet (Fig. 3), de-
scribing the procedures that
would be followed in progressing
through the course. Five major
points were listed:

1. Each student would watch
all video tapes beginning with
tape la and ending with tape 12a.

2. Each student would have a
Video Tape Authorization slip
signed by the instructor for all
tapes viewed.

3. The signed Video Tape Au-
thorization slip would be pre-
sented to the Media Center spe-
cialist in order to check out
video tapes and view them.

4. The Video Tape Authoriza-
tion slip would be submitted with
completed graphics work in order
to receive credit for the unit of
work. Each slip would alsc con-

Video Tape Memo
Graphic Communications, GC101
Dr. William 1. VanderWal}

Section

Subject: Graphic Communications, GC101 Video Tapes; Rules.

1. You must watch all video tapes on Graphic Communications,
GC101, beginning with Tape 1a and ending with Tape 12a.

2. You must have a tape authorization slip signed by the
instructor for all tapes viewed.

3. You must present the authorization slip to Media Center
Personnel in order to check out and view tapes.

4. You must obtain the signature of the Media Center Specialist
when you have viewed the tape(s) and retum the signed
authorization slip to the instructor in order to receive credic
and complete the unit of work.

5. Video tapes will be on reserve int two different locations at
the hours shown,

Main Library Media Center (Room 2305)

Mon. thru Thurs. =+« e v - vemcnee 8 am-10pm
Fri, ccecmmcccanaa-. treeean 8§am- 6pm
Closed Saturdays - - -« «ee-un-u-

Sunday «-cv-rrremvenaacnnas 1 pm-10 pm

Poe Hall Curriculum Materials Center (Room 400)

Mon. thru Thurs. - «+ c v e - a e mne 8am - 9 pm
Fri. cvme-eenmurcnnannnucas Bam- 5 pm
Closed Weekends «--n-ca-ence.-

Fig. 3 Video Rules Sheet

tain the signature of the Media
Center specialist.

5. The 1location of the wvideo
tapes and the hours for viewing
them were included: each day be-
tween 8 am and 10 pm except Sat-
urdays.

Four null hypotheses were ad-
vanced concerning the required
use of supplemental video tape
instruction. It was postulated
that there would be no statisti-
cally significant differences be-
tween experimental and control
groups in the following areas:

1. Final numerical grades.
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2. Number of students who (a) compare these mean scores between
completed the course ahead of all six sections. No statisti-
schedule, (b) completed the cally significant differences
course on time, or (c) failed to were revealed between the groups
complete the course, thereby re- on the three variables cited.

ceiving incomplete
credit (NC) grades.
3. Visualization proficiency.
4. Student course evaluations.

(IN} or no

Data Analysis and Findings
Hypothesis One

To test the hypothesis concern-
"ing group final numerical grades,
all plate grades and quiz grades
were recorded numerically. Sec-
tion mean scores were calculated
for plate grades, quiz grades,
and final grades for each of the
six sections. These section
means were tested within the six
sections and between the experi-

mental and contrel groups by
analysis of variance. The F=-
value and significance levels

were calculated for all compar-
isons. No statistically signifi-
cant differences were revealed in
any of the comparisons. The data
indicated that the difference
among and between groups varied
greatly. Hypothesis one was ac-
cepted.

Hypothesis Two

To compare the numbers of stu-
dents 1in the experimental and
control groups who (a) completed
the course ahead of schedule, (b)
completed the course on time, or
(¢) received incomplete (IN) or
no credit (NC) grades for the
course, it was necessary to cal-
culate group means for each cate-
gory (a, b, and c¢) for both study
groups. No attempt was made to

Hypothesis two was accepted.
Hypothesis Three

To compare the visualization
proficiency of the experimental
and control groups, it was neces-
sary to administer a pre- and
post-visualization test?t (Fig.
4). All tests were scored in to-
tal points. Points were received
for the number of lines success-
fully drawn for each of the in-
complete orthographic problems
shown. Group means were calcu-
lated for all individuals and for
the six sections based upon the
pre- and post-visualization
scores. These mean scores were
tested by analysis of wvariance.
F-values and significance levels
were calculated for all compar-
isons. No statistically signifi-
cant differences were found for
any of the comparisons made be-
tween individuals, or within and
among the experimental or control
groups. According to the data
analysis, the differences varied
greatly for the different group
comparisons made, Hypothesis
three was accepted.

Hypothesis Four

Group course evaluation means
were calculated to test hypothe-
sis four concerning the way
groups evaluated the course over-
all. The course evaluation
scores were obtained from depart-
mental Course and Instructor
Evaluation forms, that were sup-
plied to all instructors at the
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Drafting Achievement Test

The following problems are designed to test your ability to solve problems using the principles of orthographic
projection. There are three given views for each problem: the top, front, and right side. There may be lines missing in
one, two, or three views. You are to sketch the missing lines in each view, both hidden and object. There is no time

Iimit but work as fast as you can.

¢ ra

LS B CJ

1.

H

] B

Fig. 4

end of each semester. Each stu-
dent was asked to evaluate the
course by way of a rating scale
on specific criteria: (1) objec-
tives, (2) content, (3) text-
books, (4) reference materials,
(5) requirements, and (6) other
items the student considered per-

tinent. The group means were
then compared by analysis of
variance. No statistically sig-

nificant differences were found
for the course evaluations made
by the groups. Hypothesis four
was accepted.

...... S0
S o= ¢
= 3 g

A Portion of tﬁe Pre- and Post- Visualization Test

Students' 'Reactilon to
Required Video Teaching

- The students' reaction to re-
quired video teaching was both
interesting and revealing. The
comments which follow were taken
from course evaluation forms com--
bpleted at the end of the course
by each student. Of course, not
all students took the opportunity
to react to required video teach-
ing, but those that did made some
very valid points. Listed are
the most commonly made comments



SPRING, 1991

by at least two or more students
and paraphrased here for clarity.

1. The Media Center is not de-
signed for drawing while watching
video. Because of the physical
characteristics of the individual
student viewing carrels, a stu-

dent 1is hampered in doing any
drawing while watching the
screen. However, the video could

be ' stopped at will when neces-
sary.

2.  Video is very valuable to a
student with no background and/or
limited visualization ability.

3. ‘A student who has prior
drawing experience or natural
drawing ability will find that
although the tapes are informa-
~tive, he can master rather
quickly what is reguired in each
topic area and really  doesn't
need to watch video teaching.
(In fact, there were a number of
similar comments made by students
on the final course evaluation
form.) :

4. For a student with limited
experience and drawing ability,
video teaching is extremely help-
ful.

5. The subject matter is more
than adequately covered, although
on some topics there are some mi-
nor technical problems such as
poor lighting, camera vibration,
background noise, etc.

6. A student with experlence
and/or innate ability to scolve
drawing problems easily, actually
works the problems first and then
watches the wvideo so that he can
receive the credit, thereby cir-
cumventing or defeating, 1if you
will, the real purpose of video
instruction.

7. A student who is not a pro-
ficient reader but more visually

VIDEO TEACHING 15

oriented in his learning, tends
to watch the video first before
attempting the drawing problems.

8. Videos are worthwhile in
the more difficult portions of
the course, 1.e., pictorials,
sections, auxiliary views, and
dimensioning.

9, Purchase machines - (moni-
tors) that play at a faster speed
for students who comprehend
gquickly.

10. Video tapes tend to wear
guickly and should be periodi-
cally replaced (an' expensive pro-
position).

11. Make tapes shorter and to
the point. _

12. Monitors (12" diagonal) are

‘rtoo small for adegquate comfor-
table viewing.

(NOTE: The tapes
were originally made for a 25"
diagonal monitor, not the 12"
diagonal type the Media Center
uses.)
'13. Produce tapes so the mate-
rial is covered at a slower pace.
14. Allow each student the op-
tion to watch video if he wants
to and to select only those tapes
he wishes to view.

Conclusions

The concept of using video
tapes for supplementary instruc-
tional purposes is a good one.
The i1dea of wusing television
teaching, particularly for stu-
dents experiencing difficulty in
one or more segments of a course,
allows the instructor to continue
teaching the course as outlined
in the syllabus, but affords the
students requiring more time on a
particular subject to replay the
video as many times as necessary
to master the work. Instruc-
tional video also allows the in-
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structor to concentrate on help-
ing those students experiencing
more profound difficulties in the
course while at the same time
permitting others in the class to
proceed individually to and
through other or more advanced
material at their own rate.

This study, conducted with re-
guired video viewing as the es-
sential variable, was revealing
in a number of ways. There seenms
to be no adverse or negative ef-
fect upon final grades. overall,
nor does it seem to affect either
the time needed for students to
complete the semester's work,.
There was also no effect on the
number of incomplete (IN) or no
credit (NC) grades. In addition,
the study indicated that there
seems to be no loss in the level
of visualization proficiency by
using supplemental video instruc-
tion, although at times irrita-
tion was expressed by some of the
students having to view certain
parts of the course topics they
considered easy. Student reac-
tion to video was quite positive
for the harder, more difficult or
"rough" parts in the cocurse. The
results of +this study dealing
with visualization proficiency
supported a similar, but less en-
compassing piece of research con-
ducted in 1977 with another sam-
ple of studentsz. In the 1977
study, a longer and more elabo-
rate visualization test was ad-
ministered involving sections of
two different instructors. The
thrust of this research was to
determine whether video presenta-
tions improved students' 3-D vi-
sualization ability. It was con-
cluded from data collected that
video did not affect students' 3-
D visualization proficiency dur-

ing the course of the semester.
Consequently, both studies tend
to support the idea that visual-
ization does not suffer because
of video instruction. .

Video instruction is useful but
should not be considered the
best, or only, way to present
subject matter for an independent
study course. The use of video
tapes is only a supplemental
method, just as are texts. Such
use should be augmented with
good, concise, topical handout
sheets, well constructed or fab-
ricated 3-D models, various vi-
sual teaching aids and short, on-
the-spot instructor demonstra-
tions, along with other reliable
teaching techniques. Ideally,
the most beneficial arrangement
for video instruction is to make
it available to all students, but
not on a mandatory or reguired
basis. In addition, the video
tapes and viewing equipment
should be located in the class-
room where students meet with the
instructor periodically through-
out the semester.
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A Computerized Method of Distortion Analysis of
Simultaneously Drawn Mirror Image Figures

Howard E. Dunn, Larry D. Goss, and Benjamin P. Miller

School of Science and Engineering Technology
University of Southern Indiana
FEvansville, Indiana

Individuals have been observed simultaneously drawing mirror image fig-
ures with their right and left hands indicating that this ability might relate
to personality traits and/or creativity. A computerized method is described
whereby a mirror image pair simultaneously drawn by the right and left
hand can be compared. The mirror image figures are collected as digital
data from two digitizing pads interfaced with a personal computer. The
program computes the mean relative size and a measure of the distortion of
one figure relative to the other. The distortion measure is based on the de-
parture from a condition of rigidity employed in the physics of rigid bodies.
This program should be applicable to a variety of psychological studies.

Introduction

Most individuals appear to have
a natural ability to move their
arms and hands in a mirror image
fashion. One only has to imagine
directing an orchestra and his
hands and arms will move 1in a
mirror image fashion with the
plane of the mirror being the
symmetry plane of the body. The
clapping of one's hands is an-
other example of this mirror im-
age movement. Dunn? made practi-
cal use of this innate ability by
drawing enantiomers (mirror image
molecular structures) on the
chalkboard while covering the
subject of stereochemistry in his
organic chemistry class. Drawing
enantiomers of complex molecules
is a complex task when one at-
tempts to draw them one item at a
time with the dominant hand, but
drawing mirror image figures si-

multaneously with both hands is
an easy task. When students were
asked to draw enantiomers with
both hands simultaneously, most
could do it easily. A few stu-
dents, however, tended to draw
similar (non-mirror image) fig-
ures, moving their hands in syn-
chronous, parallel movements
rather than in mirror image fash-
ion. Casual observation could
lead one to believe that these
students were of the less cre-
ative, more methodical  type.
This observation suggested that
perhaps creativity and/or person-
ality characteristics might be
correlated with the ability to
draw mirror image figures using
both hands simultanecusly.

Luc;at2 had 560 right-handed and
50 left-handed elementary school
students draw a model of a cy-
cleid or a spiral wusing both
hands simultanecusly. Lugat re-
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ported that left-~handed students
tended to move both hands in the
samé direction more frequently
than right-handed students. No
results were reported in regard
to the measurement of the distor-
tion of similar or mirror image
figures. ‘

A guantitative study of simul-
taneously drawn mirror images was
conceived to provide a basis for

the correlation of left-brain and

right-brain activity with motor
response. For example, artists
and non-artists could be compared
in analogy to the auditory com-
parisons of musicians and non-mu-
sicians®. sSpringer and Deutsch?

" present an excellent summary of

the 1literature ©pertaining to
brain asymmetries.

