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Since the initial development of the computer shortly after
World War II many new innovations in the computer and its peripheral
devices have increased its application to many areas. The most recent
of these peripheral devices is the cathede ray tube system which
allows for the manipulation of graphic data. It was the purpese of
this study to investigate the current and projected effects of
graphic data processing upon industrial arts. The study was con-
cerned with the various types of cathode ray tube umits, a survey of
their industrial and educational applications and an analyzation of
the acquired data as to the implications for industrial arts.

The data were secured from manufacturers of the cathode ray
tube systems and selected industrial and educational applications. The
selection of the education sample was based on two previous studies
concerned with the use of computers in educatiean. The Higher Educatien
Media Study was conducted by the Association for Higher Educatien
and the Department of Audio-Visual Instruction of Natiomal Educatien



Assoclation in cooperativn with the Bureau of Higher Education of the
United States Office of Educationu. The second study, Computers in
Engineeriog Education, was conductad by the Iaformaticn Systems Com-
mittes of the Socliety for Engineering Education and was completed

in November of 1965. Industrial spplications were selected om the
basis of engiueering nesd and research and development programs as
fdentified through Thomas's Eegister, Poor's Digest, sud the College
Placement Aonusl. All fdentified firuws were surveyed.

Since many of the applications vere experimentsl it naturve,
some of the sectlions particularly in the educaticnal questicunaive
were not completed. The data acquired, howvever, indicated the com-
peting systems weed, spplication arcas ef the cathode ray tube sys-
ten, personmel reqeirements, current gad projected drafting needs,
and developments in computer asssisted fnstruction. Though 3 great
nusber of precent applications were pot identified, the projected
future uees are wnlimited. Implications and recommendations as teo
the content, mathodology, end curriculum of industrial arts were

forwulated,
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CHAPTER I

THE PROBLEM, DEFINITION OF TERMS,

AND A REVIEW OF RELATED LITERATURE

Thoroughout civilization mankind has developed machines to
ease the pains of labor. Until recemntly, these machines were con-
fined to tasks of a.mechanical nature. Shortly after World War II,
however, the invention of the.computer brought about an extension -
of man's mental abilities.

The computer'ﬁas designed to analyze as well as retain
facts, It supersedes man in that analyzafion is performed quickly
and reteantion is permanent. Its gfeat apeed allows it to access
volumeg of information in mere micro-seconds. These abilities,
however, must be started and guided by man. The great disadvantage
.of the system lies in the slow process of man-machine communication.

Many refinements have been made in computing systems. In
construction, for example, the third generation has been reached.
From the early vacuum tubes, progress has led to transistors and
micro~transistors. Physical size has been reduced and computer
speed increased. Thg main difficulty, however, still lies: in the
field of cybernmeticas. Communication with comﬁutars can be thought
of as having two distinct parts. One is the transposing of infor-
mation so that it c¢an be used and stored within the computer. The
other is the entry and retrieval of information within the computing

Sth:em.



Internal operation ig baged on tﬁe'binafy code. Any fact
or process is stored according to some number of the base two.

It would be rather cumbersome an@ inconvenient if a binary number
had to be written each tiﬁe a particuxaf process had to be per-
formed. In view of this, symbolic languages, which are a short
cut form of English with numerical signlficangéé were developed,
They are convenient to the operator and easily utilized in the
computer,

At the timejthese languages were being developed, physical
means: for entering and extracting information were also being devised.
The‘priginal means of communication is the familiar punched card used
at the typical college registration. This method has been supple-
mented by punched paper tape, magnetic tape, magnetic discs, magnetic
druﬁs, magnaetie ink, and finally the latest dévelopment of graphic
répreseﬁéation, the cathode ray tube.

In graphic representation, a cathode fay tube, similar to
the common TV screen, provides a visual means of checking or entering
data into the computer. In addition, data may be inspected at any
interval while it is being processed and the final result is dis-
played in graphic form. This method transposes raw data into
usable data in a very short period of time. It is with this method

of graphic representation that the writer is concerned.

ES



I. PROBLEM

Statement of the problem, It was the purpose of this study

to investlgate tﬁe current and projected effect of graphic data pro-
cegeing upon the program of indusﬁrial arts education., The study
consisted of thfea baglc parts. First it was concerned with- the
analysis of the various types of graphic'data procesging wnits,

tye%r related éomponents, and a detarmination of theilr most efficient
use in computing systems., Secondly, yy means of an instrument, a
survey waé nade 5? present Industrial and educational applications

of this media. Thirdly, these déta were then analyzed and evaluated

for future implications and necessary changes in industrial arts

educantion were recomended.

Importance of the study. At the time of this writing there is

litilé published related literature concerning the application of
graphic data procesaing in the field of education, There 1s rezson
to believe, however, that subject matter in the industrial arts
curriculum will be directly or iludirectly affected by this media

of computer conmunication. Sluce colleges and universities prepare
industyrial arts teachers, they are obligsted to provide an asccurate
representation of industry aud afe responsibie for the development
of new and better curriculs which‘can.be used in the teaching of
industrial arts at all levels. The current applications of graphle
data processing represent the "ecutting edge" of technoiogy. In view

of the potential of this means of computer communication to both



o

industry and education, there appeared a necessity for research in

oxder, that education be kept abreast of the times. .

b

II. DEFINITIONS OF TERMS USED

. Alphanumerie representation. This is.a presentation of data

. in the form of 1étter§, numbers, or establiéhgd gymbols.

Bit. The smallest magnetized unit of storage.
Byte., The smallest number of bits that can be read ox

stored by a single instructdion.

Cathode zay tube (CRT). This is afpﬁoayhor coated vacuum
tube'pith‘the abllity of gloying briefly wh;n.ﬁit,by an’ electron beam,
| ‘Cybernetics. A scientifie studjféé,those methods of control ‘
and cpmmunicat;on common to computers. :

Graphic representation. This dig agbresentation 0f data in

the form of lines, bars, charts, graphs, vectors, or estﬁbl;shed
symbols. |
';Graghic data processing. This iélé method of computer

communication which allows direct and rapid access to stored data
which can be generated, scanned visually, séfécted. proceased,
nodified, and redisplayed in alphameric and graphic representation.

Hardware. The mechanical, magnetic, electricel and electronic
devices of which a computer and periphe;él eqyipment is built.

Industrial arts education. Th;a-férﬁ is defined as a program
of teacher education conducted by collegesﬁand/or universities in

which industrial arts teachers are prépared for certification at the

LRy e
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secondary level, Subjéct matter in such a program is either directly
or indirectly related with graphic representation.

‘Off-1ine. Referring té peripheral devices'which'méy‘bé-dsed
with or without the computer.

On-line. Referring to peripheral devices which are used as
an integral part of the computing sysfem. -

Parity. The condition of equﬁlity éhich exists among the
bytes of couptiter storage. |

Software. A collective tat$ used to 'describe the programs
neécessary for computer operation,

Iime-sharing, ' The ability of the computer to do many tasks
almost simultaneously. This allows for various departments of a
firm to use a single computer or for various firms to use the same

computer.,

Utilization, This term is defined as an efficient use aimed

toward a productive application.
IIL. STATEMENT OF HYPOTHESES

Graphic data processing will significantly influeunce the
field of industrial arts at both the collegiate and secondary levels.
1. It will have an immediate impact on the selection of content

in industrial arts classes, especially inthe field of technical
drawing.
2, It will bring abput a significant change in the methodology

concerned with the teaching of industrial arts.



3. It will effect curriculum plapnning in the field of industrial

arts.

IV. REVIEW-OF THE LITERATURE ON THE ADVANTAGES

OF GRAPHIC DATA PROCESSING

In the past several years, many articles have been written
about graphic data processing. These articleehcontain information
on & particular application or a single development. A selected
review of some of these short articles is necessary to show the
importance of thie method of computer communication.

Although computers have been used for many years in areas
vhere graphic information is important, man has not had an effective
means of communicating with the computer in a graphic mode. Now
through the use of the cathode ray tube, equipment has been developed
which allows computers to receive, file, and create graphic data,
This equipment enables man to extend his creative abilities and
perform existing jobs more effectively.l

Graphic data processing makes it possible to exchange graphic
information at electronic speeds. Designed to help engineers, design-
ers, and businessmen, the new system allows the user to communicate

with a computer in almost the same way he talks with Liis colleagues.

1Harold Wolpe, Graphic Displays Through Computers, A published
report presented to the Internatioral Communications Congress held in

Philadelphia, December 7-11, 1962 (Poughkeepsie, New York: IBM
Corporation, November 1962), p. 1. :



The gﬁetgntaneous handl;ag of graphic data reduces the time between
the conception and execution of an idea.2
The mode of communication is "conversational putting the
primaxry user In direct contact with tlie computer. 6 The
designer or drafteman can enter information into the system
and direct the computer to perform routine operations. He
can also exéercdise his judgement and communicate his decisions
to the computer while he is working on his problem, thereby
eliminating the need to anticipate and program decision-making .
_ routines.’ ' : -
The graphic data processing syatem can speedily and' effi-
clently perform the‘fdllowing'dutiés formerly left to designers and
draftsmen.
' 1. Recording information in the form of drawlngs.
2_- Fil:lng. ' ’
3. Retrieving. 4
4. Reviging existing drawings.”
VI. RELATED LITERATURE ON THE COMPONENT EQUIPMENT

OF GRAPHICAL DATA PROCESSING

In order to gain a true perspective of graphic data processing
and related equipment, we should first be aware of the requirements
to be met by such a system. The objectives of the General Motors

Corporation, a leader in this field follow.

