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PUBLICATIONS CAD Textbooks

SDC Publications specializes in publishing moderately priced CAD textbooks. We currently publish
books for the following CAD packages:

Autodesk, Inc. PTC (Parametric Technology Corporation)
3D Studio VIZ Pro/ENGINEER
AutoCAD 2000 Pro/MANUFACTURING
AutoCAD 2000i Pro/MECHANICA
AutoCAD LT 2000 Pro/SHEETMETAL
Mechanical Desktop Version 5 Releases 2000i, 2000i* and 2001
Autodesk Inventor Release 3
Autodesk Inventor Release 4 Schroff Development Corporation (SDC)
SilverScreen
Bentley Systems
Microstation J SolidWorks Corporation
SolidWorks 2000
Dassault Systemes SolidWorks 2001

CATIA V5 (Release 3)
CATIA V5 (Release 5)

IronCAD, LL.C
IronCAD 3.2

Structural Dynamics Research Corporation (SDRC)

I[-DEAS Master Series 7
I-DEAS §

think3
thinkdesign Release 6

Download a sample chapter from each book from our website. Examination copies are available by
contacting Stephen Schroff.

Schroff Development Corporation
schroff@schroff.com (913) 262-2664
www.schroff.com
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COMBEUNICATION, 3/E
Gary R. Bertoline,
0 Purdue Universify—
3 West [ afayetie
Eric N. Wiebe,
North Carofina State
| University—Raleigh
ISBN 0072502606

Bertoling’s 3rd Edition will be published this
summer in time for your fail classes, featuring
all the updates you need to deep your course
rigorous and curent,

FGG covers drawing technigues froma
traditional perspective as well-as a modern,
CAD-oriented perspective. The engineering
design process receives special attention
through the use of design case studies, a
cansistent problem-soiving methodology, real
indusiry examples and a selection of sample
design problems for students to try.

In the Third Edition you will find:

+ 3D Modeiing! :
Increase coverage of 3-0 modeling and the
design progess has ben added, particularly in
Chapters 2 and 5, and a Design Problem is
now included with each chapter.

» New Indusiry Application Boxes?
A selection of exciling Industrial Application
boxes has heen added, introducing students
to the design process through such modern
exaniples as a snowboard haimet, a lacrosse
stick, the Matorola i1000cell phone, and the
‘Bombardier Sea-DooXT.

CONTENTS

1. Introduction to Graphics Communication

and Sketching

2. The Engineering Deslgn Process

3. Engineering Geomstry

4, Design Visualization

5. 3-D Solid Madeling

6. Multiviews and Auxiliary Views

7. Pictorial Projections

8. Section Views

8. Dimensioning and Tolerancing Practices
10. Working Drawings and Assemblies

£ Coming i iyt

PRO/ENGINEER 2001
INSTRUGTOR

David S. Kelfey,

Purdue University

ISBN 007249940

PRO/ENGINEER 2001 INSTRUGTOR
infroduces the reader to the powerful

CAD package Pro/Enginaer, serving as
text, tutorial, and reference work. Its
modular organization allows you to organize
and present the material however you
like, making the book equally effective as
a stand-alone text or as a supplement to
an existing graphics, CAD, or mechanical
engineering design course.

Conting in July!

1 PRO/ENGINEER 2001
ASSISTANT

David 5. Kelley,

Purdue Universfly

[SBN 0072499397

PRO/ENGINEER 2001 ASSISTANT
provides the same useful step-by step
approach as the INSTRUGTOR edition, but
in & much more streamlined format. This
Edition is excellent for use in any graphics
course In which Pro/Enginesr is In use but
not covered extensively; Its also well-suited
for use in upper-division courses.

1. Introduction to Parametric Design
2. Pro/ENGINEER's User Interface
3. Creating a Sketch
4, Extruding, Modifying, and Redefining
Features
4. Feafure Construction Tools
6. Revolved Features
7. Feature Manipulation Tools
8. Creafing a Pro/Engineer Drawing
9, Section and Advanced Views
10. Swapt and Blended Features
11. Advanced Modeling Techniques
12, Assembly Operations
13. Creating Surfaces
Appendix A. Configuration File Options
Appendix B. Setup File Options

Also Available

Your AutoGAD

2000 Instruclor:

A Student Guide to
Complete Coverage of
AuteCAD's Commands
and Features with
20001 Update

James A. Leach,
University of Lotisville
ISBN 0072479639

AutoGAD 2000
Gompanion
Essentials of
AutoCAD Plus Solid
Modeling with
2000i Update

James A, Leach

ISBN 0072479647

Arvailable Now

with Free E-Texi
Technicat Graphics
Communication,
2/F with E-Text
Gary R. Bertoline,
Purdue University—

| West Lafayelte

ISBN 0072482893

If you are currently a faculty member
and interested in obtaining a compli-
mentary examination copy of any of
these titles:
« Contact your local McGrave-Hill
representative,
» Call 1-800-338-3987, cutside the U.S.
call 609-426-5793,
» E-mail your request to
nmilcomy @megraw-hill.com,
o Vigit our Website at www.mkhe.com
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Dear Members:

This issue contains a variety of very interest-
ing papers. Important concepts such as group
design problems and assessment practices in
engineering graphics are discussed. Use of the
Web for the delivery of course materials is pre-
sented through examples on practical applica-
tions of this technology. Finally, the advance-
ment of sparial abilities and there impact on
the performance and retention of engineering
graphics concepts is presented.

The membership directory has been emailed
to all EDGD members who received the
Spring 2001 issue of the Engineering Design
Graphics Fowrnal, and for whom the Fournal
had in its circulation files an email address
from the ASEE Membership Department. The
directory will no longer be printed so if you
did not receive the directory by email, please
supply your email to the ASEE Membership
and also to Clyde Kearns at kearns.l{@
osu.edu. See page 5 for additicnal details.
Everyone can thank Clyde for sending this
directory out electronically and saving the
Division the expense of having it printed.

As we begin a new year please support Mike
Stewart as Chair and the other officers with
the goal of increasing membership in the
Division and with the planning of events for
2002. Many times it is too easy to forget how
much time goes into the success of these activ-
ities.

Sk A Ml

Susan G. Miller

2 Engineering Design Sraphics Joumal
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Mike Stewart
(Greorgia Institute of Technology

Welcome to the fall issue of the Journai. As
your Chair for this year, I want to tell you
about the exciting year’s events that we hope
you will begin planning for. But first a little
news about this past summer.

If you were unlucky and were not able
to attend the annual ASEE confer-
ence in Albugquerque, NM, you
missed a great event. Qur
Division hosted four technical
sessions, the National Design
Competition, a new member’s
breakfast, our business lun-
cheon and awards banquet. It
filled up the four-day confer-
ence but still allowed us to visit
the exhibitions and sit in on
other paper and poster sessiomns.
The time was also spent visiting
with old friends and making new
friends with new members of our
Division as well as other members

of the ASEE. 1 hope you will be able
to plan early to attend the next
Division conference with us.

Next summer the Annual ASEE Conference
will be in Montreal, Quebec, Canada, June 16~
19, 2002. You will definitely want to start
planning for this trip. Our Division will have
a full venue of technical, social and fun events
for you, I promise.

Qur
Division is only as

strong as the members

members to continue to invite
your colleagues and acquain-
tances to join our Division, and
invite them fo attend our meeting
and conferences, especially by
submitting papers for our
technical sessions and

our Journal,

Following in the steps of past chairs, as T am, I
will be working hard to fulfill some needed
changes in the Division’s Commuittee struc-
ture. Pat Devens, Director of Liaisen has been
directed to modify the sub committees struc-
ture to make them current with the needs
of our Division as we communicate with
other ASEE divisions as well as other
organizations that are in the same
sphere of graphics, CAD, and edu-
cation that we are. Pat will be
looking for members to head
these new committees and take
the responsibility of contacting
and carrying on dialogue and
communication with them
regarding what our Division is
doing and how our groups
might work together.

make it. We need all of you

Membership has been a major
thrust of our Division especially
with our past Chair, Jim Leach.
Through Jim’s efforts and those of
countless others we have over 30 new
We welcome all of you new
members and want to invite you especially to
help us make this a better Division with your
ideas, input and participation. We would love
o see you contact us to volunteer in yvour area
of expertise or interest. Qur Division is only
as strong as the members make it. We need all
of you members to continue to invite your col-
leagues and acquaintances to join our

members.

4 [Engineering Design Graphics Joumal
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Division, and invite them to attend our meet-
ing and conferences, especially by submitting
papers for our technical sessions and our
Journal.

Another goal of mine is to see the Engineering
Design Graphics Division as a link from every
conceivable web page there is on every web site
there is. We know how great an organization
this is and its rich history, but many people
even within our educational community do not
even know of its existence. The Internet is
such a powerful knowledge portal; we need to
make known the existence of the EDGD whet-
ever we can. This is a challenge I put out to
each and every one of you. As you peruse the
Web, contact those webmasters and ask them
to place our web-site as a link on their site.
Most of the time they will be happy to add it
and we will have just that much more visibili-
ty. If vou do get links added, please send me an
email letting me know of your success, Better
vet, tell everyone on our EDGD listserve, If
vou don’t have the time or do not want to do
this, just send me the web site and I will be
happy to ask them to add our link to theirs.

Our Division also has a new 2001 Membership
; Directory and this should help you contact
each other. We would especially like to thank
Clyde Kearns for all of his efforts in doing this.

Qur executive committee consists of Sheryl
Sorby, Vice Chair, Tim Sexton, Secretary-
Treasurer, Pat Devens, Director of Liaison,
Ron Pare’, Director of Programs, Craig Miller,
Director of Professional and Technical, John
Freeman, Zone Activities and Susan Miller,
Publications. Please contact any of us with
vour ideas, suggestions, and to volunteer, QOur
hopes are to leave this Division better and
stronger than it was when we came. To that
end you all can help. Have a great year.

