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Congratulations are in order for the newly-elected
Engineering Design Graphics Division officers for 1995-
96, They are:

Division Chair: Mary J. Jasper
Mississippi State University
Phone: 601-325-3923

email: jasper@engr.msstate.edu

Vice Chair: Gary R. Bertoline
Purdue University

Phone: 317-494-4585

email: grbertol@tech.purdue.edu

Director of Programs: F. D. “Fritz” Meyers
The Ohio State University
Phone: 614-292-1676

Director of Liaisons: Holly K. Ault
Worcester Polytechnic Institute
Phone: 508-831-5498

email: hkault@wpi.wpi.edu

Each of these people would welcome your interest or
your suggestions. Offer to serve on a committee, help
with a conference or program at a conference. Remem-
ber, it is your Division. You only get as much out of it as
you put into it. Your involvement is welcome.

Thanks to Judy Birchman, Technical Editor of the
Journal, we now have an Engineering Design Graphics
Journal Home Page. The address for all of you electronic
surfers is:

http://www.tg.purdue.edw/edgd

You can get a preview of what the opening screen
looks like if you turn to page 37 of this issue. After
perusing it to your heart’s delight, feel free to contact
either Judy or myself with suggestions or additions. We
will try to keep it as current as possible.

Judy 1s currently putting together the design and
information for the Engineering Design Graphics Divi-
sion Home Page. It will have a link to the Journal, so you
will be able to find it as soon as we put it out there in
gpace. Once again, we welcome your suggestions and
information.

Mary A. Sadowski
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The Relationship of Previous Experiences
to Spatial Visualization Ability

John A. Deno
Department of Industrial Technology
Ohio University
Athens, Ohio

This study examined whether variations in
performance on a measure of spatial visual-
tzation were related to prior spatial experi-
ences, and to the developmental period when
the prior experiences occurred. Analysts was
conducted to determine whether specific expe-
riences discriminated among subjects on the
busis of spatial visualization ability.

The sample, consisting of 324 men and
72 women enrolled in a beginning engineer-
ing graphics course at The Ohio State
Universily, were administered the Mental
Rotations Test (MRT) and a Spatial
Experience Inventory (SEI). The SEI sub-
scales of formal academic courses, non-acad-
emic activities, sports, and developmenial
period served as predictor variables in this
research. The mamin stofistical approach
used in this study examined variability in
performance on the MRT,

The findings revealed that non-academ-
tc activities had the most positive significant
relationship to spatial visualization ability
for men, bul not for women. It was also

found that non-academic activities differenti-
ated men when grouped by spatial ability
and that experiences during high school
accounted for the most vartance in spatial
ability.

Building  activities  differentiated
‘between high and low spatial ability groups
for men and women. Courses taken in junior
high school using hands-on laboratory-based
activities such as metalworking and manu-
facturing significantly differentiated women
when grouped by spatial ability.

A significant sex-related difference in
performance on the MRT was also found in
this study. !

Further experimental, causal-compara-
tive, and longitudinal research using the
findings of this study should be very useful in
the design of curricula to enhance spatial
ability.

Autumn 1995

Engineering Design Graphics Journal
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The Relationship of Previolss Experiences fo Spatial Visualization Ability

correlations of the Mental Rotations Test
with other tests using samples of 456 and
5,435 individuals tested in ITawaii range
from r=.36 for the Elithorn Mazes Test, to
r=.68 for the Identical Blocks Test
(Vandenberg & Kuse, 1979). Vandenberg
and Kuse also point out that the Mental
Rotations Test was most often associated
with other tests of spatial visualization and,
in general, showed only low correlations
with tests of verbal ability.

The Spatial Experience Inventory (SEI)
was developed by this author by compiling a
list of previously validated spatial activities
from research formerly done at Purdue
University (Guay, 1977, Guay and McDaniel
1979, 1982, and McDaniel, Guay, Ball, and
Kolloff, 1978), Pennsylvania State Univer-
sity (Newcombe, Bandura, and Taylor, 1983)
and University of Maryland (Olson, 1985).

The SEI, containing 12 categories or
stages of life experiences with 480 spatial
activities, was developed for use in two pilot
studies conducted to determine which activi-
ties should be included in the final version of
the Spatial Experience Inventory.

The final version of the SEI was admin-
istered using a computer answer sheet and
scored electronically. Each activity item had
four choices:

{(a) Frequently participated in the
activity, scored as a 4,

(b) Occasionally participated in the
activity, scored as a 3,

(c) Seldom participated in the activity,
scored as a 2, and :

(d) Never participated in the activity,
scored as a 1.

Each formal academic subject item also
had four choices:

(a) Have taken more than two courses in
this subject, scored as a 4,

{(b) Have taken two courses in this
subject, scored as a 3,

(¢} Have taken one course in this subject,
scored as a 2, and

() Have never taken a course in this
subject, scored as a 1.

The developmental time period, in
which each activity was experienced, was
also recorded and tabulated by dividing the
SEI into five separate sections representing
five different time periods, each containing a

list of activities and academic courses appro-
priate for that time period. The five time
periods were:

(a) pre-school,

(b) elementary school,

(c) middle or junior high school,

{d) high school & vocational school, and
(e) postsecondary.

The subjects were asked to indicate the fre-
quency of participation for each activity and
academic course in each time period.

The time periods were further broken
down into sub-scales describing the type of
spatial experience, which made a total of 10
time period sub-scales. The Pre-School time
period was sub-divided into two sub-scales:
Pre-School Demographics (6 [tems) and Pre-
School Activities (12 Items). The
Elementary time period was sub-divided
into the Organized Activity scale (8 Ttems)
and the Non-organized Activity scale (11
Ttems). The Junior High School time period
was further divided into the Formal
Academic Subjects scale (12 Ttems), the Non-
academic Activities scale (55 Items), and the
Sports scale (45 Items). The High School
time period was divided into the same three
scales into which the Junior High time peri-
od was divided, the Formal Academic
Subjects scale (12 Items), the Non-academic
Activities scale (55 Items), and the Sports
gcale (45 Items). The Postsecondary time
period included only Formal Academic
Subjects in a technical college or a universi-
ty (39 Items)

The main predictor variables of the SEI
were Formal Academic Subjects, Non-
Academic Activities and Sports. The Formal
Academic Subject Scale was tabulated by
summing the Formal Academic Subject sub-
scales found in the Junior High School peri-
od, the High School period, and the
Postsecondary period, for a total of 81 items.
The Non-Academic Activities scale was tab-
ulated by summing the Pre-School Activities
sub-scale, both the Elementary Organized
and Non-Organized Activities sub-scales,
and both the Junior High School and the
High School Non-Academic Activities sub-
scales for a total of 141 items. The Sports
scale was tabulated by summing the Junior
High School Sports sub-scale and the High
School Sports sub-scale for a total of 90

8
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John A, Deno

Spatial Experience Inventory Junior High School
Formal Academic
Subjects {12 items
Formal Academic High School
Subjects Formal Academic
{81 items) Subjects (30 items)
Postsecondary

—1 Formal Academic
Subjects (39 items)

Pre-school
Activities (12 items)

Elementary Organized
Activities (8 items)

| | Elementary Non-organized
SEI Non-academic Aclivities (11 items)
Composite Activities
(312 iterns) (141 items) Junior High School

Non-Academic
Activities (55 items)

High School
—— Non-Academic
Activities (55 items)

Juriior High School

Sports {45 items)
Sports
{90 itemns) High School

Sports (45 items)

Figure 1. Layout of Spatial Experience Inventory

items. The Composite or total score of the To aid the reader in comprehending the
SET was tabulated by summing the three complex design of the SET, Figure 1 graphi-

- main variables: Formal Academic Subjects, cally shows the layout of the SEI displaying
Non-Academic Activities and Sports for a the three main variables and the sub-scales
total of 312 items. The Demographics sub- from which they are tabulated.

scale in the pre-school period did not con-
tribute to the score of any main variable but
was used separately for correlational analy-
818,
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The Relationship of Previous Experiences to Spatial Visualization Ability

The data were collected by the administra-
tion of two instruments, the Mental
Rotations Test (MRT) developed by Steven
G. Vandenberg and Allan R. Kuse and the
Spatial Experience Inventory (SEI) devel-
oped by the researcher. The MRT and the
SEI were administered personally by the
researcher and taken voluntarily by 396
beginning engineering and technology stu-
dents enrolled in the course Engineering
Graphics & Problem Sclving (Engineering
Graphics 166) during the first and second
week of the Winter Quarter, 1993, at the
Columbus, Ohio, campus of The Ohio State
University. The 396 students were made up
of 324 men and 72 women.

The means, standard deviations and vari-
ance on scale items for all the independent
and dependent variables were calculated.
ANOVA’s were used to test for statistical sig-
nificance of group mean differences.

Reliability analysis was conducted on
the SEI. Cronbach's alpha coefficients were
computed for all the instrument scales and
for the composite score.

Correlation analysis was conducted
using Pearson Product-moment correlations
between predictor variables and spatial
measures, Multivariate regression analysis

was conducted with the effects of all predic-
tors and spatial criteria examined simulta-
neously. All the analyses were done con the
total sample and on the sample divided by
spatial ability, determined by the top and
bottom 50% scores on the MRT, and sex.

Cronbach's Coefficient Alpha, a measure of
internal consistency was used to analyze the
reliability of the composite and the separate
scales of the predictor variables on the SEI
for the total sample by spatial ability group.

Table 1 shows that the alpha coeffi-
cients obtained for the composite, and the
various scales of the SEI, were highly reli-
able for the total sample and by spatial abil-
ity group.

Table 2 shows that all the sub-scales of
the Developmental Period scale had ade-
quate levels of reliability for a research
instrument with the exception of the
Elementary Organized Activities scale.

The relationships between spatial visualiza-
tion ability and the main predictor variables
were analyzed by caleulating the Pearson
product-moment correlation between the
score of the measure of spatial visualization
ability (MRT) and the composite and the

Cronbach’'s Coefficient Alpha
Total Sample| Low Ability | High Ability

SEl Scales =396 =209 n=187

Composite .9651 9714 8572
312 jfems
Table 1. Formal Academic

Reliablity Analysis of the Spatial Subjects .9475 .9371 .9543
Experience Inventory (SIE). Cronbach's 81 jtems

Coefficient /t_\lphciiD fgr Tge Total Sample Non-academic

and for Spatial Ability Groups. Activities 9432 9568 9205
141 items

Sports 9337 8308 9278
90 items

10 Engineering Design Graphics Journal Vol. 62, NC. 3



three spatial experience variables, (a)
Formal Academic Subjects, (b) Non-aca-
demic Activities, and Cc) Sports, which
were measured by the SEI for the total
sample and by sex group. These coeffi-
cients are displayed in Table 3.

Table 4 shows the correlation coef-
ficients of sub-scales of the fourth vari-
able, Developmental Time Period, that
were significantly correlated.

For the total sample, the compos-
ite, which is the summation of the three
sub-scale scores, and two of the three
variables displayed on Table 3 had sig-
nificant positive correlations with the
exception of Formal Academic Subjects,
which was negative.  Also for the total
gsample, two of the Developmental Time
Period sub-scales, displayed on Table 4,
had significant positive correlations.
The SEI composite score for the total
sample had a correlation of r=.09
(p<.05). Non-academic Activities had
the highest and most significant corre-
lation for the total sample (=.12, p<.01)
with Sports having the only other posi-
tive significant correlation of r=.08
(p<.05).

The correlational analyses for the
men were similar to those for the total
sample. The highest and most signifi-
cant correlation of the main predictor
variables was Non-academic Activities
with a coefficient of r=.12 (p<.01). The
men also had a positive and significant
correlation for High School Non-acade-
mic Activities (r=.13, p<.01), like that of
the total sample but failed to have a sig-
nificant relationship at the junior high
time period.

There were no significant relation-
ships observed between the MRT score
and any of the main predictor variables
for women.

In order to find out what type of
academic subjects, activities, sports,
and work-related experiences encoun-
tered by the subjects have a significant
relationship with the subjects' level of
spatial visualization ability, a more
micro analysis was conducted. This
analysis was done by looking at the
Pearson product moment correlation
between the measure of spatial visual-
ization ability (MRT) and each item or

John A. Deno

Cronbach's Coefficient Alpha

Developmenial
Period Scales

Total Sample

=396

Low Ability
=209

High Abiiity
n=187

Pre-School
Activities
12 items

.6840

.7006

8777

Elementary
Organized
Activities

8 items

5494

L4920

.5933

Elementary
Non-Organized
Activities

11 ftems

.6855

.7321

.6532

Junior High
Formal Academic
Subjects

12 items

.7843

7700

7972

Junior High
Non-academic
Activities

55 jtems

.8952

9185

.8622

Junior High
Sports
45 jtems

.8753

.8886

.8835

High School
Formal Academic
Subjects

30 ftems

.8714

.8645

8777

High School
Non-academic
Activities

55 jtems

.9034

9245

.8683

High School
Sports
45 ftems

.8812

.8879

8746

University &
Technical College
Formal Academic
Subjects
39 ftems

.9465

.9391

.9507

Table 2. Reliability Analysis of the Developmental
Period Sub- Scales of the SEl: Cronbach’s
Coefficient of Alpha for the Total Sample and
for Spatial Ability Groups

Autumn 1995
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The Relaticnship of Previous Experiences to Spatial Visualizafion Ability

Cronbach's Coefficient Alpha

Total Sample| Low Ability | High Ability

SEI Scales n=396 n=209 n=187
Composite .9651 9714 .9572
312 ifems
Formal Academic
Subjects .9475 89371 .9543
81 items
Non-academic
Activities 9432 .9568 .9205
141 items
Sports 9337 9388 9278
90 items

Table 3 Correlation Cooefficients Between Scale and
Composite Scores on the Spatial Experience Inventory
and Mental Rotations Test (MRT) for the Total Sample
and by Sex Group

Mental Rotations Test (MRT)

Total Sample Males Females
n=396 n=324 - n=72

Developmental

Period Scale r r r

Elementary A0
Organized
Activities

=8 items

Elementary _
Non-organized ‘ g2F
Activities

n=11t items

Junior High ,
Non-academic g2+
Activities

n=55 items

High School
Necn-academic 4% 13+
Activities :

n=55 items

Note. * p<.05 * p<.01

Table 4 Significant Correlation Coefficients Between
Developmental Period Scale Scores on the Spatial
Experience Inventory (SEI) and Mental Rotations Test
(MRT) for the Total Somple and by Sex Group

question of each of the 10
Developmental Time Periods of the
SEL Table 5 displays the Develop-
mental Time Period sub-scale and
the significant positive correlations
of each time period for the total
sample and by sex group.