21rving Abzug, "Graphic Data Processing," Datamation, January,,
1965, p. 35. ©

"3verlin L. Hoberecht, Applicatfon of Data Processing to Revision
of Engineeripg Drawings, A published report presented to the Design
Engineering Conference, May, 1965, (New York:. The American Society of
Mechanical Engineers, March 1965), p. 1.

4Tbid., p. 1.



The first_:gquirement was that the process would produce a
hard copy drawingbfo; engineering use. The second requirement was
that the process would simulate man-to-man communication where one
man is observing details or discussing them w&th a second man who

is either drawing or pointing to a particular ﬁa;t of a drawing. The
third objective was the simulation of the codﬁé;ison function. The
system should allow. for the overlay of two drawings so that their
similatigieg and differences could be observed. The fourth objective
was'to achieve communication of non-graphic ihfqrmétion.s

. In order to fulfill these objectives efficlently, the system

would have to:

1. Introduce data rapidly and accurately to the computer.
2. Operate on this data.
3. Observe the results of these oparations and have the
ability to modify them while still in the on-line
environment. : 6
4, File the original data and final results for future referemce.

The first equipment developed was a graphic console which
included a display-tuﬁé, control buttons, lights, a card reader, an

alphanuﬁeric keyboard and a position indication penc11.7'

"5Edwin L. Jacks, "A Laboratory For The Study Of Graphical
Man-Machine Communication,” The GM DAC-I System, A report presented
at the 1964 Joint Computer Conference (Warren, Michigan: Research
Laboratories, General Motors Corporation, 1964), p. 344-45.

6. Phyllis Cole, Philip H. Dorn and Richard Lewis, "Operational
Software in a Disk Oriented System," GM DAC-I System, A report pre-
sented at the 1964 Joint Computer Conference (Warrenm, Michigan:

Research Laboratories, General Motors Corporationm, 1964), p. 351.

TBarrett Hargreaves and others, "Image Processing Hardware for
a Man-Machine Graphical Communication System,'” GM DAC-I System, A
report presented at the 1964 Joint Computer Conference (Kingston,
New York: Data Systeins Division, IBM Corporation, 1964), p. 363.
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A typical display unit is the IBM 2250 which has the ability
of Vvisually displaying tables, graphs, charts, and alphenumeric numbers
and figures. Data are presented on'a twelve by twelve inch square area
on the face of a twenty ome iInch eathodé'ray tube. The display area
contains over 1,000,000 display points that can be addressed b}‘x'and 4
coordinates. Within this same area, 74 lines of 52 characters each
can be d:l.splayed.8 This comsole is supported by an alph#numeric key-
board vhich is a typewriter-like device used by the dperator to com-
pose megsages congistipg of letters, mumbers, and sym‘bols.9

Another feature 16 the program function keyboard which ﬁéb-
vides fdf manipulation of the computer program by means of changeable
descriptive overlays. Each overlay is codéé by a subroutine t§
control the computer. One overlay might be used to‘énlarge, décrease,
or delete a screen image while another might be keyed to various
electronic symhola‘IO Closely related to the program function keyboard
is the light pen which may also be used for commﬁnication by pointing
& pen-like device at a portiom of the cathode ray tube. This portion
of the image may then be controlled to enlarge, decrease, or delete

11

itself from the image area. Still another means is the operator

8International Business Machines Corporation, IBM System/ 360
Systema Summary (Poughkeepsie, New York: Customer Manuals, IBM
Corporation, 1964), p. 17. :

9Tnternational Business Machines Corporation, IBM System/ 360
Component Description, IBM 2250 Digplay Unit Model I (Kingston, New
Yorlk: Product Publications, IBM Corporatiom, n.d.)}, p. 6.

101bid., p. 30.

11p4a., p. 12.
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control panel. This allows the operator to become an intergrated part
of the computgr system. By means of switches and indicators, the
operator is able to maintain basic, control -of . the program.lz <

. These ?eatures can be further increased by other additives.
Absolute vector graphice, for instance, provides the ability to draw
vectors from any point on the 1,024 by 1,024 grid to any other point.

The vector can be drawm at any angle and of any length}l3

. The. buffer
storage unit provides a means of regeneration by which an image can
be maintained on che face of the ecathode ray tube while the computer
can be freed for other work,14

The character gemerator is used to reduce the timg_needed‘for-
the .display of a character. Instead of using the computer to,create
a character by addressing individual points, the character generator
ig uged to transfer a one byte representation. Sixty-three characters
inciuding the alphabet, numbers, and special symbols are évailable.
These characters come in a standard size and one which is one and a
half times the standard aiZe.ls

Recorders and scanmers are sometimes used to implement the use
of the 2250, Through the use of thirty-five millimeter f£ilm, Infor-
mation may be processed in and out of the computer in natural form.
In the IBM 2280 Pilm Recorder, an output device, the same cathode ray

besm used to develop a screen image is used to expose the desired

information on 35 millimeter silver emulsion film. The time required

'

121b1d., p. 10, 131p1d., p. 13.

14Tbid., p. 10. 151bid., p. 10.
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for ﬁevelopment is less than one minute. The_2281 is similar to the
2280, but 1s an input device. The eathode ray beam is passed through
two photomultiplier tubes. The intensity is measured and then trans-
ferred to the computer.16

A combination of the 2280 and the 2251 ig the XBM 2282 which
has the abilities of both units, SinQEvceitdinwcompﬁnen:s_are common
to both units, only one mode of ope:atioﬁ is }Bgsible at a time.l7

In the development of recorders and scanners, program syatem
objectives dictated that line widths .05 per cent of image size muét
be maintained. Thus the system was desigmed t& provide an accurate

18 Used in

method for converting graphic data to digital form.
conjunction with recorders and scanners is a device called a plotter.
It produces engineering drawings from English-like statements or as

a form of conmputer output.l9 When used with the telegraph communi-

161nternational Business Machines Corporation, IBM System 360
System Component Description, IBM 2280 ¥ilm Recorder IBM 2281 Film
Scanner, IBM 2282 Film Recorder/Scanner (Kingston, New York: Products
Publications, IBM Corporation, n.d.), p. 5.

171nternational Business Machines Corporation, The IBM 2282
FPilm/Recorder/Scanner Unit (A circular by the IBM Corporation, New
York: 1IBM Corporatiom, mn.d.).

.. 18Fred N. Krull and James E. Foote, "A Line Scanning System
Controlled from an On Line Console,’ GM DAC-X System, A report pre-
gsented to the 1964 Joint Computer Conference (Warrem, Michigan:
Research Laboratories, General Motors Corporation, 1964), p. 377.

19!nternat10nal ﬁusiness Machines ApplicationaProgram, 1620
Drafting Program Application System .(White Plains, New York:
Technical Publications, International Business Machines Corporation,
nudo)' pi. 1.. l
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cations system, it is possible to transfer data for.a ecompleted
draving across the nation or to- snother country.

+ AlY of this component equipment was developed to. facilitate
the use of the grephic console. It is estimated that most computers
can execute from 10,000 to L,OOU,OOO-instructioﬁa\per pecond, A
human-prdgfammer can yrite -and correct about 100 instructiona per day;f;'
The ratio of speeds is about 30,000,000 to %;20‘ Through graphic '
data:proceseing, tha need of many prqgr;mﬁed inétructiona is eliminated,
Without the.formerly mentioned eoftware, the programmer would still
have to convert his output information from hié‘own internal format
to a format required by the hardware. He wouid‘not be in a position

to make easy, efflclent and flexible use of the hardware.21

VII. REVIEW OF THE RELATED LITERATURE ON THE

APPLICATIONS OF GRAPHIGAL DATA PROGESSING

The following applicationa have been taken from an IBM

22

publication describing the 2250 graphie display unit. In the

20g, c. Breayly, ''Computers, Computiné, and Careers,” Report
Number 171 (Urbana, Illinois: Department of Computer Science, B
Univergity of Illinois, March, 1965), p. 9.

ZlThomas R. Allen and James E. Foote, 'Input/Cutput Software
Capabilities for Man-Machine Communication and Image Processing System,"
GM DAG-1 System, A report presented at the 1964 Joint Computer Con-
fetence (Harren, Michigan: Research Laboratories, eMC, 1964). p. 387.

zzlnternational Business Hachines Corporation, Use of the 1ImM
2250 Diaglaz Unit (White Plains, New York: Technieal Publications,
IBM Corporation, an, n.d, ), p. 1-2.
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field of engineering, we are'interested in design-efficiency -in
addition to -a suitable drawving. The engineer can make & rough
sketch: on theface 'of the consele using the ilght pen.. The lines
are then automatically made gmooth.  Now thé_eﬁéiheer can: enter -
essentlal specifications which the deéng'muéﬁ épntain: “The computer
then-figures items such=a3wweight;'indu;éncé, ﬁdst=or power. These
values are then displayed with the sketch, If the engineer is. not ey
satisfied, he can .indicate the 'itews in need of further changa and l
reéubmiﬁ them to the computer. This process of operator control and |
compucér‘pracesaing can continue until a suitéble design is veached,

The graphic data processing system in engineering allows all ZJ:ﬁ:;;fg
desigp loglc and parts specifications to be stored withim the computing L
system, thus allowing for quick sccessability. It eliminates routine o
hunern tasks and provides for a batter design by on tpe spot testing.- |
Another use of visual communication is in the field of inguiry
and managemeat control, An example ig the use of the various motor
vchicle departments in reviewing license and motor vehicle regias-
tration. An application can quickly be checked and corrected, Often
large supply housés recelve phone calls which demand a reply in a few
minutes. Stock ean quickly be inventoried and a response given.
Iﬁ scientifie computation, Intermediate as well as £imal
fésults can be presented id the form of bars, charts, curves, points,
or syﬁﬁois; The tiﬁe in the transfer of messages between cpmputer
and operator hés been cut.to a minimum. In the analysis of the space