Respectively,

Py 4

Michael D. Stewart
EDGD Chair

Division News 5§
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Group Design Problems in

Fnaineerina Desian Granhics
[y L) L 1

David Kelley
Purdue University

Abstract

FEngineering and design philosophies, such as concurrent engineering, place an emphasis on group

collaboration for the solving of design problems.

This paper describes group design technigues used

within the engineering design graphics sequence at Western Washington University.

Introduction

Modern management and engineering
philosophies and techniques place an empha-
sis on the solving of design problems through
collaborative efforts. Principies of concurrent
engineering have been stressed in companies
for well over a decade. Within concurrent
engineering, the design process is shifted from
a linear model to a model where everyone with
an interest in the design solution is involved,
including customers. With the advent of
Internet collaboration tools, engineering
teams are not limited by geographic bound-
aries. Due partly to the benefits of concurrent
engineering principles, companies competing
in a global market can no longer expect design
solutions to be found by single individuals or
by small, isolated teams. Successful engineers,
designers, and technicians have to function
well in a team environment. They have to
have the understanding, management, and
communication skills to meet the needs of
their customers.

Emplovers expect new college graduates to
have strong technical skills along with strong
communication and interpersonal skills.
Increasingly, employers are expecting gradu-
ates to be able to function in a team environ-
ment. According to Bursic (1992), well func-
tioning teams improve innovation,
increase knowledge sharing, reduce levels of
management, and enhance competitiveness.
One technique used by engineering and tech-
nology programs to develop team skills is the
requirement of group design projects. The
focus of this paper will be how the

can

Engineering Technology Department at
Western Washington University approaches
group projects within its Engineering Design
Graphics sequence. Related topics to be dis-
cussed in this paper will include group devel-
opment and forming and project management
techniques. This paper will detail how stu-
dents approach the design process within their
groups, how students use project management
principles to produce a successful design, and
student opinions on the group project.

Group Fundamentals
According to Bragg (1999), groups must have
certain attributes that lead to success. Omne
attribute is a reason to work together. Often,
groups (or teams) are formed for the sake of
change. Without a reason to work together,
teams are doomed from the beginning.
Accordingly, a group should work toward a
specific, clear objective. As identified by
Pagell and LePine (1999}, groups that work on
novel problems were more likely to be success-
ful than groups that worked on mundane
issues. Additionally, when individuals believe
that group activities are better that working
alone, team production will improve.

Bragg (1999) stresses that the composition of a
team should be carefully considered. A com-
mon approach is to form teams with members
that share common skill sets. Since this pro-
vides a group with a narrow range of expertise,
this type of group naturally fails. When teams
are formed, team members should have com-
plementary skills. It is senseless to form a con-
current engineering team composed of nothing

6  Engineering Design Graphics Journal
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but engineers. This principle is echoed by
Katzenbach and Smith (1993) when they
define a team as a "small number of people
with complementary skills who are committed
to a common purpose, performance goals, and
approach for which they hold themselves
mutually accountable” (p. 43). Concurrent
engineering teams are formed of individuals
from all avenues of an organization. This pro-
vides a broad range of expertise and timely
input to critical design information. When a
group is formed, the group, not individuals in
the group, should be held accountable for suc-
cess or failure.

A common problem with group problem solv-
ing is allowing strong members of the group to
do a majority of the work, with weaker stu-
dents not performing their share. Groups
should be structured to allow for equal partic-
ipation from all members., According to
Johnson and Johnson (1994), five essential ele-
ments are necessary to allow for true coopera-
tive efforts: (a) positive interdependence, (b)
individual accountability, {(c) face-to-face
interaction, (d) social skills, and {(e) group pro-
cessing.

While common educational methodologies
either require students to compete for grades,
or to work alone to accomplish an educational
goal, successful groups should have a positive
interdependence, where the successful out-
come of one group member is dependent upon
the successful outcome of each group member.
In addition, well functioning groups require
every group member to be held individually
accountable for handling their share of the
load. Through design or through neglect,
these two elements of cooperative learning are
not incorporated into most group exercises.
While neglecting these two elements can still
lead to successful group outcomes, there is no
assurance that all members of the group bene-
fited equally.

Johnson, Johnson, and Holubec (1993)
describe three steps for structuring positive
interdependence. First, groups should be pre-
sented with clear objectives and goals to

accomplish. Assignments with absolute right
or wrong answers, such as in mathematics and
physics, make ideal opportunities for coopera-
tive groups, but design problems can also be
integrated successfully too. The key to coop-
erative groups is the setting of clear and mea-
surable objectives. Second, groups should
have positive goal interdependence. This
requires individual member objectives and
goals to complement the objectives and goals
of the group, and the goals of individuals
should lead to the accomplishment of the
group’s goals. Finally, groups sheuld focus on
the accomplishment of individual objectives
and make a point to reward or compliment
members for accomplishing a task. Johnson et
al. (1993) also describe several ways to struc-
ture individual accountability. First, groups
should be small enough to allow individuals to
contribute, and each group member should, at
times, be individually examined.
Additionally, individuals in a group should be
required to share learning outcomes with
other members of the group.

Group Pesign Problem
Students taking the engineering design graph-
ics  two-course sequence at  Western
Washington University have the opportunity
to solve multiple design problems. The first
course, ETec 110, is a conceptual design and
modeling course where students are presented
with design problems and follow a formal
design process to find a solution. Ideation
sketching and Rhinoceros™, an intuitive con-
ceptual modeling computer-aided design
application, are used to develop design solu-
The final project within this course
requires students to individually design a
flashlight. This project is further developed in
the second course in the sequence, ETec 111,
where students work in teams to develop a
more defined solution.

tions.

Within a design problem, students must follow
a formal design process (see Kelley,
Newcomer, & McKell, 2000). The process used
is the same for both courses in the sequence,
and for all sections and instructors. Students
are first presented with a design problem (e.g.

kelley 7
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a Flashlight). Depending upon the course’s
instructor, extra specifications, limitations,
and requirements may be provided. Students
develop the problem by defining a problem
statement and problem specifications.
Specifications are ranked and categorized in
order of importance. Students must develop
possible solutions through the use of ideation
sketching and conceptual three-dimensional
(3D) modeling. For most design problems,
three conceivable solutions are required. A
final solution is selected through the use of a
weighted scoring table {see Table 1). In most
cases, documentation drawings are created of
this final solution.

While ETec 110 is a course conceived to devel-
op a student’s problem solving and conceptual
model skills, ETec 111 is focused on the incor-
poration of high-end computer-aided design
applications {e.g. Pro/ENGINEER™ and I-
DEAS™) and concurrent engineering princi-
ples into the design process. In ETec 110, stu-
dents are allowed to be creative with their
designs, but in ETec 111 students must devel-
op designs that they can actually model in a
package such as Pro/ENGINEER. The prima-
ry group design problem in ETec 111 is a spin-
off of the flashlight design in ETec 110, with
additional limitations and specifications pro-
vided by the instructor. As an example, one

5
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group’s problem was the design of a light for a
mountain bike. Students could utilize any
previously defined material from ETec 110,

Group Formation and
Project Management
Students taking ETec 111 come from a variety
of majors to include Industrial Design (ID),
Industrial Technology-Graphics(IT-G),
Manufacturing Engineering Technelogy
(MET), Manufacturing Management
(ManMgt), and Plastics Engineering
Technology (PET). Two criteria are consid-
ered when assigning students to groups: popu-
lating a group with a variety of student skills
and providing each group with at least one
“power” CAD user. Groups are formed around
the third or fourth week of the academic quar-
ter. This provides time for the course’s
instructor to determine which members of the
class are stronger at Pro/ENGINEER. The
course’s instructor first forms groups by dis-
rributing majors into each group. The objec-
tive is to get a least one ID, I'TG, MET, and
ManMgt major into cach group. The purpose
of this approach is to simulate a concurrent
engineering philosophy. The instructor then
determines that each group has one member
apparently strong at computer-aided design.
If not, the instructor reconfigures each group
to meet this requirement.

Example of a Weighted Scoring Table

Specification Weight Concept | Concept 2 Concept 3
Score | Weighted | Score | Weighted | Score | Weighted
Score Score Score

Welight 2 4 8 5 10 2 4
Color 2 3 ! 4 8 4 8
Cost 3 4 12 4 12 3 Q
Functionality 5 | 5 3 15 3 15
Tolal 31 45 36
Table 1

8  Engineering Design Graphics Joumal
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Group development and organization are
important considerations within each design
project. When groups are formed and the
design problem presented, the instructor pro-
vides a list of required tasks along with
approximate times necessary 1o complete each
task (see Table 2). From this list, each group
must assign tasks for specific group members
to perform (see Table 3). Additionally, each
group must develop a group mission statement
and a set of group rules and polices. Examples
of issues addressed within a set of rules
include: (a) meeting attendance, (b) communi-
cation methodologies, (¢) personal problem
solying, and {d} member task requirements.

Using backwards planning techniques, groups
are responsible for setting their own task due
dates. Once set, each group is held responsible
for completing each task according to sched-
ule. As a reference for setting their due dates,
groups are provided approximate completion
times for each required task (see Table 2). The
instructor also provides prerequisite tasks.
Using this information and working back-

wards from the project’s final due date, a
Gantt chart (Figure 1) and a PERT chart
(Figure 2) are created to help manage the pro-
ject.

The emphasis on formally managing the
course’s design projects serves Two purposes
within the goals of the course. First, students
are introduced to real-world project manage-
ment techniques that they can use throughout
their programs of study. Since most students
in the course have already completed or will
take a course in production control, this pro-
vides a good balance between theory study and
practical examination. Second, since the
course’s design project can at first seem over-
whelming, task-scheduling techniques help to
keep students on track toward producing a
high-quality final design.

