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PUBLICATIONS Textbooks

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

Autodesk, Inc. PTC (Parametric Technology Corporation)
3D Studio VIZ 3/3i Pro/ENGINEER
Architectural Desktop 3.3 Pro/MANUFACTURING
AutoCAD 2000 Pro/MECHANICA
AutoCAD 2000i Pro/SHEETMETAL
AutoCAD 2002 Releases 2000i, 2000i” and 2001
AutoCAD LT 2000
AutoCAD LT 2002 Schroff Development Corporation (SDC)
Mechanical Desktop Version 5 SilverScreen
Mechanical Desktop Version 6
Autodesk Inventor Release 3 .
Autodesk Inventor Release 4 Solid nge
Autodesk Inventor Release 5 Solid Edge Release 9
Solid Edge Release 10
Bentley Systems ) | )
Microstation J SolidWorks Corporation
' SolidWorks 2000
SolidWorks 2001

Dassault Systemes

CATIA V5 (Release 3) Structural Dynamics Research Corporation (SDRC)

CATIA V5 (Release 5) .
CATIA V5 (Release 6/7) I-DEAS Master Series 7
[-DEAS 8
IronCAD, LL.C s
JronCAD 3.2 thin
IronCAD 4.2 thinkdesign Release 6

Engineering Graphics Titles Available
Engineering Graphics Text and Workbook
Engineering Graphics Principles with Geometric

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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[ From fhe__E_d_i_t_o_r_]

Dear Members:

As hard as it seems this is the end of my sec-
ond year as editor of the Journal. I would like
to thank and commend Mike Stewart for his
service as Chair of the Division. His efforts
allowed the division to continue to function in
a professional manner, In this same tone I
want to welcome Sheryl Serby as the incoming
Chair of the Division.

Congratulations are in order for Jon Duff of
Arizona State University-East who won the
2002 editor’s award for the most outstanding
paper published in Volume 65 of the
Engineering Design Graphics Fournal. The fol-
lowing individuals should also be congramlat-
ed for clection as officers of the Engineering
Design Graphics Division: Judy Birchman
who was elected as Vice Chair, Alice Scales as
Director of Zones, and Ted Branoff as Director
of Professional and Technical Committees. I
would like to thank Judy Birchman who has
severed as the Technical Editor for the first
two years of my term as the Editor of the
Fournal, Because Judy has been elected to
serve the Division as Vice Chair for the next
year Mary Sadowski has graciously volun-
teered to serve as Technical Editor for me in
place of Judy for my last year as Editor.

Last of alt, Clyde Kearns is continuing to send
the membership directory by email. Members
need to update their information with ASEE
to ensure that the correct information is pub-
licized in the electronic membership directo-
ry. Please notity Clyde Kearns at
kearns.I@osu.edu if you have not received the
membership directory by email.

I hope that all of you have a safe and relaxing
summer and I look forward to seeing you at
the MidYear in Indianapolis, Indiana.

Sk A Hilln

Susan G. Miller

2 Enginesring Design Graphics Journal
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Mike Stewart
Georgia Institute of Technology

The spring term has closed fast as I write my
final message to you the members of the
Division as Chair. It is hard to believe that a
vear can go by so fast. All of you members can
attest to this fact I am sure. As a group we are
always gearing up for a new term, or a new
project, and always revising and hon-

ing our skills as educators. Re-vis-
iting the semester or quarter just
completed and identifying and
assessing how that course
went. It is so easy to get our-
selves boxed in and covered
over in our "own" little
world and our set of things
we are doing.

As engineering graphic
professionals however, we
know that we need to reach
beyond our own campus
and see what others are
doing in our field of study
and look at what we might
want to add to our curriculums,
That is why we have two confei-

This

have a very dedicafed mem-
bership with not only the current
officers, but the conference program
chairs, past chairs and pest officers all
confinving te provide the leadership that
this Engineering Design Graphics Divisions
needs to stay abreast of today’s issues
and provide the forum for all to commu-
nicate and learn from one another. [t
has been my pleasure serving as

your Chairman this year.

hardware, but quite often it is the result of new
pedagogical advances resulting in new infor-
mation, or delivery methods. Our Division
provides many methods for you to hear the
"newest" and network with other professionals,
authors, publishers, and software and
hardware vendors.

Division is fortunate to

At our Mid-Year Conference held
in Berkeley, California in
Januvary, we were provided
with two jam packed days of
technical sessions as well as
vendor displays and demon-
strations. Those who
attended went home with
many new and very novel
ideas that were presented
by many new members of
our Division. It was great
seeing so many new Imem-
bers attend this conference.

From June 16-19, 2002, we met
as a Division in Montreal,
Canada at the Annual ASEE

ences each year that we can attend. Thank you. Conference and had the opportuni-
That is why we have Proceedings avail- ty to rub elbows with our fellow EDGD
able from these two conferences. That is members, and hear their new ideas. We also

why we publish this Journal three times a year.

Change is an on-going process in our profes-
sion. More often than not, it is a result of tech-
nological advancements in software and or

had the opportunity to hear from many other
engincering educators who spoke on curricu-
fum issues that directly affect us and the top-
Ics we are reaching in our courses.

4 Enginesring Design Graphics Joumal




I believe we need to listen very carefully to
these people, not only in what they say, but
what they don’t say and especially what they
perceive about us as engineering education
professionals in our area of expertise.

I encourage each one of you to make your col-
leagues in other engineering or technical areas
aware of what you are doing in your courses
and how you are educating the students

that you share with them. Let them
s, know what knowledge and skills
) SroRe - ":_f your students are gaining from
i \{%F@,g,{éf wj? your courses and what they
) Eﬁﬁ’ ’&f can expect of those students

| £~ based upon your courses.

E horn enough. You will be
surprised if you enlighten
others about the exciting
things you are doing in your
courses. Try it!!

it hg_@, In closing, T would be remiss if

T i /

& sy =

{{7&'%‘2% 3 %@Eﬁﬁn@g I did not thank the officers of
i
i

: 4 ﬁ this Division for their work this

ST past year. This Division is fortunate

to have a very dedicated membership with

‘ not only the current officers, but the confer-

ence program chairs, past chairs and past offi-

| cers all continuing to provide the leadership

that this Engineering Design Graphics

Divisions needs to stay abreast of today’s

issues and provide the forum for all to com-

municate and learn from one another. It has

been my pleasure serving as your Chairman
B this year. Thank you.