‘p:obe. the process time has been cut from three weeks to two days.
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With time sequenced aerial photography and image-processing
techniques, the trajectories of any or all vehicles over a
large stretch of highway can be determined. PFrom such tra-
Jectories, head way, spacing, volume, defisity, and velocity
data can be derived. The effects of traffic flow on ramps,
mexger lanes, driver-iaformation signs, and congestion causing
events can be calculated. Ultimately, such kunowledge will pro-
duce operational metheds for maintaining high capacities on
highway tramsportation facilities in high-density situations.23
At present there is little evidence in the literature re-
flecting the application of graphic data processing in education,
but the effects of industry will soom relate to industrial subjects.
According to Talkington, the need for these industrial subjects
will not lessen, although the areas of emphasis will change. He
states that a greater demand for creativity pn& knowledge acquisition -
through the computer will accompany the basic principles of drafting.
The tadious drawing of repetitive parfs will be unnecessary. Through
the guidance function of industrial arts, am introduction to visual
" computer commuynication should be presented in ordet for youth to

become part of the new technical culture. The need ﬁot education

to stay with the times has been increased.24

231pM Data Systems Division, Application of Data Image Pro-
cessing Techiniques To Traffic Acquisition (Kingston, New York: Data
-Systems Diviaion, IBM Development thoratory 1964), p- 4.

2430e E. Tallington, "Computer Graphics in the Schools,”
The Journal of Industrial Arts Education, May-June, 1966, p. 20.



CHBAPTER II

THE DESIGN OF THE STUDY

Linitationg of the study. Difficulty in the identificattion
of firms using the cathode ray tube system (CRT) and the hesitance
of these firms to elaborate upon their usage served aévthe main
limitations of this study. This difficulty can be attributed to
the presently rather confiuned use of this recent development. The
relatively short period of time that the CRT has been used for com-
puter communication, its importance as an on-line media, and its
expense are all factors contributing to the lack of industrial
applications. .

Although General Motors and the Massachusetts Institute of
Technology experimented with the CRT as early as 1963, public results
of research in this aréﬁ-;ere not known uﬁtil the Fall Joint Com-
puter Conference of 1964. Piesent'deveIOpmepfs of industry, then,
have occurred over the past two years. Many of these developments
are still in the theoretical and experimental stages.

However, in general application, as a real-time control
device, the CRT system is the most efficient means of computer
communication. The arcas of application_include ﬁaﬁagement,'design,
test monitoring, selertific computation and och;rs.which are included
in the body of this study.

The aoiving of unique problems for a particular application

demands cogts In both time and money. Having solved these problenms,
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the concerned firms are not willing to maké the results of their
research publicly konown where the released information.can be easily
utilized by competitors. Again the cost of thg‘CRI system, including
the computer, prohibits experimentation.by manffsmaller or 'con-
servative companies. Cost is also the major préhibitive faetor .
against the use of the CRT in computer-assisted educational programs.

The manufacturers of the CRT system,‘éaving an ethieal
responsibility as vendors, are also hesitant to relinquish, the names
of firms gresently using their system. Typical of the manufacturers
is the IBM Corporation wﬁich cohﬁ:ols a majoriﬁy of the computer
market. As a matter of company policy, it refuses to give.out infor-
matiﬁﬁ'concerning present customers. General information from the
manufacturers did lead to the idéntification of some specific indus~
trial applications and to the areas of development contained within
the aerospace, air-craft, eutomotive, and design industries.

Another limitation of the study was the lack of suitable
library facilities. Most of the periodical literature concerned
with the CRT is located in Engineering Journals. Since Morehead
State University is not primarily devoted to the education of engi-
neers, the library facilities are limited in engineering publicatiomns,
Yost of the review of periodical literature was performed in the
libraries of the University of Kentucky and University of Comnecti-
cut. Still, some of the articies liasted in the Applied Science and
Technology Index could not be found.

Assumptions of the study. Industrial firms using the CRT

were identified through the review of the literatuyre and from
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information provided by manufacturers. Though these sources did not
identify all firms using the CRT system, it is assumed that a con-
prehensive sampling suitable for the purposes of this study was
providéd. The methed of contacting and sampling these firms will
be discussed later in this chapter.

The data collected from these firms is an indication of
CRT usage. As previously discussed, the great 1mp6f£ance of the CRT
system has limited the amount of information available. In some
cases, the information presented by the f£irms may not be an accurate
representation of their developments or the degree of thelr usage.

It may be assumed that actual use is ahead of the information released
to the public.

Though the present utilization of the CRT system is confined,
it is felt that future advancements in computer technology will
increase the influence of the system. With the advent of time-
sharing, telegraph and data transmission lines, and the dissemi~
nation of present CRT knowledge, the realization of common CRT usage
will become possible,

Computer design advancements, only recently avallable, allow
for a more efficient use of both large and small computers by the CRT
gystem. Through time-sharing, several computer activities may be
carried on almost simultaneously. The same computer, therefore, can
be used in a GRT system and at the same time for more common computa-
tional chores. New, cmaller and. thus less expensive computers will

also serve to lower the overall cost of the CRT system.
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This study, then, 1s based upon thé assumption that future
uses of the CRT system will cause it to be a'p:pminent means of
computer communication. These uses will be new and different allowlng
for the computerization of areas previously thought of as infeasible,
The current uses are offered as concrete exaﬁpléé which will be
expanded for genéral acceptance in industry and education.

Initial Data Acquisition. Periodical literature concerning
the capablilities, uses, and manufacturers of CRT syatems was reviewed
as the‘initial step in data acquisition. Approximately 160 articles
were reviewed. From these articles, eighteen manufacturers of CRT
systens were identifled and contacted to obtaln data including the
cost, capabilities, application areas, and users of their systeus.

Fifteen of the manufa#turers teapohded to this laetter of inquiry.

Identification of Industrial Firms. Only three specific

fixrms were identified as users of the CRT system from information
provided by the manufacturers. Thelr suggestion and the review of
related literature contained present application to the aerospace,
airq?aft, automotiva, and deslign industries. The armed services
and government agencies were also suggested. |

Both sources also indicated that industries concernmed with
CRT development would have to be large, have a vast amount of money
réserved for experlmentation, have ; defiﬁite neced for the engineering
disciplines, and they would have to be cémpe;itive within thelr area
of specialization. Through the use of Thomaafs Reglster, Poor's Digest
and the College Placement Annual firms were selected on the basis of

engineering need and interest in research from the industries suggested
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by the manufacturers. The armed forces, govermnment agencies and firms
spetializing in computer services were also clasaified as having a
need of the CRT system. Size and'eompetiﬁioﬁ were not used as cri-
teria for selection since they were considered relative values,
Although the manufacturers cam possibly be'codgiﬁe:ed users of thelr
own equipment, they were not included in ghé séﬁpliné procedure for
it was felt that there inclusion would bias‘tﬁe selection of indus-

v

trial firms.,

; Afform letter was then sent to thgse firms to Hetermine if
they were using the CRT, the extent of their usége, their areas of
applicaﬁion, their cost and the capabilitiesiof their system. From
this initial data, categories or areas of appli@at;ou were determined .

leading to the classification of the responding firms.

Acquisition of Questiomnaire Data From Selected Industrial

Firms. 1In order to Justify the implicatiqns o? industrial CRT

system usage and the incurred éducationél réqpqpsibility, a question-

naiie was developed to secure the follawing.dgég’deemed necessary for:

the study: |
1.- Size and type of firm
2. Hardware equipment usged .

3. The number and type of personmel concerned

4. Problems snd advantages of the CRf-system

5. Educational responsibility

6. Effect on the field of deeigﬂ and/or drafting
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Since only 20 firms responded to the original form letter as
using the CRT system, all were included as participants of the’
questionnaire.

"Acquisition of Data From Selected Educatiénal Institutions,

In order to gain an insight inco'édﬁcational‘apblicatioﬁs; five
institutions were initially contacted as to :he;r'ﬁqes of the com~
putér. -These ingtitutions were 1dent1fi§d*tﬁr5ugh'thé related
11teraﬁurg as being instrumental in the development of computer as-
sisted instruction. Their uses will be‘discusééd,separately from the
uses of those institutions contacted in the guiﬁey. C ‘

. Tﬁ‘sdrvay educational useés centering on computer-assisted
inatfuciién'and f;ture educatioﬁal'implicationé-a duestionnaire waé
developed to secure the following data deemed necessary for the study:

1. Size of imstitution

2. Size of computer-assisted education program as to the
number of students and the amount of their usage

3. Hardware used

4., Number of staff concerned

5. ' Problems and advantages of the CRT.system

6.° Subject areas feasible through CRT systems

7. Rating of computer-assisted instruction

Tha selection of educational samples waé based on two previous
studies concernad with the use of computers in education. The first :
was the Higher Education Media Study, completed dn August of 1966,

vas a project of the Association for Higher Education and the depart-
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ment of Audio-Visual Instruction of the Nationai Education Association
1n.coo£erag10n with the Bureau of Higher Educaéion of the United
§ta;eq Ofﬁicq-of Education. The second study, Computers in Engi-
neering Education, was conducted by the Informafion‘S}stems Committee
of the American Society for Engineering Educatidn'and was—cﬁﬁﬁleted in
November of 1965. The studies contacted a total of 1,577 institution
of high_;earning to gather data on varioﬁs comphter applications.
Since the CRT is dependent upon the computéf“;t‘was felt that the
compreheﬁstve sampling oﬁ theae.o;gan;zations would provide an
excellent basis to gather data conceruing<thg'apﬁlicationa of graphic
data_prq;éasing. -

' The Higher Eduéation Media Stﬁdy';déﬁtified f1fty-four
applications in‘computer—aasisted'instruction, 21 in information
storage and retrieval, and an additional 106 unclaasified applications.
Since the computer-assisted instruction’ and information storage and
retrieval applications are logical areas of CRT utilization a g-sort
vas used to provide a 50 per cent sampling Of these areas. In addi-
tion a 10 per cent random sampling was perforng:of"the unclassified
group. Computers in Engineering Educaﬁioﬁ-idééﬁified an additional
fifty~-two institutions, Since the field 6£nquinaering was inatyu-~
meﬁtal‘tthhe development of the CﬁT, a q-qor;‘was uséd to eaﬁple
50 per gent of these later institutionms. ThiérpQGceddre'bQOught the
totdl sample of educational -institutions fncluded in the survey to

seventy~two.
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Supplementary Data Acquired Through Personal Interview.