An examination of the find-
ings reveals that, of the Spatial
Experience Inventory's (SEI) main
predictor variables (i.e., Formal
Academic Subjects, Non-academic
Activities and Sports), Non-acade-
mic Activities (NONACAD) seemed
to be the strongest predictor of spa-
tial visualization ability, which
was measured by the subjects’ per-
formance on the Mental Rotations
Test (Vandenberg & Kuse, 1978).

The reliability for the Non-
academic Activities scale of the
SEI was extremely high (alpha =
.94 for the total sample, alpha= .95
for men, and alpha = .93 for the
womeny).

Non-academic Activities had
the highest and most significant
correlation with performance on
the MRT for the total sample
{r=.12, p<.01) and for men (=12,
p<.01). There was a positive corre-
lation between the women's score
on this sub-scale and women's
MRT scores (r=.04), but it was not
statistically significant.

This finding is somewhat dif-
ferent from Olson's (1985) study in
which she found academic courses
to be the best predictor. However,
Olson's study, at the University of
Maryland, used a sample of 53
women and 45 men who were
introductory psychology under-
graduates, unlike the sample in
the present study, who were 92%
engineering majors.

12 Engineering Design Graphics Journal
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Almost every major requires an intro-
ductory psychology course, the students of
which will create a sample that is enrolled in
several dissimilar programs, whereas an
introductory engineering course consists of
mostly students who have taken the same
courses and therefore lack diversity. Olson's
activity scale, which combined spatial activ-
ities and sports, did not correlate signifi-
cantly with a measure of spatial ability that
was derived from the same study (Shepard &
Metzler, 1971) from which the MRT was
developed. This was true for the total sam-
ple, as well as men and women sub-groups.

When performing correlational analysis
on each non-academic activity item, a micro
analysis approach shown in Table 5, the fol-
lowing items on the Preschool Activities sub-
scale had significant positive correlations for
the total sample: Played with Legos (.14,
p=<.01) and played with log building sets (.13,
p<.01). For the men, the items that had sig-
nificant positive relationships to their spa-
tial visualization ability were: Played with
Legos (.18, p<.001), played with log building
sets (.13, p<.01), participated. in art activities
(.11, p<.05) and organized gymnastics (.10,
p<.05). The women had significant positive
correlations with watching educational TV
(.25, p<.05) and watching Sesame Streel (.26,
p<.01).

In the Elementary School Non-
Organized sub-scale, three items had signif-
icant relationships with MRT scores. For
the total sample, playing with Legos (17,
p=<.001) and repairing toys or hicycles (.17,
p<.001) had significant positive correlations.
The men had the same two, played with
Legos (.19, p<.001) and repaired toys or bicy-
cles (.09, p<.01) with the addition of played
with building blocks (.14, p<.01). There
were no significant positive item correlations
for women in this developmental period.

If any one item stands out to have had a
powerful influence or relationship to the spa-
tial ability of men later on in life it seems to
be playing with Legos. It was highly statis-
tically significant at both periods of develop-
ment (p<.001 for pre-school and elementary)
and correlated higher than any other item in
both periods.

In the Junior High School Non-academ-
ic Activities sub-scale for the total sample,
items with p<.001 significance levels were:
Repaired automobiles (.17), repaired equip-
ment (18), built race-car sets (2b), used
power tools (.17), built train sets (19),

played with building sets (.25), and built
models (30). Tt seems that all building
activities had a very strong relationship with
the subjects spatial visualization ability
when analyzing the total sample. The men
had seven items in this developmental peri-
od that had significant positive correlations
with their MRT score. Like the total sample
analysis, all building type activities had sig-
nificant correlations at the p<.001 level,
(e.g., built race-car sets (r=.18), played with
building sets (r=20), and built models
(r=.20). The women experienced two activi-
ties that correlated significantly and posi-
tively with their performance on the MRT
(e.g., built train sets (r=.30), and navigated
i car (r=.28).

Significant correlations between Non-
academic Activities during the high school
developmental time period and performance
on the MRT, for the total sample, ranged
from r=28 (p<.001) for building models to
r=.09 (p<.05) for assembling and/or repairing
plumbing, using a compass and playing
chess. There were 10 activities for the total
sample that were at the p<.001 level, and
again, as at the junior high school time peri-
od, all of these activities involved hands-on
building or physically repairing things. The
sole significant positively correlated high
school non-academic activity for women was
playing computer video games with a coeffi-
cient of r=28 (p<.01).

Although previous studies did not
investigate the time period in which spatial
activities were experienced, these studies
support the findings of the present study
concerning spatial activities for men but not
for women. This could be due to the measure
of spatial ability used in the studies with the
MRT discriminating against women more
than the others, and the methods used to
categorize high and low ability groups. One
possible indication of the significant positive
correlation between the amount of women’s
participation in video games and perfor-
mance on the MRT is the learning style or
processing style of women compared to that
of men. It seems more visual forms of learn-
ing, such as educational TV, like Sesame
Street at the Pre-School Developmental
Period, and video games at the High School
Developmental Period have more of an influ-
ence on women's spatial ability than the
haptic style of learning, reported in Miller's
(1992) study, that seems to correlate highly
with men's spatial ability.

John A. Deno
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Table 5 Cormelation Coocefficients Between Significant item Scores on the Spatial Experience
Inventory (SE) and Mental Rotation Test (MRT) for the Total Sample and for Sex Groups

Mental Rotations Test (MRT)

14  Engineering Design Graphics Journal

Total Sample  Males Females
{n=396) (n=324) (n=72)
fltem / Developmental Period I I L
Preschool Demographics
Stayed home with babysitter i | .09
Preschool Activities
QA7 Played with Legos 14 g
QA8 Played with log building sets A3 13
QA12 Watched educational TV .25*
QA13 Waiched "Sesame Street" .26™*
QA15 Participated in ait activity a1
QA18 Organized gymnastics Jo*
Elementary School Non-Organized Activities
QA30 Played with Legos a7 g
QA32 Played with building blocks 14
QA34 Repaired toys or bicycle A7 .0g**
Junior High School Formal Academic Subjects
QA48 Manufacturing i .20*
Junior High School Non-academic Activities
QA50  Repaired bicycles g2
QA52 Repaired automobiles A7
QA53 Repaired appliances Jd5*
QA54 Repaired equipment 8™ g3
QA58  Buiit race-car sets 25 18
QAB2 Engaged in carpentry projects 3"
QAB3 Construct/repair radios, stereo 14"
QAB4 Skeiched auto/vehicle designs .16™
QA65 Sketched house plans a4
QAGB6  Used hand tools 14
QA67 Used power toois A7
QA74 Built train sets g9 30
QA77 Played with building sets 25" 200
QA79 Played computer videoc games 0"
QAB81 Built models 30" 200
QAB9  Tied various knots A1
QAS95 Read blue prints .09*
QA100 Operated machinery .08*
QA101 Created computer graphics a1
QA103 Repaired motorcycles g2
QA104 Navigated in car 10" 28"
Junior High School Sports
QA105 Touch football g6
QA106 Tackle football 21
QA116 Archery A5 13
QA117 Golf d1
QA118 Hunting Jg2m
Vol. 59, NO. 3
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Total Sample  Males Females
(n=398) (n=324) (n=72)
lfern / Developmental Period I L r

Junior High School Sports con't
QA119 Target shooting Jdgm
QA120 Rock climbing A0
QA121 Canoeing (shooting rapids) .05*
QA123 Skiing (slalom} 167 a8
QA131 Air hockey .09”
QA133 Sofiball 0%
QA138 Dodgeball 14 .09*
QA149 Baseball .18*
High School Formal Academic Subjects
QA163 Manufacturing technelogy 05"
QA164 Construction technology .03*
QA165 Mechanical drawing Rk Jdg™
QA166 Architectural drawing A1 A1
QA168 Metal/metals technology 10"
QA174 Studio art (drawing) a3 16*
QA175 Studio art (painting) A

High School Non-academic Activities
QBA1 Repaired bicycles 24 5™
QB3 Repaired automobiles g g0
QB4 Repaired appliances g4 A1
QB5 Repaired equipment 15" J0*
QB8& Remodeled a structure 13
QB7 Built a structure g4
QBg Built race-car sets a2+ .0g*
QB12 Assembled/repaired plumbing .09*
QB1{3 Engaged in carpentry 21 R
QB14 Construct/repair L i A1

radios, stereos

QB15 Sketched auto/vehicle design 18 a5
QB16 Sketched house plans g2 A7
QB17 Used hand fools 5 A1
QB18 Used power tools 21
QB20 Assembled electrical circuits g™ A1
QB25 Built train sets A4 10"
QB27 Used compass .09* .09"
QB28 Played with building sets Jgn
QB29 Played arcade video games Jo*
QB30 Played computer video games 10¢ 28"
QB32  Built models 28"
QB40 Tied various knots A1 10"
QB41 Piayed chess .09"
QB46 Read blue prints A5+ A3
QB52 Created computer graphics A1
QB54 Repaired motorcycles 107

High School Sporis
QB56 Touch football 0g”
QB57 Tackle football A7
QB68 Golf 21 4%
QB89 Hunting ol
QB70 Target shooting 14
QB71  Rock ciimbing A1
QB72 Canoeing (shooting rapids} 09"
QB74  Skiing (slalom) g7 g
QB100 Baseball g2+

Note: *p<.05 ™ p<.01 ***p<.001
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Of the main variables reported on the
Spatial Experience Inventory (ie., Formal
Academic Subjects, Non-academic Activities
and Sports) experiences in Non-academie
Activities (NONACAD) seem to have the
strongest relationship to spatial visualiza-
tion ability, which was measured by the sub-
jects' performance on the Mental Rotations
Test (Vandenberg & Kuse, 1978). This, how-
ever, can only be stated for the men, for the
correlation between previous non-academic
experiences and spatial visualization ability
was positive and statistically significant for
men, but not for women.

Non-academic Activities experienced by
men, in the High School Developmental
Period, have the most positive and statisti-
cally significant relationship of any time
period. The Elementary Developmental
Period had the only other significant correla-
tion between men’s activities and spatial
visualization ability, for both organized and
non-organized activities.

The specific kinds of aetivities, during
the preschool and elementary period, that
had a positive statistically significant rela-
tionship to spatial performance for the men
were experiences with building type toys
such as playing with Legos, playing with log
building sets and organized gymnastics. The
women had significant positive correlations
between spatial performance and activities
that were more visual and less tactile such
as watching educational TV and watching
Sesame Street,

During junior high school and high
school the frequency of the men’s participa-
tion in all building type activities had high
correlations and were significant at the
p<.001 level with their MRT score (e.g., built
race-car sets, played with building sets, and
built models).

Also during the junior high school pert-
od, the frequency of the women's participa-
tion in more masculine type, tactile activities
such as building train sets and navigating in
a car had significant positive correlations
with their MRT score. But the sole signifi-
cant positively correlated high school activi-
ty for women was playing computer video
games. Again it seems that experiences in
visual activities have more of a relationship
to spatial performance than physical activi-
ties for women.

Since this research demonstrated that differ-
ential patterns of experiences exist for the
sexes, and for those grouped by spatial abili-
ty, and these experiences were correlated
with performance on a spatial visualization
test, then knowledge about these differences
could be used to design interventions or
develop training programs which facilitate
gpatial skills. Efforts in the design of cur-
rictlum materials for spatial skills seems
warranted, particularly since such skills are
corrclated with performance in technical
hands-on courses.

Building, constructing, repairing, and
assembling type toys such as Legos should
be investigated in future experimental
research studies for possible implementation
into the curriculum at pre-schools and ele-
mentary schools. Technology education at
the elementary level can play a key role in
this curriculum development.

Courses containing hands-on laboratory
activities such as manufacturing technology,
which differentiated women on the basis of
spatial ability in this study, and also corre-
lated with spatial performance, should be
examined in future research to determine if
participation in these courses causes an
increase in spatial ability. If so, these cours-
es should be recommended for all men and
women, especially if their career plans
include areas in engineering, technology or
the physical sciences.

It is hoped that engineering and tech-
nology educators will continue research
efforts in the area of visualization in order to
build a substantial research base on the
effects of hands-on laboratory-based activi-
ties and instruction on spatial visualization
ability.