Manufacturing Management majors play an
important role in managing their group pro-
jects. Often, they are either sclected or emerge
as their group’s leader. Unlike most students
taking ETec 11§, ManMgt students are typi-

Required Project Tasks

Task Required Tasks Prerequisite Recommended Time to
Number Task{s} Complete Task
I Task due dates fo insrucior MNA 1-2 days
2 Group metmber duies ] 1-2 days
3 Group mission and tules I 2.3 days
4 Problem ideniification stafement 3 1-3 days
5 Ideation sketches 4 510 days
o) Concept Models [Rhino) 5 510 days
7 Weighted scoring fable 50 1-2 days
8 Pro,/E part models 7 510 days
Q Pro/E assembly drawing 8 2-3 days
10 Pro/E detail drawings 7 58 days
1 Abstract shaat/MNotebook @10 2-3 days

Keley 9




Team Member Responsibilities (Example) ‘

Task

u m e

&5

number 3

Assigned Persons

Setup Group Rules and Develop Mission Stafement

JI Jane, Jack, and Joe

Assign Member Duties

S, Jane, Jack, and Joe

Develop Probiem Statement

Jill, Jane, Jack, and Jos

Deveiop Ideation Skefchas

Jill, Jane, and Jack [one concept sach)

Develop Concept Models Jill, Jane, and jack [one concept madel each|

Froduce Weighted Scoring Table Joe

Maodel Parts in Pro/ENGINEER Jil, Jane, and Joe

Develop Detail Drawings of Parts Modeled Jack and Jee

Davelop Assembly Model in Pro/ENGINEER Jack
Produce Assembly Model in Pro/ENGINEER Jane
Design Format for Notebook Kl
Table 3
liember_ - [Datober [Novemper Toe
D |6 Task Name Duraticn i TeAd s o925 i 1oi2 [ o9 | 10AB | o3 | oo’ | 1is [ A3 1126 | 11T
1 Due Dates 2 days . i : ]
T2 |7 7 btember Dufiss " " 2 days |
3 Mission & Rules 3days
3 Brobiem id &days
3 ‘Skeiches 7 days
3 T Eoncspt Modéls "1 days
7 Wkt Score Table " Zdays
& Part Models 10 days
E] "|AssmOrawings” T T 77 | T 'ddays’
G | !DetalDrawings 7 days
1718 | Abs Shibotebook 3 days

Figure 1 Gontt Chart
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Sketches

star: | 9/0/0
Finish: 107508

Finish: 9/21/00

Figure 2 PERT Chart

cally juniors or seniors. At this point in their
curriculum, they have a background in pro-
duction management including project sched-
uling fundamentals. To benefit students with
no previous experience in project manage-
ment, one lecture is devoted to the manage-
ment principles behind Gantt and PERT
charts.

Student Feedback

and Evaluation
A survey instrument was developed to mea-
sure student opinions on the effectiveness and
value of the group project. One section of
ETec 111 (N = 15} was randomly selected for
implementation of this instrument. The
seven-question survey utilized a Likert scale
with the categories and weights shown in Table
4. Each question provided a section for stu-
dent comments.

One of the goals of the survey was to determine
how well members of each group worked
together. Feedback from the survey revealed
that student design groups functioned ade-
guately as a team. Of the participates that
were surveved, 13 agreed or strongly agreed
that their group functioned well together (M
= 1.93). Also, in response to a question focus-
ing on member duties, 14 students agreed that

i Canct
Due Dates Problem id m:n:u:gt Pa " ’_“Od_ei_s
St SHE0 + Sl 207600 Start: 10724/00_ Start: 1H/16/00
Firish: D/18/00 Fnish: _10/19/00 Finish: _11/6/00 Finish;  11/20/00
Misslon & Wght Score Datail
Brawings
Strt:  11/7/60

Finlsh: 11/15/00

all members of their group performed their
assigned duties (M = 1.8). Despite positive
feedback on group performance, there was
some indication that formal team training
would have been beneficial. Referring to the
findings of one question, members of the class
agreed that team training would have positive-
ly influenced the final results of their projects
(M = 2.5, mode = 3). In addition, nine mem-
bers of the class agreed that team-building
exercises would have positively influenced
their project (M = 2.26). One student com-
mented that training might have helped com-
munication difficulties between group mem-
bers.

Likert Scale Categories

Category Weight
Strangly Agree ]
Agres 2
Neutral 3
Disagree 4
Strongly Disagree 5
Table 4

Kelley 11
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Feedback on the benefits of the group project
was also positive. Of the 15 students in the
class, four felt that the exercise would benefit
them later in their programs of study (M =
1.8), while all the students in the class agreed
that the project would help them after they
graduate. When asked how well they enjoyed
the group exercise, most students agreed that
the project was enjoyable (M = 2.26, mode =
2.

Conclusion

One of the goals of the Western Washington
University’s engineering design graphics
sequence is to develop in students the ability
to visualize and solve design problems using a
formal design process. This goal is accom-
plished through multiple design projects and
modeling exercises. Another goal is to develop
in students the ability to implement basic
principles of concurrent engineering. This
goal is accomplished through the utilization of
a group design project. Within this goal is the
ability to manage multiple team tasks through
formal project management tools. This sub-
goal is met through the utilization of manage-
ment tools such as PERT and Gantt charts.

During the development of the group design
project concept, two concerns were addressed:
group member participation and task comple-
tion. It is common within group exercises for
some members of a group to not do their fair
share of the work. This concern was addressed
through the requirement of each group to offi-
cially assign project tasks to specific individu-
als. This technique was established to hold
each group member individually accountable
for doing his or her fair share of the exercise.
Based on student feedback and instructor
observation, lack of member participation was
not an issue. Before the implementation of
formal project management tocls, groups had
a tendency to procrastinate on the group
design exercise. This issue was addressed
through the requirement for the setting of task
due dates and for the management of task
completion through the use of project man-
agement tools, such as Gantt charts.
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Assessment Practices in Engineering/Technical Graphics

Aaron C. Clark and Alice Y. Scales
North Carolina State University

Abstract
Assessment in engingering/technical graphics is a subject very few professionals in education have studied
over the years. Many professionals in the field of education assess (grade) studenis the way they were
assessed and have never thought about how they evaluate student work. Another compelling component of
assessment 4 its subjective nature, knowing that no two graphics educators will grade the same drawing the
same way. Groen these dilemmas, tn the Fall of 2000, a survey was conducted looking at the different ways
professionals in engineeving/ technical graphics assess student work. The population selected for this study
was all the members of the Engineering Design Graphics Division of the American Society for Engineering
Education for the 1998-1999 academic vear. The survey focused on questions related ro evaluating tradi-
tional fwo-dimensional drawings (both manual and CAD), three-dimensional models, and animations. The
survey asked participants about methods and laxonomies used in evaluating drawings vequived in classes
they teach and approaches used to assign grades. The survey collected information on the focus areas instric-
tors feel are important when grading diffevent types of drawings and why. Major conclusions drawm from

the information found in the survey center on the lack of uniformity tn grading practices and limited train-

ng in evaluation techniques.

Introduction

Many individuals have noted that assessment
18 crucial and has been the neglected area of
quality learning. Imrie {1995) quotes Biggs as
stating that “some of the most profoundly
depressing research on learning in higher edu-
cation has demonstrated that successful per-
formance in examinations does not even indi-
cate that students have a good grasp of the very
concepts which staff members believe the
examinations 1o be testing” (p. 176).

For those of us in the field of technical graph-
ics education, this dismal picture of the quali-
ty of assessment in higher education is further
compounded by the changes that have taken
place in our field in the last few years. Our
field has moved from teaching students pri~
marily on drafting boards with manual instru-
ments to the use of new tools and methods of
representing objects through computer-aided
drawing (CAD). Advances in the field of com-
puter graphics have also taken us from two-
dimensional (2D) representations of objects to

three-dimensional (3D)) constraint and non-
constraint models. With these changes, we
have found ourselves with a dilemma. How do
we appropriately assess this type of student
work? Still another aspect of this necessity to
review and define our assessment methodolo-
gies 18 the need to be able to create assessment
instruments (tests, projects, and assignments)
that truly measure those aspects of a course’s
content. Over the vyears, our profession has
seen very little research in subjects related to
assessment, only one article was found that
could be directly tied to assessment in graph-
ics and it dealt with using an overhead for
grading drawings and was written. over three
decades ago (Schroeder, 1973). However, for
vears educators have identified assessment
and the development of a taxonomy as crucial
for the growth within a discipline and to pro-
vide quality assurance and quality control as
both processes and outcomes (Imrie, 1995).
Given the information found in a review of lit-
erature and carrent trends of accountability in
education, the authors felt it was time to look
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into how professionals within our field assess
student work and begin the early stages of
development of a taxonomy that could be used
to assess graphic related areas.

This study reflects the need to redefine assess-
ment procedures by first examining current
practice in the field. It is hoped that it will be
the starting point for the creation of a classifi-
cation system (taxonomy) for teaching prac-
tices in Graphics Education. Taxonomies are
used as a base to structure teaching activities,
and to design assessment that is appropriate to
the goals of the instruction (Imrie, 1995;
Orlick & Murphy, 1979). The unigueness of
our field, which centers on visual science,
makes adopting previously designed tax-
onomies Inappropriate. In an age where
accountability is being stressed (Darlin, et al.,,
1996; Jacobi, et al., 1987), creating a taxonomy
for our field allows us to establish a base for
our assessment processes and to define the
areas and levels of achievement we consider
appropriate for our course offerings. A taxono-
my for our field would also provide a starting
point for research on assessment and student
outcomes in our current teaching environ-
ments. By establishing the assessment proce-
dures currently used in our field, the authors
wish to determine if there is a need for a
review of our assessment practices and to
begin a discussion of appropriate assessment
methods and the development of a taxonomy
for our field.