Though the questionnaires were comprehensive in respect to the acqui-
sition of the desired data, it was felt that additional information
would be necessary particularly in the determination of encountered
probiems and future implications.

Several educational institutions and industrial firms were
selected to provide this additional information and evaluate the
queationnaire form. These participants were selected on the basis
of their geographic proximity and leadership in either industrial
applications or computer-assisted education.

Evaluation of Acquired Data, The data secured were evaluated
as to their fumplications for Industrial Arts Education. These
implications were classified into three general categories:

1., The effect upon the various subject fields

commonly. taught in Industrial Arts as a
representation of industry.

2. The meﬁhodology used in the teaching of Industrial
Arts in relation to computer-assisted education
and the necessary physical facilities.

3. The curriculum revision necessary in Industrial
Arts Education brought about by the developments
in the cathode ray tube systems.

Supplementary information about the manufacturers; industrial

firms, and samples of the questionngire are included in the appendix.

s
L] v‘ "



CHAPTER III

' THE NATURE AND CHARACTERTSTICS OF.THE CATHODE RAY TUBE SYSTEM

The cathode ray tube system (CRT) provides for an instan-
pénQOué.ﬁisplay of stored data which may be altered or updated at
the convenience ofjthe operator. The d@ta'diéﬁiayed.may be regen-
erated indéfinitely through buffering unitaataus allowing-the
computer to perform other routine tasks. while the CRT is being used.

It is the purpose of this chapter to present 1nformation
peéfaining to the early deve10pments of the.CRT syatem. its areas of
application and the peripheral equipment necessary. for its 1mp1emen—

tation.

I. EARLY DEVELOPMENTS

3

The CRT system 18 an'outgrowth of résearch conducted to find

a simple and efficiéﬁ; means of‘gommunicat;oh.between man and the
computer especia;ly_with reagpect to graphic.Qata. The original
efforts were initiated to make a more efﬁiqienq_uaé of the searce
supply of engineering ability. Tbough ;he computer had long been
uged to soive engineerihg equations, the element of man-machine
communication was a comsistent problem. It was also felt that a
graphie eolupion, which could be viewed duriog its computation,
would. be much mnre,beneficial to Fhe uger than the famillar print-

out sheet. Limited success in the use of the CRT system began in
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1963, These early systems left much to be desired, but, did offer
easeé of communication and graphic presentation,

. The joint efforts of the International Business Machines
éorporgtion (IBM) and the General Motors Corporation (GM) led to the
development and:productlon of the necessary hardware equipment, .
General Motors supplied the requirements for the desired equipment
aiong with the experience 1t had incurred in the use of computers in
ahtomoﬁive design, The IBM Corporation supplied the technical know-
leége necessary for periéheral equipnent developments, Thelr early
systenm included the CRT, light pen, alphanumeric and program function
keyfoafds, and 35 pm, recording and scanning devices. Though little
published information is avallable concerning the present state of
devélopment at General Motors, recent correspondence with the corpora-
tion indicates that much of the work is of an experimental natuxe,

The indication of this correspondence, however, is hardly compatible
with the efforts extended b& the corporation. During an IBM presenta-
tion concerning the CRT system at Morehead State University it waé
learned that General Motoré has spent five hundred thousand dollars
a Qonth on graphic dats processing since 1963. This brings the present
total to twenty-two million dollars spent on program development which
is housed in a highly restricted laboratory. It would seem that the
present state-of-the-grt at General Motors is beyond publicly released
information.

Since its early developments, the IBM Corporation has signifi-

cantly improved and expanded its offerings. They currently affér four
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models of the CRT designed specifically for alphgﬂhmeric ot graphic
rapresenﬁationl Their system is complemented by'a full line of
peripheral equipment and off~the-shelf software packages.

At the same time, the Rand Corporation,\a private research
organization, was developing their "Tablet" for graphical communi-
cation. A horizontal grid was developed ﬁhiéh allowed the user to
write or draw in g natural mammer. The grid éliminated the need for
any computer controlled scanning system to locata or track the sty1u5.1~
The CRT is used to display the drawing as it eﬁiéts in digitized form. -
Davelophnent has been carried to where it represents a practical and
economical tool. '

While these developments broughtfaﬁéut ;‘BOphistication in
hardware, the Massachusetts Institute of Téchnﬁlogy was making equal
atrides in software. 1Ivan Southerland'’s Sketch Pad allowed for a two
dimensional representation of a three dimensiéngl object. Bis pro-
gramming advancements allowed for a CRT generated isometric drawing
‘when the top, front, and side views were drawn on the face of the CRT
tube, | o

During tlie interview at Mhasachusé€t§ insti:ute of Technology,
the investigator also learned of the develppméﬁts'of Dr. George Coons

whose work with software will allow for rqﬁatidn, enlargement and

reduction of three dimensional objects. When fully developed, this

1H.-R;‘Davis and T.: 0. Ellis, The Rand Tﬁﬁleg; A Man-Machine
Graphical Communication Device, (Santa Monica, California: The Rand
Corporation), p. 21 et passim.
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softwate can be offered as an integtal component of the GRT system.
Much of the work in graphics at Massachusetts Institute of Technolégf
is performed at their Lincoln Labﬁratprieé; This reseafch branch is
to a gfeat degree subsid:ized by the Federal Govermment. The results
of ‘their projects are seldom used within the institute but are offered

to intérested private corporations.
II. AREAS OF APPLICATION :

Aé a désign and information 9tofage/£etrieval tool, the CRT
system has found apﬁliéatidn in the aerospace, aircraft, automotive
an&‘angiﬁqezing industries. Ita graphic m&&é aiiows for the tracking
of plane flights and the calculéuions involved in flight patterns
and landing pathgs. The same type of system is also being used to
track and analyze the paths of space vehicles at blast-off and re-
entry phases.

In the engineering f£ield, the CRT and iﬁs peripheral equip-~
ment can be used to easily and quickiy entér.data into the computer.
The data may then be processed, stopping‘aﬁ h§§‘?ime for necessary
alterations. The engineer can communicate wifﬂithe computer effec-
tively having had little or no previous training‘in CRT usage. To
1llustrate this point, the United Aircraft C?rﬁétation gives the
engineer a short explanation after which he ig allowed to experiment
on his own for approximately three hours. fﬁié{prief procedure rend-
ers the engineer a competent user of the CRT s}stem. The time period

of IBM seminars in the use of CRT consoles is of similar duration.
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. Applications in the automotive fleld according to General
Hpto;a_confiqed largaly to design. lPreyious'hfawings may be stored
on a 35 om. aperature card from which they may"gasily be generated to
the CRT screen for hltergtiona. Another gpplié;tion; presently baing
used by the ¢hrxalar Corporation, is iIn ghe-arg% of information
1n§pi;y, _?hej are using the CRT to veriff.théi; warranty program.
A 1533 costly area of application lies in- the ﬁ£asentation and re~
trieval of alphanumeric data suitable fqr buéinééa needs. Invento-
tics, budgets, salas records and personnel files.can convenieatly be
gapt through ;ha CRT aysten.

Some needs require both grgphic and glphannmeric data, Aa
example of this is the presentaticn of anﬁotafé&'graphs suitable for
management gonferences. During an interview'with the Westinghouse
Corporation, Mr. James Stevena described a s;stem whicﬁ provided
graphic information concerning the status of‘sales, inventory, and
production of the_yar;ou§ appliances distribqﬁeahby the corporation..
Additional informgtion concerp;ng,applipatiois willl be provided in
Chapter IV. ' . ! L

In sumsary, the CRT system caan replace or be used in con-
junction with current peripheral devices to perform any computer task.
The capabilities of the CRT system, however, e#ceed those of all
peripheral devices yet developed. Again, the case gud speed by which
the operator can communicate with the computer and the graphic dis-

play produced are the main advantages.
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IYI. THE CATHODE RAY TUBE

The cathode ray tube (CRT) has previously had wide application
as the viewing screen in televiaion sets and oscilliscopes. By A
definition the CRT is simply a vacuum tube with the ability to glow
when its phoaphor eoated surface is hit by an. electron bean. This
' simple definition doea not, of course, include~;he limitations and
quplities whiéh must be.taken into conéidégéti;; when the CRT is to
be usé&laé a éoﬁputer cémmuniéation ﬁediail.f c

‘Fbiémost‘of,thesé cdnsiderations is the ﬁethod‘of é&nttolling
beam movement wiéhin the tube. Either elecéfdstatic or magnetic
deflection may be used. In magnetic deflectioﬁgiﬁeém movement is
controlled by a change in current appliad to coila placed outside
the tube while in electrostatic deflection bear movement is con-
trﬁlled by the difference of voltage épplied to two parallel plates
within the tube. .