Arnheim, R. (1986). New essays on the
psychology of art. Berkeley, CA:
University of California Press,

Bertoline, G. R. (1988). The implications of
cognitive neuroscience research on
spatial abilities and graphics
instruction. Proceedings of the
International Conference on Engineering
Design Graphies, Vienna, 1, 28-34.
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An Algorithm for Evaluating Team Projects

Frank M. Croft, Jr.
Frederick D. Meyers
Audeen W. Fentimen

The Ohio State University
Columbus, Ohio

Open-ended design or conceptual design is
becoming more and more a part of freshman
engineering programs. Nee (1992) reports
that nearly 50% of the respondents to a sur-
vey on open-ended design use open-ended
design problems in their freshman level
graphics courses. Furthermore, he reports
that 60% of the respondents believe that
open-ended design should be used in fresh-
man level technical graphics classes. The
National Science Foundation has encour-
aged the use of design projects to teach engi-
neering concepts through the Engineering
Education Coalition Programs (NSF 93-58a).
The ECSEL coalition includes “Design
Across the Curriculum” in all of their fresh-
man engineering programs (NSF 93-58c).
The application of this philosophy was
reported to the Engineering Design Graphics
Division by Calkins in 1992, and by
Sathianathan in 1993.

We at Ohio State did a survey in 1992
which confirmed reports from industry that
new graduates were competent in technical
specialties, but poor at integrating informa-
tion and at working in teams (6). We intro-
duced team projects into EG166, our basic
engineering graphics course, and found
problems in determining a project grade for
each student. The most difficult problem in
evaluating an individual's performance on a
team project is the amount of effort that the
individual has contributed to the team.
There was a fear that an individual could do
little but would reap the benefit of being
associated with a dynamic group and thus
receive a grade that he/she might not really
have earned. This paper presents an algo-
rithm that has been used at Ohio State over
the past two years to evaluate individual
performance on team projects.
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An individual grade on a team project is
determined by a team component and an
individual component. The team component
is composed of the written report grade and
the team oral report grade. The criteria
uged in evaluating the written report
include: cover and appearance; title page
and table of contents; introduction; state-
ment of problem: concepts considered;
refinement/selection/justification; analyses:
and final design.

Each section of the report is graded on
content and clarity. Neatness, spelling,
gramimar, and punctuation are important, A
maximum of 50 points are associated with
the written report. The criteria used to eval-
uate the team oral report include:
Introduction, statement of problem; alterna-
tive concepts; refinement/selection/justifica-
tion; anslyses; and final design. Also evalu-
ated are: Organization/transitions; use of
visual aids; and use of allotted time.

The team oral report is worth a maxi-
mum of 20 points. The team component is
simply the written report score plus the
team oral report score (70 points maximum).

The individual component is composed
of the individual oral report grade and the
grade on the drawing(s) completed by the
individual student. The individual oral
report is evaluated on the student’s speaking
ability, organization, use of visual aide, and
appearance (some instructor's require pro-
fessional dress). This part of the individual
effort is worth a maximum of 15 points. The
drawing grade is determined by the studen-
t's ability to communicate his/her ideas
through detail and assembly drawings that
are produced to ANSI standards. Use of
CADD was encouraged and is now required.
The individual drawing grade is worth a
maximum of 15 points,

The points that the individual student
earns on the individual oral report and on
the drawing(s) that he/she produces are not
weighted; however, the team component
(written report grade and team oral report
grade) is weighted. The weight is
determined by a secret ballot that each
student is required to complete at the end of

F. Croit Jr., F. Meyers, & A, Fentimen

the project. Each student rates his/her
teammates (including themselves) with
regard to the percentage of the project that
they believe their individual teammates
contributed. For example, an individual
would rate each member of a five-person
team 20% if all contributed the same effort.
With this scenario, each member of the team
would have a weighting factor of 100%,
which means that they would receive 1.0
times the team component (70 points max.).
On the other hand, the percentage could
vary with respect to each member's
contribution. An individual could receive a
weighting factor in excess of 100% or one
less than 100%. The weighting factor is
multiplied times the team component score
to establish the individual student’s team
score. The team grade plus the individual
oral report grade and the drawing grade
vields the student’s final numerical grade.
An example of how the algorithm works is
illustrated below. Three students, Andy,
Bob, and Claire worked together as a design
team. Each component of their grade 1s
Hlustrated in Figure 1.

Autumn 1995

Andy’s Ballot | Bob’s Ballot | Claire’s Ballot
Andy  40% Andy 35% 35%
Bob  30% Bob  30% 35%
Claire  30% Claire  35% 30%

Total: 100% Total: 100% Total: 100%

Andy's contribution 40+30+35= 110%

Bob’s contribution  30+30+35= 95%

Claire’s contribution 30435+30= 95%

Figure 1. An example of how the Algorithm

wOrks.
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The team, as a whole, received 65 out of
70 possible points.

Scores for team members are calculated
as in Figure 2.

The experience that we have had at Ohio
State has shown the algorithm to be very
effective in evaluating individual perfor-
mance on a team project. Individual grades
vary within a team, which is highly desirable
since the contribution of each member of the

team ig variable. The weighting factors
work well and the general feeling among the
— students is that their

. grade is fair and based on

Drawing | Oral Report | Team Grade Total their individual perfor-

Andy 12 14 65x1.1 97.5 mance. They learn a lot
Bob 11 10 65 x .95 82.75 about teamwork and
Claire 12 12 65 x .95 85.75 dependence on others to
complete a task with this

Figure 2. Team member calculations,

Effectiveness of the
Weighted Components

This algorithm has been used in computing
student project grades over the past two
years at OSU with a great deal of success.
The secret ballots that the members of each
team complete have worked better than
most of us expected. For example, a student
could rate his/her contribution excessively
high in relation to the rest of the team but
this has not happened. The students, in gen-
eral, are brutally honest with one another.
If a student is rated low on one ballot, he/she
is generally rated low on the other ballots
(including their own!).

type of evaluation.

Nee, J. G., (1992). Freshman Engineering
Design Problem Status: A National Pilot
Study. Proceedings of the 1992 ASEE
Annual Conference, pp. 1423-1428.

National Science Foundation, Engineering
Education Coalitions. (NSF 93-58 a).

National Science Foundation. ECSEL
Engineering Education Coalition, (NSF
93-58¢).

Calkins, D. E. (1993, June). ECSEL-
Freshman Engineering Design at the
University of Washington, Proceedings of
the 1993 ASEE Annual Conference. pp.
192-201.

Sathianathan, D., Engle, R., & Foster, R.
(1993, June). A Freshman Engineering
Design Course. Proceedings of the 1993
ASEE Annual Conference.

Meyers, F. D., Britton, R. & Fentiman, A.
(1993, December). The Engineering Core
Courses: Are They Preparing Students
for the Future?, Proceedings of the First
International Conference on Graphics
Education. Alvor, Portugal, pp. 208-217.
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7th International Conference on Engineering Computer
Graphics and Descriptive Geometry
July 18-22, 1996
Cracow University of Technology (CUT), Cracow, Poland

ICECGDG Organizing Office

Cracow University of Technology, A-9
Warszawska St. 24

31-155 Cracow, Poland

E-mail: icecgdg@oeto.pk.edu.pl

Fax: +48 12 233212

Scope

This conference will be a continuation of the
International Conferences in this series held in
Tokyo ‘34, Melbourne ‘92, Miami ‘90, Vienna ‘88,
Beijing ‘84 and Vancouver ‘78, It will provide a
forum for the discussion of both academic and
industrial research which would involve the
application of geometry, computational methods in
modern technology and education in related fields,

Organized by

Cracow University of Technology, Poland Faculty
of Architecture, Division of Descriptive Geometry
and Engineering Graphics

In co-operation with
International Society for Geometry and Graphics
Polish Seciety for
Geometry and Engineering Graphics
Division of Descriptive Geometry and Engineering
Graphics, Silesian Technical University

Sponsored by

Engineering Design Graphics Division
of the American Society for Engineering
Education

Conference Chair: J. Tadeusz Gawlowski
Cracow Univ. of Technology, Poland

Vice Chair: Lidia Zakowska

Cracow Univ. of Technology, Poland

Conference fopics

1. Theoretical graphics and applied geometry;
descriptive geometry; kinematic geometry;
computational geometry; geometric and solid
modeling; geometry in arts and sciences; other
applications of geometry,

2. Engineering computer graphics; CAD; Computer
Aided Geometric Design; computerized descriptive
geometry; product modeling, graphics standards
and user-interface methodology; scientific and
technical visualization; image synthesis, image
processing and remote gensing,

3. Graphics education; graphics teaching technigques;
computers In engineering graphics education;
evaluation of graphics courseware; evaluation of
student's spatial abilities; impact of computers on
engineering graphics education and society,

4. Women and graphics education; using computer
graphics education to recruit women into
engineering; gender balance for graphics
education; computer graphics, technology and
young women; widening women access to
engineering computer graphics; encouraging
women into ECG,

For more information contact:

Dennig R. Short, Purdue University
1419 Knoy Hall, RM 363

West Lafayette, IN 47907-1419, U.S.A.
Fax: (317) 494-0486

E-mail: short@vm.ce.purdue.edu

Cost Estimate: $450-US.

Students & accompanying persons, $ 150-US.

For participants from the weak currency countries
registration fee may be adjusted, if requested.
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Visualization of 4-Space Through Hypersolid Modeling

Josann Duane
Department of Engineering Graphics
The Ohio State University
N Columbus, Ohio

This paper views 4-space through a window
for visualization opened by hypersolid model-
ing. Hypersolid modeling methods are
briefly described. Polytopes are defined. The
120-cell 4-polytope is constructed from dodec-
ahedron cells beginning with a single dadec-
ahedron. As construction proceeds, patierns
and symmetries are described that enable the
reader to visualize four-dimensional space.
These patterns are related to patterns gener-
ated in three-space generated during con-
struction of 3-polytopes giving the reader an
intuitive understanding of the similarities
and differences between 3-space and 4-space,

Copyright October 1993, The Ohio State
University, Columbus, Ohio.

We imagine that we live in a three-dimen-
sional Euclidean world. However, several
other spaces are essential in analyzing and
modeling the world that we live in. For
example, the three-dimensional world is
viewed on a two-dimensional picture plane.
Even though two-dimensional space 1s not
“real” in the sense that objects in two-dimen-
sional space have no volume, we find it use-
ful in representing the three-dimensional
world. The same is true of four-dimensional
space. The physical model of the universe,
general relativity, developed by Albert
Einstein (1961) and others is based on space-
time that is represented by four-dimensional
non-Fuclidean geometry. The four-dimen-
sional model of the universe is required to
explain phenomena observed in our three-
dimensional world. This paper describes a
new method for forming a mental image of
four-dimensional space.
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Each space, whether it be one, two, three,
four or N dimensional, is defined by the geo-
metric and topological elements comprising
the space. This paper describes space using
topology, thus topological elements are used
to model entities in space. Topological ele-
ments for spaces of dimension one through

four are as follows: one-dimensional space
(vertex and edge), two-dimensional space
(vertex, edge and face), three-dimensional
space (vertex, edge, face and body), and four-
dimensional space (vertex, edge, face, body
and hyperbody).

Polytopes are modeled by the highest
order elements in the space. For example, a
2-polytope (polygon) is two-dimensional and
modeled using topology by the elements:
face, edge and vertex. A 3-polytope (polyhe-
dron) is three-dimensional and modeled by
the elements: body, face, edge and vertex.
Likewise, a 4-polytope is four-dimensional
and modeled by the elements: hyperbody,
bedy, face, edge and vertex. A set of regular
polytopes is defined in each order of
Euclidean space. In two-dimensional
Euclidean space regular 2-polytopes are
polygons. In EKuclidean 3-space there are
five regular 3-polytopes (polyhedra), the reg-
ular tetrahedron, regular hexahedron {cube),
regular octahedron, regular dodecahedron
and regular icosahedron, In 4-space there
are gix regular 4-polytopes. Three are built
from regular tetrahedrons (5-cell or simplex,
16-cell and 600-cell); one is built from regu-
lar hexahedrons (8-cell or tessaract); one is
built from regular octahedrons (24-cell) and
one ig built from regular dodecahedrons
(120-cell),

The author has modeled four of the
smaller 4-polytopes (Duane 1984 and 1995)
and demonstrated the utility of her modeling
method for wvisualization. Modeling and
visualization of the 120-cell 4-polytope are
the challenges of this paper.

The approach taken to understanding four-
dimensional space depends on experience
and expertise. Many mathematicians real-
ize 4-space through the algebraic and topo-
logical relationships governing operations in

4.gpace. Coxeter (1963) devotes his book to
algebraic methods that prove the existence
of regular polytopes in higher order spaces.
Coxeter solves for the coordinates of all reg-
ular 4-space polytopes and shows projections
of the 4-space coordinates onte 2-space.
Coxeter counts topological elements of the
polytopes Listing tables of vertices, edges,
faces and bodies. However, little attention is
given to connectivity, Another mathemati-
cian, Grunbaum (1967) describes connectivi-
ty of polytopes and relates connectivity to
Euler’s equation. Yet, his treatment is still
mathematical in nature and little help is
given in visualization.

Designers and engineers are, in gener-
al, more visually oriented than mathemati-
cians. Even before extensive use of comput-
er graphics, descriptive geometry extended
into the fourth dimension {Ernesto, 1968)
proved to be a useful tool for engineers in
understanding the fourth dimension.
Descriptive geometry permits objects to be
constructed and manipulated in four-dimen-
sional space according to rules governing
thelir projection onto two-dimensional space.
As a result, engineers can work with objects
in four-dimensional space in a way that is
familiar to them in working with objects in
three-dimensional space.

Computer graphics has opened new pos-
sibilities for visualization of 4-gpace entities
through animation of the projection of 4-
space ohjects into 3-space as they rotate in
four space. By projecting the 4-space model
onto a two-dimensional picture plane at two
slightly different angles, stereo pairs result
that can be viewed so that a three-dimen-
gional image is formed in the mind of the
observer, When Noll (1978) used rotation of
4-space objects as a visualization tool,
observers were “puzzled by the strange dis-
tortions of rigid four-dimensional object.”
Even though Noll believed that little insight
into the geometry of a four-dimensional
world was gained through this visualization
tool, these “strange distortions” are a key to
understanding 4-space.

