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SilverScreen®

3D CAD/Solid Modeling Software

When schools adopt SilverScreen they report that students immediately take to its power and ease of use.
The net result from the instructor’s perspective is the ability to cover a lot more material and to generate a higher
level of smdent interest.

Schools adopting SiiverScreen donot pay any fees whatsoever. Schroff Development will donate both
SilverScreen software and documentation to your school. Schroff Development sells textbooks that are bundled with
SilverScreen Version IV. These textbooks range in price from $28.50 to $39.50.

Foliowing is a list of schools that have adopted SilverScreen for use in courses.

Most adoptions are at thefreshman/sophomore level.

Arkansas Technical University

Bolton College of Technology (Ireland)
Bucknell University

Cal Poly State University (Pomona)
Calif State University-Chico

Calif State University-Fullerton

Calif State Untversity-Sacramento
California University of Pennsylvania
Cameron University

Centenary College

Central State University

College de Limoilou (Quebec)
Colorado School of Mines

Cornell University

Davidson County Community College
Dundalk Regional Tech College (Ireland)
Franklin University

Fresno City College

Geneva College

Hampton University

Howard University

Idaho State University

Indiana Univ/Purdue Univ-Fort Wayne
Kansas State University-Salina
Laurentian University

Leeward Community College

Middle Georgia College

Mira Costa College

Mississippi State University

Modesto Junior College

Montana State University

Murray State University

North Carolina A&T University

Ohio Northern University

Olympic College

Oral Roberts University

Oregon Institute of Technology
Pasadena City College

Penn State (University Park)

Penn State (Great Falls)
Polytechnic University

Prairie View A & M University
San Jose State University

Slippery Rock University
Southern Arkansas University
Southern Hlinois University
SUNY-Binghamton
SUNY-Morrisville

Texas A & M

Texas Tech University (Lubbock)
University of Arkansas-Little Rock
University of California-Davis
University of California-Riverside
University of Cincinnati
University of Illinois-Chicago
University of Massachusetts-Dartmouth
University of Michigan-Dearborn
University of Missouri-Columbia
University of Nebraska-Lincoln
University of New Brunswick
University of New Hampshire
University of New Orleans
University of Southern Indiana
University of Virginia

University of Utah

Villanova University

Washington University {5t. Louis)
Washington State University
Waterford Regional Tech College (Ireland)
West Valley Occupational Center
Western Michigan University
Western Oklahoma State College
Western Washington University
Winona State University
Youngstown State University

Please contact Stephen Schroff for a SilverScreen evaluation package.

SCHROFF DEVELOPMENT CORPORATION
5424 Martway Drive P.O. Box 1334
Mission, KS 66205 Mission, KS 66222
(913) 262-2664 FAX (913) 722-4936



Cadkey Announces
“EduCAD America” Program!!

> CADKEY?® 7 for $99.00 ..

Mechanical Design

> DataCAD® 5 for $99.00 ca

Architectaral Design

> DataCAD Plus and
CADKEY Light,
powerful introductory
versions, for the cost of
shipping - $19.95 ca.

EduCAD America is not just another catchy slogan. EduCAD America is
about making real 3-D CAD available at prices that every school and full-
time student can afford. Unlike other CAD software which traditionally
costs over $1,000 per station for the latest release, Cadkey's EduCAD
America program doesn't put a strain on your budget. More importantly,
CADKEY and DataCAD are products that are used in real world
applications, as in the Buell RS 1200 Motorcycle {(pictured above) made in
the USA using CADKEY.

DataCAD S CADKEY 7
» Photorealistic Rendering » Easy to Leam and Use with Self-Paced
¥ On-Line Hidden Line Removal and On-Line Computer-Based Tutor
Solid Shading » Model to Drawing Associativity
» TFull 2-D and 3-I> Design Power ¥ Assembly Design
%  Unlimited 3-D View Selection % Automatic Hidden Line Removal
» Bi-Directional DXF® File Transfer » Shading and Mass Properties
»  Associative Dimensioning and ¥ Built-in Surfacing
Hatching » Geometric Dimensioning and Tolerancing
% New and Easy-to Use-Graphical » Bi-Directional DXF® and DWG File
Interface Transfer
¥  Six Architectural Hand-Lettered Fonts » On-Line Help & Documentation
»  Mastering DataCAD Guide Included ¥ Multiple Viewport Capability

Join us in our EquCAD America Program
Call Now!!

1-800-394-2231 x 7100

4 Griffin Road North, Windsor, CT 06095 Fax # (203) 298-6401
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James L.each

For those of you who haven’t been keeping track, this is the
ninth regular issue of the EDG Journal to be published under my
editorial reign. It doesn’t seem possible that T have been publishing
the Journal for three years. Some of you may not realize that edi-
torship of this publication is a direct result of being elected to the
post of Director of Publications for the Engineering Design Graphics
Division. When I received a telephone call some four vears ago
about my willingness to run as an ED(G Division officer, my reply
was something like, “F'H be happy to run for anything but Editor of
the Journal” The response was, “Well, we want you to run for
Director of Publications.” At which I said, “Isn’t that Editor of the
Journal?” To which the nominator explained to me that editor was
indeed a major role of the Publications position. Now, you must
understand that I had the office next to Jon Duff when he was the
editor and I knew what kind of work it entailed, but since a major
portion of my teaching involves teaching different aspects of pub-
lishing, I decided to bite the bullet and give it a whirl.

By the time | had that first issue in the mail, I felt that T might
have to give up my day job and concentrate all my efforts into the
publishing of the Journal. Needless to say, the first issue was the
hardest. Once I had established a cover design, inside layout, and a
working relationship with a local printer, things became much easier.
The past three years have been filled with trials, tribulations, a lot of
work, and the opportunity to meet and work with a lot of great peo-
ple. Atsocme point this past year 1 decided that it might be crazy, but
I knew that I could handle this responsibility for another three years,
which is why my name was up for re-election this past spring, The
winners will be announced this month at the Annual Meeting in
Edmonton.

{ would like to thank my technical editor, Judy Birchman, who
has handled the review process of papers for not only the Journal,
but also the ASEE Annual Proceedings. [ think that Judy voted
against me, because she knows that if I remain the editor, she will
remain the technical editor. Dennis Short has done a great job as
advertising manager for four of the past five years. Under his lead-
ership, we have had great advertising which has helped keep us
solvent. Craig Miller has recently taken over that position and has
already brought in some new advertisers. Rollie Jenison, as division
editor, has provided me with information and photographs. Last, but
probably most importantly, Clyde Kearns has stabilized the whole
operation as the Circulation Manager. 1 pity the first editor who has
to handle this job without Clyde. May he never retire!

I want to thank the membership for giving me this opportunity.
Not everyone has the opportunity to produce a product that is sent
across the country and around the world.

Mary A Sadowski

Two added notes.

C. Wayne White, as program chair for the next Mid-Year
Meeting wants to let people know that if they haven’t sent in their
ahstract for the meeting, they can still do that at or after the Annual
Meeting.

Craig Miller asks that we take the time to mention to vendors
at the Annual and Mid-Year mectings that we saw their ad in the
Journal and appreciate their patronage. We can also ask other ven-
dors why they don’t advertise in the Journal,
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The Effect of Solid Modeling Software on 3-D Visualization Skills

Richard Devon
Renata S. Engel
Robert J. Foster
Dhushy Sathianathan
Geoffrey F. W. Turner
The Pennsylvania State University
University Park, PA 16802

Solid Modeling has been introduced into the
first-vear engineering course at The Penn-

sylvania State University.  This paper
describes an effort to measure the effect of the
solid modeling curriculum on the develop-
ment of 3-D spatial visualization skills in the
students. The main instrument used was the
Mental Rotation Test (MRT). Although the
MRT and our methodology have their limita-
tions, the data generally support the
inferences that solid modeling does enhance
spotial visualization skills and more than
wireframe CAD or graphics taught in o tra-
ditional way. New directions underway in
the research are also reported,

Spatial visualization skills are an important
component of engineering because of their
direct relationship to the graphical com-
munication associated with design. Much of
what is known about the development of
spatial cognition has come from psycho-
logical research. An overview of the
conceptual issues of that research is given by
Liben (1988), and meta-analyses have been
carried out by Linn and Petersen (1985) on
gender differences in spatial ability and by
Baenninger and Newcombe (1989) on the
role of experience on spatial test per-
formance. Understandably, the focus of the
research from the psychologist's standpoint
has been to relate the level of ability (devel-
opment) to individual characteristics of the
subjects. Age and gender are two of the most
common attributes identified and studied.
The mutability of spatial ability is always of
interest because of its theoretical sig-
nificance. For example, Baenninger and

4

ENGINEERING DESIGN GRAPHICS JOURNAL

VOL. 88, NO. 2



Newcombe (1989) examined studies of
school-age children to determine the gender
differences in spatial ability, but they had a
particular interest in examining the effect of
spatial training. They came to the conclusion
that the evidence suggests that “spatial
activity participation is minimally related to
spatial test performance” (1989:336). They
caution that better measures may lead to
different findings. And one might contrast
the retrospective measures of spatial activity
often used in the studies Baenninger and
Newcombe reviewed, for example, with
potent iInterventions such as the one
described in this paper. For educators, the
key issue is identifying the significant char-
acteristics of the training that will have an
impact. In fact, whereas the engineering
educators, whose work is referenced below,
have been interested in the psychological lit-
erature, they have not addressed the same
questions. Rather, they have been interested
in the importance of teaching spatial visual-
ization and how that skill affects the further
studies of engineering students. However,
Miller and Bertoline are surely right in their
review of the psychological literature in
stressing the need to use “prior spatial
research findings as a basis” both for new
studies and for developing a better graphics
curriculum (1991:13). We will go further
and suggest that, with respect to the appar-
ent ineffectiveness of spatial activity and
training, we should have been addressing the
same question as the psychologists: what
causes spatial vigualization skills to
develop?

An important component of spatial vis-
ualization research has involved the develo-
pment of measures and what those meas-
ures reveal about ability. Linn and Petersen
(1985) include a substantial review of many
such tests, while Liben reflects on the dif-
ficulty of making inferences with respect to
what the tests measure (1988).- One category
of tests involves the rotation and visual-
ization skills that are necegsary to determine
the relative position of objects and the orien-
tation of objects in three-dimensional space.
This type of test has been used to determine
the level of visnalization skills of engineering
students, e.g., Rochford, et al., (1989), Sex-
ton (1992). Sexton's carefully executed study
uses two such tests and found that neither
the use of 3-D wireframe CAD instruction or
a traditional graphics approach were effec-

tive at improving visualization. His study
also indicated that one type of test was
probably sufficient to evaluate the tested
skill. He did not control for the test practice
effect, but it could not have been significant
since he found no significant gains. The
issue of mutability, then, was clearly
addressed in his study and his findings sup-
port Baenninger and Newcombe's conclusion
that spatial visualization skills are hard to
change. Rochford, et al., added a focus to
spatial visualization research that should be
of great interest to engineering educators.
They examined the role spatial visualization
skills play in academic achievement and
retention in engineering students. They
report that high spatial visualization scores
were a predictor both of academic achieve-
ment and retention. However, their
methodology is a little hard to follow and
there appears to have been no contrel for
academic ability, which could have been the
cause of high spatial visualization scores and
of retention and academic achievement.