Both methods have their advantages and disadvantages. The
beam movement im a magnetic tube 1s less costly, but slower, than the
fagter more expensive beam movement of the electrostatic tube. Wider
beams are possible through the electrostatic syatem which demands high
voltage. The narrow beam of the magnetic system operates on high

which is casily satisfied through ttanaiatorized circuits. Settling

time is less with the electrostatic system than with the magnetic.

e L
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The metliod of beam movenment must be selected according to the GRT
system requirements and cost.2

The phosphor used in the CRT should be bright, flicker free
and require as little regeneration as possible. : The phosphors gener-
ally used produce z short, bright beam which must be regenerated thirty
times a second. They have a leng life and may easily be detected on
the face of the tube. Phosphors requiring iessggenaration have a
shorter usable life and lack the brightness necessary for displays.

The size of the CRT varies from fourteen to twenty-one inches.
Actual usaﬁlé surface is reduced by tube neck:diameter and angles of
deflection and the desired work area shapes;ILA;cufacy in this usgable
work area is determined by line resolution, jitter, and settling time.
Line resolution of 100 lines to the inch is common allowing for al-
most 1% million points which are addressable on a twelve inch square
work area. Jitter is the lack the beam te hold at only oﬁe of thesge
addressable points. Settling time is the amount required for the
beam to hold one spot slze after movement. Settling time is less
than one thousandth of a second and jitter:is confined to one spot
size.3

Cost is directly related to these qualities. A large CRT

with high line resolution, low settling time, and little jitter is

2Car1 Machover, 'Modular Graphic CRT Dieplays Available From
Information Displays, Inc.", (New York: Information Displays, Inc.,
1966), p. 2. (offset).

3Ibid., p. 4, et passim.
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naturally more expensive than a smaller leass accurate tube. The
cathode ray tubes available from the Information Display Corporation
range from six to sixteen thousand dollars;_‘ag The cost of the tube,

however, is just a small part of the amount needed for the entire

system.
IV. DEVICES NECESSARY TO DRIVE THE DISPLAY )

The computer, composed of the memory; control and ariéhmetic
sections is besic to the CRT syatem.. Daté must be transferred from
the.éomputet to the CRT through data transfer channels, the interface
control, and data registers to the beam deflection unit. These
devices are essential for the transfer of digitized data from within
the computer to the displayed data on'the face Af the CRT.

The interface control and data transfer channel compose the:
switching device which activates the extraction of data and stipuiates
the method by which data will be transferred. ;t muyst be noted that
the computer and CRT system are uot in constant direct contact. While
data is displayed for operator observatioﬁ and ﬁpdification, the
computer can be uged for other data processing routines, The inter-
face also has the function of checking the parity and validity of the
data being received. Data bits used by the computer may be of either
even or odd parity. In an even parity maéhine..the bits must always
add up to an even number while in an odd parity machine the bits must
always add up to an odd number. The validity check merely assures
that the data and inmetructious being received are compatible with the

stipulated software program.
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From the interface, we proceed te the data register. The
function of this device ig to separate the-iﬁstfuctions from the data
to be proceassed. The instructions are reﬁep;eﬁ{to the control center
while the ‘data to be presented sre referred tb the bean deflector.

"'/1

The instructions are processed by the control center and used to
control beam movement and other display variabléé. The data bits

are then received by the deflection unit and céﬁvetted to analog sig-
nals. These signals with proper instructions from the contyxol center:
are’ applied to the deflection voke of the CRE. The beam, blanked or
unblanked, can now be moved to tha ptopeﬁ scfééi‘position to produce
the desired diasplay. The blanked beam is cobered go -that it can move
across the CRT screen without producing an 1mage. The unblanked beam
activates the phosphor to produce a d;splay. .iﬂ

V. INPUT DEVICES USED TO ALTERTHE DISPLAY
The most common peripheral device ﬁéé& with the CRT is the
" alphanumeric keyboard. With it, the‘usgf_can ca}l out, altexr, or
define data on the face of the screen. Its physical appearance 1is
gimilar to that of a typeuriter keyboard. 'Nﬁ;ﬁgrs,-letters and sym- |
bols, including those common to cybernetics, are available through _
this keyboard whose capacity is either 64 or 128 characteré. Upper '
and lower cases of the alphabet are available depending upon the manu-
facturer. The alphanumeric keyboard can be used to compose messages,
text, or instructions essential to the operatién.of the computer.

The cypedkﬁatter is instantly displayed on the face of the screen
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where it may be edited. Corrections can then be made or the data can
be transferred for storage within the computer. Cursors are available
to show the point being addressed oun the nst:x:ta,tan:.i Typical typeuriter __fiﬁ
spacing 1s used in the composition of messages or letters. '

In preparing a computer program,'theJai;hanumeric keyboard
can be used in place of the traditional card punches and verifiers. ',;QJ
The information can be visually edited thus eliminating the time 1;1;f

formerly used for verification. The transfer of data now takes place

. s o

at electronic spee&s instead of the mechanical limitation imposed

by the card read unit. In more soPhistiﬁatéE'Q;stems, the alpha~- ';m
numeric keyboard is used to aefine geometricvéhépes. A preprogrammed Hl&.
subroutine is activated through the keyboafd wﬂich allows for the |
acceptance of data. Once the subroutine has béén activated, the L H?é%;
geometric object can be defined through an established programmiag *

language. For example, CIR 2/3, 3 would be the mnemonic operation

code for a eircle whose radius is 3 inches énﬁ.yhoae center lies at
the cartesian coordinates of x = 2 and y = 3,.. This procedure can be
adapted to limes and used to form geometric planes or solids. Other 'j'“;u
pertinent data such as fiunish, cost, or maehining instructions may -
be included at this time. Other uses of theAéléhanumeric keyboard ‘ -‘ré
incliude the review of personnel files, the inagrtion of engineering
equationsg, thae selection of graphs and computetlassisted instruction,
Another means of entering data to che CRI system or modifying
it, is the light pen, The light pen is a photocell used to draw on or °

otherwlise communicate with the CRT, The lines.drawn on the face of
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the CRT may be visually inspected and then entered into the computer
aa;stbreﬁ digitized information. This information may be recgligd
and altered for any future use. The light pen may also be used to
iée;tiéy parts of an established display by circling the desired
por;ﬁop or by inditiating a preprogrammed code. For ilastance, éé ﬁ;y
;iéﬁ.;ﬁ enlarge or rotate a particular portién of a glven displa&.
fhé 6perator would activate the light pen by means of 2 foot pedal.
or coﬁsole switch and eirele the desired portion. The program £ppﬁ-
tion keyboard, to be described later, would then be used to enlarge
or rotate the desired portion of the display allowing the origihéi
image to fade away. To change values in a displayed electrical
ci:qut, a light sensitive ares would be included in the original-.
display. This light sensitive area would then be activated by the
light pen allowing for the initiation of a subroutine. Alternate
values could then be substituted by means of the alphanumeric key-
boazd.

| The last input device of the CRT system to be discussed is
the program function keyboard. This device is used to call data from
storage, manipulate it or subject it to some available subroutine,
The typical program function keyboard consists of 32 keys coded to a
pérticular subroutine. Ve may, for ¢xample, wish to ¢all a drawing
to the viewing screen which has been stored by a numbered code. By
pressing the proper precoded button, the computer is readied to query
atorage: The number of the desired print is typed in by using the

alphanumeric keyboaré and the print is then displayed on the screen.
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The iavestigator has personally worked with this type of
drawing du?ing an interview with Mr, Samuel M. ?hsta, manager of the
- IBM AdvanEed Scientific Center. The primt weegé:trestle bridge, often h_?@

disﬁlayed'end discusged by the IBM Corporaeiee;};By pressing the

' deeigpated-buttons, the capahilities of§691a:l %, rotating, reducing, f«fY{l

and perspective creation were demonstraees. aThe}bridge originally
-9 ! - r

7. . came into wview as an 1sometric drawins-z:“;:”s-ihe“ rotated right,

left.'forward, baclward, and made larger b:7" aller. By depressing

oo f: the foot.pedal. the light pen was brought to. focus ou a particular

pqrt*on of the bridge. All of the former ope:‘ﬁions were then per-

formed on. this eeetion. while ‘the remaining bridge structure faded

avay., . The most impressive part of the demons ‘cion was the ability ‘

s

of the program function keyboard to create a Tspeetive. It too,

o, o 1-,«

could be gltered by .any of the previoue operations.