Sincerely,

oy e

- Mike Stewart
EDGD Chair

Division News 5
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The Development of a Computerized Version of
Vandenburg’'s Mental Rotation Test and the

Fffect of Visuo-spatial Warking Memory loading

Shawn Strong
Southwest Missouri State University

Roger Smith
lowa State University

Abstract
Many tests have been developed for the express function of measuring spatial abilities. Most of these test are

paper and pencil in nature, which severely limits the ease of evaluation and interaction that is possible. The

development of computerized tests will allow for more meaningful and widespread testing of the various spa-

tial factors. This paper reports the development of one such test modeled after Vandenberg's Mental Rotation

test. First, the differences between traditional paper and pencil and computerized versions of the same test

are examined. Second, an interactive test designed 10 measure a working memory factor is compared to the

computerized version of Vandenburg’s test.

Introduction

Spatial abilities measurement has been stud-
ied in virtually all age groups and facets of
society. Spatial abilities research has resulted
in many paper and pencil tools for the mea-
surement of various spatial factors. Several
hundred tests have been developed for the
express function of measuring spatial abilities,
many of which prove to be valid measure-
ments. Even though many tests claim to mea-
sure an Individual’s spatial ability, Branoff
(1998} in his research has shown that often
these tests do not measure the same factors. Of
the tests that have been developed, many have
been withdrawn, lost, or have been declared
restricted. Regardless of what aspect of spatial
ability these tests have been purported te mea-
sure, virtuaily all of them have been paper and
pencil in nature (Eliot & Smith, 1983). As
occurs with many tests, the measurement and
evaluation of spatial ability remains a lengthy
Process.

Paper and pencil tests are [imited due to a lack
of possible interaction with the test takers.
Kline (1986) discusses how several spatially
related tests such as rotated shape identifica-
tion and imbedded figures in a dot matrix

could be positively effected by the interaction
that is possible with the computer. Interactive
tests allow test takers to manipulate the figures
used and may prove to be more accurate and
efficient measures of student spatial visualiza-
tion ability.

Literature Review

Tests that quickly, accurately, and reliably
measure spatial abilities would assist in wide-
spread testing of spatial abilities. Widespread
testing may be an initial step in the develop-
ment of a graphic curriculum that will achieve
greater levels of success for students.
Establishing and reporting students’ spatial
abilities followed by instructional material
designed to eliminate weaknesses would then
be possible (Miller & Bertoline, 1991). The
widespread testing of spatial abilities will
require an accessible, reliable, and valid adap-
tive test for spatial abilities. This test should
be web based for easy access, distributed freely
among educational institutions, and allow for
ready measurement of a student’s true spatial
ability level. Prior to this occurrence, an effec-
tive method(s) for the measurement of spatial
abilities must be identified.

6  Engineering Design Graphics Joumdd
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Computerized testing may change the way we
evaluate spatial-visual reasoning and memory
(Hunt & Pellegrino, 1985). Kail (1997) found
that performance on spatial memory span
tasks were largely predicated on imagery skill.
It is apparent that a memory component is a
critical part of spatial visualization. The inte-
gration of this memory component may result
in a better measure of spatial visualization.

Spatial visualization abilities and working
memory are often linked using the terms
“yisuo-spatial scratch pad” or “visuo-spatial
working memory” (Logie, 1995), Visuo-spa-
tial working memory is believed to be the com-
ponent of the mind responsible for temporary
storage of visual and/or spatial material.
Logie assumes visuo-spatial working memory
1o be responsible for generating and maintain-
ing visuo-spatial information, including men-
tal imagery (Shah & Mivake, 1996). It is sug-
gested that a visuo-spatial working memory
may have a significant affect on spatial visual-
ization abilities. Within tests of spatial visual-
ization used in engineering graphics, there is
no mention of a visuo-spatial working memo-
Iy COmponent.

While there are many tests of spatial visual-
ization, they all should “reflect the processes
of apprehending, encoding, and mentally
manipulating spatial forms” {Carroll, 1993,
p.309). Two tests of spatial visualization have
been identified in engineering graphics and
are utilized in the paper and pencil form.
These are the Purdue Spatial Visualization
Test (PSVT) (Figure 1) and the Mental
Rotation Test (MRT) (Figure 2). Both appear
frequently in the Engineering Design
Graphics Journal for the assessment of spatial
skills (Deno, 1995, Devon et al., 1994, Sexton,
1992).

Both of these tests may in fact measure a
visuo-spatial working memory component, as
several of the definitions for spatial visualiza-
tion imply, although this component is not
mentioned or emphasized. The research
reported in this article will ascertain whether
computer versions of Vandenberg’s Mental

n g2 00?2

@ I8 ROTATED TO @

nE @ Is ROTATED To
s 8 C D £
Figure 1 Fxample of The Purdue Spafial Visualization Test
(PSVT) (Guay, 1977)

CIGIELE,

Figure 2 Example of Vandenburg's Test of Three-dimen-
stanal Spatial Visudlization 1971) (Eiot and Smith, 1983)

Rotation Test are statistically equivalent to a
paper and pencil version of the test, as well as
to ascertain if a test designed to capitalize on
working memory will prove to be an effective
measure of spatial visualization.

The Study
The target population of this study was gener-
al university students enrolled during the
spring semester 1999 in engineering graphics
courses in the disciplines of industrial tech-
nology and engineering fields in selected uni-
versities. The sample size of this study con-
sisted of 107 students. The subjects were
solicited from freshman through senior levels
of engineering graphics courses at the follow-
ing post-secondary institutions: University of
Missouri fi Rolla, Missouri, Purdue University
il West Lafayette, Indiana, Penn State fi Erie,
Pennsylvania, Greenfield Community College
i Greenfield, Massachusetts, Wayne State
College i Wayne, Nebraska, and Iowa State
University i Ames, Jowa. Male participants
outnumbered female participants in this
study, Of the 77 participants in Phase 2, 64
were male while 13 were female. The majority

Strong and Smith 7
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of participants fell into the 19-24 age bracket
{Figure 3).

<19 19-24
Age

25-30 >30

Figure 3 Distribution of subjects by age

Thirty subjects were solicited from Iowa State
University; fifieen for Phase 1A and fifteen for
Phase 1B. These subjects completed all three
versions of the MRT. The remaining seventy-
seven subjects were solicited from the post-sec-
ondary institutions other than Iowa State
University for Phase 2 and completed the
MRT Memory and MRT Computer only.