Taxonomies
The creation of educational taxonomies had
their origins in a meeting of the American
Psychological Association in Boston in 1948.
There it was suggested that a taxonomy of the
goals of education could help classify exami-
nation questions commonly used by examiners
and facilitate communication among them
(De Landsheere, 1977). A taxonomy is a clas-
sification system. However, in education, the
term taxonomy is also hierarchical and defines
those elements or aspects that we wish stu-
dents to learn in a class or discipline (De
Landsheere, 1977; Orlick & Murphy, 1979).
Imrie (1995) uses the definition for taxonomy

5
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defined by Woods as “a fancy name for a
structured set of levels for development of a
subject™ (p. 176). Although educational objec-
tives are now usually written as outcomes,
without a clearly defined systematic frame-
worlk (taxonomy) quality assurance is not evi-
dent or verifiable and there could be a mis-
match between the stated outcomes and the
actual understanding and behavior of stu-
dents. A “thorough” rather than a “superfi-
cial” understanding of concepts should be
achieved, which we hope our assessment meth-
ods measure (Imrie, 1995). Attached to the
development of outcomes through a taxonomy
are ways educators link learning styles to stu-
dent assessment. Several learning styles exist
and have been defined by educational psychol-
ogists and curriculum developers, and many, if
not all, are linked to taxcnomies of learning
(McNeil & Bellamy, 1994). But, while com-
pleting the review of literature for this study,
no taxonomy was found that was directly relat-
ed to the spatial learner. Although mentioned
as a learning style in many articles, none had
this essential way of learning as a major focus
for the development of a taxonomy, only as a
process for learning.

Educational taxonomies are written for specif-
ic areas of learning that have been subdivided
into the cognitive, affective, and psychomotor
domains (McNeil & Bellamy, 1994). The cog-
nitive domain is concerned with knowledge
and information and is subdivided into the
levels of cognitive ability (fower to higher),
knowledge, comprehension, analysis, synthe-
sis, and evaluation. The affective domain deals
with areas of learning that include such con-
cepts as receiving, responding, valuing, char-
acterizing, organizing, and conceptualizing.
The psychomotor domain is concerned with
the performance of skills and includes readi-
ness, guided response, mechanism, complex
response, adaptation, and origination {Imrie,
1995).

Taxonomies are also created for specific fields
of instruction in order to model the content
and goals of that field (Thomas, 1972).
Probably the best known taxonomy in use is
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Bloom’s taxonomy for the cognitive domain
(Imrie, 1995; De Landsheere, 1977; Orlick &
Murphy, 1979). Constructed in the 1950s,
Bloom and his associates sought to create a set
of verbal descriptions for a behavioral catego-
ry and then list the objectives belonging to this
category. Finally, they proposed concrete
behavieral examples, consisting of tasks, as
exemplified in examination questions or test
items. Bloom’s Taxonomy is divided into areas
or goals that are based on educational objec-
tives (Thomas, 1972). These goals are knowl-
edge, comprehension, application, analysis,
synthesis, and evaluation. These goals span
learning tasks and the instruction is designed
to meet these goals. A similar taxonomy to
Bloom’s is that of Buhl. Buhl’s Taxonomy is
based on the concept of problem solving,
much like that of Dewey (Thomas, 1972). The
steps in his taxonomy include recognition,
definition, preparation, analysis, synthesis,
evaluation, and presentation. Many other edu-
cational taxonomies exist, which are designed
for specific domains. Although the basis of
these domains are most notably found in
Bloom’s Taxonomy (Tittle, Hecht, & Moore,
1993), other taxonomies do exist. Among the
other common taxonomies used today in edu-
cational domains is the Secondary Schools
Taxonomy (S8T), which focuses on vocational
education (Brown, 1989). Taxonomies that
address the problem solving process include
the §.A.C.K Alignment model, that focuses on
skills, attitudes, concepts, and knowledge
(Sappier, 1996). Dewcy’'s taxonomy empha-
sizes difficulties in learning and Cruthfield’s
looks at ways student’s process information.
For assessment in creativity, Binet, in 1909,
developed a structure of learning that identi-
fied comprehension, invention, and criticism,
which later became the foundation for most
early taxonomies (Thomas, 1972). Again, of
all of these taxonomies for learning and assess-
ment, including 14 others reviewed by the
researchers of this study, no one particular tax-
onomy was exclusively for the visual learner
(Thomas, 1985). This led the researchers to
ask why and to begin the process of creating a
scope and sequence related to assessment that
can lead to the development of a taxonomy for

teaching spatial concepts and skills. However,
before a raxonomy can be crafted, research in
current assessment practices need to be con-
ducted to establish a foundation for develop-
ing such a taxonomy.

Research Methodology

In the Fall of 2000, a survey was sent to the
members of the Engineering Design Graphics
Division of the American Society for
Engineering Education that asked about
assessment practices conducted in courses of
engineering/technical graphics. A total of 333
surveys were sent. Ninety-three (27.9%) were
returned and are included in the data analysis
presented in this paper.

The survey was divided into several sections.
Section one (General Questions and Course
Assessment} asked about the content in graph-
ics related areas at the institutions where the
respondents taught, grading practices used,
exam formats, attendance policies, project
requirements, and taxonomy wusage. Section
two (Instrument Drawings, Sketching, and
CAD Drawing) solicited information on the
content covered in introductory and advanced
classes, and the areas of greatest difficulty that
students have in subject areas including man-
ual instrument drawing, sketching, 2ID CAD
drawing, 3D CAD modeling, and animation.
In this section, respondents were also allowed
to add areas they felt should be included under
each category. Section three (Introductory
Class Assessment) asked about course projects
(their format and submission procedures),
grade distribution, and the number of graded
and practice assignments in introductory
courses. Section four (Instructor Information)
asked for the level and type of assessment
training the respondents had and general
demographic information.

Findings
The responses to the questions in the first sec-
tion of the survey revealed several trends.
Among the subject areas offered at institu-
tions, 3D and 2D CAD dominates, and over 50
percent of the respondents indicate that
CAD/CAM is being taught at their institu-
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tions. Also, animation is now being taught at
over 25 percent of those institutions represent-
ed by the respondents to this study (See Table

1.

Section one of the survey asked about the
methods used to submit student work. Of the
92 respondents who answered these questions,
29 (31.2%) have their students submit their
work on paper, 8 (8.6%) have students submit
work electronically, and 54 (58.1%) submit
work on paper and electronically. The respon-
dents also indicated that the majority of
instructors use letter grades (see Table 2).

5
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Questions related to exam formats found that
37 or 39.8% of the respondents use common
exams in their courses, 69 or 74.2% use written
exams, 61 or 63.6% use electronic exams, and
18 or 19.4% use take-home exams. Forty-four
(47.3%) out of 93 respondents include instru-
ment drawings on their exams, and 66 (71.0%)
out of 90 respondents who answered this ques-
tion use hands-on exams. Thirty-two (34.4%)
of the respondents use teaching assistants for
grading.

Questions related to attendance policies found
that 42 (45.7%) of the respondents’ institu-

Subject Areas Offered: (n=93)

Subject Areas Frequency Percentage ™
Intra. Engineering Graphics 8o 92.5
3D CAD 80 860
2D CAD 79 849
CAD/CAM 51 5446
GDAT 43 462
Animation 26 28.0
Descripiive Gaometry 34 366
Ibustration 23 247
Web Design 20 215

Nate: *Maximum perceniage for eoch subject area is 100%.

Table 1

Types of Grades Assigned fo Student Work: (n=92)

Subject Areas Frequency Percentage”
lefter Grades [o%s) 710
feter and Numerical Grades 19 204
Numerical Grades 8 8.6
Pass/Fal Grades 4 4.3

Note: *Maximum percenioge for eoch subject area is 100%,

Table 2
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tions have some form of course attendance
policy, but 61 (65.6%) of the respondents have
an attendance policy for their classes. Of the
respondents that had an attendance policy for
their introductory courses, 50 (53.8%) indicat-
ed that it is used as part of their students’
grades. However, in examining the data on
attendance policies in advanced courses, the
researchers only found 33 (35.5%) of the 54
individuals who responded to the guestion
have an attendance policy that affects their
students’ final grades.

In examining the data related to areas that stu-
dents find difficult when creating projects
with manual instruments, 2D CAD, and 3D
modeling, dimensions were identified as the
most problematic. Other areas noted as the
most difficult varied some with the media used
to create the projects, It was observed that stu-
dents had difficulty in similar areas for manu-
al and 2D CAD drawn projects (See Table 3).

Areas of Manually Drawn Project{s) that Students Find Difficult: (n=72)

Topic Frequency Percentage*
Dimensions 21 2972
line Work 19 264
Accuracy 1/ 23.6
Selutions 7 234
Standards 14 22.3
Scaling 8 1.1
Design 7 : Q.7

Areas of 2D CAD Project(s) that Students Find difficult: (n=87)

Topic Frequéncy Percentage™
Dimensions 48 552
Standards 31 356
Scaling 26 299
Salution 24 276
Accuracy 18 20.7
Design @ 10.3

line Work 2 23
Table 3
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Areas of 3D Modeling Project(s} that Students Difficult: (n=86)

Topic Frequency Percentage®
Dimensions 21 244
Design 1% 221
Datum Alignment 12 140
Accuracy Q 10.5

Note: *Maximum percentage for each subject area is 100%.
Table 3 continved

Several questions in the first section of the sur-
vey related to final projects. The majority of
the respondents, 68 or 73.1% (n=91), indicat-
ed that they require some form of final project
in their introductory and advanced courses.
Twenty-two or 23.7% require some form of
strategy drawing or outline submitted by stu-
dents as part of their final project in introductory
courses, and 42 or 452% indicated that they
require this in advanced courses (n=93). Table 4
provides a summary of the methods used to sub-
mit projects and the format of projects.

Types and Methods of Submitting Introductory Course Final Projects: (n=93}

A final area of questions in section one of the
survey related to the use of a model/taxonomy
of assessment by the respondents and objec-
tives when grading. Only 15 {16.1%) of the 93
respondents indicated that they used a model
or taxonomy for assessment. When respon-
dents were asked to indicate their major
emphasis when grading, the largest single
emphasis given was to meet industry stan-
dards and requirements. Table 5 provides a list
of the most common indicated emphases in
respanse to this guestion.

