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largely by the verbal message with a minimum of
class participation (8ilvils and Bohn, 1273, p. 284)

"The lecture i essentially the basic method of fteaching
outside of involving students in manipulation work,
reseatrch, seminars, and discussions" (Andrews and Erickson,
12745, p. 133). The shortest way to the acqguisition of facts
by students i1s to tell them fthese facts.
And while the argument has been advancad that "telling
is not teaching, " the lecture method at least offers
npportunities for presenting usetul and essential

facts with a minimum expense of time (Andrews and
Erickson, 197&, p. 1580,

should be kept to & minimum and confine oral
mresentations to very brief periodes. Teachers shouwld avold
ralking unnecessarily. Andrews and Erickson (1976, p. 1880

suggests the following considerations for the organization

..... e

ot seffective lectures:

1. Scope. Definite aims should be expresssdg for
ztudent ocutcomes, and the presentation showld
e limited to one topic.

Z. Uperning. &An o interssting introduction will

phure the attention of most of the stuoents
and provide & need to want to know more about
the topilo.

T. Body. This is grganized in two parts—the intor-—
mation and the method-both nust be used simul-
taneously for presenting the seguential outline
af facts in a clear, concise, and expository
MEMFEr .,

Miller and Rose (19 « Pe 120 suggest the follaowing stens

to o he used 1n preparing a s=hort lecture.
1. Identify the sxact purpose. This should bhe
specific snough to indicate exactly what you
sipect to talk about.
FooWrite out the introduction. This may be done 1n
outline form or dn fulls howsver, since this 18

L. o

+he sales talk for ideas,. it should bDe planned
caretully and as interestl can bhe made. This
=0 sets the aim of the in the teachsr =

e the Dody of the lectuwre. Start with thea



main points, which should seldom exceed ten. List
facts and illustrations that will put them over,
Alwave include gquestions.

4. Frepare the summary. List the main points and the
basic principles and/or make up gquestions that
will cause the studernts to think through and use
the information which has been presented.

To be effective, the teacher must commit sufficient
time to organize and adapt the topic to the student amd to
rehearse and polish the delivery. This kind of preparation
regquires a great deal of time, therefore, the number of
skillfully found lectures are small. Most teachers prefer
the 1nformal lecture in which students participate
therefore being more interesting to students. "Either of
thess forms of lecture will be more effective if
supp lemented with vizual aids and objects! (Henak, 1984, p
28y . Andrews and Erickson (19746, p. 15&) ftend to support
this viewpoint im chapter 10 of ftheir tewtbook when they
Wwrote:

Whenever possible, the lecture should be augmented by

slectronic and obther aids.....Hecause various sSenses

are nvolved, the learning experisnce may be mora
herneficial.

AUDRDIO-VIsUAL TECHNIGUES

"HBll o learning is multi-sensory in nature, and each of
the senses— hearing, sight, touch, smell, and taste—- plays
a role n formulating reactions to any stimulus" Leonard,
Fallon, anmd é&rx, 1972, p. 94, Each adde another dimension
and makes a wunilaue contribution to the learning process.

Most learning experiencss anvolve sight and hearing more

1

1 bhus awdio-visdal alds are employed

trhan bthe other cINEY-

i
'
Lt

11
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Audio-visuals used in teaching is a technigque of presenting
a unit or lesson with an enlarged operating model of some
obJject or device, overhead transparencies, projected
slides, filmstrips, or movies, accompanied by a recording
o the teacher. It may be done also with a coordinated
bulletin board display.

Audio-visual aids are devices which permit a more
effective use of a multi—-sensory approach to learning than
just words can provide., Adudio-visuals used 1n the classroom
increase learning. Audio-visual alde, by adding picture and
zound, by bhringing the faraway in time and place i1nto the
classroom, or by enlarging what 1s too small to with the
naked eye, make words stand for something and lend meaning

to facts and concepts which are vague when conveved only 1in

words (Freidman ano Berg, 19&Y. p. &)

Through the incorporation of many tvpes of media, the
sffectiveness of teaching and learmning i1e thought to be
increased. Teachers feel there are many posi1tive

comtributions that can be realized since media tend tos

1. reduce verbaliszs

2. provide oerceptual wniform by

Ze provide reallsm

4, add interest

S. motivate activity

&. reduce Tallures

(Andrews and Erickson, 1974, p. 168).

Andrews and Erickson also point out that many ftesachers
feel the reasons for failing o make wse of media in
teaching c&an be attributed to:

e Time
technical assistance usually unavallable

IMCOnVenisnce 1n usse
denpsreonalization of instruction




The use of audio-visual aids usually reguires more work

on the part of the teacher, but students often find the

results more interesting and enjoyable. "It 15 important

for

169)

AL

attention, and ability to Tocus attesntion on osse

teachers to become aware of the following principles of

for all types of media" {(Andrews and Erickson, 1976, &

1. Selection. Audio-visual aids to classroom
communication should only be used when
appropriate to the specific situation.

