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PUBLICATIONS Textbooks

SDC Publications specializes in publishing moderately priced CAD, CAM, FEA and engineering
graphics textbooks. We currently publish books for the following software packages:

CAD CAD ' CAM
Autodesk, Inc. EDS CNC Software, Inc.
3D Studio VIZ 3/3i I-DEAS 8 Mastercam Version 9
Autodesk VIZ 4 I-DEAS 9
AutoCAD 2000 1 Gibbs and Associates
AutoCAD 2000i Solid Edge Release 10 .
AutoCAD 2002 Solid Edge Release 11 GibbsCAM 2000 & 2002
AutoCAD LT 2000 Solid Edge Release 12
AutoCAD LT 2002 PTC
Architectural Desktop 3.3 IronCAD, LLC Pro/MECHANICA
Autodesk Inventor Release 5 TronCAD 3.2 Releases 20001, 20001 and 2001
Autodesk Tnventor Release 6 IIOH CAD 4' 5
Land Desktop on ‘ Torcomp
Mechanical Desktop Version 5 CNC Worksh
Mechanical Desktop Version 6 PTC Orishop
Revit Pro/ENGINEER
Pro/SHEETMETAL FEA
Bentley Systems Releases 20004, 2000i” and 2001 Ansys, Inc.
Microstation J Ansys 5.7 & 6.0
Microstation 8 Schroff Development Aif;s 6.1
Corporation (SDC)
Dassault Systemes SilverScreen EDS
CATIA V3 (Release 5) I-DEAS 8
CATIA V5 (Release 6/7) think3 I-DEAS 9
CATIA V5 {Release 8/9) thinkdesign Release 6
PTC
SolidWorks 2000
SolidWorks 2001 Pro/MANUFACTURING |
SolidWorks 2001Plus Releases 20004, 20001 and 2001
Engineering Graphics Titles Available
Engineering Graphics Text and Workbook ' Engineering Graphics Principles with Geometric
Engineering Design Graphics Sketching Workbook ‘ Dimensioning and Tolerancing

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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Dear Members:

This is hard to believe that I am finishing up my
ninth and final issue of the Fournal. It seems like
yesterday I was pregnant with our third child
and decided to take on this task. After three
vears I am ready to pass the Fournal to Eric
Wiebe and the folks at North Carolina State
University.

I want to thank all the division members who
have contributed to the Fournal’s success.
Especially, members of the publication commit-
tee; Mary Sadowski and Judy Birchman who
both served as Technical Editors, Clyde Kearns
who served as the Circulation Manager, and
David Kelley who served as the Advertising
Manager.

I also need to thank all the authors who submit-
ted papers to the Fournal and the members of the
review board who served during my term.
Several members from the review board also
helped with selecting the Editor’s Award each
vear. During my three-vear term I had the plea-
sure of working with three different Division
Chairs. Jim Leach, Mike Stewart, and Shervl
Sorby. I can’t thank them enough for all their
support, answering my endless emails and send-
ing me their Chair’s message for each issue.

The best part of about being the Editor of the
Journal was the opportunity to interact and meet
so many individual involved with the success of
the Division, ] would like to close by saying
thanks to the Division members for having the
confidence to elect me to this position.

Enjoy the rest of the summer and see you at the
Mid-year in Arizona!

Sukem /& Milla

Susan G. Miller
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Sheryl Sorby
Michigan Technological University

Wow! I’s hard to believe that a year has passed. A
student once explained to me thar the reason
vears pass so quickly as you grow older i1s that
each year becomes a smaller fraction of your total
life. When you are five, one year is 20% of your
life thus far, so it seems to drag on. When you get
to be my age, the fraction 1s much smaller, so the
years go by quickly. For some of you, this must
mean that the vears go by at light speed.

First of all I want to thank you all for purtting up
with me over the past year. Lucky for me, there
were lots of folks who were active and contribured
to the division through their own self-motivated
leadership over the past year. It really makes
being division chair a breeze. So a heartfelt
thanks to all of the true leaders in the division.
I'm not going to try to name all of you, because 1
know T would leave someone out and feel terrible
later on as a result. However, we should all give a
big thank-you to the outgoing Fournal Editor,
Susan Miller. Being the Fouwrnal Editor is often-
times thankless and Sue has done an outstanding
job over the past three years. The Fournal is like
our lifeline—keeping us connected, informing
us, and instructing us. Our division would be in
dire straits without it, so the job of Fournal Editor
18 critical to our success as an organization.
Thanks also to the folks at North Carolina State
who, under the leadership of Eric Weibe, will
start a new era in the life of the Fournal. Can't wait
to get my first “NCSU” issue!

In reflecting about my final Chair’s Message, one
thing has struck me as mention-worthy. I think
that EDGD is probably the first division in the
history of ASEE that will have three consecutive
women chairs. [t should be noted that the past
three Fournal Editors for the division were also

women. The times they are a-changing! When I
first started in the division, 1 thought it scemed
somewhat like a good ‘ole boys network. Through
the years, though, I came to recognize that this
was not the case—it was really like a big family,
that happened to have mostly male members.
The fact that we have had several women in lead-
ership positions in recent years, speaks volumes
about the openness that the EDGD members feel
towards new ideas and perspectives. We truly are
a forward-thinking group.

As one of the oldest divisions within ASEE, we
could sit back and rest on our laurels, but we con-
tinue to move forward and break new ground.
Perhaps this is due (o the nature of the subject
that we teach. (I think it’s safe to say that graph-
ics instruction has changed much more signifi-
cantly over the past 30 years than has instruction
in thermodynamics.} Perhaps it’s due to inherent
personality traits in individuals who are willing to
spend a career in graphics instruction. For what-
ever reason, the EDGD exemplifies excellence in
undergraduate education. I have never interacted
with a group of professionals so willing to try
something new in the classroom. Graphics educa-
tors are often pushing the boundaries and contin-
uously looking to move the discipline forward.
Kudos to all of you for keeping the profession
alive and well,

Once again, thanks for allowing me to be division
chair over the past year. It has been my pleasure
to serve. I'm sure Judy will do a great job, as will
Holly after her. Keep those papers coming! We
love to hear from you,

i
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Dear EDGD Members:

The Engineering Dasign Graphics Division of ASEE
is establishing an endowment fund for the
Oppenheimer Paper Award, which is given each
year to the author/presenter of the Best Paper af the
annual EDG Midyear meeting. Frank Oppenheimer
created the award fo improve paper presentations
at the EDG Midyear meeting, and he has personal-
ly sustained it financially over the last three decades.
The purpase of the endowment is to permanently
honor him and his confribution to the EDG Division

by having o fund to support his award in perpetuity.

Individual EDG member donations are being solicit-
ed over the next several months unfit o target corpus
is mat. Several donaticns and pledges in the range
of $50-$250 have already been received. i you
would like to donate, write your check made out to
"ASEE EDG Division,” write a note for

"Cppenheimer Endowment,” and send it fo:

Ronald E. Barr

Chair, Oppenheimer Endowment Fund
Committee

Mechanical Engineering Department
Mail Code £2200

University of Texas at Aystin

Avustin, Texas 73712

ng 2003

Davision News
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Building the Foundation for a PLM Centered

Engineering Graphics Curriculum

David S. Kelley and Craig L. Miller
Purdue University

Abstract
With curriculum areas in Animation, Computer-Aided Design (CAD), Construction Graphics, and

Multimedia, the Department of Computer Graphics Technology at Purdue University is known for its excel-

lence in the application of technologies associated with computer graphics. This paper describes curriculum

development efforts within the CAD area of study.

The Computer-Aided Design area’s mission s to pro-

duce individuals that can apply computer graphics technologies to mechanical design and manufacturing

processes.  Its curriculum is focused on the utilization of graphical based applications within manufacturing

and engineering processes. Topics coveved within this paper include departmental background information,

the CAD area’s core knowledge base, curriculum enhancements, and the development of @ minor in CAD.

Introduction

Engineering design graphics has been a recog-
nized course since the beginnings of formal
educational programs in engineering and tech-
nology. While this discipline has evolved con-
siderably since the advent of computer-aided
design (CAD), its place as a recognized course
within bachelor degree granting universities
appears to be at a crossroad.

Drafting Technology as a degree granting pro-
gram is available at most community and tech-
nical colleges. While the history of such pro-
grams has placed an emphasis on drafting
standards and practices, the dominance of
CAD within engineering and architectural
environments has caused these programs to
migrate toward an emphasis on CAD, some-
times at the expense of drafting. While the
worth of drafting instruction can be debated,
the growing power and capabilities of CAD
have lead to four-year degree programs. Table
1 reveals a partial list of such programs.

Most of the listed programs have similar cur-
riculums to what can be found in traditional
two-year drafting technology programs; added
room in each curriculum allows for a more in-
depth study into drafting fields (such as archi-
tecture or mechanical design) and into CAD

technologies. One exception on the list is the
Computer-Aided Design Technology program
at Eastern Michigan University (2002). While
this program does have traditional graphics
oriented courses (e.g. Engineering Graphics,
Industrial Drawing, Machine Design, etc.), it
1s also strong in programming to include CAD
development and customization. Lacking in
each curriculum is competencies in Product
Data Management (PDM) integration and
Product Lifecycle Management (PLLM). More
specifically, attention is not being given to the

CAD Related Programs

University Program Title

Western Washington Industrial Graphics

Computer-Aided
Design Technology

Eastern Michigan

Industrial Drafting and
Design Tach.

Appalachion State

Computer-Aided Design
and Drafling

Central Missouri

Southeast Missouri Technical Graphics

East Careling Design

Table T Institutions with CAD reloted Programs
(National Associafion of Indusirial Technology, 2002)

&  Engineering Design Graphics fournal




Figure 1 Concurrent Engineering and CAD (Barr & Juricie, 1996)

management of CAD data across extended
enterprises.

Leading forces behind many engineering
graphics curriculum models are derived from
philosophies of concurrent engineering.
Concurrent engineering was established to
help meet the quality demands of functions
within the lifecycle of a product. Within con-
ventional design processes, functionality is fol-
lowed by manufacturing, then assembly, then
serviceability (Bedworth, Henderson, & Wolfe,
1991). Each concern is tackled consequently
with minimum information flow occurring
between parties. “Concurrent engineering has
as its purpose to detail the design while simul-
taneously developing production capability,
field-support capability, and quality” {p 141).
It involves the concurrent arrangement of
design functions into one design team consist-
ing of individuals that represent the life of a
product (from concept to scrap). Combined
with information technologies, concurrent
engineering teams have the capability to com-
municate from anywhere in the world. This
technological enhancement promotes the
removal of communication barriers that com-
monly exist when design departments and pro-
duction facilities are geographically dispersed.

The integration of components of a digital
enterprise, as represented by Barr and Juricic’s
model in Figure 1, represents a concurrent

approach to design processes with CAD data
as the common denominator. The importance
of this model is reflected in popular engineer-
ing graphics textbooks such as Bertoline and
Wiebe (2002) and Lockhart and Johnson
(1999%) and in the approaches to engineering
graphics instruction that reflect concurrent
engineering practices (Barr & Juricic, 1997;
Kelley, 2001; Newcomer, McKell, Raudebaugh,
& Kelley, 2001). Commonly absent in engi-
neering graphics education is an in-depth
study into the management of CAD data.
While CAD system capabilities continue to
grow, instruction in the utilization and config-
uration of product data management applica-
tions, especially enterprise wide systems such
as Dassault Systemes’ ENOVIA and
Parametric Technology Corporation’s
WindChill, cannot be overlooked. Robert
Cumberland conducted an in-depth study
into the PDM needs of progressive manufac-
turing organizations (Cumberland, 2000). His
study attempted to determine if engineering
graphics curricula based on philosophies of
concurrent engineering are valid for engineers
and technologists. His study was composed of
a questionnaire that targeted leaders in manu-
facturing and design enterprises (n = 40).
Validating the concurrent engineering model,
his project indicated that there is a strong
demand for skills in the management of design
data across extended enterprises.