Submission Type Frequency Percentage™
Submitted s Herdcopies b4 68.8
Submitted on Disk 25 269
Submitted Yia On-line access 12 129
Project Formats: (n=93)

Project Format Frequency Percentage*
2D CAD Drowings 38 40.9
Solid Models Converted fo 2D Drawings 28 301
Insirument Drawn Mulfiviews 12 12.9
Sketches 16 172

Solid Models 5 161

Nota: *AMaximum percentage for each subject area is 100%.

Table 4
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‘Main objective when grading: {n=93) '

Grading Emphasis Frequency Percentage”
Mesting Indusiry Standards,/Requirements 14 151
Feedback 12 129
Measure Student Ability 6 | b4
Problem Solving 5 54
Motivation 4 4.3
Being Fair/Cansisient/Objactive 4 4.3

Note: *Maximum percentage for sach subject area is 100%.

Table 5

Instruction of Tool Use in Iniroductory and Advanced Course

Tool Frequency Percentage* n
Manual Equipment:
Infreductory Courses 43 462 88
Advanced Courses 12 12.9 49
Sketches:
Infroductory Courses 84 Q0.3 88
Advanced Courses 49 527 70
2D CAD: :
Infroductory Courses 71 76.3 85
Advanced Courses 57 613 &7
3D CAD:
Infroduciory Courses 51 54.8 85
Advanced Courses a7 72.0 70

Note: *Maximum percenloge for each sub{ecr arec is 100%.

Table &

Section two of the survey asked respondents
to indicate the types of drawing “tools” that
they use in teaching their introductory and
advanced courses. The responses to these
questions found a clear trend towards the use
of 2D and 3D CAD and away from manual
equipment. However, manual equipment is
still used by a large percentage of individuals
in introductory courses, and over 50% of the
respondents are now including 3D CAD in

their introductory courses as well as their
advanced courses. See Table 6.

In the third section of the survey, questions
related specifically to teaching and assessment
in introductory courses. Table 7 displays the
data related to the topics covered in introduc-
tory courses. Only topics that were taught by
50% or more of the respondents are included.
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instructor Information

The researchers wanted to know the back-
grounds of respondents and the training they
had received related to assessment. The
responses 1n section four of the survey related
to the respondents’ backgrounds. The data
from this section found that the respondents to
the survey had an average of 18.6 vears of
teaching (SD} = 10.7) n=92. The highest
degree obtained by the respondents were 4
(4.3%) with undergraduate degrees, 54
(58.1%) with master degrees, and 35 (37.6%)
with doctorate degrees. The majority of the
individuals, 45 {(48.5%), had degrees in some
form of engineering and the second largest
field represented by the respondents was 12
(12.9%) who had degrees in some form of edu-
cation (higher and adult). The average number
of students taught by the respondents in an
academic year was 159.1 (§D=123.3), the aver-
age number of different courses taught per
academic vear was 4.6 (SD=2.69), and the
average of the number of classes taught per
academic year was 7.5 (SD=3.6), n=9%1. Only
thirty-six (38.7%) out of 90 respondents had
some type of training in assessment and evalu-
ation. Ninety (96.8%) of the respondents indi-
cated that their introductory course was
required, 16 (17.2%) were teaching on the
semester system, and 75 (80.6%) were teaching
on the quarter system (n=93).

Conclusions
Certain points worth noting can be gleamed
from the responses to the questions and the
issues it raises for the profession concerning
how to improve assessment strategies, First,
the majority of technical graphics instruction
has shifted towards the use of CAD and mod-
eling. As noted in sections one and four of the
survey, respondents are now using 2D CAD in
most introductory courses and 3D CAD is also
being taught in introductory courses. Second,
that assessment procedures are fairly consis-
tent between institutions, instructors, and
drawing formats (manual drawing, 2D CAD,
and 3D CAD). This consistency in grading
may indicate that instructors are struggling
with appropriate methods for assessing stu-

dent work, and we should question whether
the consistency in grading across different
methods of drawing and modeling is appropri-
ate. As a profession, we should be active in
devising assessment practices that are better
suited to the new methods of representing
objects. Third, there is a need to develop a tax-
onomy for our field that can be used as a basis
of instruction with the current tools in use and
as a basis for assessment procedures. This is
evident by the wide range of major objectives
that respondents use when grading work.
Likewise, as a unique field of study with
unique content, the taxonomies currently in
use are not always appropriate to our subject
matter. Fourth, assessment of student work
should be measured against a taxonomy that is
appropriate for our subject area in order to
provide direction and assessment uniformity.
Finally, if a taxonomy 1s to be developed it
should be disseminated throughout the field
so that instructors have a solid basis for their
instruction and assessment.

This survey was designed 1o begin an explo-
ration of assessment practices in our field.
According to Imrie (1993), “From a profes-
sional point of view, levels of learning need to
be identified {as well as domains of knowl-
edge) so that the rationale for assessment is
accessible to students for effective learning, to
peers {for effective teaching, moderation, and
continuity) and for external requirements of
quality assurance” (p. 180). Additional
research must be conducted to determine how
we should assess student achievement in our
courses so that we have a clear basis for our
assessment practices. Once these practices are
known, the process to develop a taxonomy for
the visual learner can begin. It is the hope of
the researchers of this study that once a foun-
dational area like a taxonomy is in place, both
experienced and novice educators can use this
tocl in the development of assessment strate-
gies to be used in graphic communications
related areas. If the study of graphics is truly
a discipline to be studied, we must first devel-
op a foundation both for content and the way
we assess learning in our classrooms.
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Preparing Class Materials for the Web Using PDF Format

Judy A, Birchman and Nancy E. Study
Purdue University
Abstract
Faculty and students ave quickly becoming accustomed to the convenience of online class resources.
Electronic documents are easily updated, transmitted and stoved. In addition, they offer enhancement Jea-
tures such as searches, hypertext links and security to control access to materials. The Portable Document
Format (PDF) offers faculty an alternative to HTML documents. PDF is a cross-platform file fermat that
represents documents independent of the software, hardware and the operating system used to create the file.
Documents created in applications such as Word, Excel and AutoCAD can be converted to PDF formar.
Documenis are compressed for use on the Internet while vetaining their original appearance. PDF’s are par-
ticularly advantageous in situations where documents already exist and need to be repurposed Jor the
Internet. Using Acrobat software, value-added features can easily be added to enhance the online document.
This paper will focus on preparing, enhancing and publishing PDF documents on the Internet. Topics will
include a comparison of HTML and PDF documents, the advantages of PDF format, and features that can

be added to make document move intevactive and user friendly.

Introduction
Providing resources online is becoming more
prevalent in today’s teaching environment.
Both faculty and students have come to rely on
the convenience of storing class materials
online. There are several good reasons to make
materials available to students online. First, it
requires less paper shuffling for the faculty
member. Once class handouts are posted, the
professor can refer students to the web site if
they miss class or lose their class materials.
Second, printing and copying costs can be
transferred out of the department. Students
will either print at home or in the computer
Iab. In our case, the paper cost in the lab does
not come out of the department budget. Third,
files will be accessible to students at times con-
venient to them outside of open lab hours or
the professor’s office hours. This is especially
important to students who work or have other
obligations that may hinder their access to
labs and course materials apart from regularly
scheduled class meetings. This format will
also allow professors to post resource materiais
for students that will help them prepare for
class without printing out the material and
handing it out the session before. This makes

less work for the professor and fewer papers to
keep track of for the student. For instance, lab
preparatory information can be posted on the
web for students to access before their sched-
uled lab time, instead of handed out in lecture.
Finally, security measures may be used to con-
trol who has access to materials by the use of
passwords. Files may also be limited to read-
only so that selected documents cannot be
copied or printed.

Online publishing or electronic document
delivery (EDD) technology is concerned with
how documents are produced, distributed,
managed, revised and maintained electroni-
cally. (Bielawski, 1996) For an individual fac-
ulty member, getting documents online can
sometimes be a challenging task. Many faculty
are experimenting with HTML (Hypertext
Mark-up Language) editors as the primary
means of preparing documents for oniine dis-
tribution. Another alternative to consider is
Portable Document File Format (PDF).

Universal File Format
Since the Internet provides a means for easily
disseminating documents, it 1S necessary to
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establish a universal format (McKinley, 1997).
McKinley peints out several strategies for
“universal” file access. 1. Native File Formats,
2. Convert to HTML on-the-fly, 3. Viewer to
Display Document, and 4. Format that is
Native to the “Universe” (McKinley, 1997).
The underlying concept of document portabil-
ity is that of printing to a file & distributing
that file. It is like Faxing something, but
instead of converting the document to dots &
sending it to a printer, it is instead sent to the
screen (Romano, 1999).

The first option, native file format, requires
the user to have the creator application
installed on their computer. For example,
many faculty pass Word documents to each
other via email. This works because almost
everyone has Word installed on their machine.
This option offers a completely editable docu-
ment.

The second option, HTML “on-the-fly”, con-
verts documents to ASCII equivalent in
HTML. This works well for simple text docu-
ments but documents with columns or tables
often lose their formarting. Saving documents
out of Word as an HTML file is an example of
this option.

The third option, viewer te display, simply
reproduces the appearance of the document. It
cannot be edited and it often results in a file
size which is larger than the original docu-
ment in native format. A scanned document
would fall into this category.

The fourth option, format native to the “uni-
verse”, are files that are designed from the
start to be “universal”. HTML and PDF docu-
ments both fall under this category. Both
HTML and PDF documents offer a variety of
features, which are associated with online dig-
itai documents in general such as interactive
features, hypertext links, video and audio
capabilities and search engines.

PDF files compete well with HTML docu-
ments and offer many of the same features.
Unlike print documents which are static and

5
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offer a “stream of text”, online documents can
be connected elements of information with a
flexible navigation system. Hypertext links
can lead to other pages, documents or URDs
(Uniform Resource Locator) expanding
beyond the limitations of the printed page.
Online resources are more user-centered and
adaprive. Users can explore a variery of
resources such as articles, sketches, case stud-
ies, tutorials, video clips and they control the
pace and sequence of their exploration accord-
ing to their specific learning needs. The main
advantage of PDF’s is their ease of creation
and revision.