2. FPreview. Whether the materials are
commercially or personally produced has
little bearing on the fact that all should
bhe viewed prior to use in order to deter-
their capacity to clarify or amplify
the subject undesr study.

Z.ooUtilization. It the TirsEt two steps have been
taken 1nto consideration, successTul use of
the media is wusually assured. However, 1t
shouwld be remembered that each type of medium
nacessitates special room and class arrange-
ments.

4, Evaluation., Following the lesson, it is impor-
tant for the teacher to determine whether or
not the auwdio-wviszuals improved the teaching and the
learning.

ot

"The greatest use of asudio-visual ailds liss in their

al to the senses, ability to attract and hold

rntial

zlements to be learned at the proper time" (Miller and

Fooe

. 1975, p. 171).

“Any subdect can bDe taught more effectively througn the

apprapriate use of wizual aids” (Miller and FRose, 1975, .

ady .,

The etffective teachsr uses all the resources avallaols

i

i oan expert fashion when they are needed. The teacher

s

o1

ld use visual aids when and only when they help to
Titate learning.

The influence of media on learning has been the sublect
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of educational research since Thorndike suggested pictures
as a labor-saving device in instruction. A large number of
research studies are supported by the hope that learning
will ba enhanced with the proper mix of medium, student,
subject matter content, and learning task. Research on
media in education has covered a wide and diverse range of
topics, settings, and domains. lts methodologies vary from
hasic experimental work in the laboratory through field
grperiments 1in sducational institutions, to large-scale
svaluations of programs and products in current use by
zohools. Underlying the diversity, there are common

research abjectives that guide researchers in classifing

diverse studies. Three ildentified cobjectives of media

73
i
3
3}
£
73
i1

~ch o are to obtain kEnowledoge about the inmstructional

affective

1]

-

nes

o

of & chosen media., o increase the

unm:ratamding of how medlia function and what psychologioal
sffects they have on learners, and to enhance the practice
o7 education through orovading and gvaluating improved
medilia, materials, procedures, and technologies. Most
ressarchers have aimed at more than one obiective fto obtain
valuale practical and theoretical results. According to W,
He Allen (1971, p. 2, G. M. Gordon (1969 and other
resgarchers meadia research has yvielded very little results.

Dlsom (1274, p. ) commnented on the accumulaten ressacah on

stating that:

oW nelther how to descoribs the psyvohologlroal
te of ... NFhﬁn ogies imediar nor how to adapt
te the purposes of sducation. The impact of
fﬁ;h”“lmmme- oth ancient nﬂd ﬂDdFP“ on chil-

cren s zarning is e1ther negligible or

Eta i atwit iy}




Fichard Clark in his abstract, 'Reconsidering Research
on Learning from Media’ (12835, p. 447), reported that
researah results in the past decade have been reasonably
unamhiguous and unanimous. Taken together, they provide
strong evidence that media comparison studies that find
causal connections between media and achievement are
confusing. Previous reviews dealing with significant
findings for media versua conventional instructional
delivery were sometimes misleading. Clark contends that
these Tindings showld e sxoressed as the number of
standard deviations separating experimental and control
grecups,  ar as amorovemsnts in percentile scores on oa final
gramination.

JooEwlik, FHalik, and Cohen (1979, p. 320 in thear
review of Fostlethwait’ s audiotutorial instruction studies
fournd 42 adecuate stugies. of which 29 favored
atdictutorial instruction and only 13 favored convention
mstrustion. OF thoss 432, only 13 reportead signaticant
differences, but 11 of the 13 favored audiotutorial and
anly 4 Favored conventional instruction, This analysis
ztrongly favored the learning benefits of the audiotutorial
ApPresch over more conventional means. However, treatment
of this data would show only 2 standard deviations

dilfferences an the ftinmnal 2xam zcores of §

and nig colleagues reported that this difference was

agquivalent to approsimately 1.8 points on & 100-point final

P i

snination. This small effect 15 not instructionally



Hased on five decades
suggest that there are no
from employing different media in
research studies claim that there are lg&arning

using one medium over another.

research

to make such a claim and that the great majority of

comparlson studies cleaarly

indicate that confounding has caused these

differences.
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{(Clark, 1983, p. 450
to be gained
instruction. Some
benefits to
However, surveys of media
studies
these
indicate no significant

1t= beliefts

attention on the

Salomon (1%81, p.

i

different media

preclse relationships
the

meadia,

the resulting efforts they

Salomon
attrinuta

studenrts to

from computers bhut to think of

In a relatea study, Saracho
vear long study involving

those assigned to

students

pbasic skills liked the

the computer condition



SUMMARY

This chapter presentsd various modalities of learning

0

s & basis for understanding the effecfs they have upon
teaching methods and technigues. This chapter also
presented the effects of the lecture method of teaching and
the technigue of using audio-visual aids have on learning.