Kelley and Miller 7
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Department Background
The Department of Computer Graphics
Technology (CGT) at Purdue University is
integrating PLM and concurrent engineering
philosophies and technologies into its curricu-
lum to meet the data management needs of
extended enterprises. The CGT Department
is an enfity that applies computer graphics
technologies 1o industries as diverse as con-
struction, manufacturing, entertainment, ani-
mation, multimedia, Internet, and computer-
aided design. Within the department there are
four areas of specialization: Computer-Aided

Design, Construction Graphics
Communication, Interactive Multimedia
Development, and Animation. The depart-

ment’s mission is “to prepare practitioners,
managers, and leaders in computer graphics,
accelerate technology transfer to business and
industry, and develop innovations in the appli-
catrons of computer graphics” (2002). While
the department is diverse and sometimes
focused in its application of computer graph-
ics, its graduates do have a broad understand-
ing of graphics concepts. The Computer-
Aided Design (CAID)) area places its graphics
emphasis on the application of computers and
computer graphics to the selving of manufac-
turing problems. Its curriculum is targeted at
the application of computer-aided design sys-
tems to the solving of manufacturing and
design problems, while also providing a strong
background in other graphics areas (raster and
vector imaging, animation, & html).

Core Knowledge Base
The CAD design area set out in 2000 to estab-
lish a curriculum that meets the needs of man-
ufacturing and engineering enterprises in the
21st century. The following is the area’s adopt-
ed mission statement;

It 15 the mission of the Computer-Aided Design
area of the Department of Computer Graphics
Technology to produce individuals that can apply
computer graphics technologies to the mechanical
design and manufacturing process.

7
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The curriculum model utilized in this process
was a top-down approach that required the
identification of a core knowledge base. The
purpose of this base was to provide a founda-
tion for the deriving of mid-level competences
that in turn could be utilized to drive course
curriculums. The following is a listing of the
established knowledge base:

¢ Design Communication: The ability to ana-
lyze the intent of a design and to commui-
cate this intent to others. The ability to take
abstract design concepts and communicate
them to others.

o Visual Conceptualization: The ability to con-
ceptualize visually the design of a product.
The ability to take abstract design concepts
and portray them visually.

* Manufacturing Graphics Integration: The
ability to understand, synthesis, and inte-
grate manufacturing related computer
graphics fundamentals throughout the dig-
ital enterprise. The ability to apply graph-
ics fundamentals to the solving of manufac-
turing problems.

¢ Design Process Management: The ability to
manage the design process to include data,
attributes, and individuals related to the
lifecycle of a product. The ability to
improve design and manufacturing process-
es through the use of graphics and visual-
ization techniques.

* PDM Integration: The ability to integrate
and enhance design processes, concepts,
and procedures through the use of graphics
and product data management approaches.

¢ The ability to understand and evaluate the
affects that technology has on society. The
ability to apply technology in a manner that
promotes the well-being of all individuals.
The wutilization of ethnical reasoning and
decision making when applying technologi-
cal devices.

Course Curriculum Enhancements
As previously stated, the purpose for identify-
ing a core knowledge base was to find a foun-
dation from which course curriculums could
be derived. A review of the curriculum

8  Engineering Design Grophics Journal




revealed two significant midlevel competen-
cies that were missing: CAD programming
and product lifecycle management.

All CAD systems come available with some
form of application programming interface
{APT) or customization toolkit. Systems such
as AutoCAD are known for their relatively
casy customization interfaces, while other sys-
tems, such as Pro/ENGINEER, have rigorous
and wunintuitive toolkits. An identified
midlevel competency missing in the CAD area
of specialization was the customization and
programming of graphics applications. While
there was consideration for a course in CAD
customization with AutoCAD as the primary
application, it was decided to take a less
focused approach with graphics programming
as the preferred offering. With CAD cus-
tomization toolkits being diverse and usually
dissimilar, a strong background in program-
ming languages and graphics programming
was deemed appropriate and more suitable.
During the curriculum evaluation efforts, it
was noted that all students within the depart-
ment, despite area of specialization, were
required to take one course in Visual Basic and
one course in Visual C++. On top of this, two
courses in graphics programming were devel-
oped. The first course covers basic graphics
programming with an emphasis on OpenGL
and computer graphics mathematics. The sec-
ond course covers application development,
interactive programming, DirectX, the ACIS
CAD kernel, and AutoLisp programming.

Another identified competency missing in the
CAD curriculum centered on the philosophy
of product lifecycle management (PLM). A
major concern with large original equipment
manufactures (OEMs) is the ability to share
design data with first and second tier suppli-
ers. According to Brunnemeier and Martin, in
the automobile industry, CAD interoperability
has been estimated to cost over $1 billion per
vear (1999). To increase competitiveness,
OEMs are requiring first and sub-tier compa-
nies to interface with their design data. This
requirement is increasing the awareness of

product lifecycle management applications
within the design processes of companies.
This emerging technological challenge in
industry has promoted an awareness of data
communications and PDM applications with-
in the CGT’s CAD curriculum. The first
PDM application integrated into the curricu-
lum was Pro/INTRALINK, which is now the
standard CAD data management tocl in two
courses: CGT 226 - Constraint-Based
Modeling and CGT 426 - Industrial
Applications for Simulation. In addition, a
third course in Product Lifecycle Management
is currently in the curriculum approval
process. This course mirrors a newly approved
graduate course on the same topic.

Under the umbrela of PLLM, an area of inter-
est that was deemed desirable in the curricu-
lum is computer-networking fundamentals. A
review of recent job placements will find that
many of the graduates of the CAD curriculum
go to work for smaller sub-tier companies.
These individuals have to serve as CAD tech-
nclogists and PDM administrators.  Within
this latter role, knowledge of networking and
data communications is essential. Based on
this need, an identified topic in the CAD cur-
riculum is a practical course in networking
technologies. An impediment to integrating
this need is a lack of laboratory facilities and
instructional support. Coordination efforts
are currently in the works with the
Information Technology faculty at Purdue
University to find a suitable course for CGT
students.

CAD Minor

Because of the continued demand for students
with expertise in CAD and computer graphics
related manufacturing applications, many of
the courses within the CAD area of specializa-
tion have been increasing in popularity among
engineering and engineering technology stu-
dents. To address this growth, the CAD facul-
ty set about during the Fall 2000 semester to
develop a minor within the Department of
Computer Graphics Technology.

Kelley and Miller 9
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Minors at Purdue have to be accepted by the
degree granting department before students
can complete its requirements and have it
denoted on their transcripts. To manage
enrollment and to facilitate student progress,
the minor was offered to a select number of
departments. Programs selected from the
Schools of Engineering include Aeronautical
&  Astronautical Engineering (AAE),
Mechanical Engineering, Agricultural &
Biological Engineering, Interdisciplinary
Engineering, and Industrial Engineering,
while programs from the School of Technology
include Computer-Integrated Manufacturing
Technology (CIMT), Industrial Technology,
and Mechanical Engineering Technology.
Outside the School of Technology and the
Schools of Engineering, students from the
Industrial Design and Industrial Management
programs can also pursue the minor. Most stu-
dents in the minor come from the AAE and
CIMT programs.

The curriculuni offerings come from courses
offered in the CAD area of specialization;
there are no courses offered exclusively for stu-
dents in the minor. The primary prerequisite
for entry into the minor is one course in basic
engineering graphics. Other prerequisites
include one course in computer programming,
one course in physics, and college algebra.
Purdue reguires a minimum of 12 semester
hours in any minor. Within the CAD minor,
students can select from the following courses:
¢ CGT 226 — Constraint-Based Modeling
* CGT 323 - Surface Modeling
* CGT 326 — Product Lifecycle Management
* CGT 423 — Manufacturing Documentation
Production and Management
* CGT 426 — Industrial Applications for
Simulation

Conclusions
Technologies associated with design processes
are revolutionizing the way that computer-
aided design systems are deployed in design
and manufacturing environments. The con-
cept of product lifecycle management and the
applications assoctated with PLM are facilitat-
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ing CAD data exchange and decreasing the
time-to-market for products. The CAD area of
specialization within the Department of
Computer Graphics Technology is in the
process of redesigning its curriculum to incor-
porate PLM principles and advance computer
graphics technologies. The logic behind the
area’s curriculum develop efforts places an
emphasis on the utilization of CAD data and
CAD systems within the design cycles of prod-
ucts. As in the past, students in the program
receive extensive training on CAD systems,
but they also must develop an understanding
of how CAD fits into the entire lifecycle of a
product. Within this understanding, students
receive an appreciation for data communica-
tion technologies and how to integrate CAD
applications into more complex systems.
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Teaching Geometry through Dynamic Modeling in

Introductory Engineering Graphics

Eric N. Wiebe, Ted J. Branoff, and Nathan W. Hartman
Neorth Carolina State University

Abstract
This paper is part of an ongoing set of papers by Wiebe, Branoff, and Hartman looking at how constraini-

based 3D modeling can be used as a vehicle for rethinking instructional approaches to engineering design

graphics. In particular is the goal of moving from a mode of instruction based on the crafting by students

and assessment by instructors of static 2D drawings and 3D models. This approach to instruction results in

overemphasis on covrect size and stvle of geometric elements (e.g., the Took’ of the graphic), rather than on

the underlving problem-solving process used to create the model. Instead, an approach based on dvnamic

modeling is proposed. This approach provides the opportunities for students to learn about geometry through

the embedding of geometric behaviors into models and then testing these behaviors via dynamic change of

the model. This approach is better aligned with larger goals of better problem-solving abilities in the tech-

nology and engineering workforce. Example instructional activities are presented.

Iinfroduction

While 3D constraint-based modeling has been
in use in industry for more than ten years, it
has only been within the last few years that
there has been widespread adoption of these
modeling tools at colleges and universities. 3D
modeling tools have been identified as a key
component of some areas of engineering edu-
cation for a while {(e.g., Barr & Juricic, 1992),
but it has only been recently that educators
have begun to investigate how the newer con-
straint-based modeling tools bring a new set of
possibilities to instruction (e.g., Ault, 1997).
Even more recently, researchers have looked
more holistically at how these constraint-
based tools can be effectively integrated into a
modern engineering graphics curriculum
{Baxter, 2001; Branoff, Hartman, & Wicbe,
2002; Cumberland & Miller, 2001). In looking
at the curricular implications of these tools, it
becomes important to identify what are the
core concepts and abilities we intend for stu-
dents to gain from an introductory course in
engineering graphics.

The knowledge and abilities gained have to be
relevant both in the short term for further
courses they will be taking in school and in the
long term as life-long learners and productive

workers in industry (Connolly, 1999). A par-
ticular challenge is to strike a balance between
narrowly defined competencies with particu-
lar software tools and larger 'big picture' con-
ceptual knowledge about what drives this
whole class of constraint-based modeling tools.
Wiebe (1999a, 1999¢) has previously outlined
the similarities in the underlying functionality
between the most popular constraint-based
tools and their relatively accessible user inter-
faces. This trend continues to this day and has
largely removed the need to focus large por-
tions of an engineering graphics course to
training on specific software packages in order
to meet industry needs. Working under this
assumption, this article will instead focus on
one of the key conceptual areas of modeling
that should be emphasized in any modern
engineering graphics curriculum: geometry.
That is, a primary instructional goal should be
the development of students’ understanding of
Euclidean and topological properties of planar
and solid geometry using constraint-based 3D
modeling tools, not skiils training for specific
software tools.

Applied geometry has been part of engineering
design graphics since its inception. Being
applied, however, means that how it is inte-

12 Engineering Design Graphics Journal
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grated into the curriculum becomes dependent
on what tools are being employed and what the
perceived needs are for the students in their
future education and employment. The intro-
duction of constraint-based modeling into the
curriculum means that, once again, there
needs to be extensive discussion of how geom-
etry should be applied in this evolving cur-
riculum (Wiebe, 1999b). This paper will out-
line how applied geometry can be integrated
into a modern engineering graphics curricu-
lum. This will include the use of geometric
relations within a 3D solid model representing
a virtnal, engineered product. Of particular
interest is the definition of the size and loca-
tion of a feature' in a solid model relative 1o its
constituent features or a frame of reference.
These goals are addressed within a framework
of a student identifying key geometric features
within the virtual product and how this geom-
etry needs to be controlled in order for the
model to be of maximum usefulness in the
product development process.