A computerized method for the
collection of digitized sets of
data representing simultaneously
drawn mirror images is described.
In addition, a method of analyz-
ing the mirror image data is de-
scribed, including computations
of an average size ratio and a
measure of distortion. However,
the detailed psychological stud-
ies suggested, wusing the ap-
plication of this method, are
left to other investigators.

The Data Collection System

The developmental work for col-
lecting and analyzing data re-
lated to the simultanecus mirror
image phenomenon has been accom-
plished on commonly available
personal c<omputer hardware and
software. Although originally
designed for an IBM microcom-
-puter, further studies may be
pursued with compatible equipment
which has comparable display and
input/output capability.

VOL. 55, NO. 2

At the heart of the experimen-
tal apparatus is a microcomputer
capable of direct conversion of
analog signals to digital graphic
display, with a general purpose
package that can be programmed to
complete the analysis which has
been derived. - The developmental
configuration consists of an IBM
personal computer running ad-
vanced interpreted BASIC (BASICA)
using a medium resolution color
display (CGA, 320 x 200 pixels)
and equipped with a game adapter.
Although named for the purpose of

‘providing input for entertainment
' software,

the game adapter has
provision for four analog and -
four digital inputs. The analog
inputs are modified by the use of
variable resistors between a ref-
erence voltage and the input
channels, and the digital inputs
are momentary contact switches
between the signal 1lines and
ground,

Two Koala pads were connected
to the game adapter using a "y"
connector which was custom built
for the task. Each Koala pad had
two analog inputs (X and Y loca-
tions on the pad) and two digi-
tal inputs (trigger or event
switches); therefore, two pads
working together wused the full
input capacity of the Ggame
adapter. Each Koala pad served
to record the data for either the
left or right hand as prescribed
figures are drawn by the subject.
In designing an experiment for
additional study, custom input
devices could be designed and
built which. would interface with
the game adapter, or the same
commercially available hardware
used in the developmental work
could be employed.

Program support for the input
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device is provided through the
STICK and STRIG functions and
statements of IBM's BASICA, or
through GWBASIC on compatible
systens. Sampling of all four
analog inputs occurs simultane-
ously with the STICK(0) state-
ment. STICK(1l) through STICK(3)
do not actually sample the in-
puts, but rather assign the pre-
viously sampled data to variabkle
‘names. This provision of the ad-
vanced BASIC language assures
precise timing and identical in-
tervals for the sampling of all
the analog inputs.

Each experimental figure is
displayed in a side-by-side man-
ner on the computer display

screen and 1is programmed to be

stored in a uniquely named data
file on a diskette. The storage
of the experimental data is under
control of the individual running
the experiment. The data files
may be retrieved for analysis ei-
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sion or at a later time when the
subject is no longer present.

The final operation of the de-
velopmental work is to have the
analytical data and the original
experimental images routed to a
printer for filing as hardcopy
output from the experiment. The
printing operation has been pro-
grammed so that it appears to be
an automatic function which ‘is
available by simply pressing a
single key or trigger switch.

The electrical schematic in
Fig. 1 1illustrates the wiring
hookup for constructing the "“y"

connector which adapts the two
Koala pads to a single game
adapter. The 15-pin "D" shell

“connectors should be available at

most electronic supply houses.
Some compatible microcomputers or
third-party boards containing
game ports have two six-conductor
modular telephone connectors in-
stead of the, 15-pin "D" shell

ther during the experimental ses- connector and will not require
Female Male Female
L g 1 g 1
o —
o o—““&hﬁ_“““‘~ﬁ i o °
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° &““"Pﬁdgrfﬂe o > o
o Q““_‘_ﬂ_,f,,ﬂo R . o .
15(° o 150\‘3 15L° o1
\_/8 8 \JB
-Right Game Port Left
Koala Pad On Computer

Fig. 1 Schematic for "y"

Adapter

Connector Between

Koala Pad

Koala Pads and Game Port
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that an adaptor be constructed.

A method was developed to mea-
sure the distortion of one image
relative to the other of two
left-right mirror images speci-
fied by a numerical data set of
the image points. The measure
obtained, to be significant, must
be independent of any rotation or
displacement of one image rela-
tive to the other.

The rigidity of a material body
is expressed by the condition
that the distance between any two
identifiable points be a constant
independent of any displacement
or rotation of the body. Figure
distortion could therefore be
measured by a computation based
on a departure from this condi-
tion of rigidity. The two mirror
image figures are specified by
correspondingly indexed arrays of
the image point coordinates. The
points on the two figures speci-
fied by the same index value were
generated simultaneously when the
figures were drawn. These can be
taken as corresponding to an
identifiable point of a body
which is represented by both fig-
ures. The distances separating
corresponding points of the two
figures can then be compared for
the study of distortion.

The computation of a corre-
lation coefficient between the
corresponding point-to-point dis-
tances of the two figures was
considered, but rejected because
it would weight the widely sepa-
rated point pairs more heavily
than the closely spaced ones. It
was apparent that the ratios of
the point-to-point distances be-
tween the two figures would pro-
vide a measure of the relative
size of one image to the other.
It also appeared that the varia-

tion of these ratios as given by
their standard deviation would
provide a measure of the relative
distortion. These computations
were selected as the basis for
the project. If for two differ-
ent index values, the coordinates
of the left image points are des-
ignated (X9,¥7) and (Xq',¥;'),
and those of the corresponding
right image points as (X5,¥,) and
(X5',¥5'), the point-to-point
distances are expressed

o -y,

(Yl - 1')
DR = [(X, - X,')% +
(¥, - 2')£11/2

for the left and right images,
respectively. The desired left
to right and the right to 1left
ratios are RLR = DL/DR and RRL =
DR/DL. The computation involves
calculating these values for a
large number of point-to-point
combinations, from which the fol-
lowing are computed: the average
of each ratio, the standard devi-
ation of each ratio, and the geo-
metric mean of one ratio, left to
right.

The standard deviation of each
distance ratio, left to right and
right to left, is converted to
the percent variation of the as-
sociated average values. The av-
erage of these two percent varia-
tions is calculated to represent
the percent distortion of one
figure relative +to the other.
The relative size of the left im-
age to the right image is taken
as the geometric mean of the left
to right ratios. These results
can be further averaged over dif-
ferent point sets, if desired.

An 1initial test program was
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written in the BASIC language to
generate a numerical data set to
represent left-right mirror im-
ages geometrically constructed by
points taken from lines and sev-
eral types of arcs. Provision
was made for distorting, displac-
ing, and rotating the left image
with the right image left unal-
tered. The left image is divided
inte two sections, and each sec-
tion can be expanded or com-
pressed by a specific fraction,
both horizontally and vertically,
to obtain the desired distortion.
These artificially constructed
figures were used as control test
figures to study the method pro-
posed to measure the mirror image
distortion and size ratio.

A second program was written,
also in BASIC, for the proposed
size and distortion analysis of
the digitized mirror image fig-
ures. A mirror image data file,
either from hand-drawn figures or
from a constructed file from the
test program, is read into an in-
dexed array for processing. The
hand drawn figures frequently
generate a few obviously spurious
points. Consequently, the pro-
gram was provided with a means
for 1locating and rejecting the
spurious points. The program has
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provision in this stage for dis-
playing the images on the CRT.
The program then carries out a
test to distinguish whether the
image pailr consists of similar or
mirror images. This test is fol-
lowed by the computation of rela-
tive size and the distortion
analysis, as described. However,
it was considered that the dis-
tortion computation would be ab-
normally weighted by very close
point-to-point pairs occurring
where the figure intersects it-

self; consequently, the very
close point~to-point pairs are
rejected. It has been verified

that these results are indepen-
dent of any relative rotation or
displacement of one figure to the
other.

Results

The results for a mirror image
figure pair generated by the test
program are presented in Table 1
and are shown by Fig. 2. The
left image upper section was ex-
panded horizontally by 40% and
reduced vertically by 20%, and
the lower section was reduced
horizontally by 20% and reduced
vertically by 40%.

Distortion Analysis Results
for a
Computer Generated Test Figure Pair

Number of

Data Set Points
1 25
2 25
3 25
4 25

The principal results in Table
Relative Size Percent
Left to Right Distortion
.843 22.9
.844 22.8
.839 22.9
.834 22.7

Table 1
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Fig. 2 Mirror Image Pair Generated by the Test Program
Distortion Analysis Results
for a
Hand Drawn Test Figure Pair
Number of Relative Size Percent
Data Set Points Left to Right Distortion
1 24 1.130 23.8
2 24 1.142 22.2
3 24 1.152 25.2
4 24 1.110 24.3
Table 2
1 are based on four sets of all their averaged points between
point-to-point combinations of them. For perfect mirror images
twenty-five selected points at with no relative rotation, the
equal intervals, with very close average points would lie on a
combinations rejected. The left- vertical 1line. The distortion
to-right relative size ratios can be seen by their wvariation

vary from 0.834 to 0.844, with an
average of the four being 0.840.
The percent distortions vary from

22.7% to 22.9%, with an average
of 22.8%. These values appeared

quite favorable for consistency.
The mirror images are shown as
plots in Fig. 2 with a plot of

from a line fit obtained by an
orthogonal least-squares calcula-
tion>.

The results for a hand drawn
mirror Iimage pair are presented
in Table 2 and shown in Fig. 3.
The results are less consistent,
which should probably be expected
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Fig 3.

Fig. 4
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A Hand Drawn Mirror Image Pair

A Repetition of Fig. 3 Including Lines Drawn Between Some of

the Point-to-point Combinations Used for the Calculation

for a figure of this complexity.
The results are based on four
sets of all point-to-point combi-
nations, excluding very <c¢lose
values, for twenty-four selected

points at equal intervals. The
left-to-right relative size ra-
tios wvary from -1.110 to 1.152
with an average of 1.134. The
percent distortions vary from
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22.2% to 25.2%, with an average
of 23.9%.

These same images are repeated
in Fig. 4 with lines drawn be-
tween some of the point-to-point
combinations used for the calcu-
lation. fThe ratio of the lengths
of the lines joining each corre-
sponding pair of points of the
two figures provides the basis
for the calculations of relative
size and distortion.
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Authors' Note

The program listings, in BASIC,
for collecting and analyzing the
hand drawn mirror image data sets
are available from the authors.
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Static vs. Dynamic Visuals in Computer-Assisted Instruction

Patrick JF. McCuistion

Department of Industrial Technology
Ohio University
Athens, Chio

An experiment was conducted to determine which of two methods of pre-
senting graphic images (static or dynamic) would enhance student achieve-
ment and spatial abilities. The objectives of the study were fo ascertain if a
series of static or dynamic visuals would allow students to achieve higher
performance test scores and/or higher mental rotation test scores. The re-
sults of the experiment revealed that the students who viewed the static pre-
sentation achieved slightly higher scores on perfermance tests while students
who viewed the dynamic presentation made larger gains on the mental ro-

tation tests.

One of the main goals of teach-
ing orthographic projection, and
specifically descriptive geome-
try, is to increase the ability
of students to "think in three
dimensions". This ability is es-
pecially necessary in design re-
lated courses- - where visual con-
ceptualization is paramount.
Highly developed spatial abili-
ties are also good predictors of
successful engineering or scien-
tific careers.

The dilemma is that engineering
schools seem to be placing less
emphasis on courses, such as
engineering graphics, where spa-
tial abilities may be developed.
Additionally, many remaining
graphics courses are being con-
verted to computer-aided design
and drafting classes. Spatial
concepts so far have not been
well learned when students are
taught to achieve end results
only by manipulating computer
commands. The result of using
the computer to teach ortho-

graphic projection may be that
newly graduated engineers could
be functionally illiterate in re-
gard to gpatial abilities.

If spatial abilities are to be
taught, they first must be under-
stood. The culmination of many
research effortsl™® has provided
a clear understanding of what is
required for mental imagery.
Relative to an actual object, a
person must first be able to form
a mental picture of the object
(visualization) and then, place
the object in space relative to
himself (orientation).

In regard to understanding or-
thographiec projection, Stea and
Blaut® stated that the student
must be able to perform three
tasks mentally: (a) rotation of
the object to another plane, (b)
changing the visualization of the
object from two to three dimen-

sions, and (c) changing the size
of the object. To be able to
do this a person must have de-

veloped some type of spatial
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schema. The level of sophis-
tication of a person's spatial
schema skills, as defined by Pia-
get and Inhelder’, is dependent
upon a person's. ability to: (a)
think abstractly, (b) operate
within a reference coordinate
(XYZ) system, and (¢) use Eu-
clidean measurements.

If spatial abilities and a
fuller understanding of descrip-
tive gecometry rests on the devel-
opment of a mental schema, then
it may be important to present
concepts in a way that they mag
be easily internalized. Salomon
stated, 'the external system
which one adopts is somehow in-
ternalized or interiorized to
serve in a representational ca-
pacity". The aim of such events
as stated by Gagne9 is, "to make
the new material readily subsum-
able under previously learned
ideas and at 'the same time dis-
tinguishable from them".