A comparison of ressarch studies on the effects media have

an learning was presented in this chapter. Chapter 111 will

1n in detail the methods and procedures used to

detzrming the effectiveness of the lecturs method versus

H

the wee of audio—-visual
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CHAFRTER T1II

METHODS AND PROCEDURES

Thizs chapter will putline the methods and procedures
wsed 1m determining the effectiveness of teaching an
introduction to computer aided drafting using audio-visuals
versus the lecture method to basic dratting students.
Fertinent 1nformation concerning the population will ne
given. Also provided 1m this chapter are sections on
teaching metnods and technigues, data collection and

SLMMEFY

FOFULATION

The population of thisg

Dratting classss at

iy
i

T. Washington High School

. Norvollb,

LR RO

Yirginia. There was & total of twenty-one (21 students

srollad 1n the two grouess. Both groups were taught by the

zame instructor. One group was taught by the lecturs method

P

with no supplement ailds. The other group was taught wasing

aids

n‘}

e were hen (10 students in hhe

control group and slsven (110 students an the experimen

grous. Both ola

as oeneral education

z=tudents, thus havino =ouivalent ability levels

dents had prior oomputeEr alded drafths

iﬂ

BHDErIaENIa.
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TEACHING METHODS AND TECHMIGUES

In introducing computer aided drafting, both classes
recelived zimilar instruction. The comftrol group was taught
using the lecture method without the use of anv
supolemental aids. The auperimental group was taught using
the video tape recorder and the overhead projector. The
video taps was used to dramatize the impact of CAD on
zocletv. The tape also presented a description of DAD
appliocations in industry and in education. Transparencles
showing the CAD system (hardware and software! wers used
with the sxperimerntal group to enhance the students’

undaeretanding and arouse interest.

The texitbook Mastering CAD with the Robo System CAD-—-2,

Aople 1[I version by Henry M. Hawkins and Eolan . Birsnee,
19E&E, was used 1n the pressntation of the introduction (ses

fApmendis O, @me S8 . Both

oroups had to complete a study
oputling (see Apdenolx D, p. 44 at the conclusion of fthe
pressntation. The students were then given review gquestions
fgEe Appendix £ % F, .47, 4%) and a crossword puzszie to

complete. The studentz wers administered a post-test after

the completion of the introductory unit.

MAopost-test was designed to collect the necesssary data

Effectiveness of the teaching methods. This

the conclusion of the unit. Both the

control group and the experimental groupn were gilven tha
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same test. The test consisted of definition of terms,

identification, matching, and essay guestions.

The tests were scored and data organized for an

analysis. The means and standard deviations were calculated

for each group’ s performance on the post-test. In order to

determine if there was a significant difference in the

performance of both groups, a t-test was used.

SUMMARY

This chapter described the population selected for this

study 1n detail. The methods ang procedures used for

mollecting necessary data for this study wre glven. Chapter

IV will provide the findings from the test adminizstered and

an analysis of the test results,.
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CHAFTER IV

FINDINGS

INTRODUCTION

It is generally accepted fthat the purpose of all
guperimental research is to generalize the investigators
fimndings and make ftranster to other subjects and other
si1tuations. The investigator 1€ Nt primarily interested 1M
limiting the conclusions to only the particular grouns useo
#5 hi1s subjects. The investigator would like to pe apble to
conclude that such a finding woula be reproducible an other
settings.

The surpose of this study was to determine the

mffecrivensgss of fTeach

i

1ing an introduction to computer aided

dratting using audio-visuals versus the lecture methoo o

e A

gratting students at B, T, Washington High Sohool.
The results of the data collected from testing are
nreszsented in thisz chapter. #11 students were giliven the same
information on a handout to initiate the study. The control
group consisted of ten (10) students and was taught using

the hteacher—lecturs method. The experimental group

i

i

consisted of sleven (11 students and was taught using thes

£y

on mow DAD

The control groun engaged 1n a

arnlicationg. (he contral
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guestions. The video tape recorder wWas used to present and
dramatize to the experimental group the impact of CAD on
zociety. The tape presented a description of CAD
applications in industry and in education. Transparencles
showing the CAD system (hardware and software) were used
with the experimental group to enhance the students
understanding and arouse i1nterest. The textbook, Mastering
CAD with the Robo System CAD-2, Apple 11 Version by Henry
M. HMawkinz and kolan k. Bishee, 1986, was used in the
nresentation to bhoth grouns. Both groups completed a study
outiine at the conclusion of the presentation. The students

were then glven review guestions and a crossword pussle to

omplete. The students were administered a post-te attar
the comolstion of the introductory unit.
The st—-test conzisted of gefinitions,. ildentification,
matohing, and essav aquestions. The hvpothesis
3 tThe mesan scorestsese Appendix & % B, oo 3E,
A anmd wsing the t-tast to detsrmine 1f

therse was & significant difference in the two means. The
Mhvpothesls states that there 13 a difference 1n the
performance of basic drafiting students who are tauoht

L2 oand bhasiuo

computar alded drafting using audio-visual

drafting students who are taught computer aided draftting
wsLng the teacher-lecturs method.