Dynamic Modeling
Engineering graphics has, in many ways,
struggled with the same issues that technology
education has over the past 40 years. That is,
how to move beyond teaching 'craft’ with the
end all and be all goal of creating a 'product’, to
teaching 'process’, where how you get to the
finished stage is more important than the
product itself (McCormick, Murphy, &
Harrison, 1993). In other words, the final
product and its precursor stages become arti-
facts that represent the problem-solving
process of an applied geometric problem.
While a certain level of technical competency
with the tools (3D constraint-based modeling
tools in this case) is critical in solving the
problem, problems need to be designed where
critical geometric thinking is also required to
arrive at an acceptable solution. It is, however,
a challenge to come up with modeling prob-
lems where a 'good solution' can be assessed by
measures other than geometric accuracy
(Clark & Scales, 2001}, Historically, engineer-
ing graphics artifacts turned in as part of
courseworl are assessed by visual inspection.
This could mean reading dimensions on a
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multiview drawing or it could be judging the
length, angle, or higher order geometric rela-
tions of model elements. The latter, when
done with normal views of planar geometry,
can often be done with a fairly high degree of
accuracy. However, judging these geometric
relations in pictorial views can be prone to
error (Wiebe & Converse, 1996).

Another alternative is electronic measuring of
geometry within the computer model
However, this still does not necessarily get past
an assessment of the model solely based on the
final artifact. An alternative to visual inspec-
tion of hard copy printouts or passive inspec-
tion on the computer monitor is active probing
of the actual computer model, While complete
inspection of how the entire model has been
constructed and constrained can be very time
consuming, focused probing of key features is
more effective. Often this probing takes the
form of changes of key dimensional values,
revealing how the underlying construction of
the model responds to these changes. This use
of 'dynamic modeling' shows promise as a
strategy when the goal of assessment goes
bevond geometric accuracy of the final model
(Branoff et al., 2002). An interesting variation
on the instructor probing the model with
dimensional constraint changes is to require
the student to produce multiple versions of the
medel based on instructions provided by the
instructor. Here, the challenge will be to
design modeling problems that visually reveal
the design intent embedded in the model via
readily identifiable visual artifacts.

Dynamic models as a strategic instructional
goal addresses a number of key issues. First, it
allows for a broader assessment of the model-
ing problem that encompasses both 'solution’
and 'accuracy’. The modeling design process
that leads to the solution is embedded in the
model by the way the student chooses to con-
struct their model. These construction deci-
sions are revealed to the instructor through
dynamic modeling manipulations. Second,
these dynamic modeling activities address the
important issue of having instructional activi-
ties reflect authentic professional practice. In
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this case, dynamic modeling can come in the
form of 'engineering change orders. The
worth of a model now is based not on a single
geometric form, but how well it can be iterated
through a number of configurations as it
moves through the simulated engineering
design process. Students now experience the
complete cycle of model definition, compari-
son to design goals, and modification based on
needed changes. The ease of making these geo-
metric modifications are a primary driving
force for industry to adopt these constraint-
based modeling tools, however, many compa-
nies will readily admit that their engineers and
designers are often ill-equipped to build
robust models that truly capture the geometric
design constraints (Wiebe, Norton, Summey, &
Howe, 1997).

Successful solutions to modeling problems
should hinge on addressing three key ele-
ments. First, the solution will depend on cor-
rect inittal geometry; this is usually as far as
most assignments go. Second, it will depend
on embedding the correct behaviors via geo-
metric constraint definition. Third, it will
depend on correct translation of the initial
design constraints and engineering change
orders into geometric definitions. This
approach, however, is not without challenges.
First, can a taxonomy be developed that iden-
tifies the core geometric behaviors that all stu-
dents should master? Second, given the inher-
ently open-ended nature of most design prob-
lems, can a robust enough set of activities be
developed that allows for assessment within a
practical amount of time and with a high
degree of reliability? That is, can modeling
problems be designed that have students
incorporate these behaviors in a systematic
and controlled fashion. The remainder of the
paper will address this first challenge while
indirectly pointing to solutions to the second.

Embedding Geometric Behavior
As mentioned previously, there is a high
degree of uniformity of interfaces and model-
ing tools across the most popular constraint-
based modelers used in instructional settings
(Wiebe, 1999a), This uniformity allows for the
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definition of a generic model creation process
that 1s applicable in a wide range of instruc-
tional settings. This modeling process is out-
lined in deiail in Bertoline & Wiebe (2002) and
will be used as a basis for the discussion here.
Also of note, that while the complete virtual
product definition most always involves the
creation of assemblies, instructional con-
straints usuaily limit an introductory course 1o
focusing on single part modeling. Still, all
part modeling should be done in the context of
knowing that these parts will eventually be
part of a larger assembly.

A core part of geometry definition takes place
in the sketcher where 2D profiles are defined
on a planar surface. These sketches can be
defined relative to existing geometry in the
model or to other sketch elements. In instruc-
tion, emphasis should be made on the fact that
two fundamental types of geometric con-
straints are being placed on the profile. First,
explicit constraints in the form of dimensional
constraints are defined. These constraints are
not static dimensions, but control stze or loca-
tion of a particular geometric element. As
such, new values can be assigned to the con-
straint and a new configuration of the profile
{and model) can be evaluated based on other
constraints in place. Second, implicit con-
straints are often applied to the profile based
on implied geometric relations between ele-
ments in the profile or profile elements and
existing geometry. These are fundamental
geometric relations such as parallelism, colin-
earity, same size, etc. These implicit con-
straints are often applied autematically and
not readily apparent to the siudent. Activities
that require students to evaluate the effect of
these constraints and/or modify them helps to
make them more salient.

TFurther geometric constraints are applied by
the creation of a feature from the sketch pro-
file. The type of Boolean operation applied to
the swept profile and the side of the profile
sketch loop to apply the operation on is at the
heart of any modeling activity. The choice of
modeling operation should be part of a larger
strategy of how the final geometry is created
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and what geometric features will need modifi-
cation for future operations. The sketch plane
on which the profile sketch was created also
constrains the feature through its orientation
and location. Similarly, the direction, trans-
formation type (linear versus revolute), and
distance of the sweep also provide geometric
constraints that can be used to alter model
geometry.

Instruction on these geometric constraini tools
should not just focus on the tool {e.g., "...here
1s how you constrain profile edges parallel.),
but also on the end design goals of the part.
The starting point should be: What is the func-
tionality of the assembly? Where does this part
reside in relation to other parts in the assem-
bly?. And how might this part need to change
{geometrically) in the future? From there, a
rationale is developed for why the geometry is
shaped as it is and how it should be construct-
ed and constrained to provide for certain geo-
meiric behaviors under dynamic change. More
advanced activities can include behavior defi-
nition across parts in an assembly and defini-
tion of behaviors via explicit mathematical
equations.

Behavior Types

All model behavior is ultimately based on how
the model 1s constructed. That is, it is based
both on the geometry of the model and on how
this geometry is constrained relative to other
geometry or to itself. Behavior reveals itself
through how the model changes form when
one or more of its constraints is modified. For
example, if the length of a bar is doubled in
length, then how the holes in the bar change
{or don't change) position is based on the
behavior embedded in ihe model. Model
behavior is central to all dynamic modeling
activities and correct behavior should be
explicitly defined by the modeling problem. It
follows that correct (and incorrect) model
behavior should be clearly identifiable by the
student and the instructor assessing the mod-
eling problem. Which behaviors are central to
an introductory engineering graphics course
should be identified and integrated in model-
ing activities.

ng 20038

These behaviors appropriate to an introducto-
ry course might be called 'basic behaviors'.
Most all of these basic behaviors will be based
on a single constraint modification that
impacts one or two dimensional constraints or
geometric relations.  Advance behaviors —
those that are based on multiple modifica-
tions, impact multiple constraints, or involve
equation-driven constraints -- are most likely
going to be confined to an advanced course.

Changes in a model based on behavior defini-
tion can result in two fundamental changes in
the model: geometric or topological {Zeid,
1991). Geometric change, as defined here,
means change in the size or shape of a geo-
metric feature. Topological change involves
the deletion or creation of vertices, edges or
faces. This typically implies the whole or par-
tial deletion of previously defined features.
The distinction between these two types of
changes is important since geometric relations
may be defined via other geometry. The dele-
tion of existing geometry can cause previously
defined relations to fail - a common occur-
rence when engaged in extensive dynamic
modeling.

Basic behaviors based on geometric relational
constraints that students should be exposed to
in an introductory course include:

- Parallelism

- perpendicularity

- horizontal and vertical (based on a global
coordinate system)
symumetry
same size
colinearity
tangency
alignment/fixing to an existing entity

Dimensional constraints that control behavior
students should have experience with include:
- horizontal, vertical, angular, and aligned

control of linear location
- size of linear elements
- circular/angular size of radial elements
- location of reference geometry
- internal to sketch
- external to existing geometry
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In order to assure uniformity in behavior of
the model, models should be fully constrained.
That is, the geometry and topology of the
model should be fully defined via a combina-
tion of dimensional and geometric relational
constraints. Allowing geometry to 'float' gives
way to the potential for unpredictable behav-
ior, impacting the ease in which the dynamic
modeling assignment assessed.
Unexpected behavior, in fact, should be a flag
to the student and instructor that the student
has not fully thought threough how this model
is to behave and how to properly constrain it so
that it exhibits these behaviors under the pre-
scribed conditions, The flip side of this is that
modeling problems need to be designed so that
they readily reveal common problems with
embedding behavior via constraints.

can be

Examples

The following are some example modeling
problems that could be used in an introducto-
ry engineering graphics course. These exam-
ples apply the basic geometric behaviors
described above to single part models and
demonstrate how dynamic modeling tech-
nigques can visually reveal their underiying
behavior te students.

Symmetry

Symmetry as a behavior can be explored using
a two-feature model of a plate with a hole in it
See Figure 1). An initial plate can be created
with a hole in its center, but how the hole
behaves under modification can depend on
whether the hole was meant to always be cen-
tered or offset a fixed distance from one edge
of the plate. Here, with a model like this, topo-
logical change to the plate where an offset

number 2

dimensional constraint is attached can be
explored. Also, reference planes can be used as
a constraining element. If the plate is a mid-
plane extrusion from a reference plane, then
the plate can expand symmetrically about a
fixed hole. A more advanced exercise can show
how equations can control the location of the
hole. In Figure 1 (a), the initial object is shown
as a plate 100 X 40 X 10 mm with a 20mm hole
through the center. Examples (b) and (c) show
two possible results when the plate size is
changed to 70 X 50 mm. In example (b) the
hole is [ocated 50mm from the left end and
20mm from the back, so the hole does not
remained centered when the overall width and
depths are modified. In example (¢), plate and
the hole are centered on the origin of the part,
therefore, changes in the width and depth
dimensions keep the hole centered on the
plate.

This plate can be put in the context of an
assembly with the hole aligning with either a
stud or fastener and the faces at either end of
the 100 mm dimension needing to align with
mating faces. Changes to the assembly can be
specified as part of a problem that has either
Figure 1(b) or 1{c) exhibiting the correct geo-
nietric behavior.

Tangency

In a sketch profile, whenever a profile has
more than one element and at least one of
them is a curved element, a decision has to be
made concerning tangency. Whether or not a
curve Is tangent to a straight or curved element
may not be readily visible in a static model,
but carefully designed dynamic changes can
readily reveal a tangent constraint or lack

Figure 1 Symmetry
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Figure

thereof. Problems can be designed to demon-
strate how the number of location dimension-
al constraints needed to fully constrain a
curved element changes with the number tan-
gency geometric relational constraints in
place. In Figure 2 (a), the front and back sur-
faces of the abject are intended to be tangent to
the curved surface. Example (b) illustrates
what might happen if a tangency constraint is
not present when the depth of the part is
changed from 40mm to 30mm. Example (c)
represents an object with two tangent con-
straints.