The computer may be able to
help in this regard. Kiserl®
stated, "The microcomputer offers
unique capabilities for computa-
tion, motion simulation, color
and sound cuing in visual learn-
ing strategies, pacing of wvisu-
als, graphing, and dynamic shad-
ing in the classroom". This area
of computer usage is called com-
puter-assisted instruction (CAI).

While there has been conflict-
ing research results concerning
some of the different structural
aspects of CAI, several meta-ana-
lytic studies have reported that
using CAI in <classrooms has
caused significant learning in-
Ccreases, in less time, with more
positive student attitudes toward
~the topics being taughtll=15,
Relative to the study of comput-
ers and spatial abilities,
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Kiserl© noted, "even though com-
puter use in classrooms is more
widespread, there has been lim-
ited research into the pedagogi~-
cal effectiveness of computer
technology as it is related to
strategies for wvisual learning
and individual-difference vari-
ables (such as spatial visualiza-
tion)",

If descriptive geometry con-
cepts, which rely on orthographic
projection techniques, are used
to enhance student spatial abili-
ties, students may be hampered by
the conceptual nature of descrip-
tive geometry. However, if this

type of information were pre-
sented in smaller sequential
steps, students may be able to

understand it more easily and
thus develop spatial abilities.
It may be possible to present
these sequential steps via a CAI
lesson.

Purpose and Hypotheses

The purpose of the study was to
determine which method of pre-
senting graphic images (static or
dynamic) in a CAI 1lesson would
generally  enhance student a-
chievement and specifically in-
crease spatial abilities. To en-
hance the viability of the study,
it was conducted in the natural
learning environment of the sub-
jects. Also, the content of the
computer lessons was meaningful
to the subjects in that it was an
integral part of the course in
which the students were enrolled. .

The following research hypothe-
sis was tested at @ = 0.05:

(a) students who learn descrip-
tive geometry concepts from dy-
namic visuals within a CAI lesson
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will not increase their under-
standing of the information, as
noted by achieved scores on per-
formance tests, when compared to
similar students who are taught
the same topic from the static
visuals within a similar CAI les-
son, and

(b) students who learn descrip-
tive geometry concepts from dy-
namic visuals within a CAI lesson
will not increase their ability
to mentally rotate objects, as
noted by achieved scores on tests
of mental rotation, when compared
to similar students who are
taught the same topic from static
visuals within a similar CAI les-
sSCn.

Methodology

The quasi-experimental research
design was chosen as the most ap-
propriate method for this study.
Sowell and Casey16 stated that
this design was applicable when
control of all the conditions for
an experiment are not possible,
especially in educational re-
search conducted 1in schools.
Specifically, the research design
employed could be termed non-ran-
domized experimental-group pre-
test-posttest.

Concepts and Tests

The selection of descriptive
geometry concepts were chosen
relative to previous findings of
the most important concepts and
also from the concepts presented
in the classroomn. Earle sur-
veyed twenty-four educators and
administrators who were experi-
enced in the field of engineering
graphics and compiled a priori-
tized 1l1list of recommended de-
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scriptive geometry concepts to be
taught.

This survey list was compared
with the descriptive geometry
concepts regularly scheduled to
be taught. The concepts that
matched were selected for inclu-
sion in the CAI lessons. The
concepts that matched were: (1)
true size of plane, (2) piercing
point of a line and a plane, (3)
point view of a line, (4) angle
between two planes, and (5) in-
tersection between two planes (or
angle between two planes). One
additional concept was added -
true length of a line.

In order to show the relation-
ship of a simpler concept to a
more complex concept, the con-
cepts were paired to make three
lessons. The point view of a
line was paired with the angle
between two planes. The true
length of a line was paired with
true size of a plane. The pierc-
ing point of a line and a plane
was paired with the intersection
between two planes. By pairing
like concepts, overlapping theo-
ries between lessons were re-
duced. Therefore, it was not
necessary for the students to
view a previous lesson to under-
stand a current one.

Non-evaluated adjunct test
questions (used as an interactive
tool) were placed within the CAT
lessons to allow the subjects to
check his or her understanding of
the material presented. A paper-
and-pencil performance test was
given after each individual con-
cept. The first part of the pen-
cil-and-paper tests was presented
to determine if the student could
emulate what the lesson had pre-
sented. The second part of the
tests was similar to the first
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except the 1lines and planes
within the given views were dif-
ferent lengths and sizes and ori-
ented differently.

Face validity of all lessons
and tests was achieved by review
of the engineering design graph-
ics (EDG) facility at Texas A&M
University. During lesson devel-
opment, testing was conducted
with students not involved in the
study.

The Mental Rotations Test by
Vandenberg and Kusel® was given
te all subjects in the manual
drawing rooms. This spatial
ability test was chosen for its
simple three-dimensional images
that are different only in their
degree of rotation of 1like ob-
jects. The test was administered
prior to the experiment as a
pretest and again after the
experiment as a posttest. A sam-
ple question is presented in Fig.
1.

As reported by Vandenberg and
Kusels, product moment correla-
tions of the Mental Rotations
Test with a number of other spa-
tial abilities has generally been
high. As noted in the Directory of
Unpublished  Experimental Mental Mea-
sunﬁlg, the validity correlations
+ with other spatial ability tests

ranged from 0.31 to 0.68 (n's
Now Jook at
this object: the number below those two:
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were either 456 or 3435). Van-
denberg and Kusel® recounted only
low correlations with tests of
verbal ability.
The  Dictionary
Experimental Mental Measures also
certified that reliability
ratings with the Kuder-Richardson
20 was 0.88 (n = 3268 adults and

of Unpublished

adolescents), while test-retest
correlations were: 0.83 (n = 336,
one year or more interval); 0.70

~(n = 456, one year or more inter-

val).

The opinions and preferences of
the participating students were
cbtained by means of a thirteen-

item opinion gquestionnaire. The

questionnaire used a five-level
Likert-type scale. It was admin-
istered on the day following the
last CAI lesson, directly after
the posttest.

Instructional Strategy

Once in the computer rooms,
initial directions were given by
the' classroom instructor. After
these directions, the instructor
was not directly involved with
the lesson. The students viewed
the lessons, took the tests, and
returned to the manual drawing

rooms via printed directions in

the CAI lessons.

Two of these four drawings show the same object. Can you find those two? Circle

' 1 2 -3 4

Fig. 1

Sample gquestion from Mental Rotation Test
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Computer Assisted Lessons

Six CAI lessons were developed
(three static and three dynamic)
that presented the descriptive
geometry concepts. They were
created so that they were inde-
pendent of one another. Each of
the lessons was identical in its

structure. They consisted of an
~introductory section, two parts
with +two presentation segments
~each, and a closure. The first
. section of each part of each les-
son illustrated, in three dimen-
sions, the solution of the prob-
lem using sequential steps. The
second section of each part of
each lesson illustrated the same
problem solved in two-dimensional
sequential steps as the student
normally would on paper. The
test and graphic color, size, and

placement, as well as the general

form and format of the computer
frames  was consistently con-
trolled. :

The static lessons used motion-
less three-dimensional images
with text explanations to illus-
trate the concepts. The dynamic
lessons used the same 1images as
the static lessons but also used
sequentially rotated - images
(animation) to. show the problen
solution. The rotational parts
of the dynamic lessons used the
DVIEW (dynamic view), AXROT (axis
rotation), and UCS (user coordi-
nate system) commands in conjunc-
tion with other commands in Re-
lease 10 of the AutoCAD soft-
ware??, These commands allowed
the three-dimensional ocbjects to
be rotated about different axes
to produce the desired views.
The AutoLIsp?l programming lan-
guage was used to combine the
various commands to automatically
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generate many of the individual
frames within the rotational se-
guences. The individual drawings
were converted to slide files and
then combined within the Aut-
of1ix22 authoring language.
Copies of the CAI lessons are
available from the author.

The development and viewing of
the CAI lessons were completed cn
Hewlett-Packard Vectra computers.
These computers used 80286 micro-
processors operating at 8 Mhz.
Each was equipped with a 80287
math co-processor and a color EGA
monitor. The two experimental
environments contained thirty-
seven computers each.

Population and Sample

The pcopulation for this study
was the entire ENDG-105 Spring
Semester 1989 student enrcllment
at Texas A&M University. Four
class sections (twenty-four pos-
sible) were chosen to participate
in the study. This provided a
total of 137 student partici-

pants.
These classes were chosen to
control instructor, time, and

classroom biases. The c¢lasses
were on the same hourly schedule
and each met Monday, Wednesday,
and Friday. Two of the classes
were taught by one instructor
while the other two were taught
by a different instructor. The
assignment of the sections into
either static or dynamic test
groups was random.

Statistical Measures

A t statistic was used to test
the djifferences between the mean
scores of the performance test
sets. A paired t statistic was
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used to compare the means of the
differences of the pretests and
posttests scores. The analysis
of variance was used to evaluate
the differences in the mean re-
sponses of the students to the
opinion statements. When signif-
icant differences were found in
the opinion statements, Duncan's
multiple range test was used to
determine which of the mean re-
sponses were statistically dif-
ferent.
Results

The data presented reports the
differences in mean performance
test scores,  differences in
pretest and posttest mean scores,
and results of the opinion dques-
tionnaire. The performance test
data was analyzed relative to the
upper twenty-five percent, lower
twenty-five percent, and total
group mean scores.

Performance Tests

An analysis of the pooled indi-
vidual tests revealed that there
was a significant difference (a =
0.025) in the lower twenty-five
percent of the sample. The
static group mean score was 9.87

percentage points higher than the
dynamic group mean score. Nei-
ther the upper twenty-~five per-
cent nor the total group mean
scores showed a significant dif-
ference. The means, standard de-
viations, and p values are pre-
sented in Table 1. '

Pretest /Posttest Scores

An analysis of the mental rota-
tion pretests and posttests re-
vealed significant differences (a
= 0.025 and a« = 0.005) in the
lower twenty-five percent and to-
tal group mean differences. The
differences in the upper twenty-
five percent were not signifi-
cantly different. All group cat-
egories increased their mean
scores  except for the upper
twenty-five percent of the static
group. The largest gain in mean
scores occurred in the lower
twenty-five percent of the dy-
namic group. The means of the
differences, standard deviations,
and p values are presented in
Table 2.

Opinion Questionnaire

Both static and dynamic test

Group n M SD p Value
Lower 25 Percent

Static 36 86.25 14.21

Dynamic 36 76.13 19.64 2.448
Upper 25 Percent

Static 38 91.78 8.95

Dynamic 38 91.23 12.21 215
Total Group

Static 174 89.84 11.96

88.33 15.28 1.037

Dynamic 174

Table 1 Analysis of Pooled Mean Scores from the Three Performance

Tests
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Group n M SD p Value
Lower 25 Percent
Static S ) 6.73 9.73 2.294
Dynamic ¢ 13.44 475 8.498
Upper 25 Percent
Static : 11 245 . 838 971
Dynamic ¢ .67 2.24 894
Total Group
Static 4 3.84 1.74 3.291
Dynamic 36 7.62 7.05 6.479
Table 2 Analysis of Pretest/Poéttest Comparison

groups preferred learning from
the CAI lessons over reading the
textbook. On a.scale of one to
five (one = strongly agree, five
= strongly disagree) the students
in the static group registered a
mean response of 1.52 with . a
standard deviation of 0.74. The
students in the dynamic group
recorded a mean response of 1.32
with a standard deviation. of
0.b7.

There was less agreement con-
cerning the preference of the CAI
lesson over a lecture. The stu-
dents on the static group posted

a mean response of 2.27 with a -

standard deviation of 1.12. The
dynamic group entered a mean re-
sponse  of 2.07 with a standard
deviation of 1.01l. This gquestion
had the highest mean response and
standard of all thirteen ques-

tions on the opinion question-

naire.
Discussion

The results of the experiment
revealed that, overall, the stu-
dents who viewed the static pre-
sentation achieved slightly
higher scores on the performance
tests while the students who

viewed the dynamic presentation
made larger gains on the mental
rotation tests. A most interest-
ing result was the increase that
the lower twenty-five percent of
the dynamic group made on the
mental rotation posttest. This
group more than doubled their
mean score from pretest to
posttest. One may surmise that

. the ability to mentally rotate

objects does not guarantee the
ability to make high scores on
performance tests and vice versa.

While much speculation may be
made regarding the interpretation
of the responses from the opinion
questionnaire, it was clear that
during the actual testing and
from their comments afterwards,
they favored the use of CAI in
the classroom. It was also
clear, however, that there was
some disagreement as how to best
use the technclogy.