With total N=I1 the normal curve walues of 2, 08O

1 percent level! were usoag 0

1 - i fd
tevell oand 2.

determine the significance of the difference. The

toratio = JY4isee dAppendls: B.p. 340, 1t ooes not
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excesed 2.080 nor Z.831. Therefore, the researcher can
assumea that the observed difference between the means is
not significant at eilther the 54 level nor the 1% level of
sighificance. It would seem justified in failing to relect
the claim (null hypothesis) that there iz no difference
hetween the two methods of instruction, based upon the

zample data.

SUMMARY

The purpose of this study was to determine the
#ffectiveness of using audio-visuale versus the teachsr-—
i

hS

zture method to teach an introduction to computer aided

i

dratting to basic draftting students at B, T. Washington
High Soehool. This was achieved by selecting a control groug

The control ogroup was taught oy

method and the experimental group

oo the video taps c2corder ang the
mvarhead projector. Results of the test given at the
conpletion of the unit to gather data wers2 recorded and
moted., The results indicate that the performance of the two
student groups was not significantly diftferent. Chapter

provides & summary of this study along with conclusions and

recommendations that resulitsdg from the interpretation o

the collected data.



CHAFTER V

SUMMARY

The transition from Industrial Arts to Technology
Education has created new challenges for the dratting
teacher. The drafting teacher must not only concern

Mimsaelf/herself with understanding and applving computer

it

SOMme

il

concepts to the classroom, but must give
considerations to developing effective teaching methods.

Irn determining an effective method (lecture method vs.
wsing audio-visuals) of teaching introductory computse
concepts 1in the drafting classroom, two intact groups of
hasi1c draftting students at B, T. Wasnington Hign School
were used 1n the research process. At the end of the

@HDErIMAENT A post-test was administered to asssss th

e formance and comprenension of the groups.
The means, standard deviations, and diffsrences 1in the
means Tor both the control group and the experimental group

wers computed 1n order to test the hyvpothesis. The t-test

T
i

Ny} d to te

i

LEE

i

i

t th

Hi

significance of the difference betwaen

the means obtained for both groups.

CONCLUSIONSG

The findinas from this study showsd that thers was no

ol ficant difference in the performance af the two Qroups
based upon the fteaching methods usesed. The test scores and

the results of the t-test indicated that the students who



wWwere taught using audio-visuals evperienced no significant
difference from the students who were taught by the
teacher-lecture method. Therefore, the hypothesis of this
atudy iz invalid. The means of the two groups are not
significantly different. Consequentlyvthese results
indicate that the performance of the two groups on the
Computer Alded Drafting Test was not significantly
different.

A pre-test on computer awareness and/sor applications i
one factor that might have made_a considerable distinction.
Zome students may nave had more exposure to computers

MO

~r

ttovs, games, £tc.! than other students. Another facto

taken into conzideration might have been the learning mooes
of sach individual student that compeosed the two groups.
While most students learn 21ther by hearing or by SEB1NG,
there are other students who learn by doing. The review of
literaturs

2 of thiz sztudy indicsated that oncs the teachse

rdentiftilied the learning modes that are most successful

with sach studesnt, activities should be chosern andg usea to

L

strengthen the student ' = ability. When the student has

&}

learnsd successtully with a particular mode, altermnate

technioues should pe introduced and tried so that the othere

modes may De devslopsd for Tuture understanding. Shudents

may bhe turned-off by tne inoreased use of video tapes in

scnools. One wondsrs what diffgrence may have bsen

arother medilsa was used.

Me stated sarlier, this study failed to show that

moincrsass the performance of stoudents snrolled

AL L O



in %

showed no more confidence and

than

mare

to the Teacher sz lecture. The

showed that

he bhasic drafting class. The experimental group

understanding of computers

did the control group. Nor was the sxperimental group

attentive to the video tape thanm the control group was

results of the evaluation

there was no significant difference i1n the

retention of the two groups.

conclusions of this study, the

Based upon the findings, obsery

RECOMMENDATIONS

vations, and subsegquent

rezearcher

following recomnmendations:

Lo

Thi=z study be replicated 1n

1ts present
design usl1ng

nther types of audio-visuals
i orderr detarmine
method 1=

1T the euperimental

lgss effective.

e conducted using
. 1 order to agtermine
f g audio-visuals.