Wan (1994) also uses projection as a
method for 4-space vigsualization. Instead of
rotating the object in 4-space and observing
changes in the 3-space projection, Wan
developed a method for finding the optimum
viewing angle for objects in 4-space.

Sectioning provides anocther technigue
for visualization of 4-space. Banchoff (1978)

Josann Dudne
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demonstrates the method of “slicing” two,
three and four-dimensional objects., He
observes that slices of two-dimensional
objects are one-dimensional, slices of three-
dimensgional objects are two-dimensional
and slices of four-dimensional objects are
three-dimensional. If a cube 1s sliced paral-
lel to one of its bounding faces, the result 1s
a family of square slices of the same size and
shape as the bounding face of the cube. Ifa
hypercube is sliced parallel to one of its
bounding bodies (i.e., cubes), the result is a
family of cubes the same size and shape as
the bounding body of the hypercube.

Diagonal slicing of cubes and hyper
cubes yields a more interesting set of geo-
metric shapes. If a cube is sliced by a plane
perpendicular to the diagonal of the cube,
halfway through the cube, the slice is a reg-
ular hexagon with each edge of the hexagon
a section of the six bounding squares of the
cube. If a hypercube is sliced by a hyper-
plane absolutely perpendicular to the diage-
nal of the hypercube, halfway through the
hypercube, the slice is a regular octahedron
with each face of the octahedron a triangular
section of the eight bounding cubes of the
hypercube.

A fourth technique for visualization of
objects in hyperspace, also introduced by
Banchoff (1988}, involves decomposition of
hypersolids into tori. Banchoff decomposed
the 24-cell polytope into four tori. Each
torus is formed from six tetrahedrons of the
24-cell. The connectivity of the tetrahedrons
forming the 24-cell can be seen as the struc-
ture is pulled apart revealing four interlock-
ing tori. Duane (1995) also demonstrated
the decomposition of the Z4-cell into tori
using a method based on topology.

The approach taken to visualization
presented in this paper is based on hypersol-
id modeling (Duane, 1994), making it funda-
mentally different from the methods
described in the preceding paragraphs
where the basis for visualization is decompo-
sition rather than composition of hyper-
sclids. The method of hypersolid modeling
enables us to generate a mental image of 4-
space by following the construction of hyper-
solids from bodies, faces, edges and vertices.
Hyperselid modeling opens yet another win-
dow into four-dimensional space by permit-
ting individuals from a variety of back-
grounds to visualize objects in 4-space.

Euler's formula (Grunbaum, 1967) has been
used extensively in in the development of
boundary representation sclid modelers.
Incorporating Euler’s formula in the algo-
rithms for construction of solids ensures that
the resultant models represent valid solids,
In simple terms, valid solids are solids that
could be built physically, They have no self
intersecting surfaces such as those found in
a Klein bottle or non-orientable surfaces
such as the surface of a Mohius strip.
Euler’s formula applies to all spaces and
ensures the topological validity of the enti-
ties being modeled in any given space.

Euler's formula in n-dimensional space
is give by equation 1.

2 (-1)"Kp =1 (1

m=0

In equation 1, n 18 equal to the dimen-
sion of the space, mis an element index that
is incremented from 0 to n, and K is the
number of topological elements of order m in
n-dimensional space that are used to con-
struct the entity being modeled.

In three-dimensional space equation 1
18 written as,

Ki-K+K-Ki=t @

and in four-dimensional space equation
1 is given by,

K-K+K-K+Ki=1 @

where K; is the number of vertices, K;’ 18
the number of edges, K; is the number of

faces, ], is the number of bodies, and in
four-dimensional spaceK: is the number of

hyperbodies in the entity being modeled.
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Value
Symbol  Definition 1-space 2-space 3-space 4-space
Ve number of vertices bounding an edge 2 2 2 2
Vf number of vertices bounding a face NA? 3 -8
Vb number of vertices bounding a body NA NA ) &
ey number of edges adjacent to a vertex 1 2 ) &
ef number of edges bounding a face NA ) & &
ep number of edges bounding a body NA NA 3 3
f, number of faces adjacent to a vertex ~ NA 1 & o
fo number of faces adjacent to an edge NA 1 2 o
fh number of faces bounding a body NA NA ) 8
by number of bodies adjacent to a vertex NA NA 1 S
be number of bodies adjacent to anedge  NA NA 1 &
b number of bodies adjacent to a face NA NA 1 2

Table 1. Element adjacencies for a single instance of the
highest order entityz in the space (Duane, 1994).

The 120-cell 4-polytope is a hyperbody
constructed from 120 regular dodecahedron
bodies. The rules for consiructing the 120-

cell follow from Euler's formula. Since this
paper 1s on visualization and not on model-
ing, details of the construction procedure
based on Euler's formula will be omitted.
The reader is referred to two earlier papers
by the author that supply the details omitted
here (Duane 1994 and 1995).

Element ratios give information about
adjacency of topological elements, Tn 3-space
there are sixteen different adjacency rela-
tionships among 3-space elements nine of
which are used in solid modeling (Weiler,
1985). In 4-space there are 25 adjacency
relationships (Duane, 1994). Table 1 defines

the cross element adjacenciesl for elements
of entities in 1-, 2-, 3-, and 4-space. Some of
the element adjacencies! are fixed and some
depend on the topology of the entity being
constructed.

Table 2 shows the element ratios com-
puted for the six regular polytopes in 4 -
space. Regular polytopes by definition have
the same adjacencies for every element. For
example, every vertex in a regular dodecahe-
dron has exactly three edges adjacent to it
and every face in a regular dodecahedron
has exactly five edges adjacent to it. Using
Euler's formula, the element adjacencies
that are dependent on topology can be com-
puted (Duane, 1995).

Figure 1 shows the conventions that are
used in illustration of the element adjacen-
cies of the 120-cell as it is modeled. Two ele-
ment ratios are given in Figure 1:

Regular 4-Polytope Ve Vf Vp ey ef ey fy fg f by be bf
5-cell (simplex) 2 3 4 4 3 6 6 3 4 4 3 2
8-cell (hypercube or tessaract) 2 4 8 4 4 126 3 6 4 3 2
16-cell 2 3 4 6 3 6 12 4 4 8 4 2
24-cell 2 3 6 8 3 12 123 8 6 3 2
120-cell 2 5 204 5 306 3 124 3 2
600-cell 2 3 4 123 6 30 5 4 205 2
Table 2. Element adjacencies ffor the six regular
polytopes in Euclidean 4-space (Duaneg, 1994).
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1. Element adjacency b, is the

number of bodies that are

adjacent to (l.e. are

connected to) an edge; and

2. Element adjacency e, is the

number of edges that are

adjacent to a vertex.

When completely constructed, the
120-cell has 3 bodies adjacent to
every edge (b, = 3), and four edges

adjacent to each vertex (e, = 4) as
listed in Table 2.

Figure 1. Element adgjecency symbols and symbols for new Figure 2 shows a graph of the
slements added during polytope construciion (Duane, gurface of a dodecahedron under
construction. The graphs use the

symbols given in Figure 1 to illus-
trate the connectivity of the poly-
tope. In Figure 2a each of the edges
and each of the vertices are shown
in black as a new entity. Even
though each of the vertices is adja-
cent to two edges and each edge is
adjacent to one face, symbols for
adjacencies are not shown until the
face is depicted as a completed face
in Figure 2b. Figure 2b shows the
addition of 5 faces to the initial face,
with each added face adjacent to the
initial face. The vertices of the ini-
tial face in Figure 2b are white cir-
cled in light gray indicating that
they are adjacent to two edges and
the edges are white indicating that
they are adjacent to one face. New
edges and new vertices shown in
black are not considered in the adja-
cency relationships.

The addition of five more faces
creates a graph as seen in Figure 2¢
where some of the vertices (in white
circled in Hght gray) are adjacent to
two edges and some (in white circled
in dark gray) to three; and some
edges (in white) are adjacent to one
face and some (in light gray) to two
faces. Upon completion of the
dodecahedron (Figure 2d) all ver-
Figure 2. Creation of the Initial dodecahedron from 12 pentagons tices are adjacent to three edges and

all edges are adjacent to two faces.
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I{Z - K? + K; - Kj = 20vertices - 30edges+ 12 faces— 1body =1 4

Each of the figures contains
tables giving Euler's formula for
the construction stage illustrated.
The table in Figure 2 shows that
Euler's formula is balanced for the
initial dodecahedron.

Taking a second look at
Figure 2 we notice the form of the
projection of the three-dimension-
al dodecahedron onto 2-space. The
construction of the dodecahedron
beging with a pentagon, (Figure
2a), that is then surrounded by
five pentagons, (Figure 2b), one on
each side of the initial pentagon.
Next, 5 pentagons (Figure 2¢) are
placed one above each vertex of the
initial pentagon. Finally, a single
pentagon, (Figure 2d), is added
above the initial pentagon. The
sum of the interior angles of three
pentagons as they meet at a vertex
is less that 2x radians causing the
polyhedron to fold arcund and
close.s

Notice that the projection of
the dodecahedron construction
onto two-dimensional space begins
as a pentagon, Next, the pentagon
is surrounded by five pentagons (b}
and the projection onte 2-space
increases in sitze. The addition of five more
pentagons covers the first set of five pen-
tagons that were added. The final pentagon
is adjacent to all the pentagons added in the
previous stage and its projection onto 2-
space covers the initial pentagon. The pro-
jection onto 2-space of the dodecahedron
grows in size and then shrinks as we con-
struct the polyhedron. We will find the pro-
jection of the 120-cell onto 3-space initially
grows in size and then shrinks as we con-
struct the polytope.

The key to the observed growth and
shrinkage of the projection of the 120-cell
onto 3-space is found in the sum of the inte-
rior solid angles of bodies as they meet at a

Euler's formula

surface interior
vertex 110 20
edge 180 5O
face 72 42

body na na

Josann Duane

total
130
230
114

13

Figure 3. Addition of 12 bodies. one on each of the 12
faces of the initial dodecahedron.

vertex. The sum of the interior solid angles
of the dodecahedrons is less than 4z steradi-
ans causing the polytope to curve in 4-space
and finally close.® The modeling of the 120-
cell begins with a single dodecahedron.
Adjacent dodecahedrons are added causing
the projection of the model onto three-dimen-
sional space to become larger and more com-
plex. As the midpoint in four-dimensional
space is passed, the projection of the poly-
tope onto three-dimensional space becomes
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Euler’s formula

surface interior
vertex 200 70
edge 330 170
face 132 132

body na na

Figure 4. Addition of 20 bodies, cne over edch of the
20 vertices of the Initlal body, creating the
140 new vertices, 270 new edges and 140
new faces.

less complex and smaller. Finally, it is
closed by a single dodecahedron adjacent to
all dodecahedrons added in the previous
stage of construction.

Figures 3 through 9 illustrate the con-
struction of the 120-cell 4-polytope. Graphs
similar to the ones used to illustrate the sur-
face of the dodecahedron will be used to
illustrate the construction of the 120-cell 4-
polytope. Since the 120-cell is symmetrical,
each figure shows a graph of either one-half,
or one-half plus 20 faces. Each stage of con-
struction is illustrated by a graph of the

total
270

500
264

most recently constructed surface
of the polytope. When the line of
symmetry falls along an edge, the
figure illustrates one-half of the
most recently constructed faces
(Figures 2, 3, 8 and 99 When the
line of symmetry falls on a face,
the figure illustrates one-half of
the most recently constructed
faces plus 20 faces in order to rep-
resent the 20 shared faces (Figures
4,5,6 and 7).

In each of Figures 2 through 9
every figure part (a) shows edges
that have been added to the previ-

oug construction stage using thin
black lines and vertices added
using filled black circles. Every
figure part (b) shows the polytope
under construction after faces
have been attached to the edges.
New faces cover the old faces of the
polytope under construction.
Every figure (b} shows two graphs
of the polytope under construction,
one with vertices and one without.
Vertices are eliminated from the
second graph to aid in visualiza-
tion.

The patterns formed by the
light and dark gray edges illus-
trate the topology of 4-space.
Light gray lines represent edges adjacent to
a single body and dark lines represent edges
adjacent to two bodies (see Figure 1), In 3-
space, each edge must have two and only two
faces attached to it to form a valid solid. In
4-space each edge must have at least three
faces attached to it to form a valid hypersol-
id. Using equation 1, it can be shown that
for the 120-cell each edge must have exactly
three bodies adjacent to it (Duane, 1994).
Although the derivation of this result is
beyond the scope of this paper, the result
itself is a useful visual aid for construction of
the 120-cell. You will notice that as we con-
struct the 120-cell the edges are usually ini-
tially light gray. Before being covered by
another layer of polyhedra during construc-
tion, an edge must have two bodies adjacent
to it and hence be represented by a dark gray
line.
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The symmetry in the patterns
of light and dark gray edges is
described during each stage of the
construction beginning here with
the first stage. Comparing Figure
2d and Figure 9b, we see that the
edges in the first figure are all light
gray and the edges in the last fig-
ure are all black. All the edges of
the initial dodecahedron (Figure
2d) are adjacent to a single body
and hence colored light gray. The
final dodecahedron in the construc-
tion (Figure 9b) encloses the entire
polytope. Each of its edges are
shared by three dodecahedrons,
two from the construct shown in
Figure 9a and the final dodecahe-
dron that encloses the entire poly-
tope projection into 3-space.

In addition to the symmetry in
patterns of light and dark gray
edges in corresponding pairs of fig-
ures throughout, there is also a
symmetry in the number of ver-
tices, edges, and faces. Although
the connectivity varies, the number
of vertices, edges, faces, on the sur-
face of corresponding pailrs 1
always identical (see Figures 2d
and 9b, Figures 3b and 8b, Figures
4b and 6b, Figures &b and 6b).