" If Spatial visualization is important

for engineers - have we been
teaching it?”

In recent years, engineering educators
have shown increasing interest in the devel-
opment of spatial visualization skills:
Shahan and Jenison (1989), Wiley (1990),

.Bertoline and Miller (1990), Miller and Ber-

toline (1991), and Wiebe (19983). There has
also been growing attention paid to using
solid modeling in engineering education
(Barr and Juricie, 1989), Leach and Mat-
thews (1992), and in architecture education
(Bolluyt, 1993). In our research these two
interests converge in a study of the effect of
solid modeling on the visualization skills of
first-year engineering students.

At the University Park campus of The Penn-
sylvania State University, almost 1,000
students a year take the first year engi-
neering course, EG 50, The course is taught
with 15 sections each semester, In 1992-93,
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Mean MRT Score

A

Figure 1. A sample problem from the Mental Rotations Test (MRT)

two sections were experimental in ways not
relevant to this study and are excluded. All
the other sections devoted 53% of class time
to traditional graphics with traditional
instruments (multiview, isometric & oblique,
sections, dimensioning, spatial analysis) and
22% of their time learning and drawing with
wireframe, 3D, CAD software. Solid mod-
eling using Silver Screen was introduced on
a trial basis replacing the wireframe CAD in
3 sections in the Fall, 1992, semester and in
all 13 sections in the Spring, 1993, semester.

The Mental Rotations Test (MRT) was
given once at the end of the Fall semester to
the 3 experimental sections and to 4 of the
other sections as a control. The test, which is
discussed below, was developed by Van-
denberg and Kruse (1978) following the

research of Shepard and Metzler (1971).
Unfortunately, the study began too late to
give the test at the beginning of the semes-
ter. In the Spring semester, the MRT was
given 3 times to 6 sections, at the beginning
(Round 1), the middle (Round 2) and the
end(Round 3) of the semester. In the Spring
semester, one section taught solid modeling
intensively in the first half of the semester
and one taught it intensively in the second
half of the semester. Both these sections
were included in the study.

The students are identified with their
social security numbers (voluntarily), so
individual as well as group statistics may be
used. Only group statistics are reported in
this paper. In addition, a few other variables
such as gender and prior exposure to graph-
ics and CAD were obtained.

The change in the curriculum was the
switch from a wireframe CAD package
to a solid modeling package. The lat-
ter not only provides far Dbetter
representation  of  3-dimensional
objects than the former, it introduces
an entirely new way of approaching
the subject. It should also be noted
that the superior use of color, the

Section4 Section5 Section 7
.—)(— - ._@ -

screen display, the interface (e.g., one

17 e keystroke to a multiview repre-
Section 8 Section 11 Section 12 sentation) and ease of use of the solid
- - B A modeling package represent other
influences at work in this study. The
16 b 2' 3 "size" of the intervention will be rep-
Round resented by the amount of class time
involved,
Figure 2. Mean Score versus the Round of
Testing for Spring Semester
b ENGINEERING DESIGN GRAPHICS JOURNAL VOL, B8, NO. 2




In the Fall semester, all sections spent
22% of the class time with CAD or solid
modeling. Ten of these sections, the “control
group,” spent 22% of class time with a wire-
frame CAD package. Two of these sections,
the “experimental group,” spent 22% of class
time with a golid modeling package (Silver
Sereen 2.15). In one hybrid section, the stu-
dents split this 22% of their class time
between a wireframe CAD package and Sil-
ver Screen (11%). In the Spring semester, all
sections spent this 22% of clags time on Sil-
ver Screen.

In comparing the wireframe CAD with
solid modeling, we are comparing the effect
of curricula built around low-end software
upon spatial vigualization skills ag measured
by the Mental Rotation Test. We are not, in
general, comparing the wireframe CAD, with
its many versions and its auxiliary packages,
with Silver Screen which also has several
versions. Further, there are many other
uses and goals of graphics software and
graphics curricula than the development of
spatial visualization skills.

This test, developed by Vandenberg and
Kuse (1978), was chosen because it seemed to
measure a very relevant spatial skill,
because it had been widely used and this
meant we could relate our findings to other
studies, and because it had been found to be
an effective and reliable instrument. The
-authors report the reliability measured by
the Kuder-Richardson 20 was .88 for a sam-
ple of 3,268 adults (ibid, p600). Test-retest
correlations were found of .83 for a sample of
336 subjects after one year and .70 for an age
corrected sample of 456 after one year or
more (ibid, p600). We obtained a copy of the
test from Professor Gary Bertoline of The
QOhioc State University and used their
instruction cover sheet. The test consists of
ten questions. For each question, the stu-
dent is shown an original shape and then
must identify which two of four other shapes
are new views of the original shape (Fig.1).
Two versions of the test are available. We
used the first test for the first and last
rounds and the second test for the second
round.

In using the MRT as a measure of spa-
tial visualization skills, we are aware that

Linn and Peterson use three spatial ability
categories: spatial perception, mental rota-
tion, and spatial visualization (1985:1485).
We do not follow their terminology and col-
lapsed their distinctions. We depart in
another crucial way, also. As Linn and
Paterson note, “Mental rotation items are
used to measure the time required for solu-
tion rather than the accuracy of solution
(which is extremely high)” (1985:1484). We
allowed the students such time as they
needed to select answers. It is extremely
important to know how mutable spatial vis-
ualization skills are, and who has what level
of skill. To this end we do not want to con-
taminate our results with cognitive style
differences on the impulsivity-reflectivity
dimension. 'This aspect is discussed by
Kagan et al. (1964). If such differences are

Section
# (N) Experimental | Control
1 {26) 18.5
12 (27) 17.7
15 (25) 18.2
3 (28 18.1
4 (28) 17.6
6 (26) 18
11 (28) - 17.7
Group Mean 18.1 17.9

Table 1, Mean MRT Scores by Section,
End of Fall Semester, 1992

Round 1 Round 2 Round 3
Section (N=174) (N = 162) {N = 151)
4 17.3 17.7 18.4
5 17.3 18.2 18.6
*7 18.4 19.3 19.3
*B 18.1 18.1 18.5
11 17.5 17.8 17.8
12 17.7 18.7 19.8
ALL 17.6 18.3 18.6

* Denoctes sections where solid modeling was taught
intensively: in Section 7 between Round 1 & Round 2,

and Section 8 between Round 2 & Round 3.

Table 2. Mean MRT Scores by Section and Reund,
Spring Semester 1993

Spring. 1994
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associated with gender, then gender differ-

ences in spatial visualization skills will be

affected. We had problems because of the
high rate of accuracy, but we preferred this
situation to relying on speed.

All the results are group results where 20 is

LAY S 1

experimental sections in the Fall was 18.1,
while for the four control sections in the Fall
it was 17.9. The difference is not sig-
nificant.

In the Spring there was an overall shift
in the mean MRT score from a pretest value
of 17.6 to a post-test value of 18.6. The
results for all three rounds of testing are
shown in Table 2. The difference is sig-
nificant at p=.05. However, there was a

the maximuni possible score(10x2)rand-zero
js the minimum on the Mental Rotations
Tests 1 or 2. The results are summarized in
Tables 1-4 and Figure 2.

Did the solid modeling curriculum'
enhance the spatial skills of the
students?

Comparing Tables 1 and 2, it can be seen
that the mean MRT scores at the end of the
Spring semester are higher than those for
the Fall. This is particularly true if only the
control sections for the Fall semester are
used. Then, the difference between means,
17.9 (N=105) and 18.6 {N=151) for Fall and
Spring semesters respectively, is more
marked. However, the methodology does not
really allow claims of statistical significance.
Since we do not have pretest data for the Fall
semester, the difference could be due to dif-
ferences between students in the two
gToups.

Two of the three experimental sections
in the Fall had higher means than any of the
four control sections. The mean of the three

marked and unexplained variation by sec-
tion. In both Table 2 and Fig. 2 it can be seen
that there were only slight effects in Sections
8 and 11, while in the other four sections the
effects are quite marked.

In the Spring, the only shift in means of
the two intensive sections occurred during
the period when the solid modeling was being
taught (see Table 2 and Fig. 2). The change
was significant at p=.05 for section 7, but for
section 8§ the shift in the mean was not sta-
tistically significant although it was clearly
in the same direction. We were unfortunate
because the pretest scores were exceptionally
high in these two sections and to get a result
at all was impressive. The pattern can be
observed in Table 2 for Sections 7 and 8.

Early in the study we wondered if we
would find a gender difference and, if so, if
the curriculum would alleviate it, In the lit-
erature the gender gap in spatial skills is
often reported, but the women in our sample
are probably more selective than the men
are. In fact, we did find a gender difference
in both the Fall and the Spring, but it is
small and not significant at p=.05 when tak-
ing either the Fall or the Spring sample
alone. However, in the intensive golid mod-
eling sections, we found very clear gender

differences and a very striking effect
by the solid modeling curriculum

{Table 3). The numbers are small,

Intensive Round 1 Round 2 Round 3 but the pattern was suggested for
Sections (N) Pretest Post-test both sections with the female stu-

- dents making much larger gains than
Section| Female (B) 17.9 19.1 19.3 the male students. To some extent
7 Male (14) 18.5 1g.2 10.3 this may be an artifact of the skewed
distribution - the higher male pre-test

Round 1 Round 2 Round 3 scores allow less room for measured

Pretest Post-test improvement. We thought the result

_ 5 may have been influenced by the
Section| Female” (5) 16.4 16.2 17.4 slightly higher numbers of females in
8 Male (16) | 18.5 17.4 18.0 these two sections than the average
section, but this was not unambigu-

Tabie 3. Interaction Between Gender and intensive Solid

Mecdeling: Mean MRT Scores

ously born out by the data from the
other sections. It may well be that
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the intensive experience is helpful if the spa-
tial skills of the female students have been,
and are, suppressed by socialization effects
(Baenninger and Newcombe, 1989:330). We
will certainly do further work on this topic.