-+

f

Based woon observations by the researcher,
the sztudy shouwld be modified to see 1T
zigrnificant changss in motivation, attitude,
and interest ococur during the
period.

exparimental
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FOST-TEST RESULTS

Exvperimental Group Control Group
Heore # of Students Score # of Studgents
54 i 100 1
33 = P2 1
51 1 = 2
78 1 7E :
7 = a7 1
&H7 1 &4 1
&4 2 42 1

[oy

9

Total = i1 Total == 1)



AFFENDIX

E

-

b it



RESEARCH DATA

Experimental Group Control Group

R A Noo= 10

8 = 81.70 § = II0.54

ui
i

.04 8 = 18.1°9
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Chapter 1
CAD SYSTEMS

1.1 OBJECTIVES
As a result of completing this chapter, the user should be able 1o

1. explain the history of Computer Aided Design (CAD)
2. describe the uses of CAD both in industry and education

3. describe the major components of a CAD system, including the computer, software, and
storage, input, and output devices

1.2 INTRODUCTION

Some think of CAD as being Computer Aided Design while others refer to it as Computer
Aided Drafting. Occasionally, the term CADD is used for both Computer Aided Drafung and
Dcsngn More commonly either or both are referred to simply as CAD. Since drafting is an
inseparable part of the design process, it really doesn't matter which definition is used.
Drafting, whether computer aided or not, is a means of communicating ideas in a manner
that will be understood by the machinist, welder, woodworker, tailor. and many others. The
design process goes beyond drafting and allows the designer to test ideas using trial construc-
tions and/or models. This is where the computer benefits the drafter and/or designer by mak-
ing it possible to use simulations that give the results in much less time and for a lot less
moncy. CAD is onc of many arcas that are starting to make extensive use of the computer.

1.3 HISTORY OF CAD

If one thinks of drawing as a method of recording pictorial information, and communicating
it to others, then man’s involvement with drawing goes back a long way. Since earliest times
there has been a need to count and remember things. Early man used fingers and toes to count
upon. Later, sticks and stones were used for counting and marks were made on the walls of
caves or notches carved on sticks or in stone to record what was seen. Simple counting marks
were replaced by the use of symbols, which reminded observers of the wildlife they or others
had scen as well as how many had been noted.

This combined need to store graphic as well as numeric data cvolvcd after thousands of
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years into the written and pictorial forms used by the Egyptians. Several thousand years later,
the Romans constructed detailed building plans using drafting tools very similar to those in
use today: the straight edge and compass, for example. \/‘

While no major developments occurred over the next few thousand years, drafting prac-
tices were steadily refined and standardized. By the early 1900s, the multi-view drawing had
become 3 uniyersally understood language. The thirties through the fifties saw major im- -
provements in drafting media (vellum, polyester film, etc.) and hardware (drafting machines,
scales, templates, pens, etc.).

The revolution in design practice began in the sixties, when computers were increasingly
used to simulate and analyze complex mechanisms, ranging from automobile suspensions to
entire space vehicles. At about the same time, the first steps were being taken to automate the
drafting process. Through automation, it was hoped to do away with tedious calculations,
trial constructions, tolerencing problems, and the like.

Early efforts in CAD were laborious, slow, and expensive, using computers costing up-
wards of $250,000. But in the early seventies, the microcomputer appeared and computer
costs fell by factors of ten, twenty, and even one hundred. Lower computer costs made the
benefits of “computerization™ accessible to practically everyone. Today, in particular, CAD
software of professional quality is now available for the types of microcomputers commonly
found in schools and small busim:sscsI

1.4 BENEFITS OF CAD- l

The area of CAD includes the use of computer-generated graphics that are created through
various input devices such as the keyboard, joystick, tablet, and others. Also inherent in a
CAD system is the ability to graphically display the images that were created, and to save
them for future use. These images may be created on the screen or as “hard-copy™ paper
output. |
__JCAD has revolutionized both the design and drafting fields by allowing the drafter to create
L()lrawings using the computer. The productivity of a drafter can be increased tenfold whcﬁ'
Eysing CAD in place of the more conventional drafting tools: pencil, paper, and drafting’
‘boards’

The computer has automated the tedious chores encountered in manual drafting. For ex-
ample, the computer can permanently store a symbol, a group of symbols, or an entire draw-
ing, allowing the drafter to use them over and over again in the preparation of new work.
Literally, the same thing never has to be drawn twice.

The computer can make as many trial drawings, modifications, and erasures as needed
before the final version is permanently stored or hard copy is made. In this way, CAD is very
much like a word processor, except that graphics are being manipulated instead of words.

The computer can automatically perform difficult constructions and dimension checking as
the work procecds. This allows the designer to focus on the more creative aspects of the task
instead of the bothersome details.

Finally, the computer can be coupled to a plotting device capable of generating consistently -
high-quality hard copy (line and letter perfect) that is completely free from erasures and
smudges.

Co%npu(cr aided drafting had led to tremendous increases in the productivity of drafters
and marked changes in drafting practices. It should be kept in mind, however, that even
though CAD increases the productivity of a drafter, its use still requires an understanding of
basic drafting concepts. Basic drafting skills, many say, must still be leamed by the beginner
through the use of paper, pencil, and conventional drafting instruments.




1.5 APPLICATIONS OF CAD
CAD is widely used in industry and is beginning to find its way into the public school class-

room. Because of the many advantages, the CAD market is expected shortly 1o exceed
$8 billion.

1.5.1 Industry

The key to the success of any new technique in industry is productivity. CAD has successfully
increased productivity in many areas in which it has been introduced. Several things must be
considered before implementing CAD.