Recommendations

Dynamic presentation methods
should be implemented where in-
creased spatial skills are de-
sired and additional research
should be conducted to determine
the specific aspects of static
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contributed to their respective
increases. Studies are also
recommended in the areas of how
and when CAI 1lessons should be
given.
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Many relationships encountered in the study of mechanics can be modified
as geometric identities between shapes. For relationships involving the
identily between rectangles of equal area, such an identity is shown to be
uniquely related to the 'mean proportional' of a triangle formed by two
adjacent sides of the rectangle or square. A graphical illustration is
presented indicating how the mean proportional, once established, for one
set of conditions of an identity, can be used to generate any other set of
conditions for the same identity. Examples presented are just a few of many
in which the mean proportional principle has been or can be applied in

b5,

NO.

Applying the Mean Proportional Principle to Graphical Solutions

2

developing graphical solutions to engineering problems.

Introduction

Many graphical solutions, par-
ticularly in the field of mechan-
ics, rely on geometric construc-
" tions where the conversion of one
geometric shape to another of
equivalent area is desired.
Granted that such a conversion
may be a small part of a more
complex graphical procedure, how-
ever without it, the procedure
cannot  be considered totally
graphical. There are many text-
bocks where geometric procedures
are described to convert one
polygon to another of egual area.
However, when the conversions be-
tween rectangles are involved,
such graphical constructions are
noticeably absent in most books
on geometry.

The Mean Proportional

The principle on which the
rectangle conversion is based is
that of the geometric mean, or
so-called "mean-proportional',
which is defined as follows:

The mean proportionall is the al-
titude on the hypotenuse of a
right triangle, or the length of
a perpendicular dropped from the
right angled vertex to the hy-
potenuse.

It is so termed because it di-
vides the hypotgnuse into two
line segments proportional to the
two adjacent sides of the trian-
gle and, consequently, its scaled
length is the geometric mean of
the scaled 1lengths of the two
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segments. In terms of the right
triangle FTE (Fig. 1), this means
that the mean proportional, which
is given by the line TD, is re-
lated to line segments FD and DE
by the expression:

FD/TD = TD/DE (1)

or

(FD) (DE)

= (TD) (TD) (2)

Once the mean proportional of a
rectangle is  found, it can be

used to convert that rectangle to
equal

any other rectangle of
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area. The following construc-
tions will illustrate the method.

Construction A: Rectangle to Rectangle Conver-
sion

Let Ay x B, (Fig. 2) be any
rectangle having a base OB, and
height OA,. Find another rectan-
gle, A, x B,, of equal area hav-

' ing a base O0B,.

Procedure (Fig. 2):

1. Extend the side OAjy of the
given rectangle and, with ©0 as
center and ©OA, as radius, de-

9
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scribe an arc to intersect the
base OB, (extended) at point Co-

2. Using segment CpBgp as a base,
construct a right triangle having
its apex T 1located on 1line 0A,
(extended) . This may be accom-
plished by positioning a
drafter's right triangle such
that the 90° corner lies on the
extended side OA; to form the
apex of the triangle, while the
adjacent edges of the triangle
touch the base points Co and By.
Alternately, the right triangle
may be formed by (a) constructing
a semi-circle having as its diam-
eter the base CyB,, (b) locating
point T where the semi-circle in-
tersects side OAq (extended), and
(c) connecting the points C; and
By to point T with straight
lines. The distance OT thus
found is the mean proportional of
the two line segments OBy and OC
that form the base and height
egquivalent, respectively, of the
given rectangle.

3. Once point T is found, join
B, to T with a straight 1line.
Then construct a perpendicular to
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B, T to intersect base 0B4
(extended) at point C;. The dis-
tance O0C; thus found 1is the
height equivalent of the desired
rectangle.

4, Complete the rectangle A, x
B )
1

Example 1 (Fig. 3)

Given the parallelogram ABCD,
where AB is parallel to CD and AD
is parallel to BC, construct an-
other parallelogram having equal
area on base AG, where G 1is a
point on AD (extended).

Solution

1. Convert the parallelogram
ABCD to an equivalent rectangle.
This 1is accomplished by con-
structing perpendicular lines to
base AD at points A and D such
that these 1lines intersect BC
(extended) at points E and F,
respectively.

2. Follow steps 1 through 4 of
the procedure for Construction A
to construct the

rectangle ASPG

Fig. 3 Example 1
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which is equal in area to rectan-
gle AEFD,.

3. Convert rectangle ASPG to a
parallelogram by extending side
SP to meet GN, drawn parallel to
AM, at a point N. Note that M is
defined as the intersection of AB
and SP. The parallelogram AMNG
thus formed is the required par-
allelogram.

Construction B: Rectangle to Square Conver-
sion

Given the same rectangle Aj x
Bg (Fig. 2), construct a square
having an area the same as this
rectangle.

Procedure (Fig. 4)

Steps 1 and 2 are identical to
that of Construction A. The dis-
tance OT found in step 2, besides
being the mean proportional of
the triangle CoTBy, also repre-
sents the length of one side of
the required square. Thus, the
final step (step 3) is to com-
plete the square OTRS.

SQUARE

‘line segments,
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Example 2 (Fig. 5)

Suppose that the square rcoot of
a number (such as 24) is desired.
This number could be found by:

(a) choosing any pair of numbers
(such as 6 and 4) with a product
equal to the given number,

{(b) constructing a straight line
by joining, at some point 0, two
scaled to repre-
sent the chosen numbers,

(¢) constructing a perpendicular
through point O,

(d) constructing a right trian-
gle, with the hypotenuse formed
by the line in step b and apex
located on the perpendicular in
step c, (as 1in step 2 of
Construction A), and finally,

(e) scaling the perpendicular to
obtain the required sguare root.

The same result would be
obtained if the chosen pair of
numbers were 8 and 3 or 12 and 2.

Practical Applications

One practical application 1in

Fig. 4 Construction B:

Rectangle to Square Conversion
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‘Fig. 5- Example 2

which . the above constructions

have been found useful is in the

graphical solution of the Euler-
Savary equation, commonly encoun-—
tered in the study of path curva-
ture theory for planar mecha-

nisms2r3, Two forms of this
equation are

PA(PAg + PJ) = (PAg) (PJ) (3)
and |

(Ahg) (AJ) = (PA)? )
where P (instant center), A

(coupler point), A, (center of
curvature) ' and J (inflection
point) are four points on a ray,
or line, such that if three of
these points are known, then the
fourth can be found.

In this application, Construc-
tion A (or rectangle to rectangle
procedure), as required by Egn.
3, can be very useful in deter-
mining the coupler point (A),
while Construction B (or rectan-
gle to square procedure), as re-
quired by Egn. 4, can be very

- of curvature (A,)

useful in determining the center
or inflection
point (J). Figure 6, based on
Construction A, and Fig. 7, based
on Construction B, illustrate,
respectively, the graphical rep-
resentations of Egns. 3 and 4.
Note that all distances (e.qg.,
PA, and PJ) are directed quanti-
ties, like vectors, having posi-
tive or negative signs depending
on their direction from the in-
stant center P. Another applica-
tion, using Construction B, 1is in
the development of a complete
graphical acceleration analysis4
of a linkage system, where it is
required to determine graphically
the normal accelerations of cer-
tain points in the linkage having
known velocities. By noting the
identity between this accelera-
tion relationship, i.e.,

(BA)AN = v2 (5)

and Egn. 4, the required task may
then be accomplished (Fig. 8)
when the following substitutions
are made:
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T PA(PA, + PJ) = (PAy) (PJ)
where (PS) = (PAy + PJ)
and (PT)? = (PAy) (PJ)

- ¥ offre
Fig. 6 Geometric Representation of Eguation 3
T (ARg) (AJ) = (PA)?
(AT) = (PA)
(AAg) (A7) = (AT)?
Pt S
Fig. 7 Geometric Representation of Equation 4

BA (radius of rotating point)
for AA

aN (normal acceleration)
for AJ, and

V (velocity of point A)
for PA.

Finally, another application for
Construction A is in the develop-

ment of the pressure-volume dia-
gram used for a graphical analy-
sis of an engine's performance,
This important case is related to
the isothermal expansion of gas
in the engine's cylinder and is
governed by the expression

PV = constant (6)

or
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Fig. 8 Complete Acceleration Analysis

of Linkage System

PV = Constant

e

|

\\
\‘\\\ o
\\\\::: T —

Fig. 9 ©P-V Diagram
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Py X Vp =Py XV, (7).

where P and V dencte pressure and
volume, respectively, and sub-
scripts 1 and 2 indicate the po-
sitions in the piston stroke.
Again, by noting the identity in
form between this relationship
and Egqn. 3, the required task may
be greatly simplified (Fig. 9).

Conclusion

The constructions presented
have demonstrated only some of
the many applications in which
the mean proportional can or has
been employed to solve engineer-
ing problems graphically. Also,
as most other graphical solu-
tions, they not only serve to en-
hance the theory, but also pro-
vide useful insight into some
problem scolutions that can be
otherwise difficult to visualize.
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Faster Ellipse Drawing Algorithms

Sandra J. Cynar
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Long Beach, California

Improvements to the midpoint scan-comnversion algorithms used to draw
ellipses are described. The two methods described are each made more
efficient. The first algorithm is a minimal pixel algorithm that requires
more operations for selecting each pixel. The second algorithm requires
fewer operations per pixel, but plots more pixels. The extra time for the
added pixels often overbalances the time saved in computing their positions.
Each of these disadvantages is lessened to make these algorithms more

efficient.

Introduction

Accurate and efficient ellipse
drawing algorithms are important
in graphics due to their occur-
rence when circles are rotated
and when aspect ratios make ad-
justment of circles necessary.
Consider a CAD display of a part
with one or more circular holes.
When these holes are viewed other
than straight-on, they become el-
lipses. Also, consider a screen
with a non-unit aspect ratie. A
circle drawing algorithm on such
a screen will produce an ellipse.
Therefore, the major or minor
axis radius must be adjusted.
Then the use of an ellipse algo-
rithm will produce a circle.

Improvements to two popular el-
lipse algorithms are presented.
The first is a minimal pixel min-
imum error algorithm that uses 8-
way-stepping (8WS)1'2 That is,
it will move vertically, horizon-
tally, or diagonally. The second
method reguires significantly

- tical or

fewer operations per ixel but
will plot more pixels©. This
method uses 4-way-stepping (4WS)
which results in a slightly
larger bounded error. Only ver-
horizontal moves are
made with this method. If not
for the extra time to plot the
additional pixels, the computa-
tional savings with the 4WS algo-
rithm would be more than worth
the additional error.

The improvements presented will
reduce the time required by each
of these algorithms to render an
ellipse. The first algorithm
will be improved by saving an op-
eration as compared to the pre-
sentation made in Refs. 1 and 2.
The second algorithm will be mod-
ified to plot only a minimum num-
ber of pixels.

The Current Algorithms
The two algorithms to be de-

scribed each construct an ellipse
defined by the nonparametric
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equation
£(x,y) = b%x? + ay? - ap?

=0

This represents an ellipse cen-
tered at the origin, having major
and minor axes horizontal and
vertical, respectively (Fig. 1).
Each algorithm will start at
(a,0) and compute the pixels up
to (0,b).

The first algorithm is the 8WS
midpoint algorithml'z. This al-
gorithm evaluates f(x,y) at a
midpoint between either two hori-
zontally adjacent or vertically
adjacent pixels. The two candi-
date pixels are dependent upon
the tangent to the ellipse. This

-a,O ? a,D
‘\~ P
e =
0,-b
Fig. 1 The ellipse
dy/dx > -1
region 2
dy/dx = -1
dy/dx < -1
region 1

a

Fig. 2 Two regions for midpoint
algorithm
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tangent divides the computed part
of the ellipse into two regions
(Fig. 2). Figure 3 illustrates
the candidate pixels for each of
these regions.

While in region 1, y is in-
creased by 1 and the function is
evaluated at (x - 1/2,y + 1), a
point midway between +the two
horizontally adjacent candidate
pixels. The sign of f£(x - 1/2,y
+ 1) determines which pixel is
closest to the actual elliptical
curve. That is, if £(x - 1/2,y +
1) is less than zero, indicating
the midpeoint is inside the curve,
choose (x,¥y + 1). Otherwise
choose (x - 1,y + 1) (Fig. 4).

While in region 2, X 1is decre-
mented and the sign of f(x - 1,y
+ 1/2) determines whether pixel

(a) | (b)

Fig. 3 Midpoint candidate pixels
for tangent a) < -1 and b) > -1

x-1,y+1 x,y+1

CeFo1/2,v+1)

Fig. 4 Decision variable in
midpoint algorithm when tangent
is < -1
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(x - 1,y + 1) or (x - 1,y) is se-
lected.

The following are derivatives of
recursive decision variables for

each region.

When the tangent is less than
-1, the decision variable is:

dl1 = 2f(x - 1/2,y + 1)

2b2(x - 1/2)2 + 2a2(y +
1)2 - 2a2p?

b2 (2x?

- 2x + 1/2) +
a2 (2y2

+ 4y + 2) - 2a°b?