Figure 3 illustrates the second stage in
construction of the 120-cell. In this stage
(Figure 3a) we place 12 bodies, one body on
each of the 12 faces of the initial body (the
dodecahedron shown in Figure 2), creating
the 110 new vertices, 200 new edges and 102
new faces shown in Figure 3b. The surface
of the partially constructed hyperbody is a
complete and valid surface and Ruler's for-
mula (column 1) holds here and throughout
the construction of the 120-cell hyperbody
(110 vertices - 180 edges + 72 faces - 1 body =
1),

. Each of the bodies share a common face.
The edges of the common faces are shown in
dark gray. Adjacent to each dark gray edge
is the common face plus two adjoining bod-
ies. The edges of the initial dodecahedron
that were covered during the first stage of

Euler's formuia

vertex 200

bOdy na na

Josann Duane

surface interior total
130 330
edge 330 29¢ 720

face 132 204 338

45

Figure 5. Addltion of 12 bodies, one over each of the 12
faces of the initial body, creating the 60 new
vertices, 120 new edges, and 72 new faces.

construction are adjacent to three hodies. At
this stage of construction and throughout
the entire construction all interior edges are
adjacent to three bodies and can be consid-
ered to be colored black. All the interior ver-
tices are adjacent to four edges.

Figure 3b shows the partially construct-
ed polytope with and without vertex sym-
bols, In the diagram without vertex sym-
bols, dark gray lines outline added bodies.
Note that the coloring of the edges and ver-
tices in Figure 3b is exactly opposite of the
coloring of the edges in Figure 8b.
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Euler's formula
surface interior total

vertex 200 270 470
edge 330 580 910
face 132 384 516

body na na 75

Figure 6. Addition of 30 bedies, one body over each of
the 30 edges of the initial body, creating the 140
new vertlces, 109 new edges and 180 new faces.

The bodies added at this stage (Figure
3) form a continuous shell completely enclos-
ing the initial dodecahedron in 3-space.
Before we continue with construction, note
that, although the initial body is completely
enclosed in the projection onto three-dimen-
gional space, it actually is not enclosed at all
in 4-space. The void in three-dimensional
space becomes a passageway in four-dimen-
sional space. One way to understand how a
void in 3-space becomes a passage in 4-space
is to visualize the two-dimensional analog.
Consider a face with a hole in it. In 2-space,

a4 two-dimensional creature is
trapped in the hole, If the face is
placed in 3-space the creature can
jump over the face, The hole in the
face becomes a passage through it
when the face is moved from 2-space
to 3-space. Analogously, the initial
body in four-dimensional space is
not completely enclosed even
though its projection onto three-
dimensional space is.

In the next step, we place one
body over each of the 20 vertices of
the initial body (Figure 4a), creating
the 140 new vertices, 270 new edges
and 140 new faces shown in Figure
4b. Note that the added edges are
connected to the vertices adjacent to
three edges. At this stage the sur-
face of the partially constructed
hyperbody contains 200 vertices,
330 edges and 132 faces. In this and
the next three stages of construction
the number of vertices, edpges and
faces on the surface remains con-
stant. In the last two stages, the
number of faces, vertices and edges
on the surface declines in a manner
analogous to the increase in the
number of faces, vertices and edges
on the surface in the first two stages
of construction.

Each of the bodies added at this stage
(Figure 4) 1s in contact with three other
newly added bodies sharing a common face
and a common edge shown in dark gray.
Apgain the outline of the added hodies is
shown in Figure 4b by dark gray lines. The
bodies added at this stage form a network
with holes over each of the faces of the initial
body. Note also that: (1) the edges over the
faces of the initial body are colored dark gray
and thus can be covered by bodies in the next
stage of construction; and ( 2) the pattern of
dark and light edges and vertices is exactly
opposite that of the partially constructed
120-cell in Figure 7b.

Proceeding with construction, we add
12 new bodies, one over each face of the ini-
tial body (Figure 5a), creating the 60 new
vertices, 120 new edges and 72 new faces

32

Engineering Design Graphics Joumnal

Vol 52, NO. 3



shown in Figure 5b. The 12 new
bodies added are not connected to
each other. However, they do fill in
the holes in the network created in
the previous stage of construction.
The outline of the added bodies is
shown in Figure 5b by the six dark
gray pentagons. Together the bod-
les added in this stage and the pre-
vious one form a complete shell
enclosing the bodies from the first
two stages of construction,

The coloring of the surface
pattern created in Figure 5b is the
exact opposite of that found in
Figure 6b. At this stage and
throughout construction, column 1
representing the entities on the
surface of the partially constructed
hyperbody remains balanced (200
vertices-330 edges + 132 faces -1
body = 1),

In this stage of construction,
we proceed through the midpoint of
the polytope by placing 30 bodies
(Figure 6a), one over each of the 30
edges of the initial body, creating
the 140 new vertices, 190 new
edges and 180 new faces shown in
Figure 6b. The bodies added at this
stage are outlined in dark gray
lines in Figure 6b. The added hod-
ies added at this stage are all in
contact with each other and form a network
enclosing the partially constructed polytope.
The number of bodies at this stage is 75, rep-
resenting one half of the total number of bod-
ies (120/2 = 60) plus one half of the number
of bodies added (30/2 = 15).

The pattern of light and dark gray
edges is exactly opposite of that shown in the
previous Figure 5b and the arrangement of
surfaces is exactly the same as in the previ-
ous figure. As we pass through the midpoint
we reverse the symmetry in patterns
observed during the first four stages of con-
struction.

As we begin modeling the second half of
the polytope, 12 bodies are placed one body
over each of the 12 faces of the initial body
(Figure 7a), creating the 60 new vertices,
120 new edges and 72 new faces shown in

Euler's formula |,

face

body na

132 458

Josann Duane

surface interior total
vertex 200 330
edge 330 700

530
1030
588

87

Figure 7. Addition of 12 bodies. one over each of the 12
faces of the inifial body, creating the 60 new
vertices, 120 new edges and 72 new faces.

Figure 7b. The added bodies are outlined by
the dark gray pentagons shown in Figure 7b.
The added bodies are not connected to each
other. However, in combination with the
network of bodies to be added in the next
stage, they form a complete shell.

The polytope begins to close as we place
20 bodies, one body over each of the 20
vertices of the initial body (Figure 8a),
creating the 50 new vertices, 120 new edges
and 90 new faces shown in Figure 8b. The
bodies form a network as described in the
previous stage of construction. Also, as
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Euler's formula

Figure 8. Addition of 20 bodies. one body over each of

the 20 vertices of the initial body, creating the 50
new vertices, 120 new edges and 90 new faces.

previously noted, dark gray lines cutline the
added bodies and the pattern of light and
dark gray edges and vertices created is
exactly opposite of that shown in Figure 3b.

The polytope is completed by perform-
ing the following:

1. placing 12 bodies, one body over each
of the 12 faces of the initial body,
creating the 20 new vertices, 50 new
edges and 42 new faces (Figure 9a);
and

2. enclosing the partially modeled in a
dodecahedron, creating a new body
shown in Figure 9b.

surface interior total
vertex 110 470 580

edge 180 870 1160
face 72 606 678

hody na na 107

The final shape of the polytope
is the same as the initial dodecahe-
dron shown in Figure 2d. All the
edges are black indicating that all
edges are adjacent to (i.e., attached
to) the required three bodies and all
vertices are white circled in black
indicating that they are all adjacent
to four edges, also as required.

With completion of the poly-
tope, Euler's relation for four-
dimensional space (600 vertices-
1200 edges+720 faces-120 bodies+l
hyperbody = 1) is balanced, showing
that a valid topological model of a
hyperbody has been constructed.
Note that, at this stage and
throughout construction, column 1
representing the most recently con-
structed surface of the partially
constructed hyperbody remains bal-
anced (20 vertices-30 edges + 12
faces -1 body = 1).

Hypersolid modeling of entities in
four-dimensional gpace gives us an
understanding of how entities fit
together in four-dimensional space. The
120-cell polytope has been solved alge-
braically and represented geometrically by
Coxeter (1973). A physical model of the pro-
jection onto 3-space of the 120-cell has been
constructed by Miyazaki (1982). Neither of
these two representations model the topolog-
ical properties or provide an understanding
of how the topological entities comprising
the polytope determine the final configura-
tion of the polytope.

By following the topological patterns
created by the connectivity of vertices, edges
and faces as construction progresses we can
detect symmetries in the polytope and begin
to understand how its constituent bodies fit
together in 4-space. The symmetrical
graphs created as construcfion progresses
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show us the symmetry of the
polytope in 4-space. If we begin
construction, as we did in the
case of the 120-cell 4-polytope,
with a single body, the final enti-
ty added is a single body.

Eseentially we visualize 4-
space in the same way that we
visualize 3-space. In visualizing
J-space we use two-dimensional
images of 3-space to formulate a
mental model of where objects in
3-space must be located in order
to appear as they do in the two- ta)
dimensional image. The same
process is used in visualizing 4-
space. From studying the
graphs of the surfaces of the
polytope under construction we
form a mental model of where in
4-space the entities must be
Iocated in order to produce the
graphs.

In contrast, verification of
3-space and 4-space mental
models are two different
processes. We verify 3-space
mental models simply by reach-
ing out and touching the entities
imaged on the retinas of our
eyes. Verification of 4-space
models is an abstract process
performed using one or more of the following
methods: (1) A 4-space mental model can be
verified by comparing where we imagine an
entity in 4-space is located with the geomet-
ric coordinates of the entity. (2) Following
the construction of a 4-space entity, as we
did in this paper, is another way of verifying
a mental model of 4-space. (3) Finally, by
studying time sequence images of object
rotation in 4-space, we can refine our mental
mode] of entities in 4-space.

The “strange distortions” of the
projection into 3-space of rigid 4-dimensional
objects observed by Noll (1978) are actually
exactly what should be observed. This
phenomenum can be understood by
considering the projection onto 2-space of
rigid 3-dimensional objects. The projection

(b)

Euvler’s formula

vertex 20 580
edge 30 1170
face 12 708
body na na

surface interior

Josann Duane

total
60C
1200
720

120

Figure 9. Addition of 12 bodies over each of the 12 faces
of the iitial body and one body enclosing the
entire model, creating the 20 new vertices, 50
new edges and 42 new faces. Addition of the
final body completes construction of the 120-cell

polytope.

of a cube onto 2-space changes from a square
to a hexagon as the cube is rotated.
Although the cube itself remains rigid, its
projection onto 2-space is “strangely
distorted.” The same holds true of rigid 4-
space objects projected into 3-space. The
object itself in 4-space remains rigid but its
projection into 3-space is “strangely
distorted.” Although geometry is distorted
by projection into a subspace, the topology
remains unchanged, making it possible to
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construct topological models in a subspace of
the actual space in which the object exists,
as the author has shown in this paper.
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Hypergraphics: Visualizing Complex
Relationships in Art, Science and
Technology, Westview Press, Boulder,
CO, pp. 147-158.

Wan, Z., Liu, Z., Lin, Q. & Duane, J (1994).
An orthographic axonometric mapping
method for dimetric drawings of four-
dimensional objects. Journal of
Theoretical Graphics and Computing,

..7-: (1)7' PP 1-11.

. Cross element adjacencies are

adjacencies between unlike elements.
For example, the number of edges
surrounding a face is a cross adjacency
but the number of neighboring faces
gurrounding a face 1s not.

. The highest order entity in 1-space is a

line; in 2-space it is a face; in 3-space it
is a body, and in 4-space it is a
hyperbody.

. NA = not applicable
. 8= the quantity is not constant and

depends on the topology (connectivity) of
the entity being represented.

. An interior angle sum of exactly 2r

produces a honey comb; whereas, an
interior angle sum greater than 2r does
not allow the shape to close,

. In four-dimensional space an interior

solid angle sum of exactly 4rn steradians
produces a four-dimensional honey comb;
whereas, an interior angle sum greater
than 4 steradians does not allow the
shape to close.

. The most recently constructed surface is

a complete boundary. Interior faces of
the hyperbody are not included. The
surface can be considered to be the
surface of a body rather than the most
recently constructed part of the
hyperbody surface. Thus, Euler’s
formula for a 3-space body applies.
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As 1 sit at my desk and write
this, it seems to me that I have
always done work under the
pressure of The Last Minute...It
is possible, of course, that pre-
ceding chairs of this division
have felt the same way when
confronted by the Director of
Publications who wants their
Message for the Journal,...what
can I say, exhort, or persuade
you, as a member, to do, or to
refrain from doing, that has not
bheen said, exhorted, or delivered
before?

One aspect of my own career
has been foremost in my
thoughts, lately, and that has
been my teaching effort. As
chair of the  University
Instructional Improvement
Committee (UILC) at Mississippi
State, I am aware that this is
one aspect of our respective
careers which may be lost in the
shuffle for tenure, academic
advancement, and , of course,
the old “bug-a-boo,” PUBLISH
OR PERISH.

Some folks say that the best
regearchers are (always, some-
times, never) the best teachers.

MaRry Jasper

Chair’s Message Il

The difference between LIGHTNING and the
LIGHTNING BUG is nature’s way of demonstrating
the value of picking precisely the right word.

(Here the reader is allowed to
select the correct modifier.)
Others proclaim that the best
teachers do nothing else (but
teach) to add to the prestige of
the university, college, or depart-
ment. Conundrums such as
these constantly assail the aver-
age faculty member — and this is
mainly because we want to be
biked and respected by our stu-
dents — at least, 1 do.