& . VI. DEVICES USEI_! T0 IMPROVE' THE Eﬁé‘itiis;ggjz? OF THE CRT SYSTEM

Buffering and generating units afe?ihe ﬁﬂed within the gystem '

to increase its efficiency. Both save the valuable storage space. and

x*'

the time needed to transfer data between the CRT syatem and the com-

puter. . Though the, units vary from one manufacturer to another, their

general function remains the same. 'iiﬁii
Buffering units are used to regenerage'the display on the face °

of the CRT. TIn the discussion of phosphora, it was notad that the.

display must be regenerated thirty times a second to be visible to the :é

eye without any iqdica;ion of flicker. hOQee‘;he.diSplay has been _}EJ
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initiated, the buffering unit maintains the image without involving

.
kS

woo-

computer storage. Transfer time hetweep the CRT and the buffering uniti“J
is much less than that between the CRT and computer. In the newest
CRY systems, storage devices are included which absorb much of the
buffering function, ‘

To further save time and computer stﬁrééé, most manufacturers
provide generators to display characters, vectors, and geometric

shapes. The vector generators allow for both absolute and indefi-

nite vectors. Absolute vectors can be drawn anywhere on the. faca of
_the tube by specifying the end pointa of the veétor. The neéd for
all points between the end points is eliminaﬁgd; Thug the. storage
for an entire line is concerned only witﬁ’the;;ﬁdresaes of the 11ne's{;%

extremities. The indefinite vector is aimilar except that a point

and the direction which the vector must take 1s specified. Data

transnission takes place from the generator to the CRT eliminating

;

the use of computer atorage. Circle generato:9¥and those for other
geometric shapes are similar in function- _?’E[

The character generator is used to ;resent numbers, letters,
and special symbols as designated by the alphanumeric keyboard. Theqe

characters as stored on punched cards, magnetic cape and within the

computer occupy only one column or bit of s:orage. For graphic dis~
plays, the series of points or lines making up the needed letter would

' ‘have to be stored as individual bits. The character generator elimi-

nates the need of these points. It stores the }eftet as the extrem-

itiea dfléhe end point of the lines which maﬁé-up the letter. When
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the letter is c¢alled for, the extremities are sent to the deflection
yoke of the CRT where the unblanked beam 1is positioned to form the

letter.

VII. INPUT/OUTPUT DEVICES DEVELOPED AS

AN OUTGROWTH OF THE CRT SYSTEM

thgrowths such as the recorder, bcanpef,=slide projector, '
microfiche and motion picture equipment re;y.di?ectly on the CRT,
While the CRT is independent of these deviéea, its usa in conjunctioﬁ
with them greatly expands the area where it finﬁs application.

The devices most widely used to support the CRT are recorders
and acannerg. They provide an alternate means of comnunicating with
the CRT end computer through the familiar 35 mm. microfilﬁ aperture
card. The scanner reads drawings, geomettic'fighées, or other
alphanumerié and graphical data from the aperture card and transforms
this data into digitized information to be used within the CRT and
computing systems. Thus, any 35 mm, microfilm aperture card may be
read and displayed upon the face of the CRT for modification. When
modi{fications have been completed, ﬁhe digitized data is sent to the
recorder where it is reverted to the graphic microfilm form. These
devices are termed off-line for they operate independently of the
computing and CRT systems except during initial datﬁ transfer.

Conventional techniques can then be used to duplicate the
microfilm or produce hard copy. Information can be conveniently

stored on the aperture card and atill be in a form where it 6an easily
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Antroduced to the computing system. ‘The_hatgvgtpy can be used when it

is necessary to remove information frqm=th§'@i§w1ng,area.' Microfiche. ' o

i

is also used where miniaturization is désitéd‘

LIt cannot'as yet be
read directly into the computer through preaent#scanning devices.

The latést developﬁents lie in CRT.'h' ography. Motion

pictures or slides can be taken of the fﬁfo“

ion presented on the

CRT: Im the Faderal Laboratories system;§ “nglor maps and other

formats can be photographed and developed in'less‘than two minutea.
Thege photogtaphs are cotverteﬁ t0‘elides'orlmovies and can*be pro-

jected to any convenient size. Developmeuts such as these are cur-

- rently being used by the Army in their Har Room-nisplay System at,

% PR
. z'. ot

Fort Wayne, Tandiana.

The Tasker Instrument Corporation has developed a commercial

overlay gimilar to the original Rand Tablet. It consists of a fine

N l‘

wire grid which is placed over the face of the ‘CRT. In thelr ndrmal

!

position, the wires are unot in contact with each other. However,
when they are depressed by the use of a stylus, the corresponding x

and y coordinates are stored as digitized data within the"computer.

VIII. EXISTING INPUT/OUTPUT DEVICES USED IN

CONJUNCTION WITH THE cp:r SYSTEM s

The greatest implication of the CRT lies in its use with
tape driver numerically controlled machines. These machines have
proven thelr advaniages and are quickly-growing‘in-number. ‘Pro~

gramming the punched paper tape, however, has proved to be somewhat
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of a ptoblem. Computers have been ueed for the celcoletion necessary
for the tape deveIOpment. Wow, wilth CRT drafting techniques much
of information needed to program the punched tape is already in
digitized form within the computer. In a personal interview with
Mr. Lee Presscott of the Uaited Alrcraft Corporation, the 1dea of
a completely automated production system wae emphasized as the end
product of their regearch. Thely progrem ie aimed at the develop-

ment of CRT drawings which will be converted thtough the use of the.

computer. to usable punched paper tapee suitable for numerical con~ -

trol machining. The United Aircraft Corporation is only ona of the

firms presently uorking in this area. Once the _system is perfected

it §111 further the use of both the CRT eyeteo and numerical control

machining. _ i ‘ e
When the hard copy desired is too 1arge for the hatd copy |

printere, the CRT system may be used with autometed plotters and

drafting mechineo. The plotters are the less aocurate of the two but

can oe used to draw ttom elghty to six hundred inchee per minute. The

drawing machines are sooewhat slower, running between two hundred to

three hundred inches per minute, but have a tolerance of +. 00). The

plotters and drawing machines have been used by oany firms. Having

preceeded both the CRT system and microfilm equipment, they will con-

tinue to provide the necessary herd copy, particularly when large

prints are necessary. Typically, the plotters can be used for prints

up to 5 feet by 100 feet.
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The CRT system can, of itself or through the computer, accept

data from most peripheral devices such as card readers, magnetic tape
readers, paper tape readers and disc and drum storage units. It may

be used to supplement these devices or iIn lieu of them.
IX. SOFTWARE AND CRT CAPABILITIES

Softwarg is a major concrolling factor which limits or
expands the effectiveness of the CRT systeém. The software may be
divided into programs which-.control the operation of the various
peripheral devices aﬁa those programs used for actual data manipu-
lation. It is well to note that all of fha-peripheral devices dig-
cussed would be useless without well developed software.

The standard programming which allows for data transfer
between devices and the initial data display igsalmost always pro-~
vided by the manufacturer. These standard programs are compatible
with any application of the .CRT system after initial development.
é:ogfamming used for data manipulation, however, must be adapted
or ﬁndified to most new appliqationa. An example of this is the
display of graphs for management conferences. Tﬁough the initial
concept necessary for the programming of graphs is similar in any
application, the type of graph, its size, graduations and the like
would have to be adapted to new situations, In most cases some modi-
ficatlion of exlating programs 1s necessary for their adaptation of
new areas. The problems of programming are not particular to CRT

systems but are evident of computer use in all applications. For
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un;que applications an entirely new software package would have to
be developed. |
, Iﬁ order to more fully utilizq the developed software and
the capabilicies of tﬁe CRT System in generai, many graphic consoles
may be linked to a single computer. 8ix or more consoles are common
in ﬁultiple use and one exception, the Philco-Ford systqgitoabé-used
1n‘t£e Philadélphia schools, will link thirty consoles to a single
computer, The extent of peripheral devices used in multiple cons&le
.operation is determined according to the application. Since the
hardware de;ices of the CRT system have reached a sophisticated level,

the future of its application lies in software development.
X. SUMMARY

The CRT system has quickly developed into an effective com-
puter communication media since its introductidn,in 1963. Charac-
terized by ease of operation, graphic presentation, and on line con-
trol it is adaptabie to any situatien where use'of the computer is
necessary. The use of associated peripheral devices greatly expand
current and projected applications of the system. As current uses
become wide spread, other applications will become readily apparent.

Since the present laevel of seophistication in the hardware
devices is adequate, an emphasis will be placed on software develop-
meyt. Objectives of the United Aircraft and McDonnel Corporation
lead Ehe investigator to believe that a completely automated pro-

duction system will be developed. Computer aid, from the initial
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drawing tc the machined component will be possible within the next
five years.

As the use of the system becomes wide spread, increased
production and improved techniques will serve to lowér curreant pur-
chage and rental costs. As cosfs are lowered, the system will again
be made available to a wider number of uae?s allowing the CRT to
become a common means of data exchange between man and the computer.
Over all development of both hardware and.software will allow the

CRT system to take its rightful pldce in the computer age.



CHAPTIER IV

THE CURRENT UTILIZATIOR OF THE CATHODE RAY TUBE

SYSTEM IN SELECTED SAMPLES OF INDUSTRY

A form letter, inquiring as to possible use of tha CRT
system, was sent to sixty-four industries whoaé‘selection was de~
. scribed under the heading of Initial.Data Acquisition in Chapter
Two. The first mailing brought twenty-nine. responses, or a 45 per
cent reply,. A second form letter wasnaént'to the thirty-five firms
who had not replied. .Five additienal responses were recelved, bring-
" ing’the total response to 53 per cent.

. 0f the thirty-four firme responding tﬁ the form letter, twenty
firms or 31 per cent of the originally selected éample indicated that
they were currently using the CRT system. All twenty firms, indicating’
CRT usage were sent the questionnaire-devised_tg obtain information
about current utiljizatfon of the system. Eleven firms or 55 per cent
responded to the.original mailing of the questionnaire. A 'second
mailing brought one additional response. The total of twelve firms
comprises 60 per cent of the group which had indicated CRT usage.

Two of the twelve firms declined to answer the questionnaire due to
the priority information it requested.

The totalwquestionnaire return may be summarized as follows.
Of the gixty-four firms originally contacted, thirty-four or 53 per

cent responded. Twenty or 31 per cent indicated CRT usage. Ten firms
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furnished usable replies to the questionnaire procedure. Usable re-
plies comprise 50 per cent of the firms indicating CRT usage and 16
per cent of the original selected sample.