The selection is based upon the
sign of the variable. That is:

dl < 0 implies (x - 1/2,y + 1)
is inside the curve. Choose (x,
y + 1) as the next pixel.

dl > 0 implies (x - 1/2,y + 1)
is outside the curve. Choose
(x = 1,y + 1) as the next pixel.

For efficiency, a recursive ex-
pression for dl is needed. Two

possibilities for a new dl exist.

1. dl < 0 implies x = x and y =
y + 1

dl

b2(2x - 2% + 1/2) +
a [2(y + 1) + 4(y + 1)
+ 2] - 2ab

b2(2x - 2% + 1/2) +
aZ(2y% + 4y + 2) - 2a2p?
+ al[a(y + 1) + 2]

dt

or recursively,
dl = d1 + a?[4(y + 1) + 2]

But, using the updated y yields

dl = d1 + 4aly + 2a2

2. dl > 0 implies x = x - 1 and
y=y +1

d1 = b2[2(x - 1)2 - 2(x - 1)
+ 1/2] + a[2(y + 1)2 +
4(y + 1) + 2] - 2ab?

dl = b2(2x - 2% + 1/2) +
a2 (2¥ + 4y + 2) - 2a2p?
- 4b%(x ~ 1) + 4a’(y +
1) + 2a2
Recursively,

di = a1 - ab%(x - 1) +
4a2 (y + 1) + 2a2

Again, using the updated x and y
values yields

dl = dl - 4b%x + 4ay + 2a?

Similarly, when the tangent is
greater than -1

d2

i

2f(x - 1,y + 1/2)

= 2b%(x - 1)2 + 2a%(y +
1/2)2 - 2a2p2

= b2(2x - 4% + 2) +

a2 2¥ + 2y + 1/2) -
2a

The recursive expressions for d2
are:

d2 < 0 implies x ¥ - 1 and

y =y +1
d2 = d2 - 4b%x + 2b% + 4aly

Xx - 1 and

d2 2 0 implies x
Y=Y

d2 = d2 - 4b%x + 2b?
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The variable d2 is used for se-
lecting the pixel to choose in
the second region. It also
serves to indicate that the slope
has changed and the second region
has been entered. Therefore,
both d1 and d2 are monitored
while the curve has a tangent

less than -1. When d2 becomes
negative, (x - 1,y + 1/2) is
outside the curve. Thereafter,

the algorithm only needs to moni-
tor d2.

Figure 5 is an efficient form
of this algorithm, as implemented
in Ref. 1, written in C and using
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integer additions and subtrac-
tions.

The second algorithm
chooses between one of two
els. But, the difference is
it does not matter what the
gent is. The two candidate pix-
els are always the same. This
approach decreases the number of
computations required for each
pixel.

This algorithm uses a midpoint
on the diagonal from the current
pixel as the decision wvariable.
Thus, it will be referred to as
the mid-diagonal algorithm here-

also
pix-
that
tan-

P Iy R R Y S I s Y I LR Y

/¥ Midpoint algorithm for an e

llipse */

/***#*******4‘**‘***************************[

void Ellipse(rl,r2)
int ri,r2;
{ int x.,¥;
long d1,d2,rsql,rsq2,t,t2,t3

ytd,t, 1t

void plot{); % the plotting function */
X = ri; ¥y =0; /% start point %/
raql =rli*rl; rsq2 = r2xr2;
tl = 4*rsql; 2 = 4xrsqZ2; /* let's add =x/
t3 = 2%rsq2; t4 = Zxrsql;
d! = (leong){t4 =-t3%xx + r=q2/2); /* two decision variables =*/
d2 = (long)(rsql/2 - t2%x + t3); /* close ancugh #*/
t = t2kx;
tt = 0,
/*%%  compute points in 1/4 of ellipse *x*x/
while ( d2 < G ) /* tangent less than -1 *x/
{ plot(x,¥):
if (d1 <0 )
{ y++;
tt = tt +tl;
dl = d1 + tt +t4; /4« dl = dl + 4*ykrsql + 2¥rsql; %/
dz = d2 + tt: /% d2 = d2 + 4krsglxy; */
}
else
{ x--1 y++;
tt o= ottt o+ tl;
t =t - t2;
dl = d1 + tt -~ t + t4;
/% dY = di - 4ix*rsq2 + §irsql¥y + 2¥rsql %/
d2 = 42 + tt - t + t3;
/* d2 = dZ - 4*r5ql%x + 2%r5gl + 4d*xrsqlxy x/
1
while (x » 0) /% tangent greater than -1 =/
plot(x,v);
if (42 < 0)
L x==; ¥+t
tt = tt + ¢l
t =t - t2;
dZ = d2 + tt - t + t3;
/* d2 = d2 - 4xrsqlxx + 2%rsgZ + 4¥rsgl¥y ¥/
}
else
{ x-;
t =t - t2;
dz = d2 =~ ¢t + £3; /4 42 = d2 - 4dxrsql*x + Zursg? 4/
}
plotix.v); /* the last point */

Fig. 5 C code for implementation

of midpoint algorithm
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after. The mid-diagonal algo-
rithm starts at the same place,
(a,0). The selection is between
the pixel at (x - 1,y) or the
pixel at (x,y + 1). The function
is evaluated at (x - 1/2,y + 1/2)
and the diagonal pixel is never
selected. If f(x - 1/2,y + 1/2)
is negative, that is (x - 1/2,y +
1/2) is 1inside the curve, then
pixel (x,y + 1) 1is chosen. - If
f(x - 1/2,y + '1/2) is positive,
then pixel (x - 1,y) is chosen
(Fig. 6). The algorithm contin-
ues its selection between the two
candidate pixels until x becomes
zero. The decision variable re-
quires fewer computations than
the decision variables used in
the midpoint algorithm. Also,
there is no need to check whether
the tangent is greater than -1.
The lack of a-computation for the
switch in slope reduces the num-
ber of computations even more
significantly. ' '

The following is a derivation
of the decision variable for this
algorithm. There 1is no such
derivation in Ref. 2.

The decision variable is:

d=f(x - 1/2,y + 1/2)

= b2(x - 1/2)2 + aZ(y +

1/2)2 - a2b?
X,y+i

f{x~-1/2,v+1/2)
L2

x-1,y X,y

Mid-diagonal algorithm
pixels and decision

Fig. 6
candidate
variable

= b2(x - x + 1/4) + a2(y2
+ v + 1/4) - a?p?

The sign of 4 determlnes the next
pixel as follows:

d < 0 implies:(x - 1/2,y +
1/2) is inside the curve. Choose
(x,y + 1) as the next pixel.

d 2 0 implies (x - 1/2,y +

1/2) is outside the curve.
Choose (x - 1,y) as the next
- pixel.

The recursive decision wvariable
is as follows:

d < 0 implies x = x and y =y

S+
d = b3(x% - x + 1/4) + a’[(y
+ 1)% + (y + 1) + 1/4] -

a?p .
d = bz(x - X + 1/4) + a2 (g

+ v+ 1/4) - a 2p2 1+ 2a
+ 1)

Recursively,
d=4d+ 2a%(y + 1)
Using the updated y yields
a=d + 2aly
Similarly, \

d > 0 implies x = x -~ 1 and y

=Y
d=Db3[(x - 1)% - (x - 1) +

‘ 1/4; + a2(y + vy + 1/4) -~
d = b2(x2 - % + 1/4) + a2 (g

+y + 1/4) - a2p2 - 2b
_1)
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Recursively,
- 2
d=4d - 2b°(x - 1)
Using the updated x value, -

d =d - 2b%x

The initial values of x = a and y
= 0 give
d, = 1/4a% + 1/4b? - ab?

An efficient form of this algo-
rithm, in ¢, is illustrated in
Fig. 7.

Improvements

The midpoint algorithm as pre-
sented in Refs. 1 and 2 has an

inefficiency which, if elimi-
nated, c¢an save one additional
step in three of the four cases
(Table I).

The major advantage of the mid-
diagonal algorithm is that it has
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only three additions/subtractions
per pixel as compared to the im-
proved implementation of the mid-
point algorithm with a minimum of
three to a maximum of nine
(dependent on region and condi-
tion). The disadvantage is that
the mid-diagonal algorithm plots
more points and thus the computa-
tional advantage may be overbal-
anced by the extra time for these
additional pixels.

By considering the pixels two
at a time, plotting of the corner
pixels may be avoided when hori-
zontal and vertical moves alter-
nate. That 1is, if a vertical or
horizontal move is followed by a
diagonal move, only the diagonal
pixel 1is plotted (Fig. 8).

The adapted mid-diagonal imple-

mentation, shown in Fig. 9,
demonstrates the use of the two
variables "vert® and '"hor" to

track alternate vertical and hor-
izontal moves that will eliminate
plotting one of the two pixels.

/****ﬂ***x**********X***#*t******#**************/

/x

Mid-diagonal algorithm for an ellipse

=/

/*ﬁ***t*****m##*t**t**t********#*****x*x*tx**x**/

void Ellipse(rl,r2}

ix the plotting function #*/

int ri,z2;
{ inmt x,¥;
long d,rsql,rsg2,t1,t2,t,¢t;
void plet();
x =z rl; y=0;

rsgl =rlxrl; rsq2 =
d =
tl = 2*rsql,;
t = t2%x;
tt = 0,
/*%% compute points in
while ( x » 0 )
{ plotix,¥);
if (d < 0)
{ y++;

r2xr2;
{leng){(rsql + rsq2)/4 - rl¥rsql);
t2 = 2arsqgl;

/* start point %/

/% initial d x/
/* close encugh */
/% let’'s add */

1/4 of ellipse **x/

/% plot the points %/

tt = tt + tl;

d =
else

x=
t
d

EV I ] -

}
by
plotix,¥)

Fig. 7

d + tt;

/% d = d + 2xyipsql; *®/

/% d = d « Zxxkrasql; */

/% plot the last peint */

C code for the mid-diagonal algorithm
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old

t = t+2 * yx;

dl = dl + tt - t + t4;
d2z = d2 + tt - t + t3;
d2 = d2 + tt - t + t3;
d2 = d2 - t + t3;

new

t =t2 * x - t3;
tat3 = t4 - t3;

dl = dl + tt - t + t4t3;
dz2 = d2 + tt - t;
dz = d2 + tt - t;

d2 = d2 + t;

Table I

The additional computations are
one add per pixel and one "if"
test for each pair of pixels.
The assignments are also added,
but these are very fast compared
to additions.

Error

The 8WS midpoint algorithm has
a maximum error of half the dis-
tance between vertically and hor-
izontally adjacent pixels. The

following pixel next pixel

ir

" chosen chosen
current
pixel
plot diagonal
pixel only
current
pixel

Fig. 8 Minimizing pixels

4WS mid~diagonal algorithm has a
slightly larger maximum error of
half the distance between diago-
nally adjacent pixels. If the
vertical and horizontal distances
are defined to be equal to a unit
step, the 8WS error is bounded by
1/2 and the 4WS error is bounded

at Jf2/2.
Performance Change

The mid-diagonal method pro-
duces more pixels with fewer com-
putations. The increased robust-
ness occurs closest to the slope
of the ellipse. This fullness
can enhance the edge, especially
useful as systems are produced
with smaller and smaller pixels.

While the mid-diagonal algo-
rithm chooses more pixels, it re-
quires fewer computations. Table
IT compares the number of pixels
and the number of integer addi-
tions/subtractions for various
ellipse sizes. In general, there
is a more than thirty percent re-
duction in computations with
about a thirty percent increase
in pixels using the mid-diagonal
method. Figure 10 compares the
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ol A A A e SR A K R A 0 ok ok K A RO O o ok Rk

Improved mid-diagonal algorithm for an ellipse */

R A A R A 8 S IR0 b e 6 K R K AR o KK K08 A N OK R HOK R oKk

void Ellipse(rl,r2)

int rl,r2;

short vert, hor;
int x,¥,xx,¥y,cnt;
long p,rsal,rsq2,el, 2.6, 1t

void plot_points(); /* the plotting functien =/
x=rl, vy =0, /¥ start point #/

rsgql =rl#rl; rsq? = r2%x2;

d = ({long){(rsql + rsq2)}/4 - rl#rsaq); /* close enough */
tl = 2%rsql; t2 = 2%rsql; /% let’'s add »/

t = tZxx; :

tt = 0;

vert = 0; hor = 0} /% keep track of pixel pairs »/

/¥%%  compute points in 1/4 of circle *x&k/
while ( x > 0 ) '
{ plot_points{x,¥); /* plot peints %/
if (4 <0}
{ y++;, wverts+;
tt = tt + tl;

d = d + t%; Je d = d 4+ 2xy*rsql; ¥/
¥
else
{ x-= hor++;
t =t - t2;
d =d - t; /5% d = d - Zkxkrsqz: ®/
}
/xx  second point of set  #x/
if (& < Q)
{ yvw =y +1; xx = x;
vart++;
tt o= bt o+ tl;
d - d+ tt; /* d = d + 2xyxrsgl; %/
}
else
xx = x -1, ¥¥ = ¥
hor++;
t =2t - t2;
d=d -t /% d = d - 2xxxrsql; X/
1
if {(vert != hor)
plot_points{x,y): /% plot both points */
X = XX; ¥y = ¥¥.
vert = 0; hor = 0;
plot_points(x,¥); /% plot the last point */

Fig. 9 C code for improved mid-diagonal method

Ellipse size No. of pixels No. of computations

MP MD MP MD

7 x 14 19 88 54

11 x 14 19 78 54
40 x 85 91 415 270
50 x B85 91 393 270

Table II Comparing the algorithms (1/4 ellipse)
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Fig. 11
mid-diagonal algorithm

midpoint pixel selection with the
mid-diagonal pixel selection for
both a horizontal and vertical
ellipse.