PDF Files

History

PDF is an acronym for Portable Document
Format. PDF files can be described as —“An
open, cross-platform file format that repre-
sents documents independent of the software,
hardware & the operating system used to cre-
ate the file” (Kent, 1996). Developers first
introduced portable document software in
1990 {Romano, 1999). It was called “Common
Ground” and was an attempt to create a
Cumniversal” file format that could be used on
any computer without the native application
being installed. In 1993 Adobe Systems intro-
duced “Carousel” (later to be called Acrobat),
a page-definition language based on
PostSeript. It was an output file type used to
represent a document (Romano, 1999).

Advantages

Advantages of PDF files include ease of cre-
ation, predictability, portability and wvalue-
added features. Although HTML editors are
relatively easy to use, document integrity is
sometimes fost or time must be spent repur-
posing documents for online use. Documents
created in almost any applications can be con-
verted to PDF files. PDF documents are
portable and can be viewed on most platforms
— DOS, Windows, Mac, Unix — with the
Acrobat Reader which is a free plug-in avail-
able for use with most browsers. Predictability
of document appearance is another positive
associated with PDF files. PDF’s offer more
font and formatting capabilities than HTML.
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Fonts, columns, diagrams, tables and charts
retain both their appearance and positioning
on the page (Romano, 1999). Figure 1 shows a
comparison of an HTML and PDF of the same
document.

Content Sources

PDF format can be used to convert both elec-
tronic documents and pre-existing, print-only
documents, for online display. Documents cre-
ated in word processing, spreadsheet and pre-
senttation applications are easily converted to
PDF files. It is almost easier than creating an
HTML file because it’s just like printing a
page except the page Is printed to a file.
Electronic documents created in Word, Excel,
AutoCAD or any other application can easily
be converted. This means that all your existing
class files such as syllabus, class notes, assign-
ments can quickly be converted and organized
into a series of pages similar to what you
would see in a printed document. In addition
to using PDT files for new documents you cre-
ate, it also works well for pre-existing pages
including those available only in print form.
Documents can also be “captured” using a
scanner. This is particularly useful for docu-
ments existing in print-only format such as
sketches or even excerpts from texts or jour-
nals.

Creating PDF's

PDF’s can be created and enhanced using
Acrobat's suite of electronic publishing tools.
Depending on the type of document you are
converting to PDE there are two options avail-
able — PDFWriter and Acrobat Distiller.

PDFWriter is a print driver, selected in the
print dialog box that converts creator applica-
tion’s files to PDE Instead of sending the file
to the printer it gets written to a PDF file. It is
most suitable for documents that contain
mainly text and to convert simple business
documents, like those created with Word or
Excel.

Acrobat Distiller is an application used to con-
vert PostScript & Encapsulated PostScript
(EPS) files into PDF files. It is used for docu-
ments created in page layout and illustration
applications like PageMaker and Hlustrator. It
can also be used for documents with extensive
graphics since it offers more control over
downsampling and compression, which are
used to control the file size. Since it is impor-
tant to reduce the file size for online distribu-
tion, Distiller offers a variety of compression
options that can be tweaked to attain the
smallest file size, as well as the best looking
images. File size, can be 10 to 20 times smaller
than the original file depending on number of
images and the compression and resolution
selected. There are also several preset options
to make these choices easier for the novice.

Another option is to use a scanner to import a
scanned image directly into Acrobat. This will
create an ‘image only’ view of the scanned
page, meaning the text is uneditable. However,
once the document is a PDF, a second step can
be applied which “captures” previously
scanned pages and converts them using
Acrobat’s built-in QCR {Optical Character
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Recognition) capabilities to transform it to
editable text. This technique works well for
documents unavailable electronically, which
you would like to edit. There is a buili-in cap-
ture feature for capturing single-page docu-
ments or those with only a few pages. For larg-
er documents, Acrobat Capture, a separate
piece of software can be purchased to auto-
mate page capture.

Value-added Features

In addition to simply transforming documents
for use on the Web, Acrobat allows you to add
a variety of useful features to your documents,
Value-added documents contain the original
content and then add navigational, organiza-
tional, retrieval and presentational elements to
the online version (Bielawski, 1996).

Navigation

Bookmarks and thumbnails are two options
that can be used to navigate and add structure
to the document. Based on a traditional table
of contents, bookmarks show the pages includ-
ed in the document as well as serving as a link
to each of the pages. Bookmarlks can be nested
to create an outline which links to sections of
the document or to particular pages. Figure 2
shows an example that organizes weekly lec-
ture notes created by converting the
PowerPoint slides to a PDF file. Each book-
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mark is linked to a particular slide in the lec-
ture sequence for easy reference,

Thumbnails, miniature views of each page,
can also be used as a visual guide to the docu-
ment. They are also links to the pages they
identify for easy movement through the docu-
ment. In addition, Acrobat Reader also has
built-in navigation tools for moving through
documents that include forward and back
arrows, a place to type in an exact page num-
ber, and scrolling through pages in a filmstrip
manner. These features and the thumbnail
view can be seen in Figure 3.

Links

Hypertext links are easily created in Acrobat
and can be used for a variety of purposes.
Links can go to other locations in the same
PDF document, to a location in another PDF
tile, to a URL (Uniform Resource Locator) on
the World Wide Web or to another file in a dif-
ferent application. Internal Links can be made
within a document such as linking a reference
notation to the page which lists all the refer-
ences or to a figure that goes with the example
which is separate from the text. Links to other
PDF files can be used to link to files from a
class syllabus which serves as the base docu-
ment. Materials like class assignment specifi-
cations, reading excerpts and tutorials can be

b [} Vaek 1
w B2
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{3 Coneuctons 0 Perpandicuiar
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Figure 2 Bookmarks used to organize lecture slides.
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linked from items on the syllabus. Files creat-
ed in other applications such as Word or
AutoCAD can be launched from a link if the
creator application resides on the user’s
machine. This means that students could
download an AutoCAD file for use in lab sim-
ply bv launching it from the syllabus. URL
links make it easy to directly link students to
external resources available on the World
Wide Web.

Annotations

There are a variety of tools that can be used to
edit and markup existing PDF documents.
Some of these teols include notes, stamps, text,
audio annotations, and a set of markup tools.
For example, sticky reminders and instruc-
tions can be added to assignments to draw
attention te a particular reading passage or
remind students of a due date (Figure 4).
Stamps can be used to add images or grades to
student projects and although there are exist-
ing galleries of stamps and graphical markup
annotations, you can create your own if you
have custom marking needs. Annotations can
be filtered so only certain markups will appear
and a summary of reviewers comments can be
generated on a marked up document.
Annotations can also be set so they do not
print with the document. There is also a docu-
ment compare feature to view pre and post-
review versions of a document.

Multimedia Elements

Media elements such as sound and video may
also be added to documents. QuickTime or
AV movies can be incorporated into a lecture
presentation to show movie clips of simula-
tions, live-action sequences or interviews.
Sounds and music can be added for narration
or to simulate a multimedia presentation.
Hypertext links and multimedia elements can
be used in combination to develop an interac-
tive learning environment.

Security

There are several options available to protect
documents if they contain confidential, pro-
prietary, or copyrighted materials or have
other needs for preserving document validity.
These options include password protection
and specific restrictions such as preventing the
viewer of the document from printing or mod-
ifying the document, selecting text and
images, or creating and modifying electronic
notes and form fields, It is also possible to
authenticate content using digital signatures.
Acrobat supports digital signatures, which can
be used to authenticate authorship, track
alterations, and verify approvals of documents.

Viewing PDF’s in a Browser
Web browsers can be configured to handle
PDF files in several ways. First, a PDF file can
be embedded in a Web page so it looks just like
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y PSVT:R Pre-/Post-Test Results {Scores in Percent Correct} _

Year n Average Average Average Level of
Pre-Test Post-Test Gain Significance of Gain

1993 24 517 82.0 306 p<0.0001

1904 16 470 76.3 323 p<C.0005

1995 47 547 750 222 p<0.005

1996 26 500 a7 314 p=<0.0005

1007 27 48.3 78.0 20.6 p<0.0005

1998 36 507 727 218 p=<0.0005

Table 1

course, students were administered the Purdue
Spatial Visualization Test: Rotations (PSVTIR)
(Guay, 1977) as both a pre- and post-test. (The
pre-test was administered during freshman
orientation and the post-test was administered
during final exam week.) Table 1 presents the
pre~/post-test results from 1993 through 1998.
As 1t can be seen from this table, significant
short-term improvements in spatial skills were
obtained for each of these six years. The focus
of this paper is on long-term analysis of the
results obtained through offering this course
over several years.

The Analysis
Improvements in spatial skills through partic-
ipation in this course have been continually
assessed primarily by means of standardized
testing since 1993. Long-term data was recent-
ly gathered and analyzed. In this analysis, the
transcripts of all of the students who initially
failed the PSVTR during freshman orienta-
tion (n=536) were obtained for each of the
years 1993-98. ‘lranscripts were obtained in
January of 2000 for all 536 students. For each
year, the student transcripts were sorted into
those who had failed the PSVTR and enrolled
in GN102 (the experimental group) and those
who failed the spatial test and did not enroll in
GN102 (the comparison group). The results
from this long-term assessment are presented
in the following sections.