An alternative problem would be to put the
plate in an assembly where the radius of the
curved element needs to be preserved regard-
less of the depth of the part. Since most mod-
elers will put in implicit geometric constraints
of tangency when the part is initially con-
structed as seen in Figure 2(a), creating the
proper behavior will require explicitly remov-
ing the tangency constraint on one or both
sides of the curved element in the sketch.

{b)

{d

2 Tangency

Regular Polygons

Creation of a regular polygon from scratch in
a profile provides an opportunity to explore
symmetry, similar length, and similar angle
constraints. Exercises can be designed that
explore the differing solutions (e.g., that vary
the number of dimensional constraints versus
the number of geometric relations) to fully
constrain the polygon. Also, the types and
number of constraints needed to fully con-
strain the geometry can vary based on the
number of sides and can also vary based on
behaviors the polygon needs to exhibit under
modification. Figure 3 (a) illustraies starting
with a construction circle and two centerlines
and 1 1/2 sides of the hexagon. After adding
tangent constraints between the circle and the
two profile lines, the lines are mirrored about
the centerlines and the necessary constraints
are added to fully define the polygon as
shown in example (b). Another approach,
shown in example (c), is to require only a
construction circle and ask the students 1o
determine the number of constraints required
to fully define the polygon {regular or other-
wise). This activity provides an introduction

(b}

Figure 3 Regular Polygons
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(a)

Figure 4 Driving 30 Geomelry with 20 Skefches

)

(b}

Figure 5 Modifying the Mode! and Breaking Constraints

to construction geometry other than sketch
planes and the role it plays in structuring
final geometry.

The regular polygon exercise can be done with
the polygon being swept out to form one fea-
ture of a multi-feature part (e.g., a bolt),
and/or having the part in the context of a larg-
er assembly. An assembly could be designed
requiring a hexagonal feature that was not
based on a regular hexagon. In this case, a stu-
dent would need to more selectively establish a
combinations of equal size, equal angle, or
symmetry constraints. Additional challenge
can be added by requiring the hexagonal shape
to driven by dimensional constraints located
on specific faces.

Driving 3D Geometry with 2D Sketches
Another powerful exercise for students is one
where they are required to use 2D sketch data
to drive 3D features. Figure 4 shows an object
where the depth of the part is driven by the
60mm diameter dimension for the cylinder.
Figure 5 (a) illustrates what happens when the
diameter is changed to 45mm if the correct
tangent constraints are present between the
horizontal plate and the cylinder. Figure 5 (b)
shows the same modification when the student
is required to break the tangent constraint. As
with the tangency example above, the spheri-
cal surface can be made tangent to the cylinder
or not, depending on how the design require-
ments are specified.
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Conclusion

A modern engineering graphics curriculum
needs to move bevond the crafting of static
models and drawings derived from such mod-
els. To do so, one needs to begin with a clear
taxonomy of geometric behaviors derived from
dimensional and relational constraints applied
to the model. Problem-solving oriented model-
ing assignments that demand dynamic manip-
ulation of the models provides a vehicle for
revealing model behaviors to the students and
the instructors assessing the student work.
Assessment based on dynamic modeling
assignments provides the opportunity to judge
the quality of the model problem solution,
both on the modeling process and the end
product.

Increasingly, industrial use of constraint-based
modelers depends on the creation of sophisti-
cated virtual products that represent multiple
geometric configurations of current products
and the embedding of geometric behaviors
that represent engineering design constraints
(Courter, 1999; PTC, 2000; Versprille, 2001).
'Smart' models that reflect critical design con-
straints allow for rapid creation of new ver-
sions of the product and saves companies con-
siderable time and money. Increasingly,
employers will demand graduating students
who are able to create these sophisticated mod-
els. For students learning meodeling in this
dynamic, problem-based environment, there
will be the added benefit of being able to expe-
rience engineering design from the standpoint
of geometric problem-solving. This will pro-
vide an essential counterpoint to classes engi-
neering students already take where much of
the problem-solving is numerically based.

These changes in the engineering graphics
curriculum need to be implemented in such a
way that they not create undue burden on
instructors, otherwise, they simply will not be
adopted. Dynamic modeling problems that
allow reliable assessment through wvisual
inspection of different iterations of a model or
simple probing of the electronic model are
indeed possible. All of the examples given

above demonstrate behaviors that are clearly
visible in pictorial views of the model, either
in printouts or on the screen. The key will be
to tightly define the design problem and what
constitutes 'correct behavior'. Careful selec-
tion of models, geometric definitions, and
required modifications will all result in a qual-
ity instructional experience.
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A Delphi Study of Assessment Practices

in Fngineering Education
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Abstract

During the early fall of 2001, a study was conducted that looked at assessment areas and practices i the

field of engineering/technical graphics education. The study focused on the particular assessment practices

that should be used in grading tntroductory courses tn engineering/technical graphics. A panel of 12 experts

was selected, which included members from high school, community college, and university svstems from

acvoss the United States. These experts, using a modified three vound Delphi method, worked together to

reach consensus on a grading matrix for use in introductory level courses. Outcomes from this study include

a listing of major assessment categories with content objectives that experts felt should be addressed in the

assessment process. A model for assessment (taxonomy) s presented as a conclusion.

Introduction

Over the past fifty years, a new revolution has
taken place in the engineering/technical
graphics profession. We have seen major
changes in both the pedagogical practices we
use in the classroom and the foundational
information we teach our students. With the
advent of the computer and other related tech-
nologies, we have seen a major shift in content
taught in introductory and advanced classes
as well as the diversity of offerings most of us
are now responsible for (i.e. animation, web
publication, CAM). However, given all of the
changes within the past half century, little
inguiry has been made into the way profes-
sional educators in our field assess the content
we teach and the impact technology has had on
the profession’s foundational core areas.
Considering these important issues, the
authors of this study decided to continue a the-
matic research project looking into assess-
ment, changing foundational content, and how
evaluation can be related to a taxonomy for
assessing student work.

Many educators in the field of education con-
sider a discipline of study to have a taxonomy
for learning and assessment that can be direct-

ly tied to its content and the pedagogy used
in the classroom. Considering this, and the
changes in our profession, the lack of a taxon-
omy in our ficld needs to be addressed at the
national level. For the past three years, the
researchers of this study have worked towards
generating content for developing future edu-
cators for our field, the content to be taught in
our undergraduate courses, and the processes
and procedures for assessing student achieve-
ment. This study is yet another part of the
inquiry into these areas. The rescarchers want-
ed to determine the basic core competencies
that students need to exhibit and that should
be assessed in introductory courses in engi-
neering/technical graphics. For this step of the
thematic research, a modified Delpht tech-
nique was selected in order to reach consensus
among experts in our field. Representation of
all levels of education was used to makeup the
expert panel from which consensus was drawn.
This included high school through the univer-
sity level, since these core competencies affect
all students, whether in high school or pursu-
ing a degree at a university. Once these core
competencies were identified, a model for
evaluation, in the form of a taxonomy to eval~
uate outcomes, was developed to start the pro-
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fession’s quest for describing the knowledge
gains students have in learning to visualize in
our classes. At the end of this study, a proposed
model for visual [iteracy is suggested as a basis
for assessing the content students are learning
and the areas of visualization they should
acquire from our discipline.

Evaluation of Course Offering
A definition of evaluation, as related to curric-
ula arcas and taxonomies, was provided by Phi
Delta Kappa in 1970. This definition stated
that "educational evaluation is the process of
delineating, obtaining, and providing useful
information for judging decision alternatives"
(Phi Delta Kappa, 1970, p. 60). The tasks of
evaluation are to "provide continuous readings
along the congruence and contingency dimen-
sions, to identify options, to explicate values
and criteria, and to provide information that
weighs the options in relationship to the crite-
ria" (1970, p. 59. In 1991, Thomas (1991) pro-
vided a more inclusive definition of evaluation
by stating that assessment is "the use of vari-
ous methods to gather both quantitative and
qualitative information at the level of pro-
gram, institution, and/or system, to describe
and sometimes to make judgments about the
inputs, resources, and/or outcomes” (p. 1).
This definition incorporated the use of gather-
ing information to make judgments abourt
course quality, and the recent shift towards
accountability with the emphasis on effective-
ness of assessment. Performance criteria to be
assessed is one phase of defining and evaluat-
ing a program or course offering. In a study,
conducted by Diez and Moon (1992), they stat-
ed that there are two areas for assessment cri-
teria. The first included determining measures
for satisfactory performance. The second was
to assess the quality of a course. This study
based its content on areas related to Purposed-
Based Assessment. Purposed-Based
Assessment is used to find the following basic
purpeses for conducting an assessment: to
define the optimal performance that should
take place; to determine the actual perfor-
mance of students; to describe the feeling of
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key stakeholders (i.e. the Delphi Process); to
identify the problem areas of a program; and
to select or prioritize effective solutions to the
problems within a program (Hirumi, 1993).

Elements of Evaluation Models or
Taxonomies for Assessment
Evaluation models used in education have
been defined and classified by professional
educators in different wavs. Most scientific
rescarch conducted in education classifies
models as simplified representations of a
process or system. Models used in education
go beyond this definition of the term by imply-
ing that a model represents reality, often in a
simplified way, and provides structure and
order to a process or system (ie. rubric).
Models are used to help visualize something
that cannot be directly observed (Bagdonis &
Salisbury, 1994). The value of evaluation mod-
els has been seen in the assessment models
used in education. Stufflebeam used the input-
process-product model to understand complex
dimensions of a context that surrounds an
intervention and the interpretation of its
effects. Kaufman stresses the need for careful
analysis during the assessment process so that
changes can be planned and problems
resolved. Kirkpatrick gives attention to reac-
tions of learning behavior, including attitudes,
values, and perceptions. Overall, models are
valuable to educators because they promote an
in-depth analysis of the evaluation process
used in education rather than limiting or con-
straining the evaluation process (Altschuld,
1995). Karr (1994) concluded, in an article on
collaborative assessment, that to develop a
plan for authentic assessment of an education-
al program or course one must examine how it
can be conducted. This leads to the identifica-
tion of characteristics and criteria needed in
an assessment model if “true” assessment is to
take place. Bagdonis and Salisbury (1994) stat-
ed that models (taxonomies) can be developed
through general characteristics contained in
assessment processes, but literature is lacking
to identify a way to validate an assessment
model. Expert opinion can be used to validate
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assessment models (i.e. the Delphi method),
but such opinion needs to be followed by a for-
mative evaluation technique.

Bagdonis and Salisbury {1994) studied other
research in the field of educational assessment
and identified criteria for general model devel-
opment that should be used for assessment
purposes. One process identified was the steps
or strategies for developing models. The steps
include: divide the problem inte simpler prob-
lemns, develop objectives and a purpose for the
model, seek analogies, specify an element
within the problem and follow it through, and
record the obvious input and ocutput relation-
ships. Another outline for developing a model
includes the following steps: (a) identify the
problem; (b) define a model to serve as a refer-
ence, its strategy; (¢) investigate the current
system being assessed; (d) analyze current
problems; (e) draft a working model that is
compatible to the current sitnation, dedicated
to the reference model; (f) evaluate and revise
the new model based on the opinion of experts
and the results found through the assessment
process.

Another author in the field of assessment
model development who studied other profes-
sionals in educational assessment gave the fol-
lowing criteria for model development. A
model; (a) needs to be a replica of some type;
(b) is an agreed-upon symbol; {c) provides a
habitual process for evaluating and conceptu-
alizing a program; (d} provides a shortcut in
the conceptualization process; (e) can be com-
plete or not incomplete in form; {f) can be easy
and simple, or difficult and complex, depends
upon the users; (g) must provide standardiza-
tion and control of processes and conceptual-
izations; (h) is the means, not the beginning or
end of an assessment process. As indicated in
this review of literature, some type of symbol-
ic visual representation needs to be included
in an assessment (taxonomy) model for better
conceptualization of the evaluation process.
Also, a hierarchical structure needs to be
included for assessing different levels of sub-

ject  understanding  and
(Blankenbaker, & Miller, 1987).

proficiency

The Delphi Method

The Delphi technique used in this study start-
ed as part of Air Force sponsored projects with
the RAND Corporation in the early 1950's,
and related studies used as early as 1948. This
project, known as Project Delphi, had as its
objective the development of a reliable method
of reaching a consensus of opinion among a
group of experts. Its original justification was
1o access accurate information that was nor-
mally unavailable or too expensive to obtaisn.
This justification is still valid for Delphi stud-
ies (Sackman, 1975, p. 11}. Since the Delphi
process was successful in dealing with these
issues, it was utilized in other fields as a way of
using the consensus of experts to assess infor-
mation or provide solutions to problems.