The first concern is choosing a system that is appropriate to the application. Once the
correct system has been chosen, sufficient time and training must be provided for those in the
design and manufacturing areas to become familiar with what CAD can do. Once these re-
quirements have bcen met, care must be exercised in the identification of jobs to be done
using CAD. There are still some tasks that are more efficiently done using traditional pencil-
and-paper methods.

The application of CAD is increasing very rapidly, in almost all industrial spheres, from
graphic arts to machine design. CAD has been used for many years by the automobile indus-
try for the design of new automobile bodies and chassis components. This application area
has become particularly important in the development of more fuel-efficient vehicles. As we
have seen, through simulations CAD allows the drafter to test ideas without the expenditure
of time and money in building actual prototypes. Such simulations can be used to test the
strength and safety of a design while reducing weight to an absolute minimum.

CAD is used in the area of space exploration. Spaceship designs can be tested through
simulation without requiring building and launching. If design flaws are found, CAD equip-
ment makes it a simple matter to re-draw the plans and incorporate the necessary design
changes.

On a less sophisticated level, CAD is now being used in almost all types of general engi-
neering companies. CAD systems are being used for such diverse tasks as injection mold
design, sheet metal layout, and wood cabinet construction.

The field of architectural design has recently found CAD to be of great value. The drafter
who is involved in the design of a new building or renovation of an existing structure can
greatly benefit from the use of CAD. It can save time in the initial development of plans by
the use of pre-drawn symbols such as doors, windows, appliances, etc.

During the development of a set of plans, the architect can make an unlimited number of
changes or adjustments prior to producing the finished plans. Architects especially welcome
the CAD system's ability to make quick and easy modifications to their drawings, which may
be highly complex and subject to frequent changes.

Another advantage of CAD is its capability to transmit graphical data—even complete
drawings—over unlimited distances using the telephone. Data can be sent to another division
of the same company or to a subcontractor for the production of the designed item. This
process offers an advantage over sending a set of paper plans in that the actual data may be
used directly in the manufacturing process thus eliminating errors caused by misrcading
plans.

1.5.2 Education

The need for CAD instruction in public education goes hand-in-hand with industry's growing
realization of what CAD can do. As recently as 1980, it would have been cost prohibitive to
install a CAD system in the public school classroom. However, the decreasing cost of com-



puters and the vast improvements in software techniques have made CAD systems affordable
by educational institutions.

CAD can be used in any arza where creating and altering line artwork is an important pant
of the learning activity. It is introduced in the basic drafting course. The student first learns
the basics of three-view orthographic projections. dimensioning. sectioning, etc., then begins
using CAD. Although its introduction to the classroom is very recent, CAD has already
achieved a reputation as the “fun way of drawing,” which in no way lessens its importance as
an educational tool.

Some of the courses already including CAD expenences are:

+ Basic drafting—drawing construction

+ Architectural drafting—floor plans and site plans

+ Engincenng drafting—detailed drawings of fabrication parts

* Electronics fundamentals—schematics and circuit board design
* Hydraulics fundamentals— flow diagrams

* Technology fundamentals—construction projects

1.6 COMPONENTS OF CAD

The typical CAD system consists of a computer that is equipped with a screen, an input
device, one or more floppy disk drives and/or a hard disk drive, and a device that produces
hard-copy output.

CAD systems, until recently, typically cost in excess of $250,000. However, it is now
possible to accomplish 80-95% of the drawing elements that can be done on systems costing
in excess of $100,000 with microcomputer-based CAD systems costing less than $5,000.

1.6.1 Robo CAD System

The Robo CAD system consists of the CAD system software and runs on an Apple*Il series
computer equipped with floppy disk storage. Data are input using a special analog three-axes
controller, the keyboard, or an optional digitizer. Robo CAD is designed to allow output to
cither a printer or a plotter and can be used with monochrome, composite color, or RGB color
monitors.

1.6.2 Software
CAD systems have a wide varniety of features. All systems require both hardware and software
that work together in order to accomplish the drafting task at hand. The software is the most
important part of this combination. If the software is weak then the entire system, from a
CAD perspective, is also weak. '
The actual drafting power and versatility of the Robo system comes from its software. The
software comes on a single disk and is written in assembly language. which makes it signifi-
cantly faster than a program written in a higher-level language such as BASIC or Pascal.
Although the Apple Il series computers are 8-bit machines, Robo soltware handles numerical
data with 40-bit precision.



1.63 CPU

The CPU (central processing unit) or computer which runs the software is also an important
part of any CAD system. The CPU provides the internal processing of the commands given
the system by the user. ,

The Robo CAD system is designed to be used on the Apple II series computer. CAD-1
requires 64K of RAM, which is the standard configuration of an Apple lle. CAD-2, with its
many additional features, requires 128K of RAM, which is achieved with the standard 64K
and a 128K plug-in RAM board. Both systems make extensive use of the computer’s memory
and are therefore many times faster than other CAD systems that rely heavily on disk storage.
Robo CAD systems support the use of an accelerator card, which increases drawing speeds
by approximately 3.6 times.