Instrumentation

Three versions of the Mental Rotation Test
(MRT) were used for this study. The first was
the paper and pencil version originally devel-
oped by Vandenberg. All of the questions were
taken from Vandenberg’s MRT (1978
acquired from Behavioral Measurement
Darabase Scrvices, Pittsburgh, Pennsylvania.
The 20-question (40 point) Vandenberg MRT
was developed by Vandenberg and Kuse
(1978), following the work of Shepard and
Metzler (1971}. Shepard and Metzler devel-
oped the stimulus objects consisting of ten
connected blocks in a study dealing with rota-
tion and time required for recognition. The
researcher for this study developed the second
test, the MRT Computer, and the third test,
the MRT Memory. The paper and pencil
MRT, the MRT Computer, and the MRT
Memory versions of the tests all used the same
twenty questions. Each question consisted of a
criterion object and four alternatives,

number 2

Vandenberg’s paper and pencil MRT is fre-
quently mentioned as a test for spatial visual-
ization in engineering graphics related
research studies. The reliability of
Vandenberg’s paper and pencil MRT is .88
using the Kuder Richardson 20 formula based
on an N=3268 adults and adolescents.
Reported Pearson correlations of .31-.68 with
other tests of spatial ability were used to estab-
lish validity. Vandenberg’s paper and pencil
MRT compares well with other tests of spatial
ability and especially well with tests of spatial
visualization (Vandenberg & Kuse, 1978},

The scoring, number of questions, and stimu-
lus objects from the 1978 wversion of
Vandenberg’s MRT were not altered for any of
the three tests; only the interface and the
directions needed to accommodate the inter-
face were changed. The MRT Computer was
created using the twenty digitized images,
placing them with corresponding alternative
check boxes (Figure 3). Questions were placed
in the same order as the original paper and
pencil Vandenberg’s MRT. Test questions were
identical to that of the paper and pencil MRT
with the exception of the computer interface.

Quistion 1 (2 poiuts)

OISICIO

n & 13! 4
Qo
ooz
rnos
o o4 Iy
pots i e

Figure 4 Lxample of MR Computer Quesiion

The MRT Memory version of the MRT was
identical to the MRT Computer with the addi-
tion of a working memory factor. The number
of questions, order, criterion and alternatives,
and times were the same. The working memo-
ry factor made it possible for the test taker to
sce only the criteria figure or the alternatives,
not both, at any given time. The working

8  Engineering Design Graphics Joumal
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memory factor was incorporated using
researcher designed JavaScript. As the mouse
was moved over the criterion figure, the four
alternatives appeared in place of the criterion
figure. As the mouse was removed from the
alternative figure area, the original criteria
image reappeared. The use of this working
memory factor required an additional reliance
on visuo-spatial working memory for recogni-
tion of the correct alternatives from the dis-
tracters.

Research Questions
There were four research questions associated
with this study:

Research Quesfion 1

Does the type of test interface (paper and pen-
cil MRT, MRT Computer, or MRT Memory)
significantly impact the individual test scores,
while testing spatial abilities?

Research Question 2

Does the type of test interface {paper and pen-
cil MRT, or MRT computer) significantly
impact the time required for completion of
each test?

Research Question 3

Does visuo-spatial memory loading signifi-
cantly effect the individual test scores between
MRT computer and MRT memory test ver-
siong?

Research Question 4

Does the type of test (MRT computer, or MRT
memory) significantly impact the time
required for completion of each test?

Procedure
There were two phases to this study. Phase 1
determined any differences between paper and
computer versions of the MRT (MRT and
MRT Computer). Phase 2 was used to com-
pare the computer version of the MRT with
and without a working memory loading (MRT
Computer and MRT Memory). A time limit of
fifteen minutes was given for each of the three
tests.. Actual test times for each subject were
recorded by the computer. Vandenberg recom-

mended a time limit of 10 minutes for the
paper and pencil MRT when given to high
school students, and six minutes for college
students. The time to complete the interactive
version of the MRT was unknown, therefore
subjects were directed to complete each of the
tests as quickly as possible.

Phase 1

One objective of the study was to determine an
efficient method for the measurement of spa-
tial ability. Phase 1 consisted of having all
subjects take the MRT and the MRT
Computer tests. There were two parts to this
phase, 1A and 1B. The subjects were divided
into two groups and half (1A} took the MRT
and then the MRT Computer and the other
half (1B) took the tests in reverse order. Phase
1A and 1B were completed before Phase Z was
initiated. The purpose of Phase 1 was to ascer-
tain the significant difference between the
paper and pencil MRT and the MRT
Computer, and to identify any potential prob-
lems with computer delivery of the tests.
Additionally, Phase 1 determined if there was
a significant time difference involved in tak-
ing the paper and pencii MRT or the MRT
Computer. Upon completion of Phase 1, any
significant difference between the time
required to take the paper and pencil MRL
versus the MRT Computer tests, and the MRT
Memory test could be determined.

Phase 2

Seventy-Seven subjects were included in
Phase 2 of the study and completed the MRT
Computer and MRT Memory. Each username
and password included a randomly assigned
letter, either A or B, which determined the
subject’s treatment group assignment.
Subjects assigned to treatment Group A took
the following instructions and test sequence:

1. MRT Computer Instructions

2. MRT Computer Spatial Visualization Test
3. MRT Memory Instructions

4, MRT Memory Spatial Visualization Test
5. Spatial Visualization Survey

Strong and Smith @
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Phase 1B, Paired difference test, Times '
Mean Std. Std. Error 95% Confidence t df Sig.
Deviation Mean Interval [21aqiled}
n
Lower Upper

PAPER - -1.74 3.07 v 3.44 426802 2198 14 045
COMPUTER '
Table 4

Phase 2, Paired difference test, Scores

Mean Stel. Std. Error 25% Confidence t df Sig.
Deviation Mean Interval {2-tailed)
n
Lower Upper
PAPER - 1.60 6.60 75 QQ8E02Z 309 2124 76 037
COMPUTER
Table 5

observed between the subjects scores on the
paper and pencil MRT and the MRT
Computer occurred by chance alone. Null
Hypotheses 1 was not rejected (fail to reject) at
the .05 level. Therefore, there was no signifi-
cant difference on Phase 1A between scores on
the paper and pencil MRT and MRT
Computer.

A Pearson Correlation Test was used to deter-
mine the correlation between mean scores on
the paper and pencil MRT and MRT
Computer. A (xy-value of .777 indicated the
paper and pencil MRT was positively correlat-
ed to the MRT Computer. The (2xy .60 indi-
cates 60% of the variance in the paper and
pencil MRT was related to the variance in
MRT Computer.

Hypothesis 2 was tested using a paired sample
T test within Phase 1B, at a level of signifi-
cance equal to .05. Table 4 shows the 1-value
was calculated atr 2.198and a critical T of 2,145
(T.025,(.05)) was mneeded to reject the
Hypothesis 2 at the .05 level. There was a
probability of .045 that the differences
observed between the subjects times on the

paper and pencil MRT and the MRT
Computer occurred by chance alone. Null
Hypotheses 2 was rejected at the .05 level.
Therefore, there was a significant difference
on Phase 1B between time required to com-
plete the paper and pencil MRT and MRT
Computer.