Since the pretest scores were high, the
discriminatory power of the MRT was
reduced. This made it harder to find sta-
tistically significant effects. We decided to
break the Spring data into three groups on
the basis of the pretest scores: L=0-186,
M=17,18, H=19,20. The results for the first
and last rounds, R1, and R3, are given in
Table 4 and show two clear patterns. First,
many students who had either high or low
scores on the pretest were likely to score the
same way on the post-test. This was par-
ticularly true for students who scored in the
high bracket on the pretest. The movement
that did oceur for this group could well be the
result of regression towards the mean. Sec-
ond, students who scored in the middle range
on the pretest were very likely to score in the
high range on the post-test. Of 38 students
who were in the middle range in the pretest,
29, or 76%, scored in the high range on the
post-test. However, this is a very skewed
distribution and 49% scored in the high
range on the pretest and 72% on the post-
test. The distribution is probably binomial
and we need to verify this before we test for
the statistical significance of this finding,

These supportive findings could be due
to effects other than solid modeling. They
might have occurred because the software is
easier to use and has more attractive dis-
plays, i e., there might be a Silver Screen
effect rather than a solid modeling effect - or
both. Faculty enthusiasm and an atmos-
phere of excitement and change may have
influenced learning and hence the outeome,
Also, there ig the possibility that the cur-
riculum written for Silver Screen was better
than that for the wireframe CAD. The pos-
sibility that the shift in means was due to a
maturation effect independent of the course
is worth investigating in the future, but it
would not explain the difference between the
wireframe CAD and the Silver Screen sec-
tions nor the differential gender effect. A
more serious problem is the test practice
effect. Like Sexton (1992), we did not control
for this and we should in our next study
although Sexton’s results imply there was
none.

Round 1 Round 3: Post-test
Pretest Low edium High
Low 13 7 12
Medium 1 8 29
High 1 10 54

18), or High (MRT score=19, 20).

Cell entries are the number of students who score
Low (MRT score=16 or less), Medium (MRT score=17,

Takle 4.  Interaction Between Skill and Curriculum

Were there measured influences
on the outcome?

We only measured a few other variables.
These were gender, the amount of mechan-
ical drawing taken in high school, the
amount of CAD in high school, student own-
ership of a microcomputer and family
ownership of a microcomputer. Only two
variables emerged as statistically significant
in a stepwise regression and both had effects
only true at p=.1. Gender had a very slight
effect explaining 1.2% of the variance (males
scored a little higher than females), and
family ownership of a microcomputer
explained about 1% of the variance. The
most interesting results are that neither the
amount of mechanical drawing or CAD taken
in high school had any effect on the MRT
scores. Apparently, even the selectivity fac-
tor of those who chose to take such high
school courses is of no consequence here. The
results from the intensive sections 7 and 8 in
the Spring lend credence to this result.
When the intensive solid modeling was not
taking place in those sections the MRT scores
did not change, even though traditional
instrument graphics instruction was taking
place. This outcome ig consistent with the
meta-analysis of Baenninger and Newcombe
(1989). And Sexton (1992) also found that
having had experience in a spatially oriented
courge such as “art, blueprint reading, or
mechanical drawing” had no effect on spatial
skill scores (Sexton, 1992:40). This raises the
question, if spatial visualization is important
for engineers - have we been teaching it? We

Spring, 1994
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know 3-D visualization is very important
when we teach students engineering graph-
ics. Did we assume incorrectly that our
instruction alse improved this ability?
Shouldn’t our graphics instruction begin
with establishing this ability, and, by cor-
ollary, shouldn’t graphics begin with 3-D and
only teach 2-D as a derivative of 3-D?

We will do some further analysis of our
present data. In particular, we will look at
the distribution. We are sure that a simple
(Gaussian distribution is not the optimal
model for the distribution. As we hope to
report in our next paper, the data appear to
form several clusters. If so, the statistics we
have given agsuming a normal distribution
will need to be changed, although our infer-
ences about the effects of solid modeling will
probably be stronger rather than weaker.

We have developed a new and harder
version of the MRT and we will also report on
it in our next article. It is now composed of
six problems from the original test and 6
which use similar but more complex shapes.
Each of the four possibilities for each shape is
now a true/false question so the student are
now scored out of 48 rather than 20. This
gives us an ingtrument with a greater range
and greater sensitivity that is particularly
useful with relatively high ability subjects.
The new test has also solved another prob-
lem. Originally, there were always two right
answers out of the four possibilities but the
students did not know this. In the mod-
ification that we were given the students
were told that there were two correct
answers. When you do this you lese sto-
chastic independence because subsequent
answers will be influenced by prior answers.
Some subjects, for example, will never look at
the fourth image since they assume they
know the answer from the results of the first
three. If both the first two answers are the
same, you may not bother to look at the last
two images. However, some will continue as
a check. Therefore, the measured behavior is
modified during the test in unmeasurable
ways. In the new test, the four images can
all be right, all wrong or any combination of
right and wrong.

An important issue is remedial educa-
tion. That is, although the development of

visualization skills is a worthy poal, perhaps
50-60% of our students already have good
visualization skills when they enter the uni-
versity. We then need to concentrate on
those who do not have thig aptitude. We can
easily use the MRT to identify these students
at the beginning of the class and provide
enrichment programs early in the course.

We intend to examine the relationship
between the MRT scores and the grades
received in EG 50, and to do a follow-up
study to see the effect upon retention in
engineering.

It would also be interesting to try to find
measurable influences on the development of
spatial skills. We may look at high school
grades, hands-on experiences, and test
sCoTes.

As an outcome of the first year engi-
neering course we would like students to
value graphies, have confidence in their abil-
ity to use graphics, and to use graphics
frequently. To this end we are developing a
scale which we refer to as the Graphics Effi-
cacy Scale. We want to see how this scale
relates to the MRT scores, grades, and
retention in the first year course and in fol-
low up studies.

We may be doing something right, because
we appear to have raised the MRT scores of
first year engineering students both when
Spring pretest and post-test scores are com-
pared and when post-test scores are
compared for the Silver Screen and the wire-
frame CAD curricula, We think the reasons
have to do with the effect of solid meoedeling
and/or Silver Screen. It is worth noting that
student attitudinal data not reported here is
very supportive of the solid modeling soft-
ware. In the hybrid class in the Fall where
the students studied both the wireframe
CAD and Silver Screen, 80% of the students
thought that the wireframe CAD was very
good compared to 100% for Silver Screen
{N=25). And 88% of the students thought
that Silver Screen helped them visualize
objects in three dimensions whereas 52%
said the same of the wireframe CAD. As
noted earlier, Sexton (1992) reported a study
that found that the same wireframe CAD did
not improve spatial visualization and nor did
traditional instrument graphies.
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The strong interaction with gender in
the intensive sections suggests that the solid
modeling curriculum is effective for closing
the gender gap in spatial visualization skills.
In the sections with an intensive curriculum
the performance gap between men and
women was eradicated or greatly reduced.
This preliminary finding was not sta-
tistically significant and needs replication.

Approximately 60% of the students in
the Spring sample had good visualization
skills on the pretest. This reduced the effec-
tiveness of the MRT as a measure for
studying this population.

In some of the literature, the mutability
of spatial skills is questioned. In this study
we found changes in a positive direction. We
will try to replicate this finding and study the

retention of the gains through follow up

studies. @ We may also seek out non-
engineering student populations.
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Visual Perception, Spatial Visualisation
and Engineeting Drawing

J. Roorda
Department of Civil Engineering
University of Waterloo
Waterloo, N2L 3G1, Canada

The processes of visual thinking, imagining,
visualisation and engineering drawing are
examined against the background of some
studies in the psychology of visual perception.
Questions of object recognition and the
‘'mechanics' of transforming menial images,
and how these relate to the understanding,
interpretation and preparation of engineering
drawings, are raised. The results of a test in
drawing interpretation and freehand sketch-
ing are presented and discussed to illustrate
the key points of the paper.

Drawing is a complex activity that takes
time, energy and a large number of mistakes
to learn, Drawings and other visual repre-
gentations provide a framework for visual
thinking, a powerful technique in attacking
and clarifying a problem. An important
aspect of visual thinking is the ability to do
spatial manipulations mentally and to use

these in solving problems. One who has this

ability can think of and deal with many
things which another person cannot.

Some people seem to draw very well and
very easily. Others find it a struggle to pro-
duce even a simple sketch. Whatever the
reasons for this, it seems clear that drawing
is a complex learned activity that involves
not only tool related techniques but, more
importantly, also ways to see and interpret
the world as it is.

The fundamental problem of drawing is
how to represent, on a flat, two-dimensional
paper or video display unit, an object which
has shape also in a third direction. In flat-
tening three dimensions into two, one of
them is lost and the drawing may become
hopelessly ambiguous until a way is found to
put the missing one back. There are two
fundamental answers to this problem. One
is to preserve the notion of true shape and to
exhibit the many shapes in an chject in a
series of drawings of the object as seen from
various viewpoints. The other is to retain the
idea of ‘one object, one drawing,’ but to
transform its real shapes into apparent
shapes. Both drawing types must follow a
clearly understood code of engineering draw-
ing practice to be useful as a means of
graphical communication.
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The other side of the coin is the inter-
pretation of engineering drawings, and the
nature of imagined spatial operations. A
beginner faced with an apparently insane
jumble of lines called a mechanical drawing
may find their interpretation a formidable
problem at first. It is perhaps not too dif-
ficult to visualise the separate views from a
pictorial drawing of an object. However,
until one has attained a degree of fluency in
orthographic projection and, without think-
ing, has come to recognise familiar shapes
and components, it is not so easy to picture
the solid object from its separate views.
Furthermore, once an internal (mental) rep-
resentation of the three dimensional object
has been developed, the capability of per-
forming mental rotations and other spatial
transformations of it needs to be developed.
For engineers and designers these mental
visualisation processes play an indispensable
role in fitting together variously shaped
parts of complicated mechanical devices, and
working out creative solutions to engineering
problems.

Overt recognition of the importance of
spatial visualisation research in the devel-
opment of engineering graphics teaching has
in the last few years begun to appear in the
literature (Wiley, 1989; Miller &Bertoline,
1991; Wiebe, 1993). Sound perceptual and
cognitive principles lie at the basis of a
proper understanding of how visualisation
skills should be taught. In this paper some
relevant background information in the psy-
chology of visual perception and spatial
visualization are presented. Against this
background, the results of an exercise in
interpretation, visualisation and drawing
are presented and discussed.

An essential part of the makeup of
human beings is their ability to recognise
objects. It is through a process of learning
that humans come to classify certain con-
figurations as equivalent to, or distinct from,
others. How do we represent within us the
world outside? And how do we represent
outside us ‘the world’ we create within?
Questions such as these form the subject
matter of studies in the psychology of visual
perception, with the lion’s share of the work
being done in connection with the first
question.

Various theories purport to explain how
we organise and interpret the information
contained within retinal images. A retinal
image of an object is messy, two-dimensional
and static, and thus it must be interpreted.
The ‘lost’ dimension needs to be recovered to
build a correct perception of a three dimen-
sional world. How is this accomplished?