1.6.4 Storage

Storage systems, as they relate to a CAD system, are classified as either temporary or per-
manent. Temporary storage occurs within the computer, whereas permanent storage typically
occurs outside the computer.

Temporary Storage

RAM (random access memory) provides for the short-term storage of drawing information.
Short-term means that once the power is tumned off, all information that was stored will be-
lost. Robo CAD systems make extensive use of RAM and typically function many times
faster than those that store the data for a drawing under construction on disk. In either case,
the system must eventually store the information on some form of magnetic media or it will
be lost when the system is shut down.

Permanent Storage

Magnetic media storage devices provide permanent storage. They are commonly either foppy
or hard disks. The hard disk storage device is much faster but it is also more expensive. Most
low-cost systems today make use of floppy disks for the permanent storage of data.

Robo CAD systems use a “library disk™ for the permanent storage of pictorial data. The
Robo system allows the user to take material from one or more library disks (i.e., windows,
doors, electronic symbols, etc.) and use it in a drawing. The completed drawing can then be
saved on another library disk.

1.6.5 Input Devices

Input devices are the means by which the CAD operator creates images on the computer.
Commonly used input devices can be classified in one of three categories: keyboards, analog
input devices, and digital input devices.

Keyboard

The first type of input device on a CAD system is the keyboard. The Robo system requires
the use of the keyboard only when entering text, labels, and explicit numeric values.

Analog

Analog input devices include joysticks, trackballs, and mouse controllers. The Robo control-
ler differs from a conventional joystick in that it provides data on three axes and can be used
comfortably on a flat surface or on the user’s lap. The joystick is uscd to position elements
" on the screen and the thumbwheel for size adjusiments. Also on the analog controller are
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three buttons: two black and one red. These buttons are used for the selection and confirma-
tion of menu options and to cancel operations. The controller section of Chapter 2 and pages
2-3 and 24 of the Robo CAD User Manual contain more detailed information.

Digital

The digital input device, which is commonly referred to as a digitizer, provides digital input
data on two axes. The Robo CAD system supports the use of a digitizing tablet. The digitizer
is particularly useful for tracing an existing line drawing.

1.6.6 Output Devices

There are two types of output devices used on CAD systems. The plotter is commonly used
for quality line work, whereas the dot-matrix printer is used in applications requiring greater
speed and lower resolution (i.c., quick proof copy).

Plotter

The plotter is the preferred output device because it emulates hand-drawing movements. The
plotter is vector driven and is capable of drawing long and short straight lines at any location
and at any angle. When drawing a straight line, the plotter simply constructs the line between
point A and point B regardless of their location. Many plotters have the ability to plot using
different pens, cither for different line widths or, different line colors. Some plotters can also
change pens automatically while plotting. ‘ :

Robo CAD systems support a wide range of plotter makes and types. These plotters range
from small A size (117 x 8%") single-pen units to large E size (48" x 36") multi-pen units.

Dot-Matrix Printer

The dot-matrix printer serves a useful purpose. It enables the CAD user to get a hard copy of
the line drawing quickly. The dot-matrix printout will not have the line quality of a drawing
done by a plotter but it can serve as a useful reference. The main reason for the less pleasing
appearance is the dot-matrix printer’s inability to draw continuous lines using vectors.

The printer creates lines using dots and can print them only at pre-set locations depending
upon the resolution of the printer. Resolution is related to the number of dots per inch that
the printer is capable of producing and the resolution of the screen image being printed.

The dot-matrix printer can be used with the Robo CAD system for a quick *“proof™ copy
of a drawing that is on the screen. This process is commonly called a “screen dump.”

1.7 SUMMARY

CAD has caused fundamental and far-reaching changes in the way designs arc created. ana-
lyzed, and completed. The microcomputer and improved software techniques have brought
CAD within the reach of practically everyone.

CAD is used cxtensively in industry for such diverse applications as the development of
more fuel-efficient vehicles, the exploration of space, and the design of buildings. CAD is
now also being used for the direct computer control of machine tools. such as lathes and
milling machines.

The ficld of education is also beginning to make use of CAD not only for the training of
future CAD users but also for the development of educational media and support matenals.
CAD systems are used in the areas of drafting, construction. machining, and linc-art work.

CAD systems arc comprised of software, a compulter, storage devices, input devices, and
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output devices. They iange in cost from $5,000 to more than $300,000. The selection of a
CAD system should be done carefully and must be based on the particular needs of the user.

Robo CAD is designed to run on the Apple Il computer series. It uses a special disk
operating system for faster file access and it makes extensive use of RAM thus reducing the
need for disk access. The Robo system is onc of the fastest, most powerful, microbased CAD
systems on the market today.

Robo CAD is menu driven and easy to leam. The system is highly interactive through an
analog three-axes joystick controller or an optional digitizer. The keyboard is seldom used,
allowing the user to direct full attention to the screen workpage area.