Phase 2

Phase two was conducted to compare the MRT
Computer and MRT Memory tests.
Hypothesis 3 was tested using a paired sample
T test within Phase 2, at a .05 level. The T
value was calculated atr 2.142. A critical T of
2.0 (T.025,(.03)) was needed to reject the
Hypothesis 3 at the .05 level. There was a
probability of 037 that the differences
observed between the subjects scores (Figure
) on the MRT Computer and the MRT
Memory occurred by chance alone. Null
Hypotheses 3 was rejected at the .05 level.
Therefore, there was a significant difference
on Phase 2 between scores on the MRT
Computer and MRT Memory.

Table 6 shows a paired sample T test was used
to test Hypothesis 3A, at a level of significance

12 Engineering Design Graphics Journal
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equal to .05. Null Hypotheses 3A was rejected
because the results showed a P value of .000.
Therefore, there was a significant difference
between - discrimination on the MRT
Computer and MRT Memory.

Item difficulties for the twenty questions are
shown in Figure 3. The mean difficulty for the
MRT Computer was 0.82 while the mean diffi-
culty of the MRT Memory was 0.73. The lower
mean difficulty indicates lower scores on the
MRT Memory.

The Pearson product moment formula was
used to determine the coefficient of equiva-
lence between mean scores on the MRT
Computer and MRT Memory. The coefficient
of equivalence was .77 indicating the MRT
Computer was correlated to the MRT Memory.

The test of Hypothesis 4 using a paired sample
T test, at a level of significance equal to .03,
resulted in rejecting the null hypothesis as
shown in Table 7. It was rejected because of
the results showed a P wvalue of .000.

d discrimination differences

Mean Std. Std. Error 95% Confidence t df Sig.
Devidation Mean Interval (2-tailed)
n
Lower Upper
P- 1500 1590 3556E02 |7557E02 2244 4218 19 000
RHO_PBIS
Table 6
- MRT Memory

ffe MRT Comptier

’
T T

y
t
2%

.
t
=

Question

Figure & Difficully distribution
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Paired time differences

Paired Mean Std. Std. Error | 95% Confidence t df Sig.
Differences Deviation Mean Interval (2-4ailed)
n
Lower | Upper
Pair 1| COMPUTER - | -16200 3.2958 3756 23779 | -8818 4339 | 76 000
MEMORY
Table 7

Therefore, there was a significant difference
between time required to complete the MRT
Computer and MRT Memory.

Discussion

The primary purpose of this study was to
establish if a computerized version of the MRT
was a parallel test to the paper and pencil ver-
sion of the MRT for spatial visualization. If
the two forms of the test are parallel, can the
computer be utilized to enhance the ability of
the MRT to measure spatial visualization abil-
ity?

The results of this study indicate that a visuo-
spatial working memory loading significantly
impacts scores, completion times, and discrim-
inatien values on the MRT visualization test.
These results would be expected if visuo-spa-
tial working memory is a critical component of
spatial visualization ability. The effect of
adding any type of working memory compo-
nent to spatial visualization testing has
received very little attention within the engi-
neering graphics related literature. Attention
within the discipline to this oftentimes
ignored and underutilized component of spa-
tial visualization is the contribution of this
study to the body of knowledge.

The results of Phase 1 revealed that the paper
and penctl MRT and MRT Computer forms of
the test resulted in similar test scores and were
not significantly different. The scores between
the pencil and paper MRT and the MRT
Computer were significantly correlated.
Based on scores alone, the pencil and paper
MRT and the MRT Computer are parallel

tests. The two forms of the test derive the
same scores but the time required to complete
the two forms of the MRT may not be similar.
The difference in time may be attributed to
one or more factors such as a group effect,
learning effect, reporting methods, or perhaps
an unidentified factor. While a time differ-
ence may exist, the relevance of the difference
may be insignificant for a non-power test. The
efficiency which may be lost in test completion
time is more than made up for in test adminis-
tration efficiency. Should the test be timed
using Vandenberg’s suggested time Hmit of six
minutes, different scores might be expected.

The MRT Computer is recommended as an
adequate test for spatial visualization among
subjects in engineering graphics related disci-
plines. Because the MRT Computer is world
wide web based, tracking of scores from multi-
ple institutions would be simplified.
Widespread use of this test would allow for
comparisons of scores from other institutions
and would enable educators to evaluate and
improve their own curriculum.

The identification of a working memory com-
ponent of spatial visualization ability can be
supported. The addition of a visuo-spatial
working memory component resulted in over-
all lower test scores on the MRT Memory test
compared to the scores on the MRT Computer
test. Discrimination values of the MRT
Memory were significantly higher than the
MRT Computer, indicating the MRT Memory
may separate subjects with low ability from
those with higher ability, more efficiently. The
MRT Computer and MRT Memory forms of

14  Engineering Design Graphies Journal
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the test resulted in significantly different, but
correlated, test scores. Subjects performed sig-
nificantly lower on the MRT Memory test.

The addition of a visuo-spatial working mem-
ory component may be the cause of the lower
scores and the greater time requirement need-
ed to complete the MRT Memory test. The
feedback from the spatial abilities survey sup-
ports the belief that the addition of a visuo-
spatial working memory component is the
cause of significantly different test scores and
times. Many subjects stated the addition of a
visuo-spatial working memory component
made the test more difficult and they made
references to the greater usage of short-term
mMEemory.

Because the literature identifies working
memory as a vital component of spatial visual-
ization ability a test which utilizes working
memory such as the MRT Memory test should
help in identifying students who are strong or
wealk in spatial visualization.

Recommendations
During the process of conducting this study
and analyzing the data, the following recom-
mendations were identified for future
research. Based on the sample study, it may be
possible to make inferences to the population
of the study.
research in the area of spatial visualization

There is a need to continue

and the effects of a working memory loading
on it. The recommendations for future
research are:

1. This study should be replicated using short-
er time limitations, similar to Vandenberg’s
proposed time limitations.

2. The MRT Memory should be compared to
other forms of tests for spatial visnalization.

3. The use of a computer to improve existing
tests has been illustrated. The addition of
further subject interaction such as objects
which can be dynamically rotated may
improve the test further. The incorporation
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of true 3D objects into tests of spatial visu-
alization may result in betier tests to exam-
ine what is inherently a 3D process (CAD
Modeling, erthographic projections, etc. ...).