The improved algorithms are
compared in Table IIT. The num-
ber of operations for the im-
proved midpoint algorithm has
been reduced as expected. Now
the improved mid-diagonal algo-
rithm produces the same number of
pixels as the midpoint algorithm.
The computational saving for the
midpoint algorithm now causes el-
lipses with a larger major axis
to be drawn more efficiently than
the mid-diagonal method. This
indicates that perhaps the selec-
tion of drawing algorithm should
be made dependent on the major
and minor axes.

Figure 11 illustrates the mid-

diagonal pixel selections for the
same two ellipses as shown in
Fig. 10. There is one pixel se-
lection using the mid-diagonal
algorithm that differs from the
midpoint algorithm. For other
ellipses more differences could
be expected since the error for
these two algorithms is not the

Pixel selection for 7x11 and 11x7 ellipses using the improved

same. As the resolution of CRTs
improves, the minor differences
in the pixel selections will have
less and less meaning.

References

1VanAken, J. R., "An Efficient
Ellipse-Drawing Algorithm", Com-
puter Graphics and Applications, Vol. 4,
No. 9, Sept., 1984, pp. 24-35.

2VanAken, J. R.
"Curve Drawing Algorithms for
Raster Displays", ACM Transactions
on Graphics, Vol. 4, No. 2, April,
1985, pp. 148-169.

and Novak, M.,



$16.74

B EG I N N i N G DEVELOPING A COURSE FOR MODELING—WITH CADKEY,?
C 0 M P UTE R CONSIDER THE FIRST TUTORIAL MANUAL ON MODELING
—Since 1987
G E O M ET R IC BEGINNING COMPUTER GEOMETRIC
MODELING | i
WITH APFLICATIONS OF

DESCRIPTIVE GEOMETRY

WITH APPLICATIONS OF »  ALL MODELING - NO DRAWING
+  TEXT AND ASSIGNMENT MANUAL
TEN EXERCISES: TUTORIALS FGR THE PC NOVICE

DESCRIPTIVE e A
GEOMETRY

COURSE POLICIES - TEXT - ASSIGNMENTS

for inspection copy:
AP. KELSO, PROFESSOR

ENGINEERING GRAPHICS
LOUISIANA TECH UNIVERSITY KELSO ASSOCIATES

2210 LILY DRIVE
RUSTON, LOUISIANA 71270

In order to provide you with uninterrupted mailing of the Engineering Design Graphics Journal and other services pro-
vided by the Engineering Design Graphics Division of ASEE, we would like to know of any changes in your mailing ad-
dress, phone number, and FAX number. I changes need to be made, please copy this form, complete all sections, and
mail to:

UPDATE OUR RECORDS

Clyde Kearns

The Engingering Design Graphics Journal
The Ohio State University, 2070 Neil Avenue
Columbus, OH 43210-1275 USA

Name

Street

City State Zip

Phone

FAX



SPRING, 1991

Chairman's Message
by
Jon Jensen

Shakespeare once said that "all
of life is a stage upon which we
play out our lives". I'm not en-
tirely sure that this 1is true,
but it sounds good to me. Fred
Pryor, a nationally known busi-
ness and management consultant,
states that as we play out our
lives we can represent three dif-

ferent roles; we can Dbe an
"Understudy", a "Primadonna", a
"Performer", or perhaps more ap-
propriately, a "Director". In-

terestingly enough, I find that
these concepts have a rather pro-
found significance to me as I at-
tempt o formulate a sense of the
direction that engineering graph-
ics programs and coursework are
now taking. An Understudy is a
person who 1is Jjust a shadow of
the existence that he could be,
and a Primadonna 1s always trying
to overshadow everyone else's ex-
istence. But if we are a Direc-
tor, we're directing our light
and being a source of light, not
only to ourselves, but also to
those around us.
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For those who had the dgood for-
tune to be able to attend the
Mid-year Conference 1in Tempe,
Arizona, we were treated to won-

derful weather, great conference

arrangements, and a slate of pa-
per presentations that exemplify
the term "Direction". Many of
the presentations involved new
materials and techniques, new
concepts. of teaching the content,
altogether new concepts, and re-
search. It appears to me, of
late, that the "bDirectors" are
taking command (but not necessar-
ily control) of the program.
This is an encouragement to me.
However, it would appear we also
need to be more involved with
something that Karl Smith at the
University of Minnesota coined,
"Structured Controversy". That
is, we need to develop formal
times to discuss important issues
before our Division and profes-
sion in an unrestricted fashion.
A time when we can engage each

other and/or express opposing
viewpoints. Some say that doing
this can be risky. = However,

there 1s a risk in undertaking
any course of action. For in-
stance, 1f we choose not to take
a risk, we are taking the risk of
staying the same. So - What risk
do you prefer?

I would now like to take this
cpportunity to thank the member-
ship of the Division for their
guiding support during nmy tenure
as Chairman of the EDG Division.
I am locking forward to the An-
nual Conference 1in New Orleans
and hope to see all of you there.
If you have never been to this
extraordinary city, it is worth
the effort. See you all in Cajun
country.
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Calendar of Events

by
Bill Ross

1991 ASEE Annual Conference
June 16-20, 1991
Néw Orleans, Louisiana
Theme: Challenges of a Chang-
ing World
- Program Chair: Bill Ross
Purdue University
Ph. (317) 494-8069
FAX (317) 494-0486
Facilities Chair: Mary Jasper
Mississippi State Univ.
Ph. (601) 325-3922
FAX (601) 325-8573

1991-92 EDGD Mid-year Conference
November 3-5, 1991
Norfeolk, Virginia
Host: ©0ld Dominion Univ.

.Gen. Chair: Moustafa Moustafa:

0l1ld Dominion Univ.
Ph. (804) 683-3767
FAX (804) 683-4898
Prog. Chair: Barry Crittenden
VPI&SU
Ph. (703) 231-6555
FAX (703) 231-6903

1992 ASEE Annual Conference
June 21-25, 1992
Toledo, OH

1992 5th International Conference
on Engineering and Descriptive
Geometry ‘

August 17-21, 1992

Melbourne, Australia

{See anncuncement - page 56)

1992-93 EDGD Mid-year Conference
San Francisco, CA {(tentative)

1893 ASEE Annual Conference
-June 20-24, 1993
Urbana, IL
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International Computer Graphics
Calendar
by
Vera Anand

May 13 - 16, 1991

~ ICSE 13, 13th Int'l Conf. on
Software Engineering, Austin, TX.
Contact: David Barstow, Schlum-
barger Lab for Computer Science,
PO Box 200015, Austin, TX 78720-
0015

May 15 - 17, 1991

CCW 91, Third IEEE Conf. on
Computer Workstations, Cape Cod,
MA. Contact: Keith Marzullo,
Computer Science Dept., Upson
Hall, Cornell University, Ithaca,
NY 14853.

Jun 5 - 7, 1991

2nd Eurographics Workshop on
Object Oriented Graphics, The
Netherlands. Contact: Marja

‘Hegt, 0-0 Graphics Workshop, CWI,

Kruislaan 413, 1098 SJ Amsterdam,
The Netherlands. Ph. (+31)20-
592-4058; FAX (+31)20-592-4199.

Jun 5 - 7, 1991
ACM Solid Modeling Sym.,
Austin, TX. Contact: Mary
Johnson, CII7015, RPI, Troy, NY
12180-3590. FAX (518) 276-2701.

Jun 10 - 12, 1991

7th Annual Sym. on Computa-
tional Geom., North Conway, NH.
Contact: Scot Drysdale, Math. and
Computer Sci., Dartmouth College,

Hanover, NH 03755, Ph. (603)
646-2101.
Jun 22 - 28, 1991

Computer Graphics 1Int'l '91,
Cambridge, MA. Contact: N. M.
Patrikalakis, MIT Rm. 5-428, 77
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Massachusetts Ave., Cambridge, MA
02139, Ph. (617) 253-4555; FAX
(617) 253-8125.

Jun 22 - 28, 1991

Computer Graphics International
'91, Cambridge, MA. Contact: N.
M. Patrikalakis, MIT Rm. 5-428,
77 Massachusetts Ave., Cambridge,
MA 02139. Ph. (617) 253-4555;
FAX (617) 253-8125.

Jun 25 - 27, 1991

First Int'l. Conf. on Artifi-
cial Intelligence and Design,
Royal Museum of Scotland, Edin-
burgh, UK. Contact: John Gero,
Dept. o©of Arch.
ence, Univ. of Sydney NSW 2006,
Australia. Ph. 61-2-6922328.

Jul 29 - Aug 2, 19291

SIGGRAPH - 1991, Las Vegas, NV.
Contact: Michael Bailey. Ph.
(619) 534-5142.

Aug 7 - 10, 1991

12th Annual Conf. of the Euro-
pean Asscc. for Computer Graph-
ics, Vienna, Austria. Contact:
Interconvention, Austria Center
Vienna, 1450 Vienna Austria.
Ph. +43/222/23 69/2643
FAX +43/222/23 69/648

Aug 13 - 15, 1991

ASE '91 - 2nd Int'l. Conf. on
Applications of Supercomputers in
Engrg., Boston, MA. Contact: Liz

Newman, Computational Mechanics
Institute, Ashurst Lodge,
Ashurst, Southampton, S0423AA,
England. Ph. +44 (0) 703 293223,

Aug 13 - 16, 1991

7th Scandinavian Conf. on Image
Analysis, Aalborg Univ., Denmark.
Contact: Prof. Erik Granum, 7th
SCIA Conf. Chair, Lab. of Image

and Design Sci--
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~Analysis, Institute of Electronic

Systems, Aalborg Univ., - Bade-
husvej 23, DK-9000, Aalborg, Den-
mark. '

Aug 27 - 30, 1991 .

CADDM'91, Third Int'l. Conf. on
Computer Aided Drafting, Design
and Manufacturing Tech., Beijing,
China. Contact: Prof. - Chen
Jiannan, P. O. Box 85, Beijing,
China. Telex 22036 BIAAT CN.

Sep 2 - 6, 1991

Eurographics '91, 12th Annual
Conf. of the European Assoc. for
Computer Graphics, Hofburg, Vi-

enna, Austria. Contact: Inter-
convention, Austria Center Vi-
enna, 1450 Vienna, Austria. Ph.

+43/222/23 69/2643.

Sep 11 - 13, 1991

6th Int'l Forum on CAD, Hilton
Hotel, East Midlands Airport, UK.
Contact: Carolyn Hall, Euroteam,
Univ. of Leicester, LE1 7RH, U.K.
Ph. (44) ©533=-522408; TFAX (44)
533-522200.

Sep 16 - 20, 1991
COMPUGRAPHICS 91 - First Int'l

Conf. on Computational Graphics
and Visualization Techniques,
Sesimbra, Portugal. Contact:

Harold Santo, Dept. of Civil En-
grg, Institute of Engrg, Tech.
Univ. of Lisbon, 1096 Lisboa
Codex, Portugal. ‘

Ph. +351-1-801579/802045 x 1638
FAX +351-1-897650/899242

e-mail dlé663@eta.ist.rccn.pt.
(See full page ad - page 2)

For further information, contact
Vera Anand, 302 Lowry Hall, Clem-
son Univ., Clemson, §8C 29631.
(803) 656-5755
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5th International Conference on
Engineering Computer Graphics
and Descriptive Geometry

August 17-21, 1892
Hilton International Hotel, Meibourne, Australia

Sponsored by: Engineering Design Graphics Division
Amencan Society for Engineering Education (ASEE).

Co-sponsored by: Association for Computer Aided Design, Victoria (ACADS).

Hosted by: Royal Melbourne Institute of Technology, Melbourne, Australia.

The Fifth International Conference on Engineering Computer Graphics and Descriptive Geometry
will be a continuation of the International conferencesin this series heldinVancouverin 1978, Beijing
in 1984, Vienna in 1988 and Florida in 1990.