The Delphi technique has been used for edu-
cational applications for the past two decades.
According to Volk (1990), by 1986, approxi-
mately 441 dissertations had employed the
Delphi technique and most of these were in
the field of education. Panel members for
Delphi studies in education typically are
experts from the field being studied. Lewy
(1977) stated that in curriculum development,
"expert judgments are needed as input data by
the curriculum decision makers. Many compe-
tencies must be integrated to produce a new
curriculum; no one person would possess all
the expertise required” (p. 167).

The Delphi has advantages as a research
method; however, research professionals in the
fields of education, government, and business
have acknowledged its benefits, but also have
some reservations about its use as a wvalid
research process (Sackman, 1975). This con-
troversy has existed for 40 years, but its
methodology has been proven to be an excel-
lent way to draw consensus (Delbecq, Van de
Ven, and Gustafson, 1986). Its features distin-
guish it from other methods of group interac-
tions. The beneficial features of this method
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were identified in a research study conducted
by the Society of Manufacturing Engineers
(1977). These included the anonymous inter-
action its gives to participants within the
study; the iteration with controlled feedback
that takes place during the Delphi rounds; and
the statistical group response, which encom-
passes the ideas of the entire group or panel of
experts {Delbecq, Van de Ven, & Gustafson,
1986). The Delphi technique has also been
described as a good research method or tool for
gathering consensus of opinion in order to

determine common goals. Meyers and Booker-

(1990), in a research guide for the Office of
Nuclear Regulatory Research, suggest three
main advantages of the use of the Delphi
process. First, it is designed to avoid biases
that can arise from group dynamics. Second, it
is the best method for obtaining detailed infor-
mation. Third, it uses the experts' problem-
solving capabilities and can compile enough
information, usually by a mathematical aggre-
gation” (p.98). Fowles (1978) provided two
more reasons for choosing the Delphi method.
It is appropriate if a topic cannot "lend itself to
precise analytical techniques, but can benefit
from subjective judgments on a collective
basis, and it is appropriate when individuals
who need to interact cannot be brought togeth-
er in a face-to-face exchange because of time or
cost constraints” (p. 278). He further states
that in a conventional face-to-face setting,
strong personalities tends to dominate or give
rise 10 an undesirable “bandwagon” effect (p.
278).

Rationale for Seleciing Delphi
The rationale for the selection of the Delphi
process for this study included the three main
features that the Delphi offers as a research
strategy. Dalkey, Rourke, Lewis, and Snyder
{1972) identified these as anonymity, con-
trolled feedback, and statistical group
response. Another rationale for selecting a
Delphi method was its ability to motivate indi-
viduals to participate. The feedback process
from the group of experts can be novel and

7
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interesting, and the use of systematic proce-
dures allows objectivity in the outcomes,
which is reassuring to the participants.
Finally, the "anonymity and group response
allows for the sharing of responsibility to be
refreshing and that it releases the respondents
from social inhibitions" (Dalkey., Rourke,
Lewis, & Snyder, 1972, p. 21). These fearures
made the Delphi process desirable for this
study, and, because of the need to develop a
practical instrument to be used by the
Engineering Graphics Profession, member
input was important for acceptance of the
findings.

Methodology
This study used a modified three round
Delphi method for the development of cate-
gories with objectives for assessing introducto-
ry courses in engineering/technical graphics.
The selection of the 12 expert panel members
was based on three criteria. First, the fevel of
education they teach. Four of the panel mem-
bers represented high school drafting pro-
grams with emphasis in both architectural and
mechanical drawing, four members of the
expert panel represented the community col-
lege system or two-vear post-secondary pro-
grams, and four additional panel members
represented the four-year post-secondary sys-
tem or university system. Second, each panel
member had at least 10 years experience
teaching in fields related to engineering/tech-
nical graphics and were full-time employees.
Third, the panel members were recommended
by other professionals in the field of graphics
(Linstone & Turoff, 1975). Considering time
and cost factors, both the high school and com-
munity college panel members were teachers
in the state of North Carolina and recom-
mended by faculty at NC State University,
consultants from the North Carolina State
Department of Public Instruction, and the
North Carolina Community College State
System. The four members selected to repre-
sent the four-year university systems were sug-
gested by members of the Engineering Design
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Graphics Division of the American Society of
Engineering Education, during the Mid-year
Meeting in San Antonio, Texas (2001), and
provided a balanced representation from all
interest and regions of the county. Once the
expert panel was sclected, the researchers
began the Delphi study by asking each mem-
ber to suggest categories and objectives for
assessment. This first round of the Delphi
study included example categories and objec-
tives from previous thematic research the
authors had conducted over the past three
vears. Members were allowed to edit, delete,
and add to each of the suggested categories
and objectives. This included the categories
and objectives suggested by the researchers in
the first round, which were provided to illus-
trate the writing style needed for the objectives
and as a starting point for the study (Delbecq,
Van de Ven, and Gustafson, 1986).

After collecting information obtained from
round one, similar objectives and categories
were combined and the instrument for round
two was developed. In round two, expert panel
members were asked 1o rate each category on a
Likert scale of one through five {Linstone &
Turoff, 1975).

The third and final round asked expert panel
members to rank order, for each category, the
objectives left from round two (Clark & Scales,
2001). Expert panel members could not add or
edit any objective or category left from the pre-
vious round, only rank them starting with “17
as the most important. Once the data were
received, the researchers kept the highest 50%
-ranked objectives for each category, which
were used for the study's conclusions and the
development of the assessment model prescnt-
ed at the end of this paper (Linstone & Turoff,
1975). By keeping only the upper 50% of the
objectives listed by the panel members, it was
assured that these objectives were those on
which the panel members were in strongest
agreement.

ng 2003

Findings

By the beginning of round one of the Delphi
Study, the expert panel had added 12 addition-
al categories and 88 additional objeciives to
those suggested by the researchers. Similar
categories and objectives were combined. The
researchers also rewrote some objectives for
clarity. The panel members were then asked to
rate the objectives during round two. The rat-
ing system ranged from one to five on a Likert
Scale. A rating of one indicated that the rater
felt that the practice was very poor and not
needed for any introductory graphics course. A
rating of two indicated that the rater felt that
the assessment was a poor assessment practice
that only should be used in 49% or less of all
introductory graphics courses. A rating of
three indicated that the rater felt that the
assessment was a fair assessment practice and
is appropriate for 51% or more of all introduc-
tory graphics courses, and a rating of four indi-
cated that the rater felt that the good assess-
ment practice that should be used in 73% or
more of all introductory graphics courses. A
rating of five indicated that the rater felt that
the objective was an excellent assessment prac-
tice that should be used in 100% of all intro-
ductory graphics courses. In the final round
(three) the expert panel members were asked
to rank the objectives under each category by
importance, starting with the number one (1}
as a indication of the most important objec-
tive. They were also asked to rank the cate-
gories by importance in the same fashion.
Table 1 provides a list of the assessment objec-
tives that were ranked in the upper 50% under
each category. The table also provides the
mean and standard deviation for the rating of
each of these objectives from round two as well
as the average of the ranking of the objectives
from round three. Objectives that were added
during round two are indicated and were not
rated by the panel members during round two.
Figure 1 provides a histogram of the ranking of
the categories by their importance in an iniro-
ductory  engineering/technical  graphics
course.
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CATEGORY 1: SOLUTION

number

Final List of Categories and Objectives after Round Three

2

Obijectives: Mean* sp~ Avg. Rank**

* The drawing/models occurately represents the solution io the problem. 418 1.53 1.64

* Student selects views and creates drawings that fully describes the shape, 491 0.29 218
size and fealures of the object.

+ Proper procedures were followed with respect to the drawing,/model solution. 367 (AN 436

* [n} Student drawings, models, & dynamic media represent and accurate 4.63
solution to the stated problam.

CATEGORY 2: DESIGN

Objectives: Mean™® SD* Avg. Rank**

+ The design meets the funcfianality required for the projedt, 4.50 Q.80 190

* The design was prepared based on the following considerations: 325 1.22 2.83
manufacturability, cost factars, ease of production, sound engineering
practices,/procedines ond use of standard available parts.

* The design solufion shaws some originality in thinking. 367 1.23 4.32

* Student made appropriate materlal cholces. 3.25 1.14 4.00

CATEGORY 3: STANDARDS

Obigcfives: Mean™® sD* Avg. Rank**

*+ ANSI standords were followed throughout the drawing,/modeling process. 392 1.31 10O

CATEGORY 4: ACCURACY

Cbjectives: Mean* sD* Avg. Rank*™*

+ Students stay within specified measurements in construction of 4.34 1.23 118
drowings and models.

* Students stoy within apprapriate folerances in construcfion of drawings 35 145 2.18
and models.

CATEGORY 5: DIMENSIONING

Objectives: Mean* 5D Avg. Rank**

* A completely dimensicned figure includes the sizes ond 4.84 0.39 2.64
locations of al! features.

* Dimensions are placed in the most appropriate views. 484 039 3.54

* Dimensions follow accepted pracfices. 467 085 3.9

* {n] Sludents demonstrated the correci placement of dimensions. 597

* [n} Students demonstrate an understanding of dimensioning through 527
their drawings or solufions.

CATEGORY 6: GEOMETRIC CONSTRUCTION

Objectives: Meaan™ Sh* Avg. Rank**

* Students understand the relationship batween geometric construction 4.50 1.21 3.45
and the production of enginesring/technical drawings.

* Students are familiar with geometic terms and concepts. 384 Q.90 390

* Students can develop and manipulate geomeky in a CAD environment. 4.34 1.23 4.18

* Student uses an efficient construction process. 4.34 1.23 4.18

*Aean and SO from Ratings in Round 2. **Average of Ranking from Round 3

Table 1 {continues on nexi page}
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CATEGCRY 7: MODELING

Objectives: Mean* 5D Avg. Rank™™

* Student demonstrates the use of an efficient modeling process. 392 Q.10 2.82

* Appropricte methods are used in construction [Boolean, extrusion, eic.). 392 1.16 2.82

* The appropricte geometry was ulilized in the construction of the model. 3467 1.37 4.00

* {n) Student demonstrated computer graphic literaey shrough 3D modeling 4.64
and consfruction exercises. 550

« [n) Students can bulld 30D medels for 2D informaiion.

CATEGORY 8: SECTIONING

Chiectives: Mean* sD* Avg. Rank* ™

* [n} Studenis shauld be able to understand when to apply the varous types of 273
section views (i.e., full sections, half secfion, aligned section, offset section, efc.|

+ Correct sectioning siyle or type is used. 3.50 173 4.4

* The cutiing plane's path and the direction of arraw]s] should agres with the 4.50 1.24 445
sectional drawingls).

*+ Hatch palterns correctly represent materialls) being used. 417 1.53 464

* {n) Siudent includes sectional drawings when they improve the abiliy of 473
the reader fo visualize the object's shape or interior detail.

CATEGORY 9: SKETCHING

Objectives: Mean™® sD* Avg. Rank™**

* Students display aecurate proportions in their sketches. 4.84 0.58 1.55

* Siudents can skefch an aceurate representation of the problem or solution. 4.50 0.80 1.64

CATEGORY 10: TOLERANCING

Objectives: fean® sh* Avg. Rank*™

* Students are familiar with ferms and concepts associated 400 1.08 .64
with general tolerancing and geometric dimensicning ond folerancing.