Firstly, with our binocularly over-
lapping visual fields there is the stereoscopic
effect arising out of the disparate images
obtained at the two eyes. The phenomenon
of stereoscopic fusion which is active here is
very effective in reconstructing 'depth’ from
flatness’. An engineer who draws on flat
paper and interprets flat drawings is, how-
ever, more akin to a ‘one-eyed’ human.
There must therefore be other pictorial cues
that can be used to represent depth in draw-
ings. Perspective cues, in which relative size
depends upon distance, is perhaps the best
known pictorial cue. Shadow in an image
conveys an impression of solidity. The
appearance of lesser clearness or brightness
of distant ohjects also gives a powerful
impression of depth. Another pictorial cue is
that of interposition, or overlay, as illus-
trated by the apparently overlapping disks in
Figure 1. '

Figure 1. Interposition

The degree of complexity in a drawing
can also give cues to depth. By asking peeple
to rate the apparent three-dimensionality in
the diagrams in Figure 2, Hochberg and
Brooks (1960) found that as the complexity of
the diagrams increased so there was a ten-
dency to perceive the diagrams as two-
dimensional representations of three-dimen-
sional objects. Figures which were most
symmetrical were seen least often as repre-
senting three-dimensional objects. The more
angles in a diagram, or the more different
size angles, the more likely it is perceived as
a 2D representation of a ‘simpler’ 3D object.
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Figure 2. Degree of complexity as a cue to depth

There are also dynamic cues which
depend on observer or object movement.
Here the problem of understanding visual
processing of retinal images becomes vastly
more complicated. A human observer of a
moving object typically samples it with a
series of discrete fixations. The problem of
integrating successive, slightly different,
retinal images is thought to be analogous to
the problem of the fusion of two retinally
disparate images when stereopsis is
achieved. In both cases the brain must dis-
cover which aspects of successive retinal
images correspond, and match them accord-
ingly.

Important to engineering visualisation
are the visual / psychological systems which
serve to integrate successive, but discrete,
views as the observer fixates different por-
tions or faces of an object, or when he moves
around it or within it. It is thought (Hoch-
berg, 1968; Minsky, 1977) that one needs
previously acquired knowledge about the
properties of objects to integrate discrete
glimpses of them. It is suggested that prior
knowledge of an object, such as a cube, leads
to a coherent interlinked “system of frames,”
each frame corresponding to a symbolic
mental description of one view of the cube.
These are then utilised, in some as yet unex-
plained way, to integrate discrete views of
the cube into a three-dimensionally per-
ceived unity. How we perceive what we see
is therefore influenced by learning. It is

Figure 3. Marr’s 2.5 dimensional sketch

through the process of learning that we clas-
sify certain configurations as equivalent to or
distinet from others.

Marr (1980) regards visual perception
as a problem of information processing which
begins with an approximate image of grey-
level intensity changes, such as an object
might cast upon the retina of the eyes, and
ends with a description that depends on that
intensity array and on the purpose that the
viewer brings to it. In this context engi-
neering designers would be concerned with
the derivation of descriptions well suited to
the recognition of 3D objects and shapes.

According to Marr's framework, a final
description is achieved by constructing a
number of distinet representations from the
intensity values of the retinal image. The
first of these, the primal sketch, makes the
more global aspects of an object explicit and
provides two-dimensional information about
edges, blobs, locations, contours, orienta-
tions, ete. In the second stage, Marr's 2 1/2
dimensional sketch, visible surfaces with
their orientation and physical properties are
represented in a co-ordinate frame that is
centered on the viewer. Figure 3 represents
Marr's version of a 2 1/2D sketch of a cube in
which the visible surfaces are represented in
orientation by a set of vector primitives
describing the degree and direction of tilt of
the surfaces. The final stage of recognition,
the 3D model, represents volumetric shape
primitives of a variety of sizes, whose
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positions are defined by using an object cen-
tered co-ordinate system,

Take, for example, the two drawings
shown in Figure 4. They can be described in
either the two dimensional or the three
dimensional domain. In the 2D domain these
drawings may be described as a collection of
points of different brightnesses, as a collec-
tion of lines, or as a group of regions. In this
sense they represent different stages of elab-
oration of the primal sketch. Whether
points, lines or regions, the representations
established for these two drawings would
look very different. It is only within the
domain of 3D description, couched in terms
of surfaces, bodies and solids, that the
equivalence of the drawings can be estab-
lished. The two projections of the same
object will have different descriptions in the
2D (picture) domain but will be equivalent in
the 3D (ohject) domain. The thrust of Marr's
21/2D sketch for the representation of sur-
face orientation falls somewhere between the
2D and 3D descriptions.

Figure 4. Description is different in the
picture domain but equivalent
in the object domain

For engineers and designers, the pur-
pose of object recognition from information
contained within the retinal images must he
to build a mental description in the object
centered domain, i.e., described within a ref-
erence frame tied to the object itself. A

mental description, or mental image, has
been described by Holt (1964) as “a faint
subjective representation of a sensation or a
perception without an adequate sensory
input, present in waking consciousness as
part of an act of thought.” Such mental

Figure 5. Mental rotation experiment

images can be transformed and manipulated
in memory. This is clearly a necessary and
highly valuable characteristic that makes it
possible for engineering designers to plan
actions in advance and to anticipate out-
comes.

Shepard, et al, (1971, 1972, 1984) con-
gidered mental object rotation and mental
'paper folding’ exercises In an extensive
experimental study of this human capacity.
Subjects were presented with pairs of line
drawings depicting a three-dimensional ar-
rangement of cubes (see Figure 5), and were
asked to decide whether the two stimuli in
a pair could be made to rotate into congru-
ence with one another. Their reaction times
were measured to test the hypothesis that
the decision time, based on mental image
rotation, should be related to the angle of
rotation required for congruency. The
results showed that the time required to rec-
ognise that the two drawings portray objects
of the same 3D shape was a linearly increas-
ing function of the angular difference in the
portrayed orientations. This conclugion
leads to the notion that a mental image of the
first shape in a pair is being adjusted incre-
mentally in orientation until it matches the
mental image of the second shape, such
adjustment requiring more time when great-
er angles are involved.
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The exercise in the 10th week 1is
designed to test the students' abilities of
interpreting a three view sketch of a rel-
atively simple object and to represent their
mental reconstruction of this object by means
of a pictorial sketch on plain paper. Itis a
test of the seeing / imagining / drawing pro-
cess described in Figure 7. Students in one
class (126 students in total) were presented
with the given three-view drawing shown in
Figure 9, with the request to draw a per-
spective sketch of the object from an
advantageous viewpoint, keeping the pro-
portions of the ohject more or less correct.
The time allowed was 35 minutes. The

Figure 9. Sketching test — given views
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results were graded on a scale of 1 (very
poor) to 10 (excellent). Such grading can, of
course, be a very subjective exercise since all
sketches are different. However, by care-
fully comparing sketches and by taking due
account of such aspects as good proportions,
correctness of detail shape and location,
quality of the perspective, advantage of the
viewpoint, precision of the linework and the
general strength of the drawing, the sub-
jective eolements of grading can be min-
imized. The prade distribution for the sub-
Ject class ig shown in Figure 10.

Typical sketches, one selected from each
of the graded categories 10 to 1, are shown in
that order in Figure 11. The full spectrum
of abilities typical in a class of freshman
engineering students is represented here.
Sketches graded 10 and 9 are generally cor-
rect In the detail that is represented. An
advantageous viewpoint is taken that shows
much of this detail, and the proportions are
on the whole acceptable. Sketches graded 8
and 7 begin to show certain inadequacies of
proportion or errors in detail, and the per-
gpective can bhe wrong in some cases.
Distortions of form are creeping in and line
quality begins to suffer. Grades 6 and 5 con-
tain obvious errors resulting from inat-
tentiveness and misreading of the original
three-view drawing. While the principal
forms are present, finer detail tends to be
overlooked or misread. Gross distortions
oceur, inconsistent or impossible forms are
shown, and lines and edges are missing or
appear extraneously. Sketches marked 4
and 3 begin to acquire a touch of the surreal.

10

Grade

Figure 10, Grade distribution
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Figure 11. Typical graded sketches

Objects are broken down into their basic ele-
ments and then reassembled in a distorted
‘way. Some aspects of the sketch are quite
good, but the student ran hopelessly out of
time. Drawings in the categories 2 and 1 are
reminiscent of the Cubist style of expression.
Facets of the object overlap inconsistently,
and ‘leak’ into each other in a structurally
baffling way that defies immediate iden-
tification, Normal perspective is substituted
“with a view of the object taken simultane-
ously from several viewpoints and fused
together into one composition” (Margolius,
1979).

Correlation of the drawing scores
achieved by individual students with exam-
ination results in other courses taken in the
same term yielded the correlation coef-
ficients shown in Table 2. This shows there
is practically no systematic relationship
between performance in the drawing test and
performance in other subject areas. The
other courses between themselves are, how-
ever, quite strongly correlated. These results
indicate that visual perception, visualisation
and sketching are somewhat intangible
activities with attributes that are different
from the quantitative and deductive aspects
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Are We Preparing Engineering Students With
the Right Skills in Engineering Graphics
And Computer Training? A Survey.

Robert R. Britton
Audeen W. Fentiman
Frederick D. Meyers
Department of Engineering Graphics
The Ohio State University
Columbus, Ohio

A study was done by the Department of Engi-
neering Graphics at The Ohio State
University to determine whether the gradu-
ates of the College of Engineering had
received adequale preparation in basic engi-
neering  skills necessary to function
satisfactorily in the workplace. Nine hun-
dred (900) former students and forty (40
employers of Ohio State University gradu-
ates were surveyed and the data assembled
and evaluated to determine the effectiveness
of the core engineering curriculum in two
specific areas-graphics and computer skills.

The purpose of this study was to inves-
tigate the adequacy of graphics and
computer training in the core engineering
curriculum offered at The Ohio State Uni-
versity. Qur approach was to ask graduates
of the College of Engineering and some of
their supervisors to indicate the importance
of several graphics and computer skills in
their current jobs and to evaluate the ade-
quacy of their preparation in those areas.

A questionnaire was sent to 900 ran-
domly selected engineering graduates from
the years 1987 through 1991 and to 40
employers who consistently hire OSU gradu-
ates. (See Appendix D).

The results were tabulated, and for each
skill, comparisons were made between the
importance of the skill and the level of prep-
aration. These comparisons provide infor-
mation on skills employers value and on how
well our current curriculum prepares stu-
dents for today's jobs. The inquiry is part of
a bigger investigation being done by several
universities under the title Gateway Project
which is being funded by the National Sci-
ence Foundation (NSF).
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The questionnaire, (Appendix 1), listed
several basic engineering skills and asked
the graduate to indicate the importance of
each skill in his or her current job and his or

her level of preparation in that gkill. Level
1 indicated not important or not well pre-
pared. Level 5 indicated very lmportant or
very well prepared

The main areas of interest were basic
engineering skills (math, statistics, mechan-
ics, thermodynamics, ete.); basic graphics
skills (sketching, visualization, reading
drawings, etc.); computer skills (operations,
programming, CADD, etc.); and oral and
written communication and problem solving
skills. There was also a space for comments
to relate any skill needed but not included.
Again, this paper focuses on engincering
graphics and computer skills.