4. Create tests of spatial visualization which
are more “realistic”. By reducing the
abstractness of visualization tests through
incorporation of 3D objects, application of
materials to surfaces, or the use of true to
life objects.

5. The adaptation of this test to computer
adaptive testing practices would result in a
generally accepted test, which could be
used throughout the engineering graphics
discipline to monitor and improve the cur-
riculum.

6, The MRT Computer test should be used as
a measure of spatial visualization in the
engineering graphics discipline. Further
research should be done to more adequate-
ly determine the role of the added visuo-
spatial working memory component in tests
of spatial visualization.

References
Branoff, T. (1998) . The effects of adding coor-
dinate axes to a mental roiations task in
measuring spatial visualization ability in
introductory  undergraduate
graphics courses. Engineering  Design
Graphics Fournal 62 (2), 16-33.

technical

Carroll, J. (1993) Human cognitive abilities: A
survey of factor-analytic studies. Cambridge
University Press, New York

Deno, J. A. (1995) . The relationship of pre-
vious  spatial  visualization  ability.
Engineering Design Graphics Fournal 59 (3), 5-
17.

Devon, R., Engel, R. S, Foster, R. ],
Sathianathan, D., & Tuarner, E FE W
(1994). The effect of solid modeling on 3d
visualization skills. Engineering Design
Graphics Journal 58 (2), 4-11.

Strong and Smith 15




volume &

Eliot, J. & Smith, I. M. (1983) . An interna-
tional divectory of spatial tests. Windsor,
United Kingdom: The NFER-Nelson
Publishing Company, Ltd.

Guay, R. (1977). Purdue Spatial Visualization
Tests. Purdue Research Foundation, West
Lafayette.

Hunt, E., & Pellegrino, J. (1985). Using
interactive computing to expand intelli-
gence testing: A critique and prospectus.
Intelligence 9 (3), 207-236.

Kail, R. (1997). Processing time, imagery, and
spatial memory. Fournal of Experimental
Child Psyehology, 64, 67-78.

Kline, P. (1986) . A handbook of test constric-
tion. New York, NY: Methuen & Co.

Logie, R. H.. (1995) . Visuo-spatial working
memory.  Bast Sussex, UK: Lawrence
Erlbaum Associates Ltd.

Miller, C. L., & Bertoline, G. R. (1991).
Spatial visualization research and theories:
their importance in the development of an
engineering and technical design graphics
curriculum model. Engineering Design

Graphics Fournal 55 (3), 5-14.

Roorda, J. (1994} . Visual perception, spatial
visualization and engineering drawing.
Engineering Design Graphics Fournal 58 (2),
12-22.

Sexton, T. J. (1992) . Effect on spatial visu-
alization: Introducing basic engineering
graphics concepts using CAD technology.
Engineering Design Graphics Fournal 56 (3},
36-43.

Shah, P, & Mivake, A. (1996) . The separa-
bility of working memory resources for spa-
tial thinking and language processing: An
individual differences approach. JFournal of
Experimental Psychology 125 (1), 4-25.

number 2

Shepard, R.N., & Metzler, J. (1971) . Mental
rotation of three-dimensional objects.
Science 171, 701-703.

Vandenberg, S. G., & Kuse, A. R. (1978) .
Mental rotations: A group test of three-
dimensional objects. Science 171, 701-703.

16 Engineering Design Graphics Joumal




s pring?2020?Z2

The Effectiveness of Using the Successive
Perception Test | to Measure
Visual-Haptic Tendencies in Engineering Students

Nancy E. Study
Purdue University

Abstract
Since spatial abilities have been attributed to success in many fields including engineering, and visual-hap-
tic learning stvles have been shown to influence instruction of spatial tasks, it is important to have effective
means of measuring these learning styles. Individually administered tests have proved both veliable and
valid, but are time consuming to administer to a large population. Group administrable tests have had their
reliability and validity questioned. The results of the group-administered Successive Perception Test 1
(SPT) for the study population of freshman engineering students were compared to their vesults on the
group-administered Purdue Spatial Visualization Test: Visualization of Rotations (PSVT) and the indi-
vidually administered Haptic Visual Discrimination Test (HVDT). In contrast with the theory that hap-
tic subjects are not visual, the mean scove for the population on the HVDT, a test of haptic ability, was one
standard deviation above the norm, while 95% of the population scored as “visual” on the SPT. The test
scoves for the entire population on the SPT and HVDT were significantly positively corvelated. These
results suggest that either visual and haptic abilities are not mutually exclusive or the SPT score classifica-

tions of visual and haptic tendency are not appropriate for the population of freshman engineering students.

Introduction

Spatial visualization ability can be developed
through instruction (Branoff, 1998; Deno,
1995; Gardner, 1983) and Miller (1992) found
that learning stvle differences may influence
an individual’s performance on spatial tasks.
These styles should be considered when creat-
ing materials designed to develop and enhance
spatial abilities. Learning styles are usually
identified by testing individual students, but
individually administered tests can be time
consuming and group administrable tests such
as Lowenfeld’s Test of Integration of
Successive Impressions and the Successive
Perception Test I have questionable reliability
and validity (Miller, 1992).

Cognitive science has investigated spatial
visualization abilities, the creation of mental
images, and the coding of these 1mages into
memory. Some theorists hold that all informa-
tion is ultimately represented wverbally and

others believe that information is coded both
verbally and non-verbally depending on how it
was perceived by the senses. The learning
style of the subject, whether haptic or visual,
also has an affect on how the visual informa-
tion is coded. Haptic subjects rely predomi-
nantly on nonvisual sensory stimuli to orient
themselves with their environment while visu-
al subjects tend to prefer optical experiences
to other sensory input {Lowenfeld, 1945). The
use of different media can also affect the cod-
ing of information and with the increasing use
of computer-based instruction and testing, it is
important to assess their reliability and valid-
ity compared to traditional methods of testing
and instruction.

Many tests in various formats have been devel-
oped to measure different aspects of subjects’
spatial abilities without specifically testing
their verbal abilities including the Purdue
Spatial Visualization Test: Visualization of
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In particular, the department has embarked on
a plan that emphasizes downstream applica-
tions of solid modeling technology and
includes the use of numerical manufacturing
anaiysis, or finite-element-analysis (FEA).
Teaching FEA to Technology majors can be
challenging due to the competency and skill
levels of students in that a relatively high the-
oretical knowledge base (particularly linear
algebra, calculus, and material failure theo-
ries) Is generally needed for understanding
and applying FEA principles. In general, the
exacting theoretical skills required to study
and learn FEA in great depth are beyond the
scope of technology majors. However, an intro-
ductory exposure to this powerful analysis tool
can be accomplished through hands-on prob-
lem solving and application oriented projects
(Cole, 1999; Logue & Hall, 2001). This paper
describes the development of an FEA course
in NIU’s manufacturing engineering technolo-
gy (MET) curriculum. In this paper, both the
content and the methods used to instruct are
discussed. In addition, the authors present the
modules and design oriented projects which
were utilized in this first generation course,
and the outcomes which the students experi-
enced after graduation based upon this course.