A compreheneive view of the applicatibn;areas wae obtained
eince the firms responding to the queetionnaire represent varied

induetriee. In many cases several applicationa of the CRT gysten

‘are used by one firm. A more deéfinite classification of uses and
<o

the peraonnel concerned will be proVided laterfin 'this ‘chapter. The

functionzof the firms responding to the‘gueetiqnnaire is shown im

5 LU
24

Ta'ble I' . ' l i : - ‘)I' h}| I

The size of firme can to some aegree be denoted by the number

.;_?

of people employed. The responding firma ranged from four thousand

to one hundred and aixty thousand employees with the exception of a

private research organization employing 1 140 people. Almoat half
or 525 people on the staff of this research organizacion were conw-

1

sidered to be employed on a profeeeionalflevel.
I. COMPUTERS, CRT SYSTEMS AND PERIPBE?AL EQUIPMENT

The CRT units may be deeignea bf eithec specialiste who work
only with the CRT and its peripheral equipment or by manufacturers
wvho desiga the CRT as an integral part of a compucing gystem. The
I5M Corporation, for example builds computers, CRT's and peripheral
eoaipmene; The advantage of equipment ocovidedxhy‘a single manu-
facturer lies in its complete compatability. The units are designed

to work together, operate on the same software and data bit configu~



TABLE I

FUNCTIONS OF SURVEYED FIRMS
Function

Aevrospace

Aircratt design and manufacture
Automobile manufacturing
Chemical information service
Electrical equipnment manufactura
Misslile range contractor
Petro-cherical products

Research

LI

Totéi'

b4

Number of Firms

R T e

10
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ration. The "spe%iaiist", in CRT design, adepee the CRT and peripheral
equipment to any computing system. His‘merkee%;e largely confined to
computing systems which do not oéfer eﬁe CRf'ﬁéfa manufacturing option
or to older computers which wefe$eot oriéihail&theaigned for CRT use.

To identify the type and amount of equipment being used, the .:';wli:

)

questionnaire sought information as to the manufecturer, series. and

model number of computers. cathode ray tubes, and peripheral devices R

used by the teepondents. The series and model number may be used_

L] i Ve

to identify the recentﬂeae and capacity of the«concernad equipment. .5T',ﬁ‘
Excluding the IBM Cofeoration, a iaiger series'ﬁumber denotes & more laﬁf
recent computer of Ereater size than a smaller,eeries nunmber. In the :
IBM Corporation, the series 360 is designed for greﬁhic data pro-
cesging applieatione and g larger model nunber would indicate a larger
internal storage capacity.

The dominance of IBM computers in the survey is to be expected
as the corporation controls the majority of the computer market. The
survey identified fourteem IBM computers, seven of which are deeigned
specifically for graphic data processing equipment. The other com-
plete line computer manufacturers, the Radio Corpo;ation of America
and the Control Data Corporation, built twenty-three per cent of the
computers used by the respondents. Combined with IBM (64 per cenmt)

a total of eighty-seven per cent of the computers used by firms in the
survefzﬁefe built by complete computer line manefacturere. Thirteen

per cent of the computers used were built by UNIVAGC which presently

does not manufacture the CRT.
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TABLE 11

COMPUTERS

Manufacturer

Control Data Corporation
Control Data Corporation
Control Data Corporation
IBM

IBM

IRM

IBM

IBM

IBM

IBM

IBM

IR

I8M

R.C.A.

UNIVAC

UNIVAC

Total

Serias

3600
3300
3100
360
360
360
1401
1410
1440
1620
7044
7080
7094
3301
418
494

46

Model no.

.
ns
e
65
50
40

n.
n.
n.
n.
n.

II
n.
n.
n,

n, @ nona
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" The IBM Corpofation'also dominates the number of displays
belﬁé used with thirty-five per cent, closely followed by the Control
ﬁata'66rpoiation1(2&'per cent) and the Radio Corporation of America
(16 per cent). The‘Digifal Equipment’ Cbrﬁoration (8 per cent) is the
only othet complete line manufacturer. Only seventecen per cent of
the ;aéﬁude ray tubes were provided by the specialists who adapt the - ‘ﬁi
CRT system to any computer. S l %

' Three plotters,’ one recorder'pnd oné:é?énner were identified

through the questiounaire. Two of the plotters were built by the

Calcomp Corporation and one by the Bemson-Hehnmer Corporation, Both. {“J{?
are specialists in plotter design and mhnufadiuié.‘ The recorder, o
an IBM 2280, i{s a standard item of the IBM Corp;;%;ion while the
scafner is of epecial design by the Phillips Company.

The more common peripheral equipment such as alphanumerie 'é
and program funﬁtion keyboards, operatof consoles, and light pens 7
are summarized in tables IV through VII.
""" " Three character generators were used by the firms and were
suppiiéd by Burroughs, IEM, and Ynformation Displays, Incorporated.
The CRT system's market hds a much wider Hiétriﬁhtion than the IBM
domiﬁgted compufer market. Many of the complete line manufacturers
sﬁeh-és Coéﬁrol Data Cofporation; Digital Equipﬁent Corpbratian; and
Strombérg-Carls;n provide a system of cqmpréhéﬁsive periphérql de~
vices equal to ihat of IBM. The specialists deal in unique applications. n;
and adaptations. The result is a wide range of'quélity equipment

which must be selected according to the application.
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TABLE IIT

CATHODE RAY TUBES
Manufacturer

Burroughs (special purpose)
C&ntroI Data Corporation
Control Data Corporation
Digital Equipment Corporation
18M |

IBM

Information Display, Inc.
Raytheon

R.C.A,

Total

48

Seriles

211
270

340

2250 .
2260
10,000
602-406
T-6050-1
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TABLE IV

SN : - ALPHANUMERIC KEYROARDS

Ho, of units "~ Manufacturer T Percentage of total

2 Control Data Corporation " 32
1 Iy . 17

1 Information Diapiays, Inc.. - 17,
1 ‘R.C.A. ' - 17
1 UNIVAC ’ 17
6 ' Total _ 100%

TABLE V

PROGRAM FUNCTION KEYBOARDS

No. of units Manufacturer Percentage of total
5 Control Data Corporation 62
2 IBY 25
1 UNIVAC 13

g Total 1002
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TABLE VI

OPERATOR CONSOLES
Manufacturer

Control Data Corporation

R.C.A.
UNIVAC
Total
TABLE VII
LIGHT PENS
Hanufacturer

Control Data Corporation
Digital Equipment Corporation
IBM

Information Displays, Imnc.

Total

50

" Percentage of total

66
17
17

1007

Percentage of total

50
10
30
10

1007
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CRT Capabilities and Agglieations

The CRT system may‘be used tﬁ-diaplay-alphanumeric:data. such
as numbers and letters, grapﬁi&al'da;a,ﬁsuch as bars and charts, or
it may be used for the funection of ﬁesign. The design Eunctiﬁn is
differentiated from graphical representation by the vaat amourit of
coéplex programming necessary in the former. Table VIII ahows the -
present and future capabilities as indicated by the firms.

To more specifically define the capabilities of the CRT

system, the firme were asked to 1ndicate.theit dreas of application.

The areas mogt widely indicated were those which lend themselves to
the alphanumeric capability such qé information inquiry and manage-

‘ ment. The areas of design, engineering.=and scientific computation

which originally led to the development of the CRT were also heavily = © -
indicated. Table IX presents the number of firms working in each

area.

CRT Advantages and Disadvantages

0f primary concern to future wide spread CRT system appli-
cations are the reasons for the inﬁorporatiqn of the CRT and the ;*';}j
problems’ involved during this incorporatidn. The surveyed firms ‘iff
were asked to rate suggested advantages and problems as to their
importance or severity. The gddition of problems or advantages
particular to the individual firms were also‘requasted: Tabla X !
' presents the rating of problems. |
Programming seems to be the major obstacle to the incor-

poration of the CRT system. One firm indicated that the major



Capability
Alpyanumeric

Graphical

Design

No. of firms

o & ;o P

Engineering

| TABLE VIII

CRT CAPABILITIES

Pregent use

TABLE IX

AREAS OF APPLICATION

Area of Application Wo. of firms

Information inquiry 1l
Management ;
Design Ny

1

Scientific computations s

52

Planned future use _

Area of Application

Numerical control
Machine analysis
Traffic control (air)
‘Eduecation

Graphic proofing



53
responsibility for software support should be assumed by the manu-
facturer of the CRT unit. Cost of the system and lack of personnel
aréLéf little importance. Of the thirty responses in Table X, sixty-
six percent were in the None and Some brackets while thirty-four
percent were in the Many and Major brackets, This indicates that
the majority of firms feel that the problems encountered are not of
a serious nature,

A aimilar rating scale used to evaluate both the investi-
gator's suggested reasons for incorporation and the additions of
particular firms is shown in Table XI. The only reason not rated
with a high degree of 1mportqpce was that of on-~line control. Ease
of operation, speed and graphic representation were rated as very
important reasons for the incorporation of the CRT system., Accuracy,
elimination of redundent effort and aid to creative ability pertaining
to design were suggested by the firms, Of the thirty-two responses
in‘Table X1, twenty-flve per cent were in the limited importance and
importent brackets while seventy-five per cent were in the very
important and essential brackets. This indicates that the suggested

reasons are very necessary to computer communication.,
1I. PERSONNEL NEEDS, THEIR TRAINING AND EDUCATIONAL REQUIREMENTS

In addition to the formerly identified areas of application,
it was felt that additicnal information as to the people working with
the system, their approximate use and the projected need of these

people ghould be acquired. Table XII shows the type of personmel



TABLE X

PROBLEMS IN CRT USAGE

Problem Rating#*
None Somé Many
Prograaming 0 4 1
Acqufring of speciallzed personnel 3 3 0
Retraining of present personnel | 3 3 0
Utilization in respect to cost 2 2 2
Lack of software support 0 0 0
Total 8 12 3

54

Major
3
1

# A category designated as few was included in the original
questionnaire. It was eliminated from the table since it was not

indicated by any firm.