* Students understand the effect that tolerancing has on the production of 3.82 1.04 218
componants in the indusfrial world.

+ Students can apply basic geometric dimensioning and tolerancing 3.58 119 218
coneepls to anginearing,/technical drawing assignments.

CATEGORY 11: LETTERING

Objectives: Mean™® sD* Avg. Ronk*™*

* Student can demonsiate neat, legible freehand leftering using all uppercase, 392 1.44 118
vertical, Gothic letters.

» letter size should be appropriate 1o the drawing and spaces available while 400 1.29 297
still maintaining legibiliy.

CATEGORY 12: ORTHOGRAPHIC PROJECTIONS

Objectives: Mean™ sD* Avg. Rank**

* Student knows orthrographic projection theary. 484 0.39 3.00

s Views are included to completely describe the object’s space without 484 0.39 3.55
unnecessarily duplicating information.

*+ Views are aligned and placed in comect positions relative fothe other views, 4.50 117 450

» Visible and hidden lines are projected and aranged so as to corectly 4.58 116 4.55
represent the object's shape.

* [n} Student can read orthegraphic drawings. 491

*Meon and SD from Ratings in Round 2. **Average of Ranking from Round 3 [n) Added during Round 2

Table 1 (continved}
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CATEGORY 13: PICTORIAL DRAWINGS

Objectives: Mean* sp* Avg. Rank**

* Student is able to identify drawings as efther perspective, isometiic, or 417 1.27 1.72
oblique drawings.

() When provided orthographic views or physical medels, the student 2.00
can produce isomefric sketches of simple objects.

* Pictorial drawings include correctly dligned ellipses. 3.9 0.7¢ 427

* Student can list ot least one advonioge and one disadvantage of using 350 1.38 4.27
oblique or perspactive as compared i isometric drawings.

CATEGORY 14: ANIMATION/SIMULATION

Objectives: Mean* Ch Avg. Rank**

* {n} Students can build accurate 3D models for the simulation process. 182

* [n} Students understand the animation process. 209

* In] Students understand the value of testing and evaluating through 200
animation or simulation.

CATEGORY 15: SCALES

Obijaclives: Mean™ s Avg. Rank™*

* [n] Sludent should be able to measure using all scales provided on an 100
engineering, mefric, and architectural scale.

CATEGORY 16: AUXILIARY VIEWS

Obijectives: Mean™ SD* Avg. Rank™™

* {n} Student includes auxiliary views when they are needed fo improve the 1.50
ability of the reader to visualize the object's shape.

* {n} Student is able io identify irue length edges and surfaces in 2.50

parallel projections.

*#Mean and ST from Ratings in Round 2. **Average of Ranking from Round 3

Table 1 {continued)

" Additional Items

CATEGORY: PROBLEM STATEMENT

The cafegories and objectives below were provided by ane of ihe experf pane

fn} Added during Round 2

| members.

Objectives: Mean sh
* Maeaosure: The problem statement/definition realistically describes a problem whose solution may 3.42 1.56
adequately be mef with engineering graphies as the principle medium.

CATEGORY: ANALYSIS

Obijectives: Mean sD
* Student analysts of the prablem adequately represents an related examinasion of similar or solutions. 257 1.44
CATEGORY: VISUALIZATION & IDEATION

Obijectives: Mean SD
+ Prefiminary concepf sketches provide visual evidence of mulliple of ideas concerning passible 3.84 1.27

sohulions (through visualization sketches).

Table 2 {continues on nexi page)
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CATEGORY: DIGITAL GEOMETRIC DESCRIPTION

Objectives: Mean S0

*+ Students develop - demanstiate camputer graphic teracy thraugh 3D modeling and constauction 4.00 1.04
exercises from concept skeiches.

CATEGORY: REFINEMENT

Objecives: Mean 5D

« Students complete and arganize digital models and drawings and prepare o analyze, simulte 3.08 1.26
and test model. Includes refining and reviewing accuracy and completeness of project files/models.

CATEGORY: DYNAMIC EVALUATION OF SCLUTION

Objactives: Mean sD

* Students test and validate solution/design through virtual simulation {graphically} and dynamic 275 1.54
techniques, via simulafion - scripting and other analysisvalidation methods (including accurate
3D animations).

CATEGORY: PRESENTATION OF PROTOTYPE SOLUTION

Objectives: Mean SD

+ Completed drawings, models, and dynamic media accurately represent the solufion to the 334 145

problem vie digital CG technology.

Tahle 2 (continued}
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Conclusions

In examining the information gathered by the
study, a number of things stand out. By the
second round, several conclusions could
already be reached. First, there is a diversity of
opinion between the panel members concern-
ing the appropriate objectives that should be
included in an introductory course in engi-
neering/technical graphics. The differences
are ¢vident when examining the objectives
suggested by instructors in higher education
and instructors in high schools. Although
many high school programs include work in
CAD and solid modeling, it is evident that
these instructors still tend to think in tradi-
tional course evaluations and content. This
suggests that a separate Delphi study might be
conducted that examines high school program
assessment practices and higher education
practices separately. It also suggests that
greater attention needs to be paid to the actual
content and assessment practices utilized in
public schools. If their practices are not appro-
priate for the current content of their courses,
they may need some help in making that tran-
sition.

Second, the high school and community col-
lege instructors overall provided less input
during the delphi process. They seemed more
intimidated by the research method.

Third, the study data seems to support the
conclusions, from previous studies conducted
by these researchers, on trends and issues
related to the engineering/technical graphics
profession, which will be discussed later in the
conclusions (Clark & Scales, 2000).

Fourth, the Delphi process generated a second
level of categories from one of the members of
the panel. These categories are more broad
based and are likely a level berween the
detailed objectives for assessment and the ulti-
mate goal of providing students with technical
visualization skills.

During the third round, the panel members
were asked to rank the assessments under each
category by importance, using one (1) to indi-

7
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cate the most important assessment objective.
Likewise, they were also asked to rank the cat-
egories in importance. In examining the
results from this round some additional con-
clusions can be drawn.

First, it is obvious when looking at Figure 1
that many content areas currently taught in
introductory courses that would have been
ranked higher in the past are no longer con-
sidered as important. This is evident when
comparing the results of this study to a survey
conducted by the researchers in 1999 (Clark &
Scales, 2000}, In particular the ranking of the
importance of Auxiliaries, Lettering,
Orthographic Projection, and Scales have
placed them at the bottom of the list. Although
the panel members indicated that they sull
need to be part of the course content by their
inclusion in the assessment categories, they
ranked other areas of assessment higher. This
indicates that the shift from manual drawing
to computer-aided drawing (CAD) has had an
impact on the panel members' teaching priori-
ties.

Second, the data from round three further
demonstrated that panel members were not in
agreement on the order of importance of objec-
tives under some categories. This was particu-
larly evident in the Solution, Design,
Dimensioning, Geometric Construction, and
Pictorial Drawing categories. The averages
between a large nmumber of the objectives
under these categories were numerically very
close. In the Solution category, assessment
objectives related to standards and modeling
had a narrow range of rankings. In the Design
category, the averages of five objectives were
close. This is probably due to the fact that this
is a new content area in several introductory
courses; therefore, it is less well defined in the
minds of the panel members. In the
Dimensioning category, four objectives related
to placement of dimensions and standards
were numerically close. This may provide evi-
dence that the panel was not sure of the impor-
tance of specific standards in our present
introductory courses. Even more striking was
the small range of numbers in the Geometric
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Figure 2 Aadel of Assessment Taxonomy for Introduciory Engineering/Technical Graphics Courses

Construction category. The entire listing of
eight objectives had a range from 3.90 to 5.20
demonstrating the disagreement among the
panelist on the rankings of the objectives
under this category. This could also be an indi-
cation that the panel members valued the
majority of the objectives, and found it diffi-
culty to make a decision about their order of
importance.

Finally, Figure 2 is an illustration of the model
that the researchers created for an assessment
taxonomy for introductory engineering/tech-
nical graphics courses based on this study.
This model provides a suggested theoretical
frame that demonstrates the hierarchical
arrangement and levels of an assessment out-
come-based taxonomy that includes objectives,
broad educational goals, and the final outcome
of an introductory engineering/technical
graphics course. The layout begins with the
background of the student. The next level in
the model lists the specific areas that the con-

tent of an introductory course should contain.
Level three defines more general areas of con-
cepts that can be obtained in both introducto-
ryv and advanced courses, and the model ends
with the main outcome of visual literacy.
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A Design-Based Engineering Graphics Course
for First-Year Students

Shana Shiang-Fong Smith
lowa State University

Abstract

With advances in computer technology and design and graphics practice in industry, the objectives of graph-

ics education have also changed. Increased emphasis has been placed on developing design, teamwork, prob-

lem-solving, visualization, and communication skills. This paper describes the first-year Introduction to

Design course at Towa State University. Design for manufacturing and concurrent engineering principles

are incorporated into the curriculum. Autodesk Inventor is used as the primary CAD tool for parametric

solid modeling. Student teams mimic design companies and complete design projects. A Library of 3-D vir-

tual models have been created to replace physical hand-held models previously used to demonstrate the con-

cept of multi-view projections. Mental Rotation Test vesults show that student spatial visualization skills

have been dramatically improved, By the end of the course, most students are able to perform complex

design tasks, and the quality of student team projects has also been enhanced.

Introduction

Product design is a critical activity. It has been
estimated that 70 - 80% of the cost of product
development and manufacture is determined
by the decisions made in initial design stages
(Kalpaljian & Schmid, 2001, p.9). Thus, prod-
uct success depends upon efficient design
methods.

During the design process, 92% of communi-
cations are graphically based (Bertoline,
Wiebe, Miller & Mohler, 1997). Graphics is a
visual communication language, which helps
designers understand their developing designs
and to convey their ideas to others. Thus, the
ability to effectively transform design ideas
into graphics, and then to transform graphic
design descriptions into real products, is
essential in modern competitive industry.

Most design activities are based on a common
3-D CAD database. Thus, adequate visualiza-
tion skills are important for creating and
understanding the 3-D CAD models used dur-
ing the design process. A survey published by
Barr {1999) shows that developing 3-D visual-
ization skills is ranked as the most important
topic in future engineering design graphics

education. Prior research also shows that stu-
dent 3-D visualization ability greatly influ-
ences future career success in science, engi-
neering, and technology (McKim, 1980;
Norman, 1994; Pleck, Mcgrath, Bertoline,
Bowers & Sadowslki, 1990).

Therefore, traditional drafter-only training
has proven to be insufficient to meet modern
industry needs. To produce well-prepared
graphics and design professionals, academia
must integrate design activities into introduc-
tory graphics courses (Buchal, 2001).
Technical or engineering graphics programs
must revise their curricula to place more
emphasis on design principles, teamwork,
visualization, problem-solving, and communi-
cation skills.

Course Outline
The goals of JTowa State University's
Introduction to Design course are to equip stu-
dents with necessary CAD, design, teamwork,
visualization, sketching, problem-solving, and
communication skills, to help them succeed in
their future careers. There are fifteen weeks in
the one-semester course, and each week con-
sists of one hour of lecture and four hours of
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laboratory. Basically, each week of the course is
used to cover one topic. The lecture topics
include:

* Introduction to design

* Orthographic projections

* Engineering drawing

* Teamwork and Gantt charts

* Design for manufacturing

and concurrent engineering

* Dimensioning

+ Fasteners

* Auxiliary views

* Sectional views

* Pictorial views

* Rapid prototyping

¢ Material selection

The purpose of laboratory exercises is to devel-
op students’' CAD, design, teamwork, problem-
solving, and communication skills. Now,
Autodesk Inventor is the primary parametric
solid modeler used in the class. However, three
weeks are alse spent learning AutoCAD.
Basically, each week is used to cover one labo-
ratory topic, and the last three weeks are spent
on group design projects and presentations.
Contents of the laboratory activities include:

» TFeature-based parametric modeling

* Constructive solid geometry (CSG)

* Constraints and relations

* Extrude, cut, revolve, mirror, offset,

pattern, loft, sweep, coil, shell, round,
and fillet operations

* Sheet metal design

* Asscrnbly modeling

* Presentation animation

¢ Engineering drawing

¢ Virtual reality

* Group design projects and presentations

Since the Virtual Reality Applications Center
(VRAC) at Iowa State University is available
for public tours, and since companies increas-
ingly use virtual reality to verify their designs
(Gomes de Sa & Zachmann, 1999; Abshire &
Barron, 1998), students in the first year design
course are given an opportinity to experience
virtual reality as a state-of-the-art design and
visualization tool. Each semester we spend one
weelk of laboratory time visiting the VRAC and

7
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experiencing VR environments. The VR tour
not only inspires students’ interest in design
and graphics, but also broadens students’
knowledge in visualization technology.