Motivation for Curricular Change
The Department of Technology at NIU enjoys
a long history of successfully preparing gradu-
ates in engineering fechnology and industrial
technology. The department has maintained
an excellent relationship with the rich indus-
trial base in the Northern Tilinois region, and
thus, in Year 2000, current members of the
Industrial Advisory Board panel were invited
1o share perspectives on curricelar revision
and reform. Thus, the faculty members of the
lechnology Department and advisory mem-
bers met at & joint session that reexamined
objectives and desired outcomes of our under-
graduate manufacturing engineering technol-
ogy (MET) program.

The MET curriculum contained a blend of the
traditional manuofacturing skills such as the
creation and interpretation of legacy 2-D

&

nuvumber 2

drawings, metallic processes, non-metal
processes, quality, metrology, plant layo
work measurement and project manageme;
However, our graduates were lacking in t
applications of computer-aided design, spec
ically, the usage of solid modeling and en;
neering analyses. In addition, the departme
tal review of the program outcomes pointed
an increased need for student instruction
the area of automation processes, such
vision, robotics, sensors, and plc’s. Therefor
the department embarked on a concerte
effort to augment our program in the areas
computer and automation applications. One .
the implementations made in response to th
departmental review was the inclusion
finite element analysis (FEA) into the man
facturing curriculum,

Why teach FEA in

Engineering Technology?
Arguably, FEA is one of the more modern an
visually powerful modes of engineering anals
sis that has proven its utility in produc
designs that address a wide array of huma
needs ranging from agriculture to AETOSPACK
and sport to medicine (Boronkay & Dave
1997; Jensen & Pramono, 1998). Until a fes
years ago, this powerful mode of analysis wa
an exclusive tool, understood and used only b
a select group of structural engineers. Todas
FEA has evolved and continues to mature as :
logical downstream application of solid mod
eling with new uses being discovered almos
on a daily basis. The analysis is no longe
restricted to expensive workstations running
the UNIX operating system, instead very com.
plicated analysis can now be completed from :
wide variety of relatively inexpensive PC.
based software packages (Jensen & Pramono
1998).

Over the past decade, FEA has made signifi-
cant new strides in technical problem solving
and visual communication of design stresses
(Robinson, 1994). Prior studies have support-
ed that engineering technology graduates are
expected to possess at least a working knowl-
edge of FEA and be familiar with one or more
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related software packages (Boronkay & Dave,
1997; Logue & Hall, 2001; Szaroletta et al,
2001). Although embodying complex engi-
neering analysis, FEA can be understood and
appreciated by enginecering technology stu-
dents provided appropriate instructional tech-
niques are invoked  {Cole, 1999,
Balamuralikrishna & Mirman, 2001}.

The Implementation Challenge
The Department of Technology offers degree
programs in the areas of engineering technolo-
gy (electrical and manufacturing options) and
industrial technology. Having decided that the
Technology department should embrace FEA
as a downstream application of CAD, the fun-
damental questions that needed to be
addressed at the beginning were:

a. Who will be the target audience that will be
introduced to FEA techniques?

b. How can FEA be presented to the audience
to satisfy the desired goals?

The target group selected was the manufactur-
ing engineering technology (MET) majors as
opposed to industrial technology (IT) majoss.
As will be explained later, MET majors are
required to complete more rigorous
Mathematics and Engineering Mechanics
requirements and hence better prepared to
understand FEA as a problem solving tool.
The second question addressing “how to” was
much more difficult to answer and the rest of
this article essentially elaborates on this issue.
Intuirion, past experiences in teaching and
conducting FEA projects, and suggestions pro-
vided by peers in the discipline served as the
basic guidelines in developing a strategy for
teaching (Mirman & Tym, 1998). A practice-
based curriculum was preferred in contrast to
“theory-based” or “strong fundamentals”
approaches (Hansen, 1998; Logue & Hall,
2001).

Based upon the program structure and the
employment potential, the broad learning
objectives for this FEA course were:
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» Simple analysis

+ Complex analysis

+ Knowledge of FEA on-line support to per-
mit self-learning

» Kuowledge of FEA to interact with vendors

» Knowledge of available FEA analysis tech-
niques

The authors decided that the proposed FEA
course would initially be offered as a manufac-
turing elective, specifically, as Tech 497
{Special Topics in MET i Manufacturing
Analysis). Following the successful implemen-
tation of the pilot course on FEA, the
Department would alter the curriculum to
include Manufacturing Analysis - FEA as a
course which is required of all MET students.

Establishing the Content and
Structure of the Course
Teaching finite element analysis can pose con-
siderable challenges in terms of both selection
of conteni and methods used to deliver
instruction. The treatment of subject matter in
engineering programs tends to be mathemati-
cal with more emphasis placed on theory
where it usually takes weeks before the stu-
dents are exposed to practical problems. At the
other extreme, the authors were aware of
courses where FEA was covered in a rather
cursory manner, involving nothing more than
a Microsoft PowerPoint slide show, covering
the subject matter in very general terms. Both
these extremes have very limited potential in
terms of helping students with restrictive
backgrounds in mathematics and mechanics
of materials such as students majoring in
Technology. Limited documented experiences
that relate to the teaching of FEA specifically
in technology degree programs have favored a
middle-of-the-road practical approach with
emphasis on the use of software tools in real
world problem solving situations as opposed to
the derivation of mathematical equations and

relations (Cole, 1999; Logue, 2001).

In any advanced course, the student’s prior
preparation, and their ability to both compre-
hend the presented material and integrate that
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Results
At the start of this course, the authors were not
certain of the outcome. FEA using anv soft-
ware program is computationally intensive,
hence the hardware and network capabilitics
of our computer laboratory were tested to the
maximum,. Computer system crashes occurred
at regular intervals while the course was in ses-
sion, however, the students excelled, and thor-
oughly enjoyed the new concepts which were
covered in this course. In fact the students
enjoyed the concepts so much that they spent
extra hours in the [ab working on homework
and the projects, and far exceeded the require-
ments which were placed on them. Since then,
our computers and network have been upgrad-
ed and the students’ reaction to learning FEA
is now even more positive. It was interesting

to note that our students’ positive experience
with the FEA course much resembled the
observations reported by Logue & Hall (2001)
it working with their students. The modules
which were introduced in this initial class
worked very well, and the students took time
to learn the concepts and use the knowledge in
design projects.