Call For Papers Deadlines
Papers dealing with the following topics are solicited: . Submissian of the pre-registration forms:
, . ' May 1, 1991
1. Th tical Graphics !
D eﬁg:;ﬁ Greaopm e:;ry . Deadline for submitting a 250 word abstract:
Kinematic Geometry and othar Applications of Geometry September 16,1991
. . . . Natification about preliminary acceptance by:
2. Engineering Computer Graphics December 2, 19891
Computer Aided Design ] . Deadiine for submitting full papers ready for photo-offset:
Computer Aided Geometric Design March 2, 1992
Computerised Descriptive Geometry . Notification about acceptance by:
3. Graphics Oriented Expert Systems May 15, 1992
Scientific and Technical Visualisation
Engineering Animation ) For further information contact:
Image Processing and Remote Sensing
4. ‘G?""“P:?CS Eachjng In Australia : Mr. V. O. (Tom) Thomas,
C:aan? :;Z:s ire\rl?:eiieerin Graphics Education Mechanical Engineering,
. P 9 g Larsp Department of Manufacturing and Process Engineering,

Melbourne, Victoria 3001, Australia.
FPh. +61 36602166, 660 2523, Fax No: +61 3 663 7873

In USA : Prof. Larry D. Goss,
University of Southern indiana, 8600 University Boulevard, Evansville, Indiana 47712, USA.
Ph. (812} 464 1832, Fax No: (812) 464 1960

TR r R B
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Call for Papers

EDGD 1991-92 Mid-year Conference
November 3-5, 1991
0l1d Dominion University
Norfolk, Virginia

A Potpurri of
Engineering Design Graphics

Topics are limited to wvarious
aspects of engineering design
graphics. If the response to the
Call for Papers iz suitable, a
"poster session" may be initi-
ated.

Abstracts to 250 words are due
not later than July 1, 19%991.
Submit to:

Barry Crittenden

Program Chairman, EDGD Mid-year
Conference

EF, VPI&SU

Blacksburg, VA 24061-0218

Ph. (703) 231-6555
FAX (703) 231-6903

Notice of acceptance will be
mailed by July 31, 1991, Com-
pleted papers will be due not
later than September 15, 1991.

Reorganization at lowa State

by
Rollie Jenison

The College of Engineering at
Iowa State University completed
the last phase of its reorganiza-
tion when the new Division of En-
gineering Fundamentals and Multi-
disciplinary Design (EFMD) was
recently approved by the Univer-
sity and Board of Regents. The
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core faculty group for the Divi-
sion will be the faculty formerly
associated with the Department of
Freshman Engineering which was
eliminated in the reorganization.
The faculty will carry titles of
Professor of Engineering, Associ-
ate Professor of Engineering,
etc.

EFMD will continue teo provide
lower-division instruction in
graphics and problem solving and
will maintain computer laborato-
ries for use in common-knowledge-
base subjects and multidisci-
plinary activities. New opportu-
nities are available for faculty
to participate in team efforts to

improve engineering education
with new methodclogies and new
technologies. EFMD faculty are

being encouraged to work with de-
partmental faculty in an effort
to make the total engineering ed-
ucation experience more coherent,
meaningful and exciting for the
student. A new high-tech class-
room and the NSF synthesis coali-
tion, of which Iowa State is a
member, will help support new un-
dergraduate initiatives in the
Division and across the college.

Rollie Jenison, who for the
past two years has served as In-
terim Department Executive Offi-
cer for Freshman Engineering,
will continue in that capacity
for EFMD until a new chairperson
takes over on July 1, 1991. More
information may be obtained on
this new organization by contact-
ing:

Rollie Jenison

EFMD

Iowa State University
212 Marston Hall
Ames, TA 50011

(515) 294-1614
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Comments on the
Transition to New Technologies
by
Ed Knoblock
January 30, 1991

Years ago it was clear that the
‘transition to CADD would be dif-
ficult. 1In addition to very lim-
ited budgets, the lack of commu-

nication between the computer
programmers and designers re-
sulted in awkward CAD programs

and 1lousy documentation
tices. Most of these problems
were resolved during the past

decade, resulting in relatively
- inexpensive, stable,  and useful
software. However, during this

period it has become obvious. that
other fundamental problems per-
gist. I had failed to recognize
that so many 2-D thinkers existed

in the world of engineering
graphics. This accounts for more
problems than first realized.

More recently we have pecple who
seem to believe that futures are
enhanced by scorning the present
and past. : '

The main reason for this letter
is to take issue with the current
jabber by a few that we can for-
get the past [whether or not we
understand it] because we will be
saved by a future of "virtual",
"hyper-", and Ycyber-" computer
jive.

I will begin with several
general observations, then follow
with specific remarks on items in
recent issues of the Journal.

1. One of the first things that
is taught 1in semantics 1is that
words do not mean; people have
meanings for words. Meanings
given to words change, from envi-
ronment to environment, and with

prac- -

tant process.
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time.
2. New technologies are rarely

developed without a relationship
to prior technologies. History:

is a vital element of understand-

ing any technology. New teg¢h-
nologies often increase, rather
than reduce, the set of available
tools. ' o

3. The human interface is always
more important than the technol-
ogy itself. I still hear that
33-40% of CAD installations are
failures, i.e., not cost effec-
tive. :

I had several reactions to Pat
Kelso's, "A Comment",. Spring,
199071, Pat should not dismiss
ideas that visualization can be
taught just because they don't
fit his need. As we note in the
Winter 1991 1issue some people
think he 1is obsolete to suggest
that descriptive geometry is
valuable, let alone usable in 3-D
modeling. It is interesting that
Pat's comments on visualization
are almost identical +to those
made by a LSU faculty member
about 20 years ago on the teach-
ing of creativity in the context
of design. I would like to hear

more about his concept that
learning and skill enhancement
are different things. Educators

should understand that Ilearning,
not teaching, is the most impor-
Hopefully, in-
structors are aware of what is
being learned under their direc-
tions, and what may be learned in
gspite of their directions.

No publication will contain the
mix of articles that exactly
guits our individual needs. But
any attempt to find a better un-
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derstanding of how people visual-
ize is most germane to graphics.
By testing students, and listen-
ing to comments of former stu-
dents, I know that visualization
skills are learned, and are valu-
able to them. 0f course, they
must learn how to analyze images
by classifying and defining geo-
metric elements and primitives.
They must also learn both the
differences and similarities be-
tween the images of models and
actual spatial relationships
[i.e., lines that appear perpen-
dicular or parallel but are not,
etc.] It is true that one course
does not allow enough time to do
all the things we would like to
do, but that's life in most engi-
neering programs. Many technol-
ogy programs have a much better
shot at the task. Never-the-
less, 1ideas begin with mental
imaging, not computer imaging.
While I appreciate Pat's call
for more movement to 3-D model-
ing, a fairly recent article?
with his name on it illustrated
using CADKEY? as a 2-D tool. My
real concern is that the authors
did not attempt to optimize its
use. Nor did they explore varia-
tions of strategies. Their solu-
tion used folding 1lines and a
backstop 'line that serve no pur-
pose except to create more work.
The solution is simplified by
moving and rotating only four
lines, [3 frontal, and the
oblique] to the auxiliary posi-
tion before placing projection
lines. "In addition, only one
line needs to be drawn parallel
te the datum [front or back sur-
face]. The rest of the auxiliary

view can be created using the

TRiM/EXTend function.

Pat, it seems we disagree on

‘the real thing.
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the meaning of both the terms
meatier and "Kentucky windage™.
Move to CADD? definitely! But
not without questioning every
step of the way.

I have many more serious dis-
agreements with the ideas ex-
pressed by D. Juricic and R. Barr
in the article "Geometry vs. De-
scriptive Geometry ..... ", Win-
ter, 1991%. First, I am as dis-
appointed as anyone to see CADD
software misused. Faculty should
know the power of their system
and not just imitate manual meth-
ods. It is especially sad when
pecple use a 3-D system and are
not aware of its potential.

Second, my comments are not
meant to question the importance
or value of solids modeling.

However, Profs. Juricic and
Barr begin by saying that devel-
opers of computer graphics sys-
tems had communications problems,
and then base much of their
premise on the "hype" coming from
the same arena. In attempting to
discredit the future of prevail-
ing practices, they use outmoded
definitions. Please note that
they present no definitions for
the terms, or details of methods
used in their version of the fu-
ture.

ILet the defense of descriptive
geometry be left to those who be-
lieve it has a future. Those who
believe otherwise can prove their
point by delineating their meth-
ods for our enlightenment. On to
the defense of "descript".

In the simplest of terms, a
model is any representation of
Beyond that, au-
thors and dictionaries do not
agree. They also do not attempt
to explain the often subtle dif-
ferences between iconic, analog
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and symbolic types. One problem
is that what is symbolic to cne
person may look 1like the real
thing [iconic] to another person.
An example from anthropeclogy
shows a rough drawing that most
of us would see as an elephant
skin laid flat. The same drawing
was seen by aborigines as an ele-
phant jumping up and down.

Much of the discussion of mod-
els by the futurists is a ™"red
herring". A 2-D drawing has as
much right to be called a model
as does a computer database. A
multi-view drawing may logically
be considered iconic by a trained
observer. At this point in time
all CADD images are displayed on
2-D screens, regardless of the
architecture of the database.
The image generated from the
database follows rules of projec-
tion, upon command of an opera-
tor. When 3-D displays [holo-
grams or others] will ke cost
effective for the average user is
a guess. It is doubtful that it
will occur in this decade.

"Descriptive geometry - the ap-
plication of graphical methods to
the solution of three-dimensional
space problems."5 Note that at
least one dictionary presents a
definition that is not tied to
specific tools, media, or even
techniques. Since Monge first
codified Descriptive Geometry [he
did not invent most of the meth-
ods used], the tools, media, and
the methods have all changed.
When the methods changed drasti-
cally earlier in this century it
was still called descriptive ge-
ometry. In like manner, as the
methods change with forms of
"solids modeling", they will most
likely be called descriptive ge-
ometry.

There 1is no such thing as 2-D
descriptive geometry. It is im-
plemented in both 2-D and 3-D
modes. It includes one, two, and
malti-view methods. It encom-
passes definitions, required con-
ditions and techniques used to
construct, not just analyze the
attributes of true size, true an-
gles, intersections, tangencies,
etc., for spatial problems using
orthogonal, spherical, stereo-
graphic, or other projection
standards. Solids modeling does
autcomate some o©f these tasks
[such as intersections], but does
not handle many design tasks
without highly structured in-
structions from a person. In a
graphics mode, using revolution,
cutting planes, construction
planes, inclined and oblique
views is in fact using elements
of descriptive geometry. Knowing
what 1is required to create [not
just measure]} true [length, size,
angles] entities and/or views of
entities under many types of con-
straints 1is knowing descriptive
geometry. We can now construct
or find an oblique view directly
without first establishing an in-
clined view. But knowing when to
use either or both such views is
knowing descriptive geometry.

Engineers and technologists
will continue to work with a va-
riety of tools [pencil, mouse,
etc.] to create a useful images
[drawings, CRT displays, etc.]
To imply that the thinking and
action processes must be named by
new terms because the tools
change is erroneous. This type
of puffery is only used to hide
the real issues.

If I create an image of a line,
surface, or solid figure Dby
peinting to endpeoints, or items
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on a menu, I am drawing Jjust as
certainly as when using a pencil
on paper.
is first evaluated by examining
the 1image produced, not the
database, or the mathematics used
to execute the program. When the
opportunity exists to create ac-
tual 3-D images that can be
walked around, I may wish to call
it sculpting. But even then I
will need to use and understand
"descript".

Also remember, many Jjurisdic-
tions do not yet accept magnetic
copies as licit documents. This
is only one reason why CADD has
not decreased, paper consumption.
‘As one sage has said, "The paper-
less factory 1is as real as the
paperless bathroom". In the sug-

gestion that drawings may be
needed for "ancther decade, or
so", the "or so" may be better

defined as infinity. Why do many
academics insist that all engi-
neers and technologists only work
with state of the art technolo-
gies?

If I am wrong, Profs. Juricic,
and Barr, and others will rebut
my hypothesis. They will be able
to delineate methods of the vir-
tual, hyper-, cyber—- world that
accemplish tasks egquivalent to
those given below without ' any
knowledge of descriptive gecme-
try!

1. Establish the location of the
optimal [constraints of your
choice] tunnel between two exist-
ing skew tunnels.

2. Create a hole that passes
through a kriown point on one sur-
face that makes specified angles
with two adjacent surfaces.

My success or failure
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3. Design an "Ames Box" of any
size, but with at least a 2.5:1
distortion ratio, to illustrate
this well known 3-D visual illu-
sion.

Generating a solid model of a
given simplistic part is not de-
sign. Nor is it a justification
for the demise of descriptive ge-
ometry.

A final cautionary comment.
When moving on to any new aca-
demic future be sure that you
clearly define an acceptable aca-
demic discipline. Also be sure

-that it doesn't already belong to

someone else. Otherwise histori-
ans may observe that "He was
hoist by his own petard!™
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Comments on
Ed Knoblock's Letter
by
Pat Kelso
March 4, 1991

I wish to thank Edward Xnoblock
for copying me with his letter so
I may respond in the same issue.
I join him in encouraging dia-
logues through the Journal.