Grades in Subsequent Graphics Courses

At Michigan Tech under the time peried of
consideration, there were several graphics
courses that engineering students might take,
depending on their major (MTU recently
adopted a common first year for engineering
freshmen). In addition, several students in the
comparison and experimental groups may
have taken graphics courses outside of the
College of Engineering, particularly if they
changed majors to engineering technology. In
each case, the first grade that students
received in a particular course was the grade
that was used in this analysis. The transcripts
of a number of students showed that they had
repeated graphics courses, however, the grades
received the second (or third!) time they
enrolled in a course were not inciuded in this
analysis. Michigan Tech utilizes a 4-point
grading scale with grade points assigned
according to the following scheme: A=4.0,
AB=3.5,B=3.0, BC=2.5, etc. (please note that
a grade of AB is equivalent to a grade of B+, a
grade of BC is equivalent to a grade of C+,
and so on}. In addition, if a student enrolled in
a particular course and dropped it after the
third week in the quarter, a “W” would appear
on his/her transcript. The W grade does not
affect a person's overall GPA, but it typically is
an indication that a student “struggled” with
the given course and did not wish to receive a
final grade in the course (there are other rea-
sons as well).
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Table 2 presents the average GPAs for the stu-
dents in the comparison and experimental
groups for the various graphics courses offered
at Michigan Tech as well as an overall GPA
computed from all graphics courses taken by
each group. (Note that grades of "W" were not
included in this analysis since there are no
grade points associated with this designation.)
It should also be noted that not all of the stu-
dents in each group took any graphics courses
and some students took more than one graph-
ics course. Sample sizes for this analysis were
computed based on the number of courses
attempted as shown on student transcripts. As
it can be seen from this data, students who had
participated in the spatial skills course
received better grades on average than those
who did not. The difference between average
GPAs for the two groups were tested for statis-
tical significance with the results from this

analysis also presented in the table. Although
most differences in mean GPAs for the two
groups for individual graphics courses did not
show statistical significance due to relatively
small sample sizes, the difference in overall
mean graphics GPA for the two groups was
highly significant with students in the experi-
mental group outperforming students in the
comparison group by nearly a half letter grade
in their subsequent graphics courses.

In addition to looking at mean GPAs in graph-
ics courses for the students in the two groups,
we also looked at the distribution of those
grades for cach group. In particular, the per-
centage of students who performed poorly as
well as those who were not successtul in graph-
ics was of particular interest. At Michigan
Tech, a student can repeat a course if s/he
receives a CD (corresponds to a grade of D+)

. Average GPAs in Subsequent Graphics Courses

Comparison Experimental Significance
Group Group of the
(Failed PSVT:R (Failed PSVT:R Difference in
did not enroll enroll Means
in GN102) in GN102)
ME104-Engineering Spatial Anclysis 2.30 279 p<0.0005
(n=126) (=74}
ME105-Graphical Communication in 2.55 2.65 N.S.
Engineering Design =102} {n=57)
GN131-ntroduction to Engineering 2.80 2.86 N.S.
Graphics (n=23) (n=28)
GMNI135-niroduction to Computer 3.02 3.31 NS,
Aided Design [n=26) lr=24)
GN201-Infroduction to Computer 307 332 INLS.
Aided Drafting and Design (n=42) {n=25)
CET103-Engineering Graphics 357 3.36 M3,
Using CAD [n=2%} (n=14)
Other MTU graphics courses offered 2.33 313 0.01<p=<0.005
through the School of Technology {n=58} (=15}
Overall Geaphics GPA {sum total of all 2.61 2.93 p>0.0001
graphics courses attempred] {n=406) {n=237}

Table 2
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" Poor Performance in Subsequent Graphics Courses

nvevmber 3

Grade Comparison Group {n=422) Experimental Group (n=244)
o)) 27 12
(&.4%] {4.9%)
D 20 8
[4.7%) (3.3%)
F 26 6
[6.2%) (2.5%)
W 16 7
(3.8%) {2.9%)
Table 3

or lower as a final grade. Table 3 presents the
overall graphics performance for these two
groups in these “lower” grade categories.

From the data presented in this table, it seems
that the students in the comparison group
were more likely to perform poorly in their
subsequent graphics courses when compared
to the students in the experimental group. For
the students in the comparison group for all
graphics courses attempted, 21.1% performed
poorly compared to only 13.6% for the experi-
mental group. Statistical analysis was per-
formed on these results and it was determined
that these differences were significant
{(p=0.015). The students in the comparison
group were also twice as likely to be unsuc-
cessful (F or W) in their subsequent graphics
courses (10.0%) compared to their counter-
parts in the experimental group (5.3%). This
difference was alse statistically significant
(p=0.037).

Atfrition from Michigan Tech and/or the
College of Engineering

The attrition rate of the students in the com-
parison and experimental groups was also
examined. In this case, students were consid-
ered to be “retained” if they were still enrolled
in or had graduated from Michigan Tech.
Determining the impact of this project on the
retention of women in engineering was of spe-

cial interest. Figures 1 and 2 show the reten-
tion rates for men and women respectively. In
these figures, students who remained at
Michigan Tech but who transferred out of the
College of Engineering into another program
are shown as “Retained at MTU,” whereas stu-
dents who remained in or graduated from the
College of Engineering are shown as “Retained
in Engineering” (also retained at MTT.

The overall retention rates for this group of
students for the entire time period under con-
sideration were also computed and are pre-
sented in Table 4. The retention data shows
that men in the experimental group were
retained at the university at a higher rate
{75.3%) than were men in the comparison
group (69.0%). Similarly, men in the experi-
mental group were retained in the College of
Engineering at a higher rate (61.2%) than were
their counterparts in the comparison group
(52.0%). Staristical analysis reveals that the
differences between retention rates for male
students at MTU and within engineering,
although encouraging, were not statistically
significant. Women in the experimental group
were likewise retained at the university at a
higher rate (88.9%) than were women in the
comparison group (68.3%), and the women in
the experimental group were also retained
within Engineering at a higher rate (76.7%)
than were women in the comparison group
{(47.8%). The difference in retention rates
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Figure 1 Refention of Male Students

between the women in the comparison and
experimental groups at Michigan Tech and
within the College of Engineering were highly
significant (p<0.0002 for each).

Conclusions
Through this study, results from the develop-
ment of a course designed to improve the spa-
tial visualization slills of first-year engineer-
ing students were analyzed. Statistically sig-
nificant improvements in spatial skills were
measured by means of a standardized testing
instrument in each of the six years under con-
sideration. This improvement in spatial skills
resulted in improved performance in subse-
quent graphics courses as measured by final
grades in the courses for the students who
enrolled in GN102. In addition, 1t was found
that students who enrolled in GNI102 were

CG G CGLG CGEG CGEG CGEG CGEG
1993 1694 1995 990 1567 1998

I Refained af MTU S5 Retained In Cngineering

Figure 2 Retention of Female Students

retained at the university and within the
College of Enginecering at a higher rate when
compared to the group of students who initial-
ly failed the PSVTR and did not enroll in
GN102. These differences in retention rates
were significant for female students but not for
male students.

Engineering has many “gateway” courses.
Typically, these are thought to be Calculus,
Chemistry, and/or Physics. From the results of
this study, it seems that for women,
Engineering Graphics may also be a signifi-
cant gateway course. By developing and imple-
menting a course f¢ help students improve
their ability to visualize in three dimensions,
improvements in graphics performance and in
retention rates {particularly for women stu-
dents) were obtained.

' Retention Rates for Men and Women '

Comparison Group

Experimental Group

Male Female Male Female
n=200 n=161 =85 n=G0
&2 51 Not Retained 2 10
[31.0%) (31.7%) [24.7%) 111.7%)
34 33 Refcined af Michigan Tech 12 1
[17.0%) [20.5%) but not in Engineering (14.1%] [12.2%)
104 77 Retained in Engineering 52 ol
152.0%) (478%) at Michigan Tech [61.2%) {(76.7%)
Table 4
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EDGD
2001 Distinguished Service Award
Presented to
Fack C. Brown

ASEE Annual Conference
Fune, 2001
Albuguerque, New Mexico

Presented by Frank M. Croft, Jr.

This year, the Engineering Design Graphics
Division’s Distinguished Service Award is pre-
sented to a “southern gentleman” who is a
“Tack of all Trades” and a friend to all. When
I heard the name of this year’s recipient, [ was
delighted to know that the Division’s choice
for its highest award was none other than Jack
C. Brown from the University of Alabama.
His selection delighted me because often, ded-
icated people like Jack can be forgotten as
time goes by after they retire; however, this
Division did not forget and we honor Jack this
evening. :

As I thinlk back to when I first met Jack, my
first recollection was several years ago at the
First International Conference on Descriptive
Geometry, which was held in Vancouver,
British Columbia in 1978, This conference
was planned as a celebration of the 50th
anniversary of the Engincering Design
Graphics Division of ASEE; however, it was
only the beginning-for there have been many
international conferences after Vancouver in
places like Japan, China, Austria, Poland,

Australia, the United States, and most recent-
ly South Africa. This highly successful confer-
ence in Vancouver spawned a new internation-
al graphics society that is planning its next
conference in Odessa, Russia. The signifi-
cance of this is that the people 1nvolved in the
planning and operation of this first interna-
tional conference have been distinguished con-
tributors to the work of this Division. These
people included:

Amogene F. DeVaney  Klaus Kroner
EDGD DSA 1984 EDGD DSA 1985

Robert D. LaRue
EDGD DSA 1981

Clarence E. Hall
FDGD DSA 1987

Garland K. Hilliard
EDGD DSA 1994

Frank Oppenheimer
EDGD DSA 1989

Robert Foster
EDGD DSA 1991

Steve Slaby
EDGD DSA 1983

Clyde H. Kearns
EDGD DSA 1990

Mary Blade
EDGD DSA 1980
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One person is missing from this lisi. Jack
Brown was the Treasurer and Registration
Chairman for this conference. Tonight, Jack
Brown is the last organizer of this pivotal con-
ference to be honored with the Distinguished
Service Award from the Division. With this
presentation, every person associated with the
organization and operation of the First
International Conference on Descriptive

Geomerry will have received the DSA. |

3 3

In summary, it is an honor and a privilege for
me to make this presentation this evening. I
have known Jack for over 20 years and he has
been a dedicated servant to the Division and
ASEE. It gives me great pleasure to present
the Distinguished Service Award to “ A Jack of
all Trades and a Friend to All”, Jack C. Brown.