I would like to see more
forums in the EDGD on teaching
technology; balancing publica-
tions with classroom innova-
tions; teaching to different learn-
ing styles; the small class vs. the
large class; and, basically, how
different educators solve prob-
lems of teaching three-dimen-
sional graphic skills to two-
dimensional minds. With the
diversity of our student popula-
tion (more women, more ethnici-
ty, etc.) we need to address these
teaching/learning needs. Many
of us teach entering freshmen
who maintain most of the bag-
gage left over from their pre-col-
lege instruction. I would like to
know how other faculty deal

Mark Twaln

with students who may be
described as the pampered, the
pitiful, and the prosaie, and how
EDGD faculty comply with ever-
expanding technology in the lec-
ture/lab setting.

Given the presence of the
ERM (in which many of us claim
membership), I believe that
there ig a difference in teaching
electrical and mechanical theory
and teaching visualization gkills.
Do you think divisional meetings
and /or the Journal should fur-
nish such a forum? If you have
any comments, suggestions,
and/or exhortations of your own,
please feel free +to email
{jasper@engr.msstate.edw), call
(601-325-3922 {O] or 601-263-
4032 [H]), FAX (601-325-8753),
or write me at:

Mary A. Jasper
Department of

Industrial Engineering
Mississippi State University
Box 9542
Mississippi State, MS 39762
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d 1997 Distinguished Service Award

Presented to

Arvid R. Eide

June 27, 1995
Anaheim, California
ASEE Annual Conference

Introduction by Rollie Jenison

The Distinguished Service
Award of the Engineering
Design Graphics Division of
ASEE is the highest honor we
can bestow upon a fellow mem-
ber. This year, 1995, the award
goes to Arvid R. Eide, Professor
and Associate Dean, College of
Engineering, TIowa State
University. It is an equal honor
for me to be asked to introduce
Arv and present the award to
him.

I could stand before you
and review Arv’s vita: instead I
will try to give a more personal
perspective of your DSA
awardee.

Arv is a colleague of mine
at lowa State, was my boss for
thirteen years, has been a great
mentor, and a long-time person-
al friend. I first met Arv as an
undergraduate engineering stu-
dent in the 1960s but did not get
to know him well until he hired
me into the Freshman
Engineering Department in
1975. This opportunity to
return to Iowa State in 1975
was the best thing to happen to
me in my career, and I will be
forever grateful to Avv for pro-
viding that opportunity,

Arv was born and raised on
a farm outside Huxley, Iowa,
which is less than ten miles
from the lowa State campus.
Eide, as you might have
guessed, is a Norwegian name,
Some say that it means “An

ability to teach trolls the ele-
ments of orthographic projec-
tion,” while others believe it is
Norwegian for an integer some-
where between 79 and 81.
According to Arv, he excelled in
academics and athletics
throughout high schoal.
Further investigation through
contacts with some Huxley old
timers revealed a slightly differ-
ent story. It seems that base-
ball was the only sport where he
got much playing time and that
was because: 1) there were only
9 boys in the school at that time,
and 2) when his sister, Donna,
had to go with the debating
team, the coach let him play
right field in her place.

Arv went up the road to
Iowa State and graduated in
1962 with a B.5. in Mechanical
Engineering and a commission
in the U.S. Army. He spent the
next two years at Fort Polk,
Louisiana, one year as a compa-
ny commander and one year as
a teacher for commissioned offi-
cers. Upon leaving the military,
he returned to lowa State to
pursue an M.S. in Mechanical
Engineering, supporting him-
gself by teaching in the
Engineering Graphics
Department. Jim Rising was
the department head and
Gordon Sanders was a profes-
sor. Both are prior recipients of
the Distinguished Service
Award. Paul Dedong, another

DSA recipient from Iowa State
came on board a few years later.

After completing his M.S.,
Arv worked for the Trane
Company in LaCrosse,
Wisconsin, for two years as a
sales engineer for HVAC equip-
ment. He returned to Iowa
State in 1969 as an assistant
professor in engineering graph-
ics and as a Ph.D. was complet-
ed in 1973, he was promoted to
associate professor, and one
year later he was promoted to
professor and named chair of
the newly created Freshman
Engineering Department. Arv
was charged with developing
and growing a teaching-orient-
ed department with responsibil-
ities in graphics, introductory
problem solving, advising, and
gervice. The department bhe-
came nationally known for its
freshman emphasis and innova-
tive teaching practices.

In 1988, the new dean of
engineering asked Arv to step
up to the position of associate
dean for academic affairs, a
position he is giving up official-
ly this coming Friday. At that
time he will return to his old
department, now called the
Division of  Engineering
Fundamentals and Multidisci-
plinary Design, to teach and
conduct research in his interest
areas of instructional technolo-
gy, educational theory, and
multimedia. After 22 years in
administration he is looking for-
ward to the classroom environ-
ment again. In fact, one of my
aggignments this coming fall
term is to team teach a section
of our graphics course with him
and help him get back into the
teaching activity as painlessly
as possible after his long
absence.
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Because of the team teach-
ing assignment, he has been fre-
quently stopping by my office
asking various questions, such
as, “Will the department buy me
a new set of ruling pens? A cou-
ple of the nibs on mine are bent.”
Just last week he really confused
me when he walked in with this
dry-clean pad and asked for a
new one, telling me that he had
heard the department was
upgrading the drafting “soft-
ware”!

Arv has many significant
accomplishments in his career as
a teacher, mentor, administra-
tor, author, and leader. In addi-
tion to his success with the
Freshman Engineering Depart-
ment, he has been a leader in our
college of engineering in the
development. of cutstanding com-
puting facilities for undergradu-
ate students. He was the driving
force behind the development of
a student services program
which provides academic advis-
ing, tutorial services, orientation
programs, and numerous other
services to hundreds of lower
division engineering students
each year. He is the college
leader in bringing TQM into the
various service units, He was
the lowa State principal investi-

gator for the charter NSF
Engineering Coalition, the
Synthesis Coalition.

Arv's  involvement with

EDGD and ASEE has been and
continues to be significant. He
was director of programs, vice-
chair, and chair for EDGD; vice-
chair and chair for freshman
programs where he was a major
player in establishing this pro-
gram as an ASEE committee and
later as a division. He was chair
of the North Midwest Section
and hosted a meeting at Iowa
State. He is completing a three-
year term as chair of Zone III
and as a member of the ASEE
Board of Directors.

Arv’'s many accomplish-
ments in engineering education

can be attributed to his organi-
zational ability, his people skills,
and his work ethic. He believes
in doing a job right and leads by
example. As an administrator
he assigns responsibility and
allows his people to achieve their
potential. For example, as a new
faculty member in Freshman
Engineering in 1977, 1 was
named by Arv to be the program
chair for the annual meeting in
Vancouver. 1 did not know any-
one in EDGD, but with Arv as
program director, I soon had con-
tacts and was able to put togeth-
er the program and meet the
deadlines. It is because of this
mentorship and opportunity that
I was able to meet all of you,
serve the division, and remain
active to this day. Numerous
other faculty at lowa State have
benefitted similarly from Arv’s
leadership.

Arv does manage to find
time outside of work for service
and recreation activities. He is
an active Rotarian. He has a
Ford tractor, with which he pre-
tends to farm his large lawn. He

also fishes ocecasionally and,
according to a fishing buddy, he
has adopted the catch and
release method. His fishing
buddy says he has mastered the
release part quite well.

During his career in engi-
neering education, many honors
and awards have been bestowed
upon Arv, including the Dow
Outstanding Faculty Award,
Oppenheimer Best Paper Award
(twice), AT&T Foundation
Award, Iowa State University
Faculty Citation, and the ASEE
Centennial  Medallion  for
Qutstanding Service. Although
Arv has been involved over the
years in many aspects of engi-
neering education, his roots
remain in EDGD and he trea-
sures the professional relation-
ships and friendships he has
developed with all of you over
the years.

It is my distinct pleasure
and honor to mow present the
1995 Engineering  Design
Graphics Distinguished Service
Award to you, Arv.

The inscription reads:

administrator.

Distinguished Service Award
Arvid R. Eide

Arvid R. Eide is hereby recognized by the Engineering
Design Graphics Division of the American Society for
Engineering Education for his outstanding contributicns to
the Division and to engineering education. He has served
the Division in many capacities including director of
programs, vice-chair, and chair.
organizational skills have benefited the Division and its
membership for more than 20 years.
highest that can be awarded by the Division to one of its
members, acknowledges the efforts made by Arvid R. Eide
on behalf of the Division and recognizes his distinguished
career at lowa State University as an educator, author, and

Presented this day
June 27, 1995
at the ASEE Annual Conference

Hig leadership and

This award, the
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I am indeed honored and
frankly humbled by this special
recognition. As I reflect over
the List of Previous
Digtinguished Service Award
recipients it is honestly quite
difficult for me to imagine that I
merit or deserve this presti-
gious award. I am, however,
extremely pleased to receive
this special recognition, and I
am also proud that I am the
fourth faculty member to
receive this award from Towa
State being preceded by Jim
Rising, Gordon Sanders and
Paul Dedong.

I recall a few years ago
when Larry Boss received this
well deserved recognition. He
provided a very comprehensive
review and personal perspective
of many past recipients who
have made significant contribu-
tions. I will not attempt to pro-
vide a similar set of comments
because Larry presented an
excellent summary designed to
remind each of us that a great
number of outstanding people
proceeded all of us and man-
aged to forge a most remarkable
division.

As I recently sat down to
formalize my comments for this
evening, I decided to review a
number of past presentations
given by others. As vou are
aware, their comments have
been recorded in the
Engineering Design Graphics
Journal. What I discovered was
a range or diversity of
approaches. They reflected
individual personalities, histori-
cal perspectives, suggestions for
change, philosophies, advice,
and sincere gratitude.

I have elected to focus on
two of these areas as I outlined

Nnews

my brief remarks: Specifically,
the EDG Division together with
a set of principles that I have
adopted over some twenty-five
vears of experience; a sort of
check-list that I try to apply in
most situations.

The Division
First the division,

I attended my first ASEE meet-
ing at Penn State in 1969. I
recall as a young Assistant
Professor what it was like at
that very first meeting. I recall
how exciting it was to learn
about new ideas, to meet other
people who were working in the
same field, and I recall very
vividly that I did not know any-
one other than two or three fac-
ulty for ISU. T also remember
how very much enjoyment oth-
ers (i.e., more senior members)
seemed to derive from greeting
friends, peers, and other profes-
sionals. It did, however, take

two or three meetings before I
began to look forward to seeing

AcceﬁTANce by Arvid Eide

new friends. Now, after some
25 annual meetings, many sec-
tion meetings, zone meetings,
and a few Mid-Year EDG
Division meetings, I am one of
the senior members.

My initial interaction with
the division started by prepar-
ing and presenting papers. As ]
began to get known by the
Division leadership I was
assigned to a number of com-
mittees. Over time, | was asked
to assume more responsibility,
being placed in charge of com-
mittees and eventually being
elected to division leadership
myself. During this process, I
had the good fortune to get well
acquainted with many EDGD
members. By attending as
many meetings as possible, T
learned what other schools were
doing, I learned about new
methods or approaches, emerg-
ing directions and new tech-
niques for better classroom
teaching and how to help devel-
op a stronger graphics program
at Jowa State.
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Although I have ventured
into other ASEE areas during
the past 25 years, the EDGD
has remained my base or home

divigion. I am proud to be a
member of this division and
hope to continue service in ways
my limited talent may allow.

Ten Principles

In addition to these brief
remarks about the EDG
Division, I would also like to
share with you some thoughts
about a few important princi-
ples that T have learned in some
25 years of administrative expe-
rience.

Let me set the stage with a
simple example. Gordon
Sanders, a past recipient of the
award, was my office mate

when I first started teaching in
the Engineering Graphics
Department. Since the first day
I met Gordon, he has been my
mentor and long time personal
friend, and example of someone
that I truly have tried to emu-
late. He provided me a sage bit
of adviece one day as we pon-
dered some significant subject.
I was trying very hard at the
time to convince him of my
point of view. He said, “A man’s
mind changed against his will is
of the same opinion still” I
have found this to be absolutely
true. It is precisely why we
must engage people in the
process of enlightenment.
People will only truly commit
themselves if they are part of
the process, not Iinnocent
bystanders. This, by the way,

applies to gtudents as well.

This example is intended to
demonstrate that over the
years, [ like each of you have
stored successful bits f informa-
tion. I have been involved in
collecting and experimenting
with such items, and T believe
that I have learned a few simple
lessons in both teaching and
administration that I would like
to share with you.

I decided that I would list
the 10 most significant princi-
ples that I have learned in my
years as a teacher and a list of
10 learned as an administrator.
To my complete surprise, when
I completed these lists they con-
tained the very same, identical
items. In fact, as it turns out,
these are reasonably good prin-
ciples for every thing we do.

Honesty

Respect
Fair
Humility
Reliable
Patient
Listening
Work hard

Enthusiasm
Humor

Tew Basic Principles

by rnuid Ecde

Is it the truth?
Absolutely nothing more important
Are we respectful of others?
Is you action fair to everyone”
Take the blame, distribute the praise.
Can people depend on you?
Show patience, but be tenacious.
Listen more and talk less.
Be prepared.

Nothing of value comes without considerable effort.
Be enthusiastic about everything you do.

Above all else, maintain a sense of humor.
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1996 Annual ASEE Conference

June 23-26, 1996

Washington, D.C.