The evaluation is presented in two sec-

tions. First the employers’ responses are
presented in a graph which shows the rel-
ative importance of the various graphics
skills. The graph also depicts the employers’
opinions of the graduates’ preparation in
those areas. In the second part of this eval-
uation the employers’ ratings of each skill
(importance and preparation) are compared
to the responses of graduates having from
_one to five years of work experience,

Figure 1 summarizes employers’ re-
sponses to questions about basic graphics
skills. Results are shown for eight specific
skills and all graphics skills combined. On
a scale of one to five {five being most impor-
tant), the weighted average importance of
graphics skills was 3.1. The level of prep-
aration +was virtually identical to the
importance. The most important graphics
skill was reading drawings (3.9) followed by
visualization (3.4) and sketching (3.3). All
other specific graphics gkills had an impor-
tance rating of 8.0 or less, For all skills but
two, the level of preparation was higher than
the importance of the required skill for the
job. The two skills for which preparation was
judged to be inadequate were reading draw-
ings {importance 3.9 and preparation 3.5)
and tolerancing (importance 3.0 and prep-
aration 2.9).
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Figure 1. Graphics, by Employers

Responses of graduates and employers
for each of the eight graphics skills listed on
the questionnaire are discussed in the fol-
lowing paragraphs.

Sketching

Graduates with one to five years of
experience and employers generally agree
that sketching has a relative importance
between 3.2 and 3.5 and that preparation is
adequate. Only the 1987 graduates showed
the importance of sketching to be greater
than their preparation. In this case, the term
adequate means possessing the ability to
communicate and interpret graphic informa-
tion through sketches.

(See Figure 2).
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Figure 2. Sketching
Importance and Preparation
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Reading Drawings

Reading drawings was identified as the
most important graphics skill. Its impor-
tance was rated between 3.5 and 4.0 by all
groups. Graduates indicated that their level
of preparation was approximately 3.0 while
employers found it to be higher at 3.5.

Importance & Preparation

(See Figure 3).
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3.0 - RN N [N BS mmm
1 N
204 NN —
1.04 = = - -
4 \ \
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Figure 3. Reading Drawings
Importance and Preparation

The pie charts, Figures 4 and 5, show
that nearly 46% of the employers consider
this skill important while only 25% think

Some Preparation {18.8%) ~
—Not Prepared (0.0%)

Average Preparaticn (37.5%) __\

Figure 5. Percent Of Managers Who Think
That Those Hired Are Prepared o
Read Drawings.

3-D Visualization

Both importance and preparation were
rated at approximately 3.4 by all groups.
The skill is relatively important, and the
graduates generally felt that they had
received adequate preparation.

(See Figure 6).

Well Prepared {25.0%)
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that the graduates preparation was ade-
quate. Again adequate means to look at
information on a two-dimensional media and
visualize the three-dimensional object or
assembly.

(See Figures 4 and 5).
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Not Important (12.5%)—,

Some Importance (12.5%) Figure 6. Visualization

Importance and Preparation

Average Importance {8.3%)

Important {20.8%)

Figure 4. Percent of Managers Who Think
Reading Drawings is important
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Importance & Preparaticn

Preparing Drawings

Importance is rated below 3.0 by almost
all groups, and preparation was deemed
more than adequate.

(See Figure 7).
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Figure 7. Drawing Preparation
Importance and Preparation

Using Drawing Tools

This skill category shows the greatest
discrepancy between importance and pre-
paration with students being far better pre-
pared (3.5) than the job importance (2.5)
requires.

{See Figure 8).
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Figure 8. Using Drawing Tools
Importance and Preparation

Dimensioning

Except for the graduates of 1987, all
groups agree that preparation in this skill
was adequate. Responses from 1987 gradu-
ates showed an importance rating slightly
greater than the preparation rating.

(See Figure 9).
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Figure 9. Dimensioning
Importance and Preparation

Tolerancing

Employers and 1987 graduates (the
most experience graduates polled) agree that
the importance of tolerancing is approx-
imately 3.0 and that preparation is slightly
inadequate. Graduates with less experience
rate the importance of tolerancing sig-
nificantly lower and their preparation as
being more than adequate.

{See Figure 10).
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Figure 10. Tolerancing
importance and Preparation
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Sectioning
The importance rating for sectioning
varies comsiderably from group to group
with employers rating it higher than any of
the graduates. However, all groups found
preparation in this area to be adequate.
(See Figure 11).

!
o

by
=}

.

&
o

n
o
T
|
|

2
!
]

Importance & Preparation

b
o

1988 1989 1990 1991 Employer
Student Year of Graduation

1987

%m Importance R Preparation J'

Figure 11. Secticning
Importance and Preparation
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Figure 12, Computer Use, by Employers

This evaluation is also presented in two
parts with the first showing the employers'
responses and the second comparing the
responses of all groups. Employers’ relative
rankings of the four specific computer skills
listed on the questionnaire, along with the
average of all responses on computer skills,
are shown in Figure 12.

Importance of computer skills ranged
from 3.5 for “Using CADD Systems” to 4.7 for
"General Use of Computers" with the aver-
age importance of computer skills being
rated at 4.0. In every category except “Pro-
gramming” preparation was rated Iower
than importance. The greatest gaps between
importance and preparation occurred in the
categories of “Using CADD Systems” and
“Using Other Software.”

Responses of graduates and employers
for each of the four computer skills listed on
the questionnaire are discussed in the fol-
lowing paragraphs.

Basic Computer Operalions

The importance of the knowledge of
basic computer operations is higher than any
other computer or graphics skill, All groups

polled rated its importance between 4 and 5

on a scale of 1 to 5. Preparation in this skill
is rated far below importance. However, the
level of preparation is higher for more recent
graduates. It should be noted that employers
rated the level of preparation higher than
any class of graduates.

{See Figure 13).
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Figure 13. Basic Compaosition
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Importance & Preparation

Compufer Programiming
Both graduates and employers indi-
cated that preparation in computer pro-
gramming was adequate. Employers ranked
both importance and preparation in this cat-
egory higher than any class of graduates.
(See Figure 14).
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Figure 14. Procgramming
Importance and Preparation

Using CADD Systems

The greatest discrepancy between im-
portance and preparation in computer skills
occurred in this category with preparation
found to be quite inadequate. The level of
preparation was judged to be virtually iden-
tical by all graduates, regardless of year of
graduation. Employers rated the prepara-
tion significantly higher than the graduates,
but they also rated the importance higher
than any class of graduates and indicated a
significant difference between importance
and preparation.

(See Figure 15).
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Figure 15, Using CADD
Impoertance and Preparation

Using Other Canned Programs

Using canned programs other than
CADD packages was rated by all groups to be
more important than using CADD. Again,
the preparation was found to be inadequate.
However, 1991 graduates report consid-
erably better preparation than graduates of
1988, 1989, and 1990. Members of the grad-
uating class of 1987 also report preparation
as being good.

(See Figure 16).
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Figure 16. Using Other Canned Programs
Imporfance and Preparation

There have been other such surveys that
have been conducted. "Engineering Educa-
tion: Preparing The Next Decade,”" a study
by the Engineering Curriculum Tagk Force of
the Arizona State University (1991) was one
such study. It found no correlation between
academic and on-the-job performance,

The authors of the Arizona State Uni-
versity study concluded that change must
peeur in the curriculum, and it will take a
joint effort of all concerned. This study, how-
ever, was geared towards The Ohio State
University, its engineering program and
those who employ its graduates. Thus,
changes are being made to accommodate any
lack of preparation reported by the graduates
and their employers. The graphics courses
have incorporated projects, the use of canned
programs, reading drawings and other mate-
rial to the graphics curriculum.

The authors of this paper feel that the
findings are representative since statistically
the sample size meets the prescribed testing
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procedures for the population investigated.
All in all, the things being taught in Engi-
neering Graphics at Ohio State University
are those needed in the workplace. However,
improvement is required in two major
areas—reading drawings and CADD, and
these have been accommodated as stated
ahove, Several respondents stated in the
remarks section or by letter that these areas
should be given more attention.

The other areas viewed as lacking were
basic computer operations and the use of
canned software packages. Several of those
responding listed such packages as Mathead,
Pro Engineer, FEM, CFD, Autocad, ete.
Graduates of all five graduating classes
stated that more time should be devoted to
training in computer operations. Many, also,
mentioned training in a programming lan-
guage other than FORTRAN,

Reading drawings and using CADD
gystems need to be addressed, but just where
they are to be inserted in the curriculum
remains an administrative problem. Atten-
tion will be given to these two special areas
at the college level with each department
participating to determine when and by
whom this information will be taught. Again,
as with the Arizona Study, it will take a con-
centrated effort between academia and
industry to move ahead to prepare Ohio
State University students to meet the needs
of industry.

The letters and recommendations that
accompanied the responses to the ques-
tionnaire were very positive. In most all
areas the graduates felt that they were well
prepared for their role in industry. This was
confirmed by their employers except in the
instances stated above.

Arizona State University, (December 1991).
Engineering education: Preparing for
the next decade.

Barr, R., & Juricie, D. (1991). Development
of a modern curriculum for engineering
design graphies. Journal of Engineering
Education. 81 (1), 26-29,

Bordogna, J., Fromm, E., & Emnst, E. W,
(1993). Engineering education:
Innovation through integration, Journal
of Engineering Education, 82 (1), 3-8.

Engineering Placement Office, (April, 1989).
College of Engineering, University of
Illinois at Urbana-Champaign, Our 1963
B.S. Graduates Twenty-five Years Later.

Katz, S. M., (1993). The entry-level
engineer; Problems in transition from
student to professional. Journal of
Engineering Education, 82 (3), 171-174.

Meade, J., (December, 1991). Keeping the
customer satisfied. ASEE Prism, 22-25.

Meyers, F. D., Fentiman, A. W., & Britton,
R. R., (December 1993). The Engineering
Core Courses: Are They Preparing
Students For the Future? First
International Conference on
Edugraphics, Alvov, Portugal.

Real world 101: What some engineers in
industry want your students, and you, to
know. (Qctober 1992). ASEE Prism,
19-22,

Samaras, P. W., November 1991) .
Integrating the first two years. ASEE
Prism, 16-19,
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ENGINEERING CORE SKILLS SURVEY

Please circle the numbers that indicate how important each skill is
to successful performance in the positions you supervise and how
well OSU graduates are prepared in each area. One means not very
important or not very well prepared. Five means very important or
very well prepared.