The use of the two design projects served as a
focal point of the course. The projects inte-
grated the various topics that were introduced
during the lecture/lab sessions. The instruc-
tors realized that this activity was successful in
instilling confidence among the students, and
they were inspired to think in terms of more
complex projects. In fact one of the students
used the concepts on his senior project.
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Several of the students in the class where hired
by regional companies where they are cither
using FEA in a design capacity or they inter-
face with vendors who present data developed
with FEA. During the departmental advisory
board meeting, the members emphasized the
need to include this course permanently in the
curriculum. Within the next vear, this course
will be taught again, to the same level of stu-
dents, and then it will be added to the curricu-
lum.

Conclusion

The need for continuous reengineering of the
curriculum is particularly relevant in this era
of downsized engineering staff and industry’s
desire to reduce costs in a globally competitive
economy. Generally speaking, employers
would prefer to recruit a multi-functional
graduate rather than hiring several other
employees having limited individual skills.
Many industries continue to address the chal-
lenges of compressed product life cycle and
development times. Similarly, in an era of
explosion of lknowledge educators have to
teach more and students have to learn more
without extending the duration of a typical
four-year undergraduate program. Creativity,
innovation and experimentation are the vital
keys in discovering new approaches that
enhance efficient and effective preparation of
engineering and technology graduates (Lunt &
Helps, 2001).

By nature, engineering technology majors are
keen on witnessing practical applications of
concepts very early on in the learning process;
this inherent characteristic of the target stu-
dent audience was exploited in introducing a
FEA course in the Technology department at
Northern Illinois University. Although deeply
rooted in theory and computations, FEA can
be taught in a manner that emphasizes its
practical utility. The authors experiences
teaches that it is not necessary for students to
go through an entire sequence of courses in
structural analysis to develop a significant
working knowledge of FEA. It appears that a
number of technology programs have not
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embraced this topic due to the complex nature
of subject matter. Our experience has proved
to be positive and should encourage interested
others to initiate similar activities in the
design component of their academic pro-
grams.

The skills required to export/import solid
meodels and prepare them for use in a finite
element module are fast becoming an 1mpor-
tant required skill for engineering technology
graduates. The ability to use one or more pop-
ular FEA packages (such as ANYSYS, COS-
MOS, Nastran, and DESIGNSPACE) and
interpretation of stress plots are useful skills
that increase the employability of technology
graduates who desire to work in the CAD area.
Higher compensation, variety, and more chal-
lenging job assignments are some of the
rewards that could well be on its way to tech-
nelogy majors who learn basic engineering
anakysis. The students who completed our new
course in manufacturing analysis (FEA)
gained significant skills in modeling FEA
geometry, performing required analysis, and
interpretation of results. The industrial advi-
sory board applauded our decision to promote
engineering analysis in the Technology cur-
riculum, and concurred that this change pro-
vided our majors with a desirable edge over
competing graduates coming from similar
departments based at other universities.
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Appendix |

Rating form for GIT 439 Technical Publishing

Purpose: This form is used to give you the opportunity to rate the contributions of yourself and
your fellow team members, The results will be used to determine each individual’s performance
grade. This page will not be shared with anyone else on the team, so think carefully and be open
and honest with your evaluations. Evaluate each person in vour group and rate them on a scale of
1 to 5 in each of the categories. Five means ‘top notch” this person was really good in this area.
One means that the person hardly performed in this area.

A. Quality of work - Value and quality of contributions, suggestions, opinions, ideas

B. Quantity of participation - Sharing of responsibility, willingness to do his/her share of the
work, prepared for meetings

C. Timeliness - Attendance at meetings, classes and work sessions. Met deadlines, had work fin-
ished and ready on time,

D. Level of work - Final work was professional and ready to be used.

E. Contribution to the group {in percent). The total for this must add up to 100%

A B C D E
Team member quality quantity timeliness level contribution %
1. Kelly 12345 12345 12345 12345 *
2. Joe 12345 12345 12345 12345 *
3. John 12345 12345 12345 12345 *
4. Steven 12345 12345 12345 12345 o
5. Cheng K 12345 12345 12345 12345 *

* total for all five must = 100%
Give a brief written evaluation of yourself and each team member. Explain problems, conflicts,
and confrontations as well as great work, leadership, willing to pick up slack etc. If you gave some-

one a | or 2 please explain why.

1. Kelly

2. Joe
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David Kelley
Purdue University

Abstract
Computer-aided design systems (CAD) are the tools of choice for communicating product design intent. The

ability to vertically and horizontally shave CAD data is an increasing concern for oviginal equipment man-

ufactures. This paper exploves issues velated to CAD interoperability and emerging technologies that are

influencing the ability to share CAD data. CAD interoperability methodologies ave detailed and discussed.

Introduction

Competition and increasing demands from
consumers for product customization necessi-
tates the timely sharing of product data
throughout organizational design structures.
Likewise, modern approaches to design and
manufacturing dictate the sharing of data con-
currently in an environment that facilitates
communication and information flow.
Computer-aided design (CAD) applications
are the tools of choice for communicating
product design intent. Correspondingly, the
ability to share CAD data is extremely impor-
tant during product design and manufactur-
ing. With the exception of small, less compli-
cated products, original equipment manufac-
tures (OEM) usually outsource at least some of
the components or sub-parts of a design. Inan
ideal world, companies that manufacture vari-
ous compoenents of an end-product would be
able 1o seamlessly transfer CAD data up and
down  the  organizational structure.
Unfortunately, there is no established standard
for CAD model formats. Due to this, the inter-
operability of CAD systems is a major concern
within manufacturing industries.

This paper explores issues related to CAD
interoperability and emerging technologies
that are influencing the ability to share CAD
data. This topic is important for industry pro-
fessionals, students, and other individuals that
have to use CAD meodels throughout design
and manufacturing processes. This paper will
discuss sources of interoperability problems
and possible solutions to these problems.

Interoperability 1ssues

There are two categories of CAD interoper-
ability: inter-company and intra-company.
Inter-company CAD interoperability relates to
the need to share CAD data berween compa-
nies that represent different levels of compo-
nents within a design. QEMs typically have
first tier companies that produce major sub-
components of their design, while first tier
companies have sub-tier supplies that produce
even smaller parts and sub-assemblies. As an
example, Textron-Lycoming, a first tier com-
pany, might provide power plants for new
Piper single engine aircraft. In turn, Lycon
Aircraft, a sub-tier organization, might supply
pistons to Lycoming. It is possible that com-
panies within this structure, or any other sim-
ilar relationship, might use different CAL) sys-
tems (such as CATIA, Pro/ENGINEER, and
AutoCAD), making the ability to share model
data difficult (see Figure 1).