EDGD Program Chair: Moustafa R. Moustafa,
Engineering Technology,

Old Dominion University

11-KDH

Norfolk, Virginia 23529-0244

(804) 683-3767

FAX: (814) 863-5655

1996 1llinois-Indiana Section Conference
March 22-23, 1996

Bradley University, Peoria, IL

Contact: John Francis at 309-677-3670
email: jef@bradley.edu

North Central Section Annual Conference
April 11-13, 1996

Ferris State University, Big Rapids, MI
Contact: Clare Cook at 616-592-2367

email: cookc@cot0l.ferris.edu

1996 CIEC - ASEE

College Industry Education Conference
January 25-29, 1996

San Jose CA

Contact: Ken Gowdy at 913-532-5590
email kgowdy@ksuvm ksu.edu

International Conference on Engineering
Computer Graphics &Descriptive
Geometry

July 18-22, 1996

Cracow, Poland

Cracow University of Technology (CUT)
ICECGDG Organizing Office

Cracow University of Technology, A-9
Warszawska St. 24

41-155 Cracow, Poland

E-mail: icecgdg@oeto.pk.edu.pl

Fax: +48 12 233212

USA contact: Dennis R. Short

E-mail: short@vm.cc.purdue.edu

1996-97 EDGD 51st Annual
Mid-Year Conference

Location: North Carolina State University
General Chair: Bric N. Wiebe
Program Chair: Bob Chin

Graphic Communications Program
Department of Occupational Education
College of Education and Psychology
North Carolina State University

Box 7801, Raleigh, NC 27695-7801
(919) 515-2234

email: eric_wiehe@necsu.edu

1997 Annual ASEE Conference
Milwaukee, WI, June 15-18, 1997
Frank Croft, EDGD Program Chair
email: croft.3@osu.edu

ICED ‘95 Praha
International Conference on Engineering
Design
Aug, 22-24, 1995

Czech Technical University (CVUT), Prague,
Czech Republic

Theme: Design Science for and in Design
Practice

Contact: Czech Technical University (CVUT)
Faculty of Mechanical Engineering,
Techniciké4, CZ-166 07 Praha 6,

Czech Republic

Tel: +42-2-311-1273

Fax; +45-2-311-1273

EDUGRAPHICS 95

Second International Conference on Graphics
Education

COMPUGRAPHICS '95

Fourth International Conference on
Computational Graphics and Visualization
Techniques

Alvor Algarve , Portugal

December 11-15, 1995

In Cooperation with the "International Society
for Geometry and Graphics," these conferences
will be held concurrently.

Contact: Harold P. Santo

Tel. + Fax : +351-1-848-2425

E-mail: chpsanto@beta.ist.utl.pt

CADEX '95

International Conference and Exhibition on
Computer Aided Design

Seville, Spain

December 4-8,1995

Contact: Harold P. Santo (See above)
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found in the Wenten! 995 dvcue

Dear Wary:

I have attached comments in
response to Pat Kelso’s offering,
Computer Geometric Modeling:
Suggested Practices for
Multiviews. As you will note, I
do not believe that these ideas
have much merit.

You will note that copies are
being sent to Pat Kelso, Pat
MeCuistion, and Jim Shahan.
To Kelso, to give him a shot at
rebuttal for the same issue. To
McCuistion as Chair of the
Standards Committee. To
Shahan as background for a
paper proposal for the Mid-Year
Conference.

Sincerely,

Edwand W, Rwalilack

Following are my comments
on the article Computer
Modeling: Suggested Practices
for Multiviews, by Pat Kelso,
The  Engineering  Design
Graphics Journal, Winter 1995,
Pg 46-47.

I appreciate the fact that
Prof. Pat Kelso is concerned
with 3-D CADD modeling of
descriptive geometry problems.
However, there is nothing in his
article that I find useful.

term
“orthodirectional” for some
time. What does it actually-
mean? What is its purpose?
How does it differ from the term
orthographic and/or“orthogo-
nal’. Where can one find a def-
inition of this term? We don’t

need new terms to add to the
techno-babble that already pol-
luting our environment.

at also suggests a
view line practices that serve no
real purpose. CADD is used in
three distinet environments:
Totally computer-integrated
environments have no need of a
prescribed set of views.
Deacriptive geometry is used
to both create geometry and to
validate or interrogate existing
geometry. Remote viewers can
call up any view of their choice,
and interrogate the model at
will. No need of new line prac-
tices here! When hard copy is
required in either the partially
CIM/CAD/etc., or for the 2-D
drafting emulated environ-
ments (and these will exist for
much longer than the “enlight-
ened ones” wish to admit),
views must adhere to accepted

projection standards, or the
costs resulting from misunder-
stood drawings will be unbear-
able. Over the last several
years I have had too much expo-
sure to cost overruns, law suits
and failed ventures that happen
because of the low level of visu-
al literacy among technical and
support personnel in this coun-
try.
The simple fact is that when-
ever a 2-I) hard copy view is
used, at least two ordinate lines
must be available to completely
interpret it. If not, the view is of
little, or no, use to the viewer.
Even interpreting views in
CADD programs is aided by
using the above basic principle
of  orthogonal  projection.
Computer graphics will create
more problems than it solves if
technical people accept pretty
pictures as a substitute for good
geometric data.

problems that Prof. Kelso used
as illustrations. The first exam-
ple “to create/construct a line
parallel to a given plane that
connects given skew lines” is too

general. There exists an infi-
nite number of solutions to this
problem. All of these solutions
can be constructed in CADKEY
using a single primary auxiliary
view (the edge view of the
plane.) Three views are
overkill, and imply a single
golution.

The second sample problem,
“determine the shortest con-
necting line/distance between
two skew lines” is also simpler
than implied in the article. If
only the distance is meeded,
interrogation of the database
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will provide the answer without
additional views. If the actual
connecting line is required, it
can be created in CADKEY in
the view that shows hoth lines
true length (True size of a plane
that contains one line and is
parallel to the second line).

This oblique auxiliary view
can be obtained without the
need of the primary view. Once
the connecting line is created, it
is automatically established in
all views derived from the data-
base. The primary (edge view]
auxiliary view can be easily cre-
ated if 2-D drawings are need-
ed.

Finally, as I see it, the real
problem has been ignored. That
problem is that too many people
are still 2-D thinkers, indoctri-
nated/brainwashed in the draft-
ing mechanics of folding and
miter lines. Had the majority of
our clan adopted Hiram Grant’s
and a few others use of the
Reference Plane years ago when
proposed [more than 4 decades
ago|, the transition to 3-D
CADD as well as GDT would be
much easier. Had that hap-
pened, the term Datum would
be used as a synonym by now,
and our students and industry
would be better served. Placing
appropriate 3-D datums in a
CADKEY view is very easy, and
flexible. The use of colors and
levels is very helpful. The use
of 3-D datum [reference planes]
negates the need for the prac-
tices proposed by Prof. Kelso.

P.S. An active standards com-
mittee could be very useful for
issues such as these. Any one
interested, please contact Pat
McCuistion, Ohio University,
Athens Ohio, (614) 593-1457.

Ed Rusblock

Professor Emeritus,
UW-Milwaukee

Lecturer, Milwaukee School of
Engineering

Par Retsa's Response

I appreciate Ed copying me
with his letter to allow a
response in the same issue. 1
regret that he found nothing
useful in my article.

Re: “orthodirectional.”
Mongé discovered that virtual
space may be created on a plane
surface by displaying (at least)
two images of an object as (1)
they are projected onto planes of
projection, orthogonally, and as
(2) they are projected into spa-
tial directions which are serially
orthogonal to one another, To
(1) we have the word “crtho-
graphic” to describe; to (2) we
have none, hence, “orthodire-
tional” The word “orthogonal”
is too broad to describe either
circumstance completely.

I was obliged to coin
“orthodirctional” for the
Autumn 1985 EDGJ paper
titled, Nen-Orthodirctional
Orthographic Projection. The
paper demonstrates that it is
not necessary to project orthodi-
rectionally in order to achieve
the same results as does Mongé.
But having demonstrated that,
the paper acknowledges that
“non-orthodirectional  projec-
tions to achieve the same
results, also does not require
fewer projections. Since it does
not improve on the Mongéan
problem solving process, I pre-
sented it merely as a curiosity.,
However, the advent of comput-
er virtual space requires we use
the term (or any other of the
same meaning) if we are to ade-
quately describe the computer’s
spatial problem solving process-
es: computer virtual space often
allows us to omit “Mongéan
orthodirectional” steps in deter-
mining desired views.

I am afraid I don't follow
Ed’s reference to “ordinate
lines.” If this is a large point,
perhaps he might elaborate and
allow me to address it later.

fdivision news

My Suggested Practices
article apparently mislead Ed,
judging particularly from his
comments on my second sample
problem.  Since the article
addresses hardcopy presenta-
tions only, a reference to a data-
base query does not apply. Not
that both Ed’s and my examples
show (except in my example the
parallel plane does not contain
either of the given lines), to pro-
ject the TL view of the connector
requires one auxiliary; to locate
the connector requires another
auxiliary. The crux of the mat-
ter is that the true-shape of a
plane parallel to the given lines
is determined in one auxiliary
and without having first to pro-
ject the plane into an edge view.
Similarly, to project the edge
view of the plane (for a different
solution) again requires only
one auxiliary and without hav-
ing first to determine the direc-
tion of a TL line on the plane.
Both alternatives are required
by Mongéan techniques,

I acknowledge and agree
with Ed's points re solutions
views in CadKEY. My article
should be read as addressing
only the hardcopy printouts of
spatial solutions. My article
suggests how hardcopies of mul-
tiviews may be presented with-
out having to use explanatory
notes to point out the exceptions
to the usual Mongéan tech-
nique; the article suggests linet-
pye standards that will signal to
a viewer of a multiview when a
projection is and is not orthodi-
rectional. If an old desecript
hand were to see a printout
showing the true shape projec-
tion of a plane from anything
other than an edge view, he ig
going to wrinkle his brow, My
suggested practices preclude
this and, hopefully, some of the
cost overruns due to the visual-
ization problems Ed speaks of.
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With regard to my first

example illustration, “Deter-
mine: The line parallel to the
oblique plane that connects the
given skew lines, “Ed’s point is
well taken: it should read,
“Determine: The shortest
line...” The solution shown is
correct for this gpecification.

Ed is preaching to the choir
when he talks (to me, at least)
about Reference Planes. When I
work on the board I resist draw-
ing one line that represents the
edge view of a plane in one view
then have the same line to repre-
gent the edge view of a different
plane in another view. Folding
lines may be neater, but that is
the only thing to recommend
them. Notice, however, in my
article examples, that serial
Reference Planes, if applied, are
not necessarily mutually orthog-
onal. But notice more impor-
tantly, that since measuring
from Reference Planes, or fold-
ing lines, in computer virtual
space has no function in the cre-
ation of views, that is, because
they are now merely artifices to
conveniently show the demarca-
tion between views, a single set
of double lines is recommended
in the case of non-orthodirection-

al projection, and merely a single
line for orthodirectional projec-
tion.

In passing, allow me to
quibble with Ed’s use of the term
“descriptive geometry” as he
applies it to computer modeling.
Per my “Aurevoir Gaspard” let-
ter of a year or so ago (and also
in the past efforts of others, prin-
cipally from the University of
Texas-Austin) I argue that
“descriptive geometry” applies
only to creating Mongéan virtual
space and not to the geometric
analysis within virtual space I
suggest that the term “spatial
analysis” is the more descriptive.

While I have the floor: our
good editor in order to make my
prose more decipherable inad-
vertently changed the meaning
of a paragraph in my original.
Where it reads,

“The Second suggested practice
i to use double lines between
views. These double lines do not
need to be orthodirectional.”

should read:

“The second suggested practice
ig to use double lines between
views which need not be orthodi-
rectional.”

_ Plan to atte )

e ==

ASEE

College Industry Education Conference
January 25-29
San Jose, California

for inforrmation contact:
Ken Gowdy (3813} 532-5580
kgowdy@ksuvm ksu.edu

Or in other words, it is the views
that need not be orthodirection-
al, not the double lines notations

Also in the final paragraph,

“.true length-shape of a
plane...”.
should read:

“,..true shape of a plane...”

To close, allow me to compli-
ment Ed on his continued con-
cern for the nuances of our disci-
pline and his sharp eyes and
brain. The computer has
brought a new focus on our disci-
pline from a theoretical stand
point that in the past was not
investigated completely or even
especially needed to be. I hope
Ed’s rising to the occasion
encourages the Journal and oth-
ers to informally exchange views
through letters in the Journal.
This might alleviate some of the
pent up frustration vis-a-vis,
descript, Reference Planes vs.
Folding Lines, visualization,
how to keep up with software
advances and also teach the
basics (can parametric modeling
and sectioning be-covered in the
same 2 or even 3 hour course?),
teaching methodologies, per se
(are tutorials the best or only
way to teach modeling?), and
others.

Best To All,
Par Relso

PS I trust (1) that CadKEY's
capability to lay out the sclu-
tions in a “descriptive geometry-
like” fashion and (2) that graphi-
cal error is a thing of the past, is
properly appreciated.
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A Simple Convenient Method
of Constructing Ideal Perspective

‘division news

Ding Zhong Kun

Department of Fundamental Courses
Shanghai Adult Construction University

Abstract

This paper offers a simple quick method
to locate and draw the measuring points
of the ideal perspective, even when the
placement of the vanishing point is situ-
ated beyond the edge of the paper. It can
still conveniently construct the measur-
ing point, thus it manages to construct
ideal perspective.