IMPORTANCE ON JOB PREPARATION
1. Basic Engineering Skills
a. math
calculus 1 2 3 4 5 i1 2 3 4 5
diff. eqg. 1 2 3 4 5 1 2 3 4 5
b. statistics 1 2 3 4 5 1 2 3 4 5
c. physics _
mechanics 1 2 3 4 5 1 2 3 4 5
fields & electricity 1 2 3 4 5 1 2 3 4 5
d. chemistry 1 2 3 4 5 1 2 3 4 5

e. engineering mechanics

statics 1 2 3 4 5 1 2 3 4 5
dynamics 1 2 3 4 3 1 2 3 4 5
strength 1 2 3 4 =5 1 2 3 4 5
f. thermodynamics 1 2 3 4 5 1 2 3 4 5
g. basic electronics 1 2 3 4 5 1 2 3 4 5
h. engineering economics 1 2 3 4 5 1 2 3 4 5
i, materials 1 2 3 4 5 1 2 3 4 &5
3. other 1 2 3 4 5 1 2 3 4 5
2. Basic Graphics Skills
a. sketching 1 2 3 4 5 1 2 3 4 5
b. reading drawings 1 2 3 4 1 2 3 4 5
c. visualizing objects
from 2-D media 1 2 3 4 5 1L 2 3 4 5
d. preparing drawings 1 2 3 4 5 1 2 3 4 5
e. use of drawing tools 1 2 3 4 5 1 2 3 4 5
f. dimensioning 1 2 3 4 5 1 2 3 4 5
g. tolerancing 1 2 3 4 5 1 2 2 4 5
h. sectioning 1 2 3 4 5 1 2 2 4 5
i. other 1 2 3 4 5 1 2 3 4 5
3. Computer Skills
a. basic computer
operaticn 12 3 4 5 i 2 3 4 5
bh. programming 1 2 3 4 5 1 2 3 4 5
¢. using CADD systems i 2 232 4 5 1 2 3 4 5
d. using other canned
programs i 2 3 4 5 1 2 3 4 5
e. other 1 2 3 4 5 1 2 3 4 5
4. Communication and Problem Seolving Skills
a. writing skilils 1 2 3 4 58 1 2 3 4 5
b. oral skills 1 2 3 4 5 1 2 3 4 5
C. probklem solving 1 2 3 4 5 1 2 3 4 5
d. teamwork I 2 3 4 5 1 2 3 4 5
e. other 1 2 3 4 5 i 2 3 4 5

5. Comments (especially on any skills you think new OSU
graduates lack):

Appendix 1
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The First Two Years - Are Engineering Students
Learning the Skills They Need?

Audeen W. Fentiman
Robert R. Britton
Frederick D. Meyers
Department of Engineering Graphics
The Ohio State University
Columbus, Ohio

The Department of Engineering Graphics at
The Ohio State University has conducted
survey of several hundred recent engineering
graduates to determine whether the core
engineering curriculum provided them with
the skills required for their jobs. Four cat-
egories of skills were included in the study.
The focus is on two of those categories: 1)
Basic Engineering Skills and 2) Com-
munication and Problem Solving. First line
managers at companies that routinely hire
engineers were asked to complete the same

questionnaire. Comparisons were made

between responses of graduates and those of
employers.

In the summer of 1992 faculty members
from the Department of Engineering Graph-
ics at The Ohio State University conducted a
survey to determine whether the core engi-
neering curriculum was providing engin-
eering students with the skills they needed.
A guestionnaire was sent to 900 recent
graduates of Ohio State’s College of Engi-
neering. Equal numbers of engineers were
chosen from each of the past five graduating
classes (1987-1991). The students were
selected randomly with no prescribed mix of
engineering digciplines. The questionnaire
was also sent to 40 employers who typically
hire OSU engineering graduates.

Several basic skills were listed on the
questionnaire. For each skill, the graduates
and employers were asked to indicate the
importance of that skill on the job and the
adequacy of the students’ preparation. Em-
ployers evaluated all of their engineers in
general, rather than only the Ohio State
graduates. A numerical scale was used to
rate the importance and adequacy of prep-
aration.

Four hundred graduates and 26 em-
ployers responded to the survey. Responses
were sorted into six groups: one for employ-
ers and five for graduates — one for each
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graduating class. In all groups, average
ratings for importance and adequacy of pre-
paration were calculated for each basic skill.

Several comparisons were made. In the
8iX groups the importance rating was com-
pared with the preparation rating for each
skill. This provided information on whether
the engineering core curriculum is empha-
sizing the skills most important to job
performance. Graduates’ responses were
compared with those from employers to
determine whether the perceptions of those
two groups were consistent. Finally, ratings
from each of the five groups of graduates
were compared to identify any changes over
time in either importance of a skill or the
graduates' level of preparation.

A copy of the questionnaire is presented
in the appendix. It lists four major categories
of skills believed to be important to prac-
ticing engineers:

1. Basic Engineering Skills,

2. Basic Graphics Skills,

3. Computer Skills, and

4. Communiecation and
Problem Solving Skills.

Under each major category several more
specific skills are listed. Respondents were
asked to rate the importance and level of
preparation for each specific skill on a scale
of 1 to 5, 1 being not important or not well
prepared and 5 being very important or very
well prepared.

An earlier paper by the same authors
presented the responses in the categories of
Basic Graphics Skills and Computer Skills.
This paper, “Are We Preparing Engineering
Students with the Right Skills in Engi-
neering Graphics and Computer Training? A
Survey,” by Britton, Fentiman, and Meyers
can be found on page 22 of this same issue.
The focus of this paper will be on responses
in the areas of Basic Engineering Skills and

The specific skills listed under the cat-

egory of Basic Engineering were: math
(caleulus, differential equations), statisties,
physies (mechanics, fields & electricity),
chemistry, engineering mechanics (statics,
dynamics, strength), thermodynamics, basic
electronics, engineering economics and
mater-ials. In nine of these thirteen areas,
most groups of respondents rated the level of
preparation higher than the importance on
the job. The four areas in which preparation
was found to be barely adequate or some-
what inadequate were statistics, economics,
electronics, and materials. In these four
areas, the employers found preparation to be
inadequate only in statistics.

When the relative importance of the
thirteen areas was studied, differential
equations was found to be rated the least
important by all groups of respondents with
an average rating of 2.1. Chemistry was the
next lowest with a rating of 2.4. Thermo-
dynamics, fields and eleetricity, caleulus, and
dynamics all had importance rankings
between 2.5 and 2.9, inclusive. Strengths,
electronics and statics were ranked at 3.0 or
3.1. The most important skills (ratings 3.2 -
3.3) were mechanics, statistics, materials,
and economics. Figure 1 shows the average
importance and preparation ratings for all
thirteen categories.

Discussions of the responses to the
questionnaire for each specific skill are pre-
sented on the following pages.

Materi als

Strength of Mat'ls
Dynamics

Statics

Chemistry }
Physics, Elec. |
Physics, Mech. }
Statistics |

Differential Egs. B
Calculus ;

1 2 3

|
4
Communication and Problem Solving Skills, Rated ona Scalecf 1 t0 5

S [mportance Y Preparation

Figure 1. Importance and Preparation by Employer

of Basic Engineering Skills
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Importance and Preparation

Imporance and Preparation

5.0

4.017

3.01

2.0

1.0+

Calculus

While employers rated the importance
of calculus higher than any of the five
groups of graduates (employer rating - 3.0,
graduate rating - 2.5), all groups of respon-
dents agreed that preparation in this area
was adequate. The preparation ratings
were between 3.8 and 4.1.

(See Figure 2).
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Figure 2. Calculus
Importance and Preparation

Differential Equations

Graduates and employers had sig-
nificantly different perceptions of the
importance of differential equations. The
graduates rated their importance at about
2.0, but employers gave them a rating of
2.8, There was also some difference in the
preparation rankings. Graduates rated
their preparation at 3.6 while employers
rated it at 4.1.

(See Figure 3).
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Figure 3. Differential Eguations:
Imporfance and Preparation

Stafisfics

Graduates and employers agreed that
the importance rating of statistics was
slightly greater than 3.0, and the prepara-
tion rating was slightly less than 3.0, making
the preparation somewhat inadequate.

(See Figure 4).
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Figure 4, Sfatistics
Importance and Preparation

Mechanics
Preparation in mechanics was adequate.
(See Figure 5).
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Figure 5. Physics Mechanics;
importance and Preparation
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Importance and Preparation

Impottance and Preparation

Fields and Electiicity
Preparation in this skill was adequate.
(See Figure 6).
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Figure 6. Fields and Electricity
Importance and Preparation

Chemistry

Responses in this area were very uniform.
All groups of graduates and employers rated
the importance of chemistry at about 2.4 and
preparation at 3.1,

(See Figure 7).
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Figure 7. Chemistry
Importance and Preparation

Statics

Employers rated the importance of stat-
ics slightly higher than any group of students
but, all groups agreed that preparation was
adequate.

(See Figure 8).
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Figure 8. Stafics
Importance and Preparatfion

Dynamics

Graduates with the most work experience
and employers rated the importance of
dynamics higher than did graduates with less
experience. However, all groups indicated
that preparation was adequate.

{See Figure 9).
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Figure 9. Dynamics
importance and Preparation
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Importance and Preparation

Sirenglhs
Preparation in this area was adequate.
(See Figure 10).
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Figure 1C. Strengths
Importance and Preparation

Thermodynarnics

All groups indicated that preparation in
thermodynamics was adequate. Employers’
ratings for both importance and preparation
were higher than ratings by any group of
graduates.

(See Figure 11).
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Figure 11. Thermodynamics
Imporfance ond Preparation

Elecfronics

For all groups of respondents the
importance and preparation ratings in elee-
tronics were almost identical. Most grad-
uates thought that preparation was slightly
inadequate while employers thought that it
was barely adequate.

(See Figure 12).
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Figure 12. Electronics
importance and Preparation

Engineering Economics

The preparation rating in engineering
economics was lower than the importance
rating for most groups. Graduates with four
or five years of experience cited the greatest
discrepancy between importance and prep-
‘aration.

(See Figure 13.)
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Figure 13. Engineering Economics
imporfance and Preparation
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Importance and Preparaficn

Materials
Importance and preparation were given
nearly equal values by all groups, with grad-
uates indicating that preparation was
slightly inadequate, and employers finding
preparation to be adequate by a small mar-
gin.
(See Figure 14).
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Figure 14. Materials
importance and Preparaftion

The specific skills listed under Com-
munication and Problem Solving were
writing skills, oral skills, problem solving,
and teamwork., Graduates and employers,
alike, rated these skills to be more important
in job performance than any other category
of skills included on our questionnaire. Basic
Engineering Skills and Graphics Skills were
given an importance rating of about 3.0. The
importance of Computer Skills was about
4,0. But the importance of Communication
and Problem Solving Skills was rated at
nearly 4.5 on a scale of 5.0.

Preparation in all four specific areas
under Communication and Problem Sclving
was found to be very inadequate by all
groups of respondents. Preparation ratings
for oral skills and teamwork were 1.5 to 2
points lower than importance ratings. Prep-
aration ratings in writing and problem
solving skills were somewhat better. Fur-
thermore, both the importance and pre-
paration ratings for each specific skill were
quite uniform over all groups of respondents.
Figures 15-18 show the ratings for the four
specific areas under Communication and
Problem Solving. Figure 19 presents the
average importance and preparation ratings
for all four areas.
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Figure 15, Writing Skills
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Figure 18. Teamwork
Importance and Preparation
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Figure 19. Importance and Preparation by
Employer
Communication and Problem
Solving Skills

Most of the basic engineering skills
taught in the core engineering curriculum
appear to adequately prepare students for
their jobs. Statistics, economics, electronics,
and materials are areas where respondents
to this.survey believe some improvement in
preparation is needed.