The automotive industry is another good
example where inter-company CAD interoper-
ability is an issue. According to a recent study
(Brunnermeier & Martin, 1999), CAD interop-
erability issues and problems cost automotive
companies a combined $1 billion per year.
Before the 1980s, the automotive manufactur-
ing process was based on mass production uti-
lizing a sequential linear design process with
little outsourcing of components {Womack,
Jones, & Roos; 1991), Quality movements of
the 1980s and 1990s, especially concurrent
engineering and lean manufacturing philoso-
phies, focused on the reduction of manufactur-
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Unlike

the precisely propelled
projectiles of the past, this con-
test is earthbound... in fact you will

The contest is to see which team can design an
air-powered car that traverses a 30’ long x 8 wide

serpentine course. The car will earn points by passing
thru gates that are slightly offset from a straight line in a
gently curving serpentine. Extra points will be granted if the
&  car is able to demonstrate a controlled 360° spin at the start or
2! along the course. Power for the car must be self-contained and is

7. limited to 4 AA batteries.

0

4

For safety, the propeller must be guarded and the vehicle may not leave the
ground. Past experience with spinning propellers tells us to have plenty of
Band-Aids handy, but the students love the project anyway.

chrome, and whitewall tires to make yours a real showpiece. Major
i , points will still come from the graphics and written report that is
L submitted.

Information will be posted on the EDGD contest web page this
summer along with the names of the four, $300 scholarship
winners from this year. If this source is not convenient,

please feel free to contact contest coordinator, Dr. Jerry
-%, Vinson at 979-845-1633 or email him at
N "vinson@entc.tamu.edu™.

. Watch those fingers...
7 _ .L%& Good luck and happy racing.
: %Zé%%r
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“Computer Modeling from Models: Jumping the Engineering
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November 3-6, 2002
Indiana University-Purdue University Indianapolis
Indianapolis, Indiana

Graphics.
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Papers pertaining to the theme and other graphics related topics are solicited.
Abstracts of approximately 200-300 words are due by August 1, 2002,
E-mail abstracts to Patrick Connolly at: peconnolly@tech.purdue.edu

Patrick Conmnolly, Program Chair
Purdue University, Department of Computer Graphics
1419 Knoy Hall
West Lafayette, IN 47907
Phone: 765.496.3943
Fax: 765.494.9267

MidYear additional information, please check: www.engr.iupui.edu/edgd
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General Chair: Barry Crittenden

2002 Annual ASEE Conference
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Dates: June 16-19, 2002
Program Chair: Holly Ault

2003 Annual ASEE Conference
Nashoille, Tennessee
Dates: June 22-25, 2003
Program Chair: Frank Croft

2004 Annual ASEE Conference
Salt Lake City, Utah

Program Chair: Patrick Devens

2005 Annual ASEE Conference
Portland, Oregon

Program Chair: Ron Pare
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Technical
Graphics
Communication,
3le

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

ISBN 0073655988
www.mhhe.com/bertoline

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 fo technical graphics, providing
engineering and technology students with a
strong foundation in standard drafting practices
and technigues.

In this new edition, you will find...

e | earning Objectives begin each chapter
to help students set learning goals and
determine if they have been met at the end
of the chapter.

+ Design in Industry Boxes are presented in
every chapier to ilfustraie how graphics and
design are being used in industry today.

+ Basic design concepts are infroduced in
Chapter 2. A new chapter on design concepts
with over 100 open-ended design problems
has been added {Chapter 20).

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

 Full-color illustrations, many from the industry,
and real~world photos show students the
power of the graphics medium in all
engineering disciplines.

» Emphasis is placed on modern topics and
practices, such as skeiching, visualization,
and three-dimensional modaling.

+ Step-by-step technigue boxes walk students
through proper drawing methods.

= Integrated design communication problems
¢an be assigned at the start of the course and
carried through until the end with specific
exercises keyed to most chapters.

CONTENTS
1. Introduction 1o Graphics Cammunications
2. The Engineering Design Pracess
3. Technical Drawing Tools
4, Sketching and Text
5. Visualization for Design
6. Engineering Geometry and Construction
7. Three-Dimensional Modeling
8. Multiview Drawings
9. Axonometric and Obligue Drawings
10. Perspective Drawings
11. Auxifiary Views
12. Fundamentals of Descriptive Geometry
13. Intersections and Developmants
14. Section Views
15. Dimensioning and Tokerancing Practices
16. Geometric Dimensioning & Tolerancing Basics
17. Fastening Devices and Methods
18. Integrated Production, Automation &
Manufacturing Processes, & the Role of
Technical 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

A lahis Ntm' i

FUNDAMENTALS
OF GRAPHICS
| COMMUNIGATION,
3/E

Gary R. Bertoline,
e e | PURALE University—
West Lafayetfe
Eric N. Wiebe,
North Carolina State

FINBARSRIALS of GRAPAIS LhRSUNEATION

University— Ralgigh
ISBN 0072502606

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

If vou are currently a faculty member and interested in obtaining a complimentary
examination copy of any of these titles: Contact your local McGraw-Hill represen-
tative, call 1-800-338-3987, outside the U.S. call 609-426-5793, e-mail your request
to mhcomp@megraw-hill.com, or visit our Website at www.mhhe.com.

AUTOCAD 2002

{ INSTRUCTOR

James A. Leach,
University of Louisvilie
ISBN 0072528621
wwaw. mhhe.com/leach

AUTOGAD 2002
GCOMPANION

James A. Leach,
University of Louisvilfe
ISBN 007252863X
www.mhhe.com/leach

0024

AUTOCAD 2002 ASSISTANT
1 James A. Leach,

University of Louisville

Bruce Duffy,

University of Louisvifte

ISBN 0072513683
www.mhhe.com/leach

PRO/ENGINEER 2001
INSTRUCTOR

David S. Kelley,

Purdue University

ISBN (07249940

www. mhhe.com/kelley

PRO/ENGINEER 2001
ASSISTANT
David S. Kelley,
Purdue University
ISBN 0072499397

www.mhhe.com/kelley

fiite

MEGHANIGAL DESIGN
MODELING USING
PROENGINEER, 1/E
Sridhar Condoor, Parks
College-St. Louis
ISBN (0072443146
@ www.mhhe.com/condoor

MEGHANICAL DESKTOP
INSTRUCTOR, 1/E

Sham Tickoo, fndiana
University/Purdue
University-Indianapolis
ISBN 0072499419
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