Principle

In order to make the two-point per-
spective up to self-ideal effect, archi-
tects, above all, may draw the perspec-
tive direction of two sides of perspec-
tive. In this case, the two vanishing
points are determined, then if the posi-
tion of the object relative to the picture
plane is defined, the position of the
measurement point can be refound. In
this manner we can conveniently draw
the perspective. In Figure 1, the angle
formed by the frontal of the house with
the picture plane is ¢, and the angle
formed by the side of the housewith the
picture plane is § (=90°-¢). In the right
triangle, sfy= sinaf,f,, sfi=cosf)f,. Asa
rule, in two-point perspective, 6=30°, g0

sfy= sin30° f,£,=0.5{ 1,

—{1
sf,= cos30° f,f,=0.866ff, | (M

with sf, =F,M,, sf;=F,M,, f,f,=FF,,
Equation (1) becomes

F,M,=0.5F F, )
FM=0866FF, |

Figure 1. Construction principle

It follows that if we only take the middle
point on the line F,F,, the measuring point
M, can be obtained and take 0.866 length
from point F) on line F,F,, the measuring
point M, can be obtained. The measuring
point M, may also be found by using the par-
allel line method.
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Figure 3.
Ideal perspective

direction

a,b

Figure 2. Given projection drawing

Construction

Figure 2 shows the given projection drawing
of a house. The ideal perspective direction of
the frontal and profile of views of the house
is assumed in Figure 3. Two vanishing
points F, and F, are situated beyond the
edges of the paper. In this case the con-
gtruction of the ideal perspective of the
house is as shown in Figure 4.

/\

-.__.______l/

Figure 4. Construction

Figure 4, Construction

1. Drawing a random line h’ h’ parallel to
the horizon line hh intersects perspective
direction of frontal in point F’ and
intersects perspective direction of profile
in point Fy.

2. Middle point M,’ may be taken on line
F{F;. A straight line can be connected
with point A°,M, and lengthened to
intersect the horizon line hh at the
measuring point M,,.

3. By drawing a random line F,'T from F/’
and taking a length equal to 10 units
and measuring the length equal to 8.66
units from point F;’ on F,'T, thus the
point Q is obtained.

4. Line TF, can be connected. From point
Q, draw a straight line parallel to TF,’
which intersects line F,'’F,’ in point M;’.
A line can be connected with point A°,
M, and lengthened to intersect horizon
line hh at the measuring point M;.

5. Through point B®on the ground line, we
measure respectively, the frontal length
of the house B°C=bc and the profile lenth
BE=be. A line can be connected with
point M,;,C and intersects the frontal
perspective direction line at point C°. A
line can be connected with point My, E
and intersects the profile perspective
direction line in point E°.

6. Through point C°,E® we draw a vertical
line. The perspective of the frontal
and the profile of the house is
accomplished.
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Assisfant Professors

Department of Technical Graphics
Purdue University

Tenure track Assistant Professor
applications for Fall 1996 are being
accepted. Positions require Master's
Degree and experience in manual and
electronic techmical graphic illustration;
Ph.D. preferred. Experience with 2D and
3D computer graphic tools is required.
The candidate should possess experience
in the application of color theory, digital
imaging, and vector and raster based
technology. Commercial experience is
highly beneficial. A strong interest in
undergraduate teaching and curriculum
development is expected. Competitive
salary and benefits. Positions open until
filled. Purdue's Department of Technical
Graphics offers over 30 courses in the
Associate and Bachelor degree programs
with areas of concentration in technical
drawing, illustration, and publications.
Send resumé and list of four professional
references by January 31, 1996 to
Professor William A. Ross, Faculty
Search Committee, Department of
Technical Graphics, 1419 Knoy Hall,
Purdue University, West Lafayette, IN
47907-1419.

Purdue University is an Affirnative
Acfion/Equal Opportunity Employer
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PREPARE YOUR
STUDENTS
FOR
THE FUTURE

Make a difference in your
classroom. Choose a text
from Goodheart-Willcox.

We offer quality teaching pack-
ages for classes in Computer-
Aided Drafting to aid both the
student and instructor.

Call today for our free catalog!

1-800-323-0440

G%?DHE&’PT Goodheart-Willcox
a8 123 W. Taft Drive
m South Holland, IL 60473




NATIONAL DESIGN GRAPHICS COMPETITION

N

N

Date: 1 August, 1995
Dear Colleague,

On behalf of the sponsoring divisions of the American Society for Engineering Education
(ASEE) and the corporate sponsors, | want to invite you to submit student design projects for
the National Design Graphics Competition (NDGC). This event will be held in conjunction with
the 1996 ASEE Convention, June 23-28, 1996, Washington, D.C.

Please find the enclosed guidelines and registration forms for this event. These documents
should answer most of your questions. The project this year is a lawn mower jack. Servicing
lawn mowers would be much easier if it wasn’t so difficult to gain access to the under side of a
mower. | hope you enjoy the project.

The graphic part of the project is a major component of the competition. The graphics must
augment the written report and present a chronological graphic record of the project. Any
graphic form is acceptable including concept sketches, photographs, graphs, detail drawings,

 assembly drawings, efc.

Please pay particular attention to the point values for each stage of the design for the written
and graphic parts of the project. The judges of the 1995 projects suggested attention be
focused on a well written abstract and adherence to the design sequence.

The main reason for this competition is for the students to gain a good understanding of the
design process. Only 20 points are related to a workable design. With your help, your
students have an opportunity to learn a design sequence that will stay with them for the rest of
their lives. 1 hope to see you in Washington, D.C.

Sincerely,

Patrick J. McCuistion, NDGC Chairman

P S. The winners in 1995 were: 1st Place, Virginia Polytechnic Institute & State University;
2nd Place, Miami University (Ohio), and 3rd Place, Colorado School of Mines. The
winners and their schools won a considerable amount of AutoCAD software.
Congratulations to all participants and many thanks to the judges, Addison-Wesley and
Autodesk for providing guidance, software, and finances.

AN

ASEE DIVISON SPONSORS
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ey DESIGN IN ENGINEERING EDUCATION
FRESHMAN PROGRAMS
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NATIONAL DESIGN GRAPHICS COMPETITION j

1996 COMPETITION GUIDELINES

The National Design Graphics Competition (NDGC) will be held June 23-26, 1996, in Washington, D.C., in
conjunction with the American Society for Engineering Education (ASEE) Annual Conference. in addition to the
competition, a display of the entries will also be held.

I.  Design Project:

The project is to design a lawn mower jack. The purpose of the jack is to allow easy cleaning of the housing
and removal of the blade and oil plug. It must be designed for non-riding type rotary power mowers with
cutting widths from 18" - 22", The jack must be able to securely position the mower at 6” intervals from 6” -
36" from level ground to the lowest part of the housing. None of the mechanism is allowed directly under the
housing. There must be clear access to the underside of the mower. The mower must remain in a horizontal
position at all times. Smooth, safe operation and conservative pricing are very important.

H. Project Contents:

Each project entry should contain the items in sections A-C. The possible peint value for each part of the
entry is noted after the description. The highest judged average point value will be used to determine the

winners. One copy of the abstract, written report, and all graphics must be submitted for each entry.
- - Do not send original work - -

A. Abstract: An abstract page typed on 8.5" X 11" white paper shall accompany each report. 1t must
include the project title, schoo! name, participating student names, date completed, estimated time to
complete, and a coherent narrative of no more than 250 words. The type font should be no less than 12
point size. 10 points

B. Written Report: The written report shall be type written on no more than 10 - 8.5" X 11" white paper

pages. The print must be double spaced, on one side only, be 10-12 point font size. and not encroach on 1"
borders on all four sides of each page. The report shall be a segmented narrative that completely describes
the results of the activities of the team members in the following areas: 1) Problem Statement, 2) Preliminary

Ideas, 3) Refinement, 4} Analysis, and 5) Final Sofution. No graphics are permitted in the written report.
Each section is worth 15 points. (75 points total) ‘

C. Graphics: A chronological graphic record is an integral part of this competition. The graphics must be
grouped separately from the written report. Pertinent graphics are required for each phase of the design
project. Each graphic must include the minimum of a title, date, and name of the person who is responsible
forit. The point values for the different sections are: 5 - Problem Statement, 20 - Preliminary ideas, 20 -
Refinement, 20 - Analysis, 35 - Final Solution. (100 points total)

D. Additional Scoring: A Workable Soiution to the problem and the Presentation Quality of the entry are
worth 20 points each.

lli. Project Team/Entry Limitations:

A. The maximum number of students per project is 5. Each team member must be enrolled in the same
Freshmen level class where this design project is introduced.

B. The maximum number of entries per school or branch campus is 3.

\_ vy
( ASEE DIVISON SPONSORS )
CORPORATE SPONSORS ENGINEERING DESIGN GRAPHICS
ADDISON-WESLEY DESIGN IN ENGINEERING EDUCATION
L AUTODESK FRESHMAN PROGRAMS y
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NATIONAL DESIGN GRAPHICS COMPETITION

AN S/

N

N

V.

VIl

VL

VL.

Project Interest and Registration Forms

Please find the entry forms on the back of this page. The Project interest Form must be received no later
than March 1, 1996. The Registration Form and entry fee for each design team must be received no later
than June 1, 1996.

Entry Fee:

An entry fee of $10.00, in U.S. currency, must accompany each Registration Form. Entry fees are not
refundable.

Entry Submission Date and Time:

All project entries must be submitted at the judging session or at the main conference hotel registration area
before 8:30 a.m. (Eastern Time Zone), June 23, 1996. Transporting the project(s) to the conference is the
sole responsibility of the entering school.

Judging:

Judging will be based solely on the items listed in sections | - VI. Each project will be judged by three judges.
Judging will start on Sunday morning at 9:00 a.m. and be completed the same day.

Display Location and Schedule:

Location: Sheraton Washington Hotel

Set-up: June 23, between 2:00 p.m. and 4:00 p.m.

Display hours: 9:00 a.m. - 5:00 p.m. June 24 & 25
Project security is the responsibility of the entering schools.

Removal: June 26 between 10:00 a.m. and 12:00 noon
Removal and return of projects is the responsibility of the entering schools. Projects not
removed will not be returned.

Display contents:

The displays must include the written report and the graphics. An 8.5" X 11" placard with the school and
advisor names will be provided for each entry. The displays may utilize any additional medium of
communication but must fit on table space no larger than 36" wide X 30" deep.

Awards/Prizes:

Team members from the First, Second, and Third place teams will receive an appropriate certificate and
Autodesk software. All other students will receive certificates of participation. The award winning schools will
receive plagues and one copy of the software.

Please direct questions to:  Patrick J. McCuistion Phone - 614-593-1457

124D Stocker FAX - 614-593-4684
Ohio University e-mail - pmaci@ohiou.edu
Athens, OH 45701-2979
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1996 ASEE NATIONAL DESIGN GRAPHICS COMPETITION
PROJECT INTEREST FORM
Washington, D.C.
Our institution is considering submission of student design projects:
Number of Freshman projects (3 permitted)

Contact person at your institution:

Full Name:

Address:

Phone #: Fax #:

Please mail to: Patrick J. McCuistion, Ohio University, 124D Stocker Center, Athens, OH 45701-2979

This form dug by March 1. 1996

1996 ASEE NATIONAL DESIGN GRAPHICS COMPETITION
REGISTRATION FORM
Washington, D.C.

All the information on this form should be the same as you wish it to appear on any award.

Advisor(s):

Schoaol:

Address:

Phone #: Fax #:

Team Members:
(limit of five)

Please mail fo: Patrick J. McCuistion, Ohio University, 124D Stocker Center, Athens, OH 45701-2979

This form due by June 1, 1996
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NATIONAL DESIGN GRAPHICS COMPETITION

A/

Date: 1 August, 1995
Dear Colleague,

On behalf of the sponsoring diviéions of the ASEE and the corporate sponsors, | want to invite
you to judge the 1996 National Design Graphics Competition. This event will be held in
conjunction with the ASEE Convention, June 23-26, 1998, in Washington, D.C.

We will start on Sunday June 23, at 9:00 a.m. and finish with lunch about noon. We will first
cover the judging criteria and then the judging sheets and projects will be assigned. When
you complete the judging, you will hand in your score sheets for tabulation. The scores will be
compiled and the results will be announced at the sponsoring division lunches and banquets.

If you will be in attendance and would like to help judge, please fill in the enclosed Judging
Interest form and mail to the printed address.

Sincerely,

Patrick J. McCuistion, NDGC Chairman

JUDGING INTEREST FORM
1896 ASEE NATIONAL DESIGN GRAPHICS COMPETITION
Washington, D.C.

I am interested in judging the 1995 competition. Please contact me in March 1995 to confirm my availability.
Please use single stroke gothic capitals.

Name:

Address:

Phone #:

FAX #:

Please mail to:  Patrick J. McCuistion, 124D Stocker Center, Ohio University, Athens, OH 45701-2979

'
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Submission Guidelines
The Engincering Design Graphics Journal is pub-
lished by the Engineering Design Graphics (EDG) Division
of the American Society for Engineering Education
(ASEE). Papers submitted are reviewed by an Editorial
Review Board for their contribution to Engineering Graph-
ics, 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 trans-
ferred to the publisher if and when their article is accepted
for publication. The author retains rights to the fair use of
the paper, such as in teaching and other nonprofit uses.
Membership in EDGD-ASEE does not influence accep-
tance of papers.

Material submitted should not have been published
elsewhere and not be under consideration by another pub-
lication. Submit papers, including an abstract as well as
figures, tables, etc., in quadruplicate (original plus three
copies) with a cover letter to

Mary A. Sadowski, Editor

Engineering Design Graphics Journal

1419 Knoy Hall / Technical Graphics

Purdue University

West Lafayette, IN 47907-1419

FAX: 317-494-0486 PH: 317-494-8206

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 numbered consecutively.
Clearly identify all figures, graphs, tables, etc. All figures,
graphs, tables, etc. must be accompanied by a caption.
Ilustrations 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 man-
uscripts 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.

Page Charges
A page charge will apply for all papers printed in the EDG
Journal. The rate is determined by the status of the first
author listed on the paper at the time the paper is received
by the Editor. The rates are as follows:

$5 per page for EDGD members

$10 per page for ASEE, but not EDGD members

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

The EDG Journal is entered into the ERIC
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