Sketching and Visualization Skills
The goal of contemporary design and graphics
education is to produce designers rather than
drafters. A major aspect of this effort is the
development  of  visualization  skills
(Newcomer, McKell, Raudebaugh & Kelley,
2001). Many graphics educators believe that
working with solid models on a computer
screen will enhance students’ visualization
skills. Devon, Engel, Foster, Sathianathan &
Turner {1994) showed that using solid model-
ing does enhance spatial visualization skills
more than using wireframe CAD or teaching
graphics in a more traditional way. However,
Sorby and Gorska (1998) showed that merely
working with 3-D computer models in a solid
modeling environment does not develop spa-
tial visualization skills as well as traditional
visualization skill-building techniques like
sketching. Sorby (1999) concluded that in
order to develop 3-D) spatial skills, sketching
exercises are needed.

There are many contradicting research studies
concerning the need for freehand sketching in
graphics curricula. In addition, engineers and
technicians can now design and manufacture
parts without relying on 2-D drawings.
However, freehand sketching is still an
extremely useful or even necessary skifl for
engineering design (Newcomer, McKell,
Raudebaugh, and Kelley, 2001). Freehand
sketching serves as a critical communication
and thinking tool for expressing design ideas
during conceptual design (Buchal, 2001). After
concepts are generated and evaluated, detailed
design can proceed, using 3-D modeling tools.
Frechand sketching skills are usually built
upon 3-D visualization skills. In traditional
graphics teaching, instructors use 2-D figures
to explain orthographic projection, normal
surfaces, inclined surfaces, oblique surfaces,
auxiliary views, sectional views, and pictorial
views. Using 2-D figures to describe 3-D
objects often confuses students. Some teachers

34 Engineering Design Graphics joumnal




s pring 2003

{c) front view

(d) right view

Figure 2 Multiview of a 3-D object

build simple hand-held physical models (e.g.,
blocks, wedges, and cylinders) to help students
understand 3-D design concepts more clearly.
However, for complex objects, physical modeis
are not easy to build or carry.

For the given course, a library of virtual solid
models is built using Autodesk I[nventor, to
replace the physical models previously used
for classroom demonstrations. The virtual
medel library contains models for each free-
hand sketching topic, e.g., normal surfaces,
inclined surfaces, oblique surfaces, spherical
surfaces, and auxiliary views. Figure 1 shows
some examples of the virtual models. The

orthographic front, top, and right side views of
a 3-D solid model can be rendered easily using
Inventor (Figure 2).

During lecture presentations, the 3-I} solid
models are projected onto a big screen, using
an LCD projector connected to a computer.
The instructor can rotate and manipulate the
virtual models to show different projection
views and, thus, help students visualize the
relationships between 3-D models and their
corresponding 2-D projections. The instructor
also uses the models to demonstrate frechand
sketching techniques. Figure 3 shows a snap-
shot, taken in the classroom, in which a stu-
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Figure 3 3-D Medel in the Classroom

dent, guided by the instructor, is sketching 2-
D projections, on an overhead projector trans-
parency (left screen), for the displayed 3-D
model (right screen). Currently, the virtual
models are only used in the classroom. In the
future, the virtual model library will be
uploaded to the course Website, so that stu-
dents can access the models at home to help
them with their homework assignments.

A survey conducted at the end of the Fall 2002
term shows that 79.4% of students strongly
agree or agree that the virtual models, when
used in the classroom, help them visualize and
understand the relationships between 3-D
models and their corresponding 2-D ortho-
graphic projections.

Student performance in freehand sketching
has also been enhanced. Test scores, when
compared with test scores from semesters in
which virtual solid models were not used for

projection demonstrations, have improved
markedly. For example, for questions related
to the examples in Figure 4, test scores have
improved by 15% and 15.8%, respeciively.

Team Project

Student teams are formed at the beginning of
each semester, based upon students' answers
on a background survey. Four students are
assigned to each team. Each team mimics a
design company. Several interaction activities
are employed to help students become fantiliar
with each other. For example, students are
given time to introduce themselves and to
exchange email addresses with their team-
mates, to brainstorm as a team to solve
quizzes, and to compete in team puzzle solving
competitions.

Students learn a design process consisting of
three overlapping parts: ideation, refinement,
and implementation (Bertoline, Wiebe, Miller
& Mohler, 1997). During ideation, students are
asked to choose a product idea and to brain-
storm design solutions. Each team then sched-
ules their design work using a Gantt chart.
They also develop freehand sketches of their
design concepts. Figure 5 shows examples of
the freehand sketches done by four student
design teams.

During refinement, students brainstorm any
necessary design modifications. During refine-
ment, design-for-manufacturing (DFM) and

Figure 4 Freehand Skefching Test (Craig & Craig, 1999)
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Figure 5 Ideation Sketches for o Student Team Frojects

concurrent engineering are required elements.
Students must determine detailed design and
part dimensions. In addition, they must select
proper materials.

During implementation, students use Inventor
to create CAD solid models for all parts,
assembly models, and animation models.
Figure 6 shows CAD models of the landing
gear, supercharger, folding bike, and obese
chair created by four student design teams.
Students must create final detail drawings and
layout drawings, as well. Finally, students pre-
sent their designs to the class, using
PowerPoint. They also prepare written final
reports. The final report must contain a cover
page (including a product name, a company
name, team members’ names, team members'
signatures, and a completion date), a table of
contents, a brief introduction to the project,
the body of the report {including a summary of
design problems and solutions, a description
of the design process, meeting minutes, Gantt

charts, freehand sketches of concept designs,
detail drawings, layout drawings, conclusions
and suggestions, and any appendices.
Students’ design skills are improved by partic-
ipating the design projects. Figure 6 shows
that, by the end of the course, students, with
only pricr high school math, science, and lim-
ited drafting skills, can use Inventor to create
quite complex designs.

After completing the team project, students
complete both a peer- and a self- evaluation for
their teamwork. Table 1 shows the teamwork
evaluation form used. To prevent bias, the top
portion of the evaluation form does not affect
students’ grades. Tables 2 and 3 show evalua-
tion results for the top portion of the evalua-
tion form. An evaluation conducted at the end
of the Fall 2002 term shows that students
spend, an average, 20 to 30 hours on their team
projects. The results also show that students
consistently rate all measured aspects of their
projects highly. They show a very positive atii-
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{a) Landing gear

{c) Folding bike (d) Obese chair

Figure & Assembly Modsl and Animation Simulation

Project Peer- and Self- -Evaluation

Rate your team on the following eriteria (T being poor, 5 being sutstanding)
Project Preparation ] 3
Degree of cocperation i
Degree of confidence 1
Quality of presentation . 1
Guality of PowerPoint file 1
Use of fime 1
Experience waorking on a teamwork ]
Personal design skill enhanced by the project I
How many hours did you spend on your project o5
Overall performance 1
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Give yourself and your feam members up 1o 25 points each:

Members Score

i Yourself

4

Comments:

Table 1 Froject Peer- and Seft- Evaluation Form
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Project preparation
Degree of cocperafion
Degree of confidence
Quality of presentation

Quality of PowerPaint file

Items

Use of time
Experience working on a feamwork
Personal design skill enhanced by the project

Overall performanee

1.5 2 2.5 3 3.5 4

Seales (1 being poor, 5 being outstanding)

4.5

Table 2 Resulis of Project Evaluation

over 30
2030
1020

510

Hours spent on projects

05

10

Number of persons

15 20

Table 3 Number of Hours Spent on Projects

tude toward their design projects, and they
enjoy their group project work.

The second-half of the Table 1 survey does
affect students' grades. The average score for
self-evaluation is 24.9 out of 25, and for peer-
evaluation is 23.9 ourt of 25. Students tend to
give themselves higher scores, but peer-evalu-
ation tends to balance self-evaluation scores.
Combined, the two scores tend to accurately
evaluate students’ experiences and contribu-
tions to the group projects. Selected student
comments include ”I enjoyed working with
these three guys. We worked well together and
had a great time doing this project”; “We
worked well as a team™; "We started out slow,
that’s why the lower scores on the project
preparation and use of time; however, we {in-
1shed very strong once we got going”; “It was
hard working in the group because we had

similar types of positions; However, our group
project turned out great. We all worked hard
and made a great product.”

Student Feedback on the Course
After finishing the Fall 2002 term, students
were surveyed concerning the topics covered in
lecture and laboratory (freehand sketching,
dimensioning, fasteners, design for manufac-
turing and concurrent engineering, rapid pro-
totyping, material selection, Inventor,
AutoCAD, layout drawing and detail drawing,
animation of 3-D assembly models, teamwork,
and virtual reality tour}. There were three
questions in the topic survey.

The first question was, “Which three of the fol-
lowing topics did you find the most interest-
ing?” The top three responses to the question
were: Inventor (94.1%), animation of 3-D
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AutcCAD
Pro/Engineer
SolidWorks

40
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Percent Response
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Table 6 Preferred Secondary Software

assembly models (79.4%), and virtual reality
tour {41.2%) (Table 4). The results shows that,
since most students in the course are visual
learners, they are more interested in instruc-
tion based upon motion pictures or images.
The number of students who rate learning
Autodesk Inventor as their first choice is very
high; students apparently enjoy using Inventor
for design tasks.

The second question was, “Which three of the
following topics did vou find the least interest-
ing?” The top three responses to the question
were: fasteners (61.8%), dimensioning
{44.1%), and AutoCAD (44.1%) (Table 5).
Compared to the Inventor 3-D parametric
solid modeler, AutoCAD is less user-friendly
and, apparently, less attractive. Beginning
design students do not enjoy AutoCAD as
much as Inventor. However, one reason for
keeping AutoCAD in the curriculum is that
most students expect and want to learn

AutoCAD before they enroll in the course.
Responses to the third survey question reflect
students' expectations.

The third question was, “Which alternative for
the secondary software tool used in the labora-
tory do you prefer?” The top three responses to
the third question were: AutoCAD (41.2%),
Pro/Engineer (23.5%), and SolidWorks
{(11.8%) (Table 6). The expressed preference
might be determined by students’ prior CAD
knowledge, background, or the old University
course catalog. Since most incoming students
have heard about AutoCAD before, although
they choose AutoCAD as one of the least inter-
esting topics, they still think it is a necessary
tool to learn. Usually, several students from the
University's pre-architecture program take the
course. They might influence the results, as
well, since AutoCAD training is highly recom-
mended for architecture students.
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Mental Rotation Test

At the beginning of the Fall 2002 term, stu-
dents took a pre- Mental Rotation Test (MRT)
(Vandenberg & Kuse, 1978). The MRT is a
standard test used to assess spatial visualiza-
tion ability. The MRT consists of 20 questions.
Each question has two and only two correct
answers. For two correct answers, students
receive two points, For one correct and one
incorrect answer, or two incorrect answers, stu-
dents receive zero points. If only one answer is
given, and it is correct, students receive one
peint. Students have 6 minutes to finish the
test.

The average pre- MRT score was 18.06, with
standard deviation 6.30. At the end of the
course, students toolk the MRT test again. The
average post- MRT score was 27.37, with stan-
dard deviation 6.93. One-way analysis of vari-
ance for the pre-test and post-test scores shows
that, with greater than 93% confidence (o
0.05), the difference in mean scores is statisti-
cally significant. MRT scores from the begin-
ning to the end of the semester improved dra-
matically. The results show that the students,

MRT
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after taking the course, have stronger spatial
visualization skills. Figure 7 shows the distrib-
ution of results, sorted by posi-test scores;
trend lines have been added to more clearly
illustrate the measured gains in spatial visual-
ization skills.