JACK C. BROWN is hereby recognized by the
Engineering Design Graphics Division of

the American Society for Engineering

Now. let me say a few words about
Jack. He spent 32 years teaching
graphics at his alma mater, the
University of Alabama from
which he received his BSCE
degree in 1952, Jack went on to
receive a Masters
Engineering Graphics from
[linois Institute of Technology
in 1959 (he was the 4th gradu-
ate of the program). Finally
he received a Ph.D. from
Texas A&M in 1972, He has
won numerous awards for
teaching at the University of
Alabama. In 1984 he received
the Qurstanding Commitment
to Teaching Award from the
University of  Alabama
National Alumni Association.

was 50 surprised fo

recelve the coll tefing me |

hand been chosen 1o receive the
Distinguished Service Award . . . and
in started witing my acceplance speech . . .

and | storfed it by remembering what | had

begun teaching with . . and after finishing
began o practice to my wile . . . she.stopped
me very shorfly and soid . .. "You won't be in
the classroom, and you weon't be domng a 90
minute leciure on drawing . . . all you need to

do s tel! them how honored vou are and

thank them” . . so L want you fo know I'm

Before his retirement, Jack very honored, humbled and | thank
received  the  Outstanding
Teacher Award and the each and every one of you
Distinguished Professor Award at and class dismissed.
Alabama.

Jack €. Brown
Jack’s association with the of its

Engineering Design Graphics Division of
ASEE is long and distinguished. He has
served the Division in many capacities includ-
ing: Director of Liaison, Vice Chair, Chair,
International Conference Committee member,
and he was known as the “Ad Hoc Chaplain”
for the Division during his active years. He
was the gracious host of two Mid-Year
Meetings at the University of Alabama, which
many of us fondly remember.

leagues for

Alabama.

Mexico.
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officer Jack has
Division faithfully and well.

Education for his outstanding contri-
butions to the Division and to
Engineering Education.
served the Division in many
capacities including Reviewer on

He has

the EDGD Journal Technical
Review Board, Director of
Liaison, Vice Chair, and Chair
of the Division. He has been
the gracious host for two of the
Division’s Mid-Year Meetings
and, he was treasurer and reg-
istration chairman for the
FHirst International
Conference on Descriptive
Geometry held in Vancouver,
B.C. During his active service
with Division, members came
to know him as the “ad hoc
chaplain” for the Division. As
an active member, educator, and
served the

This award is the highest that can
be presented by the Division to one

members. Jack C. Brown has

been selected for this honor by his col-

his ourstanding career as an

Engineering Educater at The University of

Presented this 26th day of June, 2001, at the
ASEE Annual Conference, Albuquerque, New
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[ Vice

Judith A. Birchman

Judy Birchman is an Associate Professor in the
Department of Computer  Graphics
Technology at Purdue University.  She
received her Bachelor of Science and Master of
Science Degrees from Purdue University. A
member of the Graphics Department since
1974, she has taught courses in engineering
graphics fundamentals, drawing systems,
CAD, publishing and multimedia. Most
recently, she has taught courses covering both
print and web-based publishing as well as
multimedia authoring. Professional activities
include presentations, papers and workshops
on design, graphics and multimedia topics.

Professor Birchman.is the past Editor of the
Engineering Design Graphics Journal and is
currently serving as the Technical Editor,
supervising the paper review process.
Previous to being .Editor, she served as
Technical Editor of the Journal for six years.
As  Director of Publications for the
Engineering Design Graphics Division, she
was responsible for implementing their initial
web site. She is a member of the American
Society for Engineering Education (ASEE),
the Engineering Design Graphics Division
(EDGD) and the National Association of
PhotoShop Professionals (NAPP).

Chair ]

Eric N. Wiebe

Eric N. Wiebe, Ph.D., is an Assistant Professor
in the Graphic Communications Program at
NC Srate University. Eric has authored or co-
authered four texts on technical graphics used
nation-wide. He has been involved in
Computer-Aided Design/3-D modeling devel-
opment and use since 1986 and taught techni-
cal graphics and CAD at NC State for the past
thirteen years. During this time, he has
worked as a consultant through the Furniture
Manufacturing and Management Center at
NC State University on the use of product
design and development technologies in the
furniture industry. During the past seven
years, he has worked on the integration of sci-
entific visualization concepts and techniques
into both secondary and post-secondary edu-
cation. Eric has been a member of the
Engineering Design Graphics Division of the
ASEE since 1989. He is alse a member of the
Human Factors and Ergonomics Seciety and
the Alpha Pi chapter of the Epsilon Pi Tau
honorary society.
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Aaron Clark

Aaron Clark is an Assistant Professor in the
Graphic Communications Program at North
Carolina State University. He received his
B.S. and M.S. in Technology and Technology
Education from East ‘Tennessee State
University. He earned his doctoral degree
from NC State University. His teaching spe-
cialty is in introductory engineering drawing,
with emphasis in 3-D modeling and anima-
tion. Research areas include graphics educa-
tion and scientific/technical visualization cur-
ricula development. He presents and publish-
es in both vocational/ technology education
and engineering education. He has been on
the faculty at NC State since 1993, prior to
coming to North Carolina, he has worked in
both industry and education administration in
Tennessee and Maryland. He has been an
active member within ASEE-EDGD and has
presented papers at both the Mid-year and
Annual Conferences. He has worked with
membership recruitment for ASEE-EDGD for
the past three years.

Theodore J. Branoff

Ted Branoff has been teaching in the Graphic
Communications program at North Carolina
State University since 1986, He has a bachelor
of science in Technical Education, a master of
science in Occupational Education, and a
Ph.D. in Curriculum and Instruction from NC
State University. He was previously emploved
with Measurements Group, Inc. as a drafts-
man and with Siemens, Switchgear Division as
a specifications draftsperson. Along with
teaching courses in introductory engineering
graphics, computer-aided design, descriptive
geometry, instructional design and course
design, he has conducted CAD and geometric
dimensioning & tolerancing workshops for
both high school teachers and local indusiry.

Dr. Branoff is a member of the Engineering
Design Graphics Division of the American
Society for Engineering Education, Epsilon Pi
Tau, Omicron Tau Theta, Kappa Delta Pi and
Phi Delta Kappa.
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volume 65 5

The Engineering Design
Graphics Journal
Sue Miller, Editor
Judy Birchman, féckhnical Editor
David Kelley, Advertising Manager
Civde Kearns, Circulation Manager

Review Board
Holly Ault, Worcestor Polytechnic Institute
Ron Barr, University of Texas, Austin
Ted Branoff, North Carolina State University
Robert Chin, East Carolina University
Wiltiam Cole, Novrtheastern University
Patrick Connolly, Purdue University
Kathryn Holliday-Darr, Penn State University-Erie
Ton Duff, Arizona State University
Audeen Fentiman, The Qhio State University
James Leach, Unizersity of Louisville
Ming Land, Appalaachian State University
Dennis Liew, University of California at Berkeley
Pat McCuistion, Ohio University
William Ross, Purdue University
Mary Sadowski, Arigena State University
Timothy Sexton, Ohio Untversity
Sheryl Sorby, Mickigan Technological Institute
Vedaraman Sriraman,
Seuthwest Texas State Untversity
Eric Wiebe, North Carolina State University

The Engineering Design Graphics Journal 1s published
three times a vear by the Engineering Design
Graphics Division (EDGD) of the American
Society for Engineering Education (ASEE).
Subscription rates: ASEE/EDGD members , $6.00;
non-members, $20.00. If you would like to become a
member of EDGD/ASEE, write ASEE, Suite 200,
11 Dupont Circle, Washington, D. C. 20036, and
request an ASEE membership application. Non-
members can subscribe to the EDG Journal by
sending their name, address, telephone number,
and a $20.00 check or money order pavable to
Engineering Design Graphics. Mail to:

Clyde Kearns

The Ohic State University

2070 Neil Avenue

Columbus, OH 43210

The EDG Journmal is entered into the ERIC
(Hducational Resources Information Center),
Science, Mathematics, and Environmental
Education/SE at:

The Ohio State University

1200 Chambers Road, 3rd Floor

Columbus, OH 43212

Article copies and 16, 35, and 105 mm microfiche
are available from: University Microfilm, Inc.

300 Zeeb Road

Ann Arbor, MI 48106

nuvmber 3

Submission Guidelines

The Engineering Design Graphics Fowrnal is published
by the Engineering Design Graphics (EDG)
Division of the American Society for Engineering
Education (ASEE). Papers submitted are reviewed
by an Editorial Review Board for their contribution
to Engineering Graphics, Graphics Education and
appeal to the readership of the graphics educators.
By submitting a manuscript, the authors agree that
the copyright for their arficle is transferred o the
publisher if and when their article is accepted for
publication. The author retains rights to the fair use
of the paper, such as in teaching and other nonprof-
it uses. Membership in EDGD-ASEE does not
influence acceptance of papers.

Material submitted should not have been published
elsewhere and not be under consideration by anoth-
er publication. Submit papers, including an abstract
as well as figures, tables, etc., in quadruplicate {orig-
inal plus three copies) with a cover letter to:

Sue Milfer, Editor

Engineering Design Graphics Journal

Purdue University

Department of Computer Graphics Technology

1419 Knoy Hall

West Lafayette, IN 47907-1419

FAX: 765-494-9267

Phone: 763,/496-1709

E-mail: sgmiller@tech.purdue.edu

Cover letter should include vour complete mailing
address, phone and fax numbers. A complete
address should be provided for each co-author. Use
standard 8-1/2 x 11 inch paper, with pages num-
bered consecutively. Clearly identify all figures,
graphs, tables, etc, All figures, graphs, tables, etc.
must be accompanied by a caption. [1lustrations will
not be redrawn. All line work must be black and
sharply drawn and all text must be large enough to
be legible if reduced. The editorial staff may edit
manuscripts for publication after return from the
Board of Review. Upon acceptance, the author or
authors will be asked to review comments, make
necessary changes and submit both a paper copy
and a text file on a 3.5” disk.

A page charge will apply for all papers printed in
the ED(G Journal. The rate is determined by the sta-
tus of the first author listed on the paper at the time
the paper is received by the Editor. The rates are as
follows:

Neo charge for EDGID members

$10 per page for ASEE, but not EDGD members

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