Robo CAD also supports both dot-matrix printers and plotters. Dot-matrix printers are
useful for quick reference copies of work in progress. A full line of plotters for precise hard
copy is also supported.
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CHAPTER 1 - CcaAD SYSTEMS

To show the relationship of the ideas in this chapter, complete
the following outline by filling in the subtopics. The main topics
have been done for vou. This is a sentence outline,

term CAD refers to two definitions.
It refers to
It refers to

Since drafting is an inseparable part of the design process, it

Using drawing as a method of communicating pictorial information to others
goes back a long way.

A.

B.

Marks were made

These marks were replaced by

There was a need to store graphic and numeric data formed by the Egyptians
after thousands of vears.

A.

B.

C.

D.

The Romans
By early 1900's
The thirties through the fifties

In the sixties

Early efforts in CAD were laborious, slow, and expensive.

A.

B.

However, in the early seventies,

Today,

There are several benefits of CAD.

A.



VI.

VII.

VIII.

CAD is widely used in industry because it increases productivity.

The automobile industry uses it for

Space exploration uses CAD to test

General engineering companies use CAD systems to

In architectural design, the drafter

is beginning to find its way into the public school classroom.
The decreasing cost of computers and

CAD has achieved a reputation as the

CAD experiences are already included in many courses.

a.

b. N

e.

f.

There are several components of CAD.

The Robo CAD system consists

All systems require both hardware and software that

The CPU provides

Storage systems are classified as either temporary or perm;nent.
a.. Temporary storage means

b. Permanent storage means

Input devices are

a. Keyboard

b. Analog

c. Digital

There are two types of output devices used on CAD systems.
a.

b.
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Indicate whether the following statements are true or false:
a. Alphanumeric data consists of points, lines, planes, arcs and circles.

b. A keyboard is an output device used to output letters and numeric
characters. .

c. A hard copy unit is used primarily as an input device in a computer aid-
ed drafting system.

d.The processing unit is the “’brain” of the computer-aided system.
e.The rortral processing ciit (s alse called *ha €7 T t2 .

What are input/output devices referred to for short?

Name two different types of printers.

Name two different types of plotters.

What is the digitizing unit made up of?

What is another name for the digitizer?

What other input device can be used to enter graphic information?
Discuss the differences between a floppy disk, magnetic tape and hard
disk.

What types of storage devices are used with each of the storage media in

quesucn 3.

What is the cursor? What does it look like?
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Name four different occupations where CAD could be used.

What are menus?

“What uues CAD stand 1o1?

How does CAD help in prospective highway development?

Give one example of how CAD could fatilitate the drafting process.
What are some future possibilities for CAD applications?

Name three things besides producing drawings that computer-aided draf-
ting systems can be used to do.

What is the single most important benefit of computer-aided drafting?

List four skills beyond the basic drafting skills that are needed by com-

puter drafting technicians.

Elaborate on the following statement: Computer-aided drafting will not

eliminate the need for drafters.

113
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Select from the answer column at the left the word which best answers

each of the statements at the right. Put the number of the word in the

proper space in the magic square answer box.

1f your answers are correct,

they will form a magic square. The total of the numbers will be the same
in each row across and down to form a magic number.

Directions:
ANSWER
1. Plotter
2. CAD
3. Software
4. Robo
5. Output
6. Simulation
7. Microcomputer
8. Componets
9. Design Process
10. Computer
11. Input
12. Industry
13. Automation
14, Printer
15. Drafting
16. Storage
17. Graphics
18. Productivity
19. Affordable
20. Xeyboard

o
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DEFINITIONS

Computer Aided Drafting or Computer Aided Design.
A very small electronic machine that processes
and prints information from coded data.

The creation of goods and services; producing
useful results.

The commercial production and sale of goods and
services. .

Any of the main parts of a whole.

The information produced by a computer.
Information put into the computer for processing.
A plan or drawing of a work to be done.

A machine that can move or act by itself.
Drawings used for illustration of demonstration.
To look or act like; and imitation.

Written or printed data necessary to the operation
of computers.

The part of the computer that saves information for
later use,

An electronic device used as a calculator or to
store and select data.

A system designed to run on the Apple II computer °
series equipped with floppy disk storage.

The testing of ideas using trial constructions
and/or models.

|
1
T
|

The Magic Number Is .
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10.

Chb Applicatinne

The term CAD refers *o

In the ecarly zixties vere uced to simulate and annlyse
complex wechanisms.

In the early seventies helpec to reduce thie cost
of computers.

List five benefits of CADL:

CAD is widely used in industry because it meacures

All CAD systems require both emd

Short term storzge of drawing information within the computer is known as
storage.

Information stored on flopppy disk or hard disk, out sice the computer, is
knowr. as storage.

An input device used to enter text, lazbels, and explicit numeric values is
the .

Two types of output cevices used on the CAD system are the
and the .