Before 1 address Ed's spe-
cifics, permit me to address what
I believe may be the source of
his frustration.

Monge discovered how to create
virtual space on a plane surface.
The computer creates virtual
space behind the computer monitor
screen. The character of the
"virtual space behind the screen

is more nearly like our everyday -

real life space, hence, is supe-
rior to Monge's virtual space for
purposes of designing three-di-
mensicnal objects, i.e., other
than c¢ircuits, shims,  gaskets,
etc. Because a designer is still
(in the main) obliged to communi-
cate using paper sheets, Monge's
virtual space is the only virtual
space available for communica-
tion, hence, it is indispensable
at this time. (Also the computer
(operator) may generate Mongean
. virtual space, i.e., draw a mul-
tiview on the screen surface and
then plet it ocut on a paper
sheet.) But the computer will automati-
cally now create a multiview directly from a
computer model. Because both types
of virtual space may be generated
from the wvirtual space of the
computer, but not both types from
Mongean virtual space, the vir-
tual space of the computer be-
comes the logical method of
choice. For whatever benefit, I
am enclosing a draft of a flow

‘once a week.

chart (see next page) of where-
computer modeling and engineering
graphics/design fit within engi-
neering design. (The double di-
rection arrows signify possible
situations of reverse engineer-
ing, i.e., synthesis. Note the
incorpeoration of Juricic's work.)

To address Ed's points as they
relate to me: -

I believe the ability to wvisu-
alize is an aptitude - a talent.
Like any talent I believe it is
enhanced by practice. However I
do not believe a talent can be
taught. My own talent for music
is negligible. If I practice the
piano all day everyday for the
rest of my life I am sure I will
improve but I will never be as
good as a persocon of much greater
talent and who practices Jjust
A great pianist can
explain to me what I must do to
become a great pianist but unless
I am musically gifted then that
explanation serves only to frus-
trate and bewilder. A better ap-
proach, I suggest, is to teach me
the mechanics of how to make cer-
tain sounds on a piano in the
hope that in making those sounds
whatever talent I have will sur-
face. The point: teach the the-
ory and mechanics of engineering
graphics and modeling, and a stu-
dent's ability to visualize will
take care of itself -~ to the ex-
tent it can be. This is espe-
cially true with computer geomet-
ric medeling because an isometric
view is continually available as
a designer creates a model. But
it you tell me that you taught
someone to visualize, I will tell
you he would have learned it in
any event.

With regard te my, and others,
differences with the distin-
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guished Davor Juricic, et. at.,
regarding the need of Descriptive
Geometry within the discipline of
computer geometric modeling, I
believe the differences may be
largely definitional. I recently
came to the opinion that by De-
scriptive Geometry, Monge means
simply, the process he devised to
create virtual space on a flat
surface: orthographic-orthodirec-
ticnal projection. In the past,
I defined Descriptive Geometry as
the direction, mentally deter-

"that

rined, to view a particular geom-

etry, e.g., the true angle be-
tween a line and a plane, in its
most descriptive fashion, i.e.,
the angle in True Size. I now

relegate this process to a com-
bined application of plane and

sclid geometry and which has no
single name designation. (Note
creating the auxiliary
(sclution) view determined by
this process falls within Ortho-
graphic-Orthedirectional Projec-
tion.) Unfortunately, I believe
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today's use of the term Descriptive
Geometry in the literature implies
the 1latter (incorrect) defini-
tion. I submit that Descriptive
Geometry, as defined in this in-
correct way, is required within
the discipline of computer geo-
metric modeling. For example,
suppose that you model an irregu-
lar tetrahedron and need the size
of the angle between one of its
lines (of intersection) and a
plane of the tetrahedron. Per-
haps the most obvious solution,
not wusing rotation, is to con-
~struct a line which is both (1)
perpendicular to the given 1line,
and (2) parallel to the given
plane, and then to computer gen-
erate a Point New-View of the
construction line. To determine
the direction in which to draw
the construction line is an exer-
cise in Descriptive Geometry
(i.e., plane/solid geometry) and
seems to me fundamental for engi-
neering students.

The "fairly recent article", A4
Technique for Drawing Auxiliary Views Using
2-D CAD (CADKEY), was written in
1986, only one year after CADKEY
released true geometric modeling
for the PC. Prior to this paper,
much was written about using
trigonometric functions to pro-
duce the auxiliary views. The
article attempted to demonstrate
a geometric treatment. I now
consider using the computer as a
drawing tool for engineers as
somewhat  superfluous, if not
trivial, and, therefore, must
similarly characterize the 1986
paper.

Kentucky windage is a tongue-
in-check term from a by-gone era
referring to the amount to aim in
front of a bird to allow for the
wind when shooting at it on the

wing. I used the term only in
the context that I believe stu-
dents four years hence, i.e., se-
niors, will primarily model,
rather than draw, their designs
and that to anticipate this we
should begin teaching modeling
now.

This letter supports Ed
Knoblock's of February 20, 1991
to the Journal in which he at-
tempts to promote a dialogue
among the membership. Recall ny
dismay some years ago when the
Journal rejected my papers be-
cause, it seemed to me, some re-
viewers were not current on the

techneclogy. As a result, I pro-
posed that refereeing be sus-
pended and that authors take

their Jlumps through letters to
the editor and such. This would
allow authors to rebut in the
same issue. That the membership
is at a disadvantage because of a
lack of a past dialcgue is evi-
dent from the Austin Symposium
where many presenters simply
talked past each other. It's
further evidenced by the rancor
that followed and, at this late
date, a. recourse to basic defini-
tions - even those found in dic-
tionaries (!). (Using dictionar-
ies for graphics definition
misses an important point: the
membership defines the discipline
to the dictionaries, not vice
versa.) Ed's idea of taking a
written position on controversial
topics and simultaneously copying
the antagonists permits an ex-
change within the same issue. I
encourage the Journal to struc-
ture a way to keep this going.
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Election Resulits

. by
John Demel

As a result of the recent bal-
loting, Vera Anand of Clemson
University has been elected to
the position of Vice-~Chairman,
Jim TLeach of the University of
Louisville has been selected as

Secretary-Treasurer, and Mary
Sadowskl of Purdue has been cho-
sen as Director: Pubklications

(Journal editor). Duties will be-
gin upon adjournment of the Busi-
ness Meeting of the Division at
the ASEE Annual Conference in New
Orleans. Our congratulations to
these new officers and our thanks
to all those who agreed to run
for office.

Editor's Comments

by
Barry Crittenden

This issue of the Jowmal marks
the end of my tenure as editor.
Mary Sadowski of Purdue will as-
sume the duties of Director: Pub-
lications in June.

My thanks to the Division mem-
bership for your support and kind
remarks over the ©past three
years. I pass the responsibili-
ties of Jounal editor to Mary
with both sadness and exhilara-
tion. I shall truly miss the
constant contact with so many of
you, which is a requirement of
organizing each issue. I shall
miss the feeling of accomplish-
ment with the mailing of each is-
sue. And I shall miss the oppor-
tunity of reading some outstand-
ing papers before anyone else has
the chance to read themn.
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I must admit, however, it will
be a relief not having to worry
about deadlines for publication.
But don't let that remark dis-
courage any of you from accepting
the nomination for Director: Pub-
lications in the future. It is,
without a doubt, the best posi-
tion of leadership in the Divi-
sion. However, assuming the edi-
torship o©of the Journal for three
years is enough. It's time for a
new breath of life to be infused

into the publications area.
Please give Mary your full sup-
port.

Without the assistance of nu-
merous persons, publishing the
Journal would be impossible. The
Journal staff and Board of Review
have done a fine job. I would
particularly like to thank George
Lux of VPI&SU for handling the
task of Technical Editor. Having

papers reviewed in a timely man-

ner 1s no easy task, but one
which I could always count on be-
ing done most efficiently. Clyde
Kearns of Ohic State, the Circu-
lation Manager, has been a source
of constant support and encour-
agement. Without his personally
generated mailing labels, recent
issues of the Jowmnal might have
arrived in your hands anywhere
from several weeks to several
months later +than they did.
Clyde's efforts in maintaining
accurate subscription records has
assured timely delivery. Jerry
Smith and Dennis Short, both of

Purdue University, have done
yeoman service as Advertising
Managers. As a result of their

efforts, about one-third of Jour-
nal costs are now being subsi-
dized by advertising.

There have been several disap-
pointing aspects of being Journal
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editor. I have been unable to
convince individuals to write
guarterly columns - celumns

dealing with graphics "puzzles"™,
book or software reviews, etc.
If Mary Sadowski is inclined to
include such sections, consider
helping her. In addition, I have
often worried whether some indi-
viduals have submitted papers for
review because of their desire to
convey meaningful information to
the Division membership or be-
cause of their desire to list an-
other publication on their re-
sume. And finally,  letters to
the editor have been few and far
between. I have published every
one received. It seems for a

group such as ours, more letters

concerning numerous topics would
be forthcoming. A colleague once
asked, "Does anyone ever read
that Jjournal?" I must admit, I
sometimes wonder! o

I have had the pleasure of re-
ceiving numerocus papers for pos-
sible publication during the past
three years. A few have been
truly outstanding, many have been
quite good, and more than you
might imagine have been rejected
for publication. Why were papers
rejected? Some had content not
of interest to the Division mem-
bership, some attempted to pre-
sent poorly conducted research,
but many were rejected simply be-
cause they were so poorly written
that ideas were not clearly con-
veyed to the reviewers. The con-
tent of the paper may have been
adequate, but the presentation
was so weak as to obscure those
ideas.

The friendly debate (or contro-
versgsy) on the future of descrip-
tive geometry which has surfaced
since the NSF Symposium on Mod-
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ernization of the Engineering De-
sign Graphics Curriculum is, in
my opinion, an example of poor
communications. I have heard ar-
guments from many persons and I
am convinced that the two sides
(if there are only two sides) are
not as far apart some may think.
I believe we are Just not
communicating very well. Possi-
bly, we will improve in our abil-

. ity to communicate clearly, con-

cisely, and accurately as we re-
alize the potential harm we could
do to our profession by failing
to do so.

Once again, thank you for al=-
lowing me to serve you. It has
been a pleasure.

o cpraTEn Ll
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This journal is devoted to the advancement of engineering design graphics, computer graphics, and subjects related to engineéring design graphics in
an effort to (1) encourage research, development, and refinement of theory and applications of engineering design graphics for understanding and
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fore, ensure that all line work is black and sharply drawn and that all text is large enough to be legible if reduced to single or double column size.
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Now, for the first time, a leader in the
field of computer-aided design brings all
the high-end, professional elements of
CAD technology to a new personal level.

Patterned after the award-winning
CADKEY 3 system, CADKEY Light offers
the serious (or not so serious) designer,
creator, thinker, draftsperson, student or
would-be inventor the ability to create
three-dimensional design and
professional detailed drawings at an
affordable price.

Here are just a few of the features you'll
find in CADKEY Light:

@ Fully integrated 2-D drafting and 3-D
design capabilities

& A highly acclaimed, easy-to-use menu
structure with afl English commands

® “Getting Started Guide” and
CADEEY's revolutionary step-by-step
Tutorial

@ Prompt line and history line to keep
track of your progress

@ Instant access to dozens of key
functions from anywhere in the menu
structure

& Accurate dimensioning to ANSI and
international engineering standards,
in English or metric units

® 256 levels, 16 colors, multiple
viewports

@ Unlimitéd number of user-defined
views

@ Full file compatibility with the
CADKEY 3 system -

@ Packaged with hoth 5%%" and 32"
diskettes

Tor more CADKEY Light information

please contact your local CADKEY Dealer
or CADKEY at 1-800-654-3413

44() Oakland Street
Manchester, CT 060402100
Tel: (203) 647-0220

FAX: (203) 646-7120

CADKEY light and CADKEY 3 are trademarks of CADEEY, INC. All other products are trademarks of lhgir respective compaies.

| Low-End CAD
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Introducing CADKEY Light™ — Designing your ideas
has never been so easy, so professional and so affordable!

And vou don't have to stop there . . .

Those of you requiring ever-increasing
CAD power have a full upgrade path to
CADKEY 3. CADKEY 3 {ncludes 2l the
high-end CAD capabhilities that
automotive, aerospace and naval
manufacturers have come to rely on for
their engineering design. Both CADKEY
Light and CADKEY 3 enjoy the same user
interface with full file compatibility.

The choice is clear — Get the
professional introduction to computer-
aided design with CADKEY Light, and
start designing ideas as big as your
imagination!

Hardware Requirements: IBM PC or
compatibles and the Persenal System/2
series, DOS 2.1 and higher, 640K RAM,
hard disk drive and one floppy disk
drive. Supports most graphics cards
(EGA, VGA, Hercules and compatibles,
IBM 8514 and compatibles, most high
resolution graphics cards), popular
input devices, printers and plotters.
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