Some do not consider statistics and eco-
nomics to be core engineering subjects.
However, in a world which is becoming
increasingly competitive, the ability to collect
valid data and interpret it properly is crucial.
A good grasp of statistics is essential in
developing that ability. And in this more
competitive environment, the ability to make
sound costing and pricing decisions is more

important than ever. Students nsed to
understand basic engineering economics
principles.

Electronics and materials have long
been part of the basic engineering curric-
ulum. However, these areas are changing
rapidly. Many of the processes which in the
past were purely mechanical are now elec-
tronically controlled. Today's engineers
must understand many more applications of
electronics than their predecessors and be
able to incorporate them into their daily
work. Similarly, the materials from which
an engineer may choose has increased tre-
mendously and is growing daily. The slight
discrepancy between importance and prep-
aration ratings for electronics and materials
may well be an indication that the fields are
changing more rapidly than the engineering
courses.

Communications and problem solving
skills have always been important for prac-
ticing engineers. But there used to be more
time to complete a project which required
these skills — whether that project was
designing a piece of equipment or producing
a document. Solutions to problems could
evolve slowly. Letters, reports, and pres-
entations might be drafted, revised, and then
rewritten until they were aceeptable. How-
ever, because of the rapidly increasing pace
at which products must be developed and
marketed, new designs and solutions are
often required in days instead of months, and
communications by fax or electronic mail
help make this process nearly instantaneous.
An engineer’s problem solving and com-
munications skills must be so finely honed
that the conceptual design of a piece of
equipment or the first draft of a letter must
be almost perfect because there will be little
or no time for refinement.

Graduates and employers responding to
the questionnaire emphasized again and
again how important communications skills
are. Here are comments from two graduates
that are representative of the scores of com-
ments received:

¢ “Expose the student to more oral and
written presentations, one of the most
important aspects of my job. If a young pro-
fessional can’t present his ideas in a clear
and orderly manner, he loses credibility
quickly no matter how brilliant his ideas may
be.”
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* “More emphasis is needed in the
communications area for our engineers, It’s
not enough to be just a good engineer. More
and more engineers are expected to be able to
deal with customers and upper management.
Being successful often depends upon these
skills.”

Results of our survey indicate that eco-
nomies, statistics, electronics, materials, and
egpecially communications and problem
solving skills must receive heavier emphasis
in the engineering curriculum, In the ‘Com-
ments’ section of the questionnaire, grad-
nates repeatedly called for better prepara-
tion in these areas.

One graduate summed up the comments
on statistics by saying, “Statistics is abso-

lutely critical, especially [in] design of

experiments and analyses of results.” Basic
principles of statistics and economics can be
included in the core curriculum, and those
principles can be applied in later design
courses. '

Early engineering courses need to pro-
vide an understanding of basic electronics
and an appreciation for their wide-spread
use. Electronic controls should be incor-
porated into the laboratories used for more
advanced courses. All engineering students
should be introduced not only to the common
materials, but also to materials research and
data bases or handbooks of materials. Many
materials will be developed between the time
a student takes the materials course and

graduation day. Students must be aware of

the sources of information on recent materi-
als development. Only some engineering
students now receive this instruction. All
should. Communication skills, as well as
problem solving, and team-building skills,
must be explicitly incorporated into as many
core engineering courses as possible. These
courses should also provide students with
skills they will need on the job. As so many
of our graduates have said, “Without these
veople skills many of an engineer’s technical
skills will go unnoticed.”

Arizona State University, (December 1991).
Engineering education: Preparing for
the next decade.

Barr, R., & Juricic, D. (1991). Development
of a modern curriculum for engineering
design graphics. Journal of Engineering
Education. 81 (1), 26-29.

Bordogna, J., Fromm, E., & Ernst, E. W,
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Is it “deja wvu” all over
again? Will the wholesale elim-
ination of graphics programs
which occurred in the 70's occur
again to those programs which
remain, but this time due to dif-
ferent reasons. In the 70's, most
programs were still working in
the pencil and paper mode, Our
engineering colleagues saw no
reason for teaching the prin-
ciples of engineering graphics,
even as associated with engi-
neering design. Programs fell
like rain.

Today, budget cuts at uni-
versities throughout the country
are forcing all divisions within
the university to study their
organization and set new prior-
ities, Within Colleges  of
Engineering the chances are
quite good that departments and
programs associated with engi-
neering design graphics are
going to feel the pinch more than
their fair share — typically such
departments or programs do not
offer a degree. Is your program
ready for this close scrutiny?
Can you justify to your engi-
neering colleagues the continued

Chair’s Message
J. Barry Critrenden

existence of your graphies pro-
gram as a separate entity,
rather than being absorbed, and
therefore de-emphasized, into a
typical degree-granting depart-
ment?

Are we in the engineering
design graphics division suaf-
ficiently informed and motivated
enough to ensure the continued
existence of our programs and
even the expansion of such pro-
grams within all engineering
programs? Ithink not! Would it
be practical to debate the pros
and cons of engineering design
graphics programs? Could this
be a reason to convene an EDGD
summer school? -

We have been accused of
preaching to the choir, ie.,
speaking to each other at con-
ferences to convince ourselves of
the need and importance of the
existence of engineering design
graphics programs. Maybe it's
time to stop describing the tech-
nical aspects of engineering
design graphics and initiate
some soul-searching discussions
on why we exist as a profession,
how we exist as a profession, and

why we should continue to exist.
We have done a poor job of con-
veying the importance of
engineering design graphics to
our engineering colleagues — thus
engineering design graphies pro-
grams disappear as independent
entities on campuses throughout
the country.

At the mid-year conference
in Athens, Ohio, in early Novem-
ber, 1993, the topic of a summer
school was addressed. No con-
sensus was reached, possibly
because some of us envisioned
the summer school as simply an
extension of the EDGD confer-
ences and possibly because of the
costs involved, Might not we
gather under the direction of
trained specialists in problem
solving in order to determine how
our divisions and thus its mem-
bers might best present our
concerns to ABET, college deans
and department heads, and most
importantly, our colleagues. It’s
time that the Division take steps
to stop the elimination of pro-
grams needed by our students.
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Regular Tetrahedron
An Extension of the Equilateral
Triangle

By Clarence E. Hall

After having discussed and proven the
magnitude of angle MNK to be three times
that of angle MCK' as shown in Fig. 1, pre-
vious studies revealed the possibility of
another approach to displaying graphically
the trisection of an arbitrary acute angle with
only an unruled straight edge and compass.
This is possible, by starting with a given
equilateral triangle, its medians, and two
arcs of equal radii, that is, equal to BF and
AF, with centers at points D and A, as shown
in Fig. 2.

N & w 53

3 v B —y
AN O
J &
G D v G D ¥ A
-x 0 +¥% -X 0 +X
LS 287K
N N
£ E
w2 w2
c +Y c ty
Figure 1. Figure 2.

First, choese some arbitrary point N on
median BE between points O and E. From
N construct a line tangent to the are EF
whose center is A, and extend the line to
intersect median CF at M. Draw line NM.

From C, draw line CN and extend it to-

intersect the arc BFEC at K. From B con-
struct a line perpendicular to line CK. This
line will contain points K and M. Angle Kis
a right angle since it is subtended by the 180°
arc CGB.

This completes the construction shown
in Figure 2, and it is, in the main, identical to
that of Figure 1. Having previously proved
the magnitude of angle MNK to be three
times that of angle MCK for Figure 1, this is
also true for Figure 2.

Therefore a line drawn through N par-
allel with MC in Figure 2, will produce an
angle between KN and the newly constructed
line, parallel with MC, equal to one-third of
angle MNK. The remaining angle between
the newly constructed line and MN may be
bisected, thus dividing angle MNK into three
equal parts.

One may also observe that angle CMN
is 28 and the exterior angle for triangle CMN
s 36.

Someone may remark that this method
does not, as yet, enable one to assume any
acute angle and trisect it directly. This may
be a valid criticism of the procedure just
presented, but it does result in trisecting an
arbitrary acute angle. It must be observed,
from the above discussion, that when line
CN is drawn and extended to arc BFEC
angle MNXK is certainly arbitrary. There
remaing much study to consider the rela-
tionship between the Circumecenters,
incenters, centers of gravity, and the
ninepoint circles of the two triangles
MNK and MCEK.

(It just may be that this means of
graphically relating 30 and 8. and the pro-
cedure used in arriving af this solution, is the
first of its kind in the history of geometry.)
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Figure 3

Another procedure may be employed to
achieve similar results, and again as in the
previous solution, and are formed simul-
taneously. The following discussion begins
with a horizontal line A-A' coinciding with
the X-axis, and A positioned at the positive
end of the axis. (See Figure 3.) One should
be reminded that this construction is pos-
gible also with an unruled straight edge and
compass.

From A, construct a circle of arbitrary
radius, say 1.2 units in length, and label the
point where this circle intersects the X-axis
between A and A' as 1, It is suggested that o
radius of 1.2 units be used for two reasons.
First, one will need increments such as R/2
and R/3 which may be easily obtained if
R=12. Secondly, this radial dimension will
result in a reasonable size drawing when
completed.

Following is a step-by-step procedure for
developing the entire design depicting
graphically, the relationship between 36 and
8 as shown in Figure 3. Instructions for
completing this are shown in the following
thirteen step procedure.

L

E'Jl

10.

Instructions

After having located point 1 on line AA/,
line 11'is drawn making an arbitrary
angle with line AA' as shown in Figure
3. It is suggested that the angle chosen
be between 10 and 25 degrees. This will
result in a more reasonable appearing
diagram. Even though angle A'11" is
arbitrary, its exact value is (26 — 30°).
From point 1, construct another line 11"
making an angle of 30° with line 11".
Line 11" in Figure 3 will coincide with
line 1N as construction proceeds.

With 1 as center, construct a circle of
radius R, [R=1.2] intersecting line 11"
at point N. (Once N is located, line 11"
may be trimmed to N.)

Trom N, construct a line perpendicular
to line 11', and extend it to intersect cir-
cle 1 at M. Line MN=1A and is R units
in length by construction.

Points 1,N,M form an equilateral tri-
angle, whose medians intersect at 3.
Construct triangle 1,N,M, its medians
and label their intersection as 3.

With 3 as center, construct a circle of
radius 1-3. Note, this circle contains
points 1,N,M and intersects the X-axis
at a point between 1 and A'. Label this
point O, for it becomes the origin of the
overall X-Y coordinate system.

With 3 as center, construct cirele having
a radius O-A. This circle will ¢ircum-
seribe the triangle ABC when
completed.

From A, construct a line of arbitrary
length (say 5 units) making an angle of
150° from A, with line AA', and another
line of the same length making an angle
of 210° from A, with line AA'. Label the
points where these two lines intersect
circle O, as B and C as shown in Figure
3. Draw line BC.