Conclusion

Constructing the best design and graphics cur-
riculum and choosing the best technology to
enhance students’ learning are always major
chatlenges for graphics educators. This paper
describes the new cutriculum in the first-year
Introduction to Design course at lowa State
University. Physical models have been
replaced by a virtual model library. Students
can now visualize the relationship between 3-
D objects and their corresponding orthograph-
ic or auxiliary views by manipulating the vir-
tual models. Student surveys show that stu-
dents believe that virtual model demonstra-
tions help them visualize the relationships
between 2-D projections and 3-D objects and
enhance their freehand sketching skills. Most
students strongly agree or agree that the virtu-
al models help them understand multi-view
projections.

Fall 2002
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Students now learn basic design-for-manufac-
turing and concurrent engineering principles
and apply the principles in team projects.
Autodesk Inventor has replaced Mechanical
Desktop and AutoCAD as the primary design
tools. By the end of the course, students, with
only prior high school math, science, and lim-
ited drafting skills, can create quite complex
and high quality designs using Inventor.
Although, at the beginning of the course, a few
students were not interested in teamwork, by
the end of the course, they all enjoyed their
teamwork experiences and were satisfied with
their performance working in a team.
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Resolution

Frank M. Croft, Fr.
2003 National Meeting Resolutions Chair

Whereas the Annual Conference of the Engineering
Design Graphics Division of the American Society for
Engineering Education has occurred at the Nashville
Convention Center in Nashville, Tennessee from june 22-
25, 2003;

And, whereas program chair Frank Croft of The Ohio State
University provided us with a coordinated program and a
suitable forum for the exchange of ideas, methodologics,
and conviviality;

And, whereas a Division members, and guests, have
enjoyved excellent presentations, wonderful tours, the envi-
rons, ambiance, weather, country music and great food of
Nashville, Tennessee;

And, whereas Jerry Vinson, Fritz Meyers, and Ron Pare’
administered an excellent National Engineering Design
Graphics Competition which attracted entries from across
the country and was sponsored by Kendall-Hunt
Publishing, AutoDesk, Inc., Solidworks, Inc., and Schroff
Development Corporation;

And, whereas the Division recognized Edward Dale
Galbraith as the recipient of the 2003 Distinguished
Service Award for his outstanding contributions to the
Division and engineering education;

Now, therefore it is resolved that the Engineering Design
Graphics Division of the American Society for
Engineering Education extends its thanks and apprecia-
tion to the aforementioned organizations and individuals.

Copies of this resclution shall be transmitted to these indi-
viduals and shall be spread on the records of the division.

Division News
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November 16-18, 2003
Old Town Hote!l and Conference Center
Scoftsdale, Arizona

The theme for the 58th annual Midyear Meeting is “An
Expanded World of Technical and Engineering
Graphics”. Papers exploring teaching, practice, and
research into Technical and Engineering Graphics are
being solicited. Topics that expand traditional engineer-
ing graphics into business, government, military, medical,
and scientific fields are encouraged. If you are interested
1n being a part of this Midyear Meeting please contact the
program chair.

Dr. Mary A. Sadowski, Program Chair
Associate Dean
School of Technology
Purdue University
masadowski@tech.purdue.edu
P
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2003 ASEE Natio

nal Design Competition

‘E;EE@@?@EM@ Tech Sweeps
lational Design Contest

Dr. Steve York's students from the Engineering
Fundamentals Division of the Virginia Polytechnic Institute
& State University put on a real clinic for the rest of EDGD
by sweeping the 1st, 2nd, and 3rd place honors in the EDGD
2003 National Design Contest. Two of his entries ran the
course with 100% accuracy and impressive speed. The dif-
ference between the top two entries was very slight, but styl-
ish design and simple, but effective steering proved to be the
winning combination.

Prizes for the top five teams include student editions of both
the Autodesk Inventor Suite, and the SolidWorks student
edition. The first place team will also divide $2000 in schol-
arship cash for their excellent design work. Judges for this
year's competition were Dr. Ron Pare, Mr. Fritz Mevers and
Dr. Jerry Vinson.

Scholarship donors for this vyear are SDC (Schroff
Development Corp.), Kendall-Hunt Publishing Co.,
McGraw-Hill Publishing, and an anonymous member of the
EDGD. Next year we hope to have even more scholarships
and prizes for as many teams as we can accommodate. Give
your students a chance to win some prizes and some recog-
nition for your program. Even if they do not win, it looks
good on a student resume to be able to say "my design team
represented our university in a national competition",

Samples of the winning reports and a video of the winning
performance will be posted on the contest web sight at
http://edg.tamu.edu/asee_nedgc (please note that there is
an underscore between asee and nedgc..."asee nedgc™ by
August 1, 2003,

Also the criteria for the 2004 CONTEST "Sudden death, free
throw shooter" will be posted at that time. We hope to see
lots of entries for next vears MAY MADNESS 04' design
contest because we plan to have lots of prizes. If you have
interest in being a judge or helping to administer the coniest
please contact Dr. Jerry Vinson at
"vinson(@entc.tamu.edu"...he is an equal opportunity task
master.
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MIDYEAR
CONFERENCES

58th Annual EDGD
MidYear Conference
Scottsdale, Arizona
November 16-18, 2003
General Chair: Jon Duiff
Program Chair: Mary Sadowski

59th Annual EDGD
MidYear Conference
Williamsburg, Virgimia
November 21-23, 2004
General Chair: Patrick Devens

ANNUAIL
CONFERENCES
htep:/fwww.asee.org/conferences/

2004 Annual ASEE Conference
Salt Lake City, Utah
June 20-23, 2004
Program Chair: Kathryn Holliday-Darr

2005 Annual ASEE Conference
Portland, Oregon
June 12-15, 2005
Program Chair: Open

2006 Annual ASEE Conference
Chicago, Hlinois
June 18-21, 2006
Program Chair: Open

2007 Annual ASEE Conference
Honolulu, Hawaii
June 24-27, 2007
Program Chair: Open
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A complete curricular program
that introduces students ta the
modern demand of rapid
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= Fyll-version, Commercial CAD
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CADKEY® (Mechanical) and
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s Curriculum Materials for the
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» Rapid Prototyping 3D Printer.

It's easy, safe, quiet, fast, cost
effective and..EXCITING! Give your
students the opportunity to “loak”
at 30 in a revolutionary new way!

30 CAD... .30 Printer...

oD Part!
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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 article is transferred to the
publisher if and when their article is accepted for
publication. The anthor 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 uader consideration by anoth-
er publication. Submit papers, including an abstract
as well as figures, tables, etc., in guadruplicate (orig-
inal plus three copies) with a cover letter to:

Sue Miller, Editor

Engineering Design Graphics Journal

Purdue University

Department of Computer Graphics Technology

1419 Knoy Hall

West Lafavette, IN 47907-1419

FAX: 765-494-9267

Phone: 765/496-1709

E-mail: sgmiller@tech.purdue.cdu

Cover letter should include your complete mailing
address, phone and fax numbers. A complete
address should be provided for each co-author. Use
standard 8-1/2 x 11 inch paper, with pages num-
bered consecutively. Clearly identify all figures,
graphs, tables, etc. All figures, graphs, tables, etc.
must be accompanied by a caption. lustrations 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 EDG 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:

$40 per page for EDGD members

$80 per page for non-EDGD 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.

48  Engineering Design Graphics Journal




Technical
Graphics
Communication,
3e

By Gary Bertoline,
Purdue University
Eric Wiebe, North
Carolina State
University

[SBN 0073655988
www.mhhe.com/berioline

Gary Bertoline's Technical Graphics
Communication, 3/e has become a standard in
the field of engineering and technical graphics.
This text presents both traditional and modern
approaches to technical graphics, providing
engineering and technology students with a
strong foundation in standard drafting practices
and techniques.

In this new edition, you wiil find...

« L earning Objectives begin each chapter
1o help students set learning goals and
determine if they have been met at the end
of the chapter.

» Dasign in Industry Boxes are presented i
every chapter to illustrate how graphics and
design are being used in industry today.

« Rasic design concepts are introduced in
Chapter 2. A new chapter on design concepts
with over 100 open-ended design problems
has been added (Chapter 20).

« An Onkine Learning Center for the text
includes quiz questions, key terms, images
from the text, additional AutoCAD problems,
PPT slides, links to design case studies,
visualization exercises, chapter outlines,
and animations of imporiant concepts.

» Full-color flustrations, many from the industry,
and real-world photos show students the
power of the graphics medium in all
engineeting disciplines.

e Emphasis is placed on modern topics and
practices, such as sketching, visualization,
and three-dimensional modeling.

= Step-by-step technique boxes walk students
through proper drawing methods.

s integrated design communication problems
can be assigned at the start of the course and
carried through until the end with specific
exercises keyed to most chapters.

CONTENTS
1. Infroduction to Graphics Communications
2_.The Engineering Design Process
3. Technical Drawing Tools
4, Sketching and Text
5. Visualization for Design
6. Engineering Geometry and Construction
7. Three-Dimensional Modeling
8. Multiview Drawings
8. Axonometric and Oblique Drawings
1¢. Perspective Drawings
11. Auxiliary Views
12. Fundamentals of Descriptive Geometry
13. Intersections and Developments
14. Section Views
15. Dimensioning and Tolerancing Practices
16. Geometric Dimensioning & Tolerancing Basics
17. Fastening Devices and Methods
18. Integrated Production, Autemation &
Manufacturing Processes, & the Role of
Technicai Graphics
19. Working Drawings
20. Design in Industry
21. Technical Data Presentation
22 Mechanisms: Gears, Cams, Bearings, &
Linkages
23. Electronic Drawings
24, Piping Drawings
25, Welding Drawings

FUNDAMENTALS
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) COMMUNHGATION,
3/E

Gary R. Berioline,
sawmewe 0 Purdue University—-
: West Lafayefte
Eric N. Wiebe,
Nortt Carolina State
University— Raleigh
ISBN 0072502606

FGG covers drawing technigues from a
traditional perspective as well as a modern,
CAD-oriented perspective. The engineering
design process receives special atterition
through the use of design case studies, a
consistent problem-solving methadology, real
industry examples and a selection of sample
design probiems for students to try.

If you are currently a faculty member and interested in obtaining a complimentary
examination copy of any of these tifles: Contact your local MeGraw-Hill represen-
tative, call 1-800-338-3987, outside the U.S. call 603-426-5793, e-mail your request
to mitcomp @megraw-hill.com, or visit our Website at www.mbhe.corm,

AUTOCAD 2002
INSTRUCTOR

James A. Leach,
University of Louisville
1SBN 0072528621
www.mhhe.com/leach

AUTOCAD 2002
COMPAN!ION

71 James A. Leach,
4 University of Louisville
| ISBN 007252863X

wwwy.mbhe.com/leach

AUTOCAD 2002 ASSISTANT
James A. Leach,

University of Lowisville

Bruce Duffy,

University of Louisvilie

ISBN 0072513683
wiww.mhie.com/leach

PRO/ENGINEER 2001
INSTRUCTOR

David S. Kelley,

Purdue University

ISBN 007249840
www.mhhe.com/kelley

PRO/ENGINEER 2001
ASSISTANT

David S. Kelley,

Purdute Universily

1SBN 0072499397
www.mhhe.com/kelley

MECHANICAL DESIGN
MODELING USING
PROENGINEER, 1/E
Srichar Condoor, Parks
College-St. Louis

ISBN 0072443146
wwiy.mhhe.com/condoar
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INSTRUGTOR, 1/E

Sham Tickoo, indiana
University/Purdue
University—ndianapofis
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6
David 5. Kelley and Craig L. Miller
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3; 7 Teaching Geometry through Dynemic Modeling in Introductory
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i =1 Eric N. Wiebe, Ted J. Branoff, and Nathan W. Hartman
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A Design-Based Engineering Graphics Course for First-Year Students
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