Construct medians BE and CF. Note:
The medians contain points N and M
respectively. This is an intrinsic prop-
erty of this procedural design.

With the midpoint of line BC as center,
construct a circle of radius DB or DC.
This cirele contains points E and F. (D
is the midpoint of the hypotenuse of
both right triangles BEC and BFC.)
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11. From C draw line CN and extend it to
intersect circle D. Label this line's
intersection with circle D as point K.

12, From B draw a line perpendicular to
line CK. It intersects line CK and circle
D at K. Line CK by construction con-
tains N, while line BK eontains M
which results as an intrinsic property of
this problem.

The drawing as it now exists is essen-
tially the same as Figure 1 and Figure
2. Consequently, since proof has been
given that angle MCK ig three times
angle MCK, this should be adequate
proof that angle MCK is three times the
size of angle MCK.

13. From the midpoint of line MN as center,
construct a circle of radius R/2, or MN/2,
This circle intersects circle D in two
points, and one of those peints is K

Note

A circle of radius R/2 with the midpoint
of MN as its center will intersect circle D in
one or two points. If at only one point it will
be the point of tangency of circle MNK and
circle D, and their centers will be collinear.
Should there be two points of intersection
only one will be K :

A significant observation

Having chosen an arbitrary angle 1,1, A’
which was designated as (26-30°), and com-
pleting the construction as indicated,
resulted in angles MNK and MCK being
generated simultaneously, vet their rela-
tionship is three to one or one to three as one
may describe such.

On one occasion a circle of radius R/2
was constructed from point 1, and it seemed
tangent to lines AB and AC. The analysis of
this apparent tangency proved the circle to
be tangent to the two lines as indicated.
After this, a circle of the same radius was
drawn with point 2 as center. This circle
proved to be tangent to line BC. Similar cir-
cles were constructed with points 4 and 5 as
centers. These are tangent to lines BC, AB
and AC. (See Figure 3.)

Additional investigation revealed circles
1, 4, and 5 resulted from the intersection of

#idlivision news

spheres with the tetrahedral planes con-
verging at each vertex of the tetrahedron.

This became evident when four copies of
Figure 3 were constructed and arranged to
form a regular tetrahedron. Figure 4 in the
adjacent column is a two-view drawing of
the regular tetrahedron generated from the
plan view. The front view is a right section
of the {etrahedron. Point O is the origin of
the X-Y coordinate system, with 0" being the
top (apex) of the regular tetrahedron and Q'
is in the base plane ABC.

1A

il
I>

-¥ q e +X
k o
B 2,4,5 i a
C N&AS 70 & - 7#
Figure 4.
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The center of each sphere is situated on
the axis of the regular tetrahedron at a dis-

tance of R=34/2/4 wunits from each vertex.
Each sphere 1s tangent to the edges of the
tetrahedron converging at each vertex.

All points shown in the plan view are in
the base plane ABC except V1, V2, and the
x's which are points common to spheres 2,4,5
and plane BCO". Circles 1,4,5 result from the
intersection of the spheres whose centers
project as points 1, 4, and 5 in the plan view.
Circle k in the front view is the projection of
spheres 2,4,5 in the plan view. Spheres 1,4,
and 5 are identical. Sphere J near the apex
of tetrahedron is identical with those at the
other vertexes.

Line “ab” is perpendicular to AO and
ling d-¢1 is perpendicular to line AQ". These
facts enable the construction of a regular
tetrahedren when R is given.

The radius of circle 1 is R/2, Points V1
and V2 in the plan view are common with
sphere “d” and planes AO"B and AO"C. “¢”in
the elevation view is the front projection of
V1 and V2.

“a” is the front (edge) view of the center
of circle 1 of the plan view.

“d” is the front view of the center of
sphere whose center is R*+2/4 units from
plane ABC. This is also the perpendicular
distance from the center of each sphere to
each of the three tetrahedral planes which it
intersects. Line del is the radius of sphere
“d” and its length isK++/6 / 4 units.

It is of particular significance that the
vertical distance between O and d is:

ng/G/(S *(C08(20-30°),
The product of this value and 2+/2represents
the projection of the horizontal distance from
0" to point 1 in the plan view, which is:

(R+2+/37/3)%C0OS(20-30°).

Conclusion

This writer readily admits one has yet to
trisect an arbitrary acute angle using only an
unruled straight edge and compass, but the
foregoing solutions are steps in the right
direction. What has been accomplished and
presented is only the tip of the iceberg, This
problem remains under further investigation
for the relationship between the center of
gravity, the incenter, the circumcenter, and
the nine point circle of each triangle MNK,
MCE, and BCK are yet to be considered.
There seems to be no reason why circles M
and N in Figure 3. should intersect the X-
axis at 1, or the circle at point 3, and radius
3-1 of the same figure should intersect the
X-axis at the origin of the X-Y coordinate
system.

In view of these occurrences, one might
expect some unique relationship between one
of the above mentioned properties of the tri-
angles to exigt, even though such
relationship will, no doubt involve some
irrational quantity.

References
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TABLE OF COORDINATES

In Fig. 4, MN = R = uni
S=R(V3 + 2*C0S(20-30°)

solutions the angles (20-30°) and/or (60°+20)

Points: X

0 0

o 0

o’ 0

A R*2V3%C08(260-30°)/3 + R
B -5%xV3/6

c -5*V3/6

D ~s*/3/6

E Sx/3/12

F s*/3/12

M R*/3xSIN(60°-20)/3

N R*V/3*SIN(28)/3

R S5*COS(20-30°)/2-5x/3/6

I R*2V3*COS(20-30°)/3

2 -R*V3*COS(20-30°)/3

3 RxV/3%C05(26-30°)/3

4 ~R*/3xC0S(20-30°)/3

5 =R*V3%COS(20~30°)/3

V1 R*2V3*C0S(28-30°)/3 + R/6
V2 R*2V3*COS(20-30°)/3 + R/6
V3 -R*/3*CO5(20-30°)/3 + R/3
ve v - " " "
vs  on . " " "

a  R*2V3%COS(26-30°)/3

d  R*2V3I*C0S(20-30°)/3

ty, and sides ABC = S,

For computations,

or S=R(V3 + 2*SIN(60°+20).

divistion newsig

are arbitrary angles.

In the given

Y z
s*vV6/4 .
~S5*V6/12 %%
e
~5/2 I
s//2 “owm
0 e om
/4 A
-5/4 "o
~R*SIN(60°-20) moomm
R*SIN(20) woom e
S*3IN(20-30°)/2 roomm
0 woow oW
R*V3*SIN(20-30°) e
R*V3%*SIN(20-30°)/3 o
—R*COS (26-30°) L
R*COS (26-30°) ow
-R*V3/6 - (R*V6*COS(20-30°) /6 - Rxv2/12)
R*V3/6 - (R*/6*C0S(26-30°)/6 - Rxy2/12)
R*/3*SIN(20-30°) viz = v2z
—-R*COS (26~30°) Viz = v2z
-R*COS(20-30°) V52 = V2z
0 -sxV6/12
0 —(R*/E*COS5(26-30°) /6

The above discussion will open an entirely new era of technical studies by

means of Engineering Design Graphics,
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text for teaching and learning. Throughout, the author offers carefully
refined explanations to help students understand the why and how behind the
concepts they're learning. Earle has also revised and improved most of the
book’s illustrations to give students a clearer, more precise view of the key
concepts presented in each chapier.

1994 (51982) 900 pp. Hardcover

The Student Edition of AutoCAD®, Release 11 386 with
Advanced Modeling Extension {AME}™

With this package, your students get software identical to the commercial
version of AutoCAD, Release 11 386 with AME—at a special student price!
Plus, the software has complete file compatibility with AutoCAD, Release
12—upward and downward. Included with the package is a self-guided,
tutorial-based manual, written by Shannon R. Kyles, and The Complete
AutoCAD Reference, written by David S. Cohn, senior editor at CADalyst.
"This offer is valid for students, faculty, and staff only. No network or lab sales.
1994 (62309-9) 3 1/2" Disk

A Tutorfal Guide to AutoCAD Release 12

Shawna D. Lockhart, Montana State University

The author uses a proven tutorial approach that teaches first-time users
the basics of technical drawing using the industry-standard design and
drafting software—AutoCAD. Lockhart logically covers the fundamentals
of elementary drawing commands and then moves on to more complex
topics. Advanced lessons cover both 2-D and 3-D applications.

1994 (62344-7) 512 pp. Softcover

The Technical Prawing Workbook

James J. Luckow, Dawson College, Montreal, Canada

The author clearly explains, through step-by-step instructions, the basics of
technical drawing. The workbook begins with frechand sketching and
progresses to instrument drawing. Workbook instructions are accompanied
by exercises presented on removable, three-hole punched pages. These
exercises challenge students to complete real projects right on the drawing
board. Helpful notes throughout the book emphasize points and concepts
that students are likely to find difficult.

1994 (62330-7) 352 pp. Softcover

A Addison-Wesley Publishing Company
VWY 1 Jacob Way Reading, MA 01867 (617) 944-3700



3D Studio

ADE" cuts large
AutoCAD" drawings
down to size

What's the problem? You have gigabytes of
drawing data in hundreds of AutoCAD®
drawings but you can’t find the information
you need without wasting hows you don’t
have. Try AutoCAL> Data Extension™
(ADE™). Use it to search through all those
related drawings—even sccess monster
drawings simultancously—right in
AutoCAD. Without crashing vour system.
Really. Want to Jnow more? For the name
of the AER nearcst you, please call 1-800-
964-6432.

I\ Autodesk.

Area Education

Representative

Autodesk, the Autodesk logo and AutuCAT are registered
trademarks, and AutoCAl) Duts Extension and ADE are
tradesmurks, of Awtadesk, Ine.

€ 1993 Antadesk, Tuc. ATl vights reserved.

3D Studio®, Release 3:
The 3D Visualization
Standard for the PC

Autodesk 3D Studio®, Release 3 soft-
ware is the most popular graphics and
animation program for the PC. A com-
plete production studio for the desktop,
3D Studio delivers superior rendering,
complex lighting, extensive materials
editing, robust animation and compre-
hensive 2D and 3D modeling. For the
name of the AER nearest you, please call
1-800-964-64.32.

I Autodesk.

Area Education Representative

Autodesk, the Autodosk logo, AutoCALD and 31 Studio are registered trade-
marks of Autodesk, Inc,
©1983 Autodesk, Inc. All rights reserved,

New AutoCAD’ for Windows
makes you see double.

That's because you can work on two drawings at once (while a third plots
in the background). You can do everything the DOS 386 version can do.
And a lot more. Copy and puste between sessions. Link drawings to
proposals and spreadsheets. Make revisions while inside secondary
applications. For the name of the AER nearest you, please call
1-800-964-6432.

IN Autodesk.

Area Education Representative

1
Autadesl, the Autodesk logo end AutoCAD ure registered trademarks of Autodesk. Tne. Windows &s a trademark of Microsoft
Corporation. € 1903 Autodesk, Ine. All vights reserved.
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