TABLE XI

REASONS FOR THE INCORPORATION CF CRT

Reason Rating*
limited very
importance Important Important essential
Ease of operation 1 0 5 0
Speed 0 1 5 2
Graphic representation 1 0 5 2
On~1line control 2 1 1 2
Accuracy 0 1 0 0
No redundent effort 0 0 1 0
Aild to creative abllity 0 0 1 0
Total 4 3 18 6

% A category called Not Applicable with a ratiang of 0 was
included in the original question., It was omitted from the table
since 1t was not iIndicated by any manufacturer.
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working with the system and the approximate average weekly use of
each person in the classification,

With the exception of the projected use of chemists (58 per
cent), the programmers (13 per cent) form the largest group of users,
Theﬁ are followed by the engineers (10 per cent), specialists (5.8
per cent) and service groups (5.8 per cent). The equally combined
-gfoups of numerical control and miscellaneous form 5.8 per cent while
the remaining 1.6 per cent is absorbed by sales and management.

The amount of time the CRT system 1s used éeems to be related
to the size of the groups. The largest groups also use the CRT
system most on a per lndividual basis. The chemists, whose projected
use 1s 21 per cent, are followed by the programmers (17 per cent),
engineers (15 per cent), specialists (14 per cent), and service groups
(11 per cent). The remaining 22 per cent of individual usage is shared
by management, sales, numerical control, and a miscellaneous classifi-
cation.

Though the present employment needs are somewhat limited due
to the almost experimental nature of the CRI, future employment
possibilities seem unlimited., The firms were asked to project their
personnel needs for the next five and ten years. The needs will
grow slowly for the next five years, except in programming, indicating
the present developmental stage of the CRT system, The range of
personnel needs increased from 500 to 3,700 per cent between the pro-
jected five and ten year periods. This projected need is due to both

the growth of the suggested classifications and the necessity of CRT
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LE XII

POSITION AND USAGE OF CRT PERSONNEL

Personnel classification

Management
Engineers
Programmers
Specialists
Chemists

Service

Numerical Control
Sales

Miscellaneous

No.

of

personnel

17
22
10
100

10

57

Approximate weekly use
per individual

3.0 hrs.
20,6 hrs.
23,2 hrs.,
20,0 hrs.
30,0 hrs.
15.0 hrs.
10,0 hrs.

8.0 hrs.

10,0 hrs.

projected

projected
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trainipg in these areas. Table XIII provides additional information

concerning future personnel needs.

Speclalized Training

The need of specialized training is defined as the inplant
instruction necessary before any use of the CRT system may be sttempted.
The amount of training deemed necessary by the firms for their various
personnel concerned with the CRT system is shown in Table XIV, The
casual use of management does not necessitate a great deal of prior
training. By referring to Table XII, it can be noted that as use of

the CRT aystem increases, there is an increase in the need of training.

Educational Status and Responsibility

It is difficult to access the specific major educational area
of the people comprising the various classifications of CRT users,
People having majored in an enginecering discipline may currently be
identified in a managerial position. Draftsmen may have had little
educational experience leading to thelr occupation. The amount of
education or the degrees earned was, however, determined by the
quegtionnaire., The results are presented in Table XV. Currently
there is little meed in CRT systems for the person without a sound
educational background. A college degree is presently held by fifty-
two percent of the people working in CRT. The master's degree (20
per cent) and doctorate (23 per cent) combine to form a large major-
ity of the highly educated people working with this media. Ko attempt

was made to see 1f this trend will continue.



TABLE XIIX

FUTURE PERSONNEL, NEEDS

Classification No. needed in 5 years No. needed in 10 years
Management 1¢ 100
Engineering 30 1,010
Drafting 50 1,000
Sales 10 50
Programning 125 690

Percent of increase

1,000
3,700
2,000

500

5350

The data in Table XIII is limited in that only 5 out of the 10 responding firms

were able to project their necds.
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PRIOR TRAINING NECESSARY OF CRT PERSONNEL

Classification
not
necessary
Management 0
Engineering 1
Drafting 0
Programming 2
Speclalists 0
Chemists 0
Numerical comtrol 0
Totals 3

TABLE XIV

needed

helpful
2 4
1 1
0 1
0 0
0 0
0 0
0 1
3 7

Necessity of prior training

important

1

(=2 L

o

60

essential
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TABLE XV

LEVEL OF EDUCATIONAL ATTAINMENT

Educational level No. of persons Percent
Less than 12th grade 6 3
High School diploma 10 5
Technlcal school graduate 3 1.5
College Degree 106 50
Master's Degree 40 19
Doctorate 46 21.5

Total 211 100%



TABLE XVI

BASIC INTRODUCTICN TO COMPUTERS AND THEIR DEVELOPMENT

Educational level Rating

not limited very
necessary importance important important essential

Senior High School 0 1 5 0 0
Vocational School {5-12) 1 S 0 0 0
Technical School (2 yxs.

post high school) 1 3 3 0 0
College, 2 years 0 0 3 3 1
College, engineering 0 0 0 2 4
College, non-engineering C 0 3 2 1

Graduate School 0 0 1l 0 4

62
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Though the use of the CRT 1s only beginning, the computer has
been continually developed since World War II, Computer uses pre-~
gently find over six hundred uses in all phases of business, industry
and education. Despite this growth and importance, there is a lack of
computer knowledge in the schools. The surveyed firms were asked,
therefore, to rate the importance of computing experiences in the
schools and the level. at which they should be introduced.

Four broad experiences were suggested., Two of these experi-
ences reflected in Tables XVI and XVII are education oriented. The
. first is simply an orientation to computers while the second would
provide a knowledge of computers as it is applied to a specific sub-
Ject area such as mathematics or sclence. The third or fourth
experiences, as suggested in Tables XVIII and XIX gre computer oriented.
These experiences would introduce and develop computér programming
techniques and provide a knowledge of systems design and analysis.

These Tables indicate that importance should be placed upon
the introduction of basic computer knowledge in the schools and that
this importance becomes more necessary as the educational level rises,
Thie same pattern is true of the knowledge of computer developments
as they apply to particular subject areas., Course work in cyber-~
netics 15 of little importance to those persons seeking a limited
education. It quickly rises in importance for those persons seeking
a four year college education or more, Systems design and capabiliiy

is again of little importance to persons receiving less than a college
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TABLE XVII

KNOWLEDGE OF COMPUTER DEVELOPMENTS AS THEY
APPLY TO A PARTICULAR SUBJECT AREA

Educational Level Rating

not limited very
necegsary importance important important essential

Senilor High School 3 4] 3 0 0
Vocational School (9-12) 1 4 2 0 0
Technical School (2 yrs.

post high school) 0 2 3 1 0
College, 2 years 0 2 2 2 1
College, engineering 0 0 0 3 4
College, non-engineering 0 1l 2 2 0

Graduate School O 0 2 2 3
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TABLE XVIII
FORMAL COURSE WORK IN CYBERNETICS
Educational Level Rating

not limited very
necessary lmportance important important essential

Senior High School 3 1 2 0 0
Vocational School (9-12) 3 1 2 0 0
Technical School (2 yrs.

post high school) 1 3 1 1 0
College, 2 years 0 4 0 2 0
College, engineering 0 1l 1 3 2
College, non-engineering 1 1 1 4 0

Graduate School 0 0 1 2 2
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TABLE XIX

FORMAL COURSE WORK IN SYSTEMS DESIGN AND CAPABILITY

Educational Level Rating

not Iimited very
necessary importance important lmportant essential

Senior High School 3 1 2 0 0
Vocational School (9-12) 3 1 2 - 0 0
Technical School (2 yrs.

post high school) 1 3 1 1l 0
College, 2 years 1 2 2 1 0
College, engineering 0 0 3 2 2
College, non-engineering 3 3 1 0 0
Graduate School 0 0 1 2 3

+ Responses to Tables XVI through XIX are incomplete.
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degree or a non—engineering degree. Knowledge in this area is'impor-
tant to the graduate or engineering student,

In summary, the introduction to computers and a knowledge of
them as they apply to particular subjects 1s important at all edu~-
cational levels. In practice these areas should be presented as early
inqurmal education as possible. Formal course work in cybernetics
and systems design and capability should be provided for those who
gi{; work in these areas. Normally these aress will be confiﬁed to

the engineering and graduate student.
ITI. DRAFTING KNOWLEDGE, SKILLS AND COMPETIENCIES

There is presently little application of the CRT system as
a design or drafting media, The capabilities of the system do -
however lend themselves to these areas. It was felt that some
indication of future drafting reguirements should be determined.
Since only five firms responded to the drafting portion of the ques-
tlonnaire, they can hardly be thought of as a comprehensive repre-
gentatlon of the industry. All five, however, did feel that computer
aided design will significantly effect the future competencies of
draftsmen and designers. The five firms were asked to rate suggested
competencies as to their future importance. The results are dis-
played in Table XX.

The mathematical background was rated as helpful by three
firms and essential by two., It is to gome degree & current require-

ment of draftsmen. The rating of programming and operational
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TABLE XX

FUTURE DRAFTING COMPETENCIES

Competency Rating

not
necessary helpful needed important essential

Strong mathematical background O 3 0 0 2
Programming background 0 3 0 2 0

Operational knowledge of the
computer and supporting

peripherel devices 1 1 0 2 1
Creative design abilities 0 0 2 1 2
Knowledge of N/C machines 0 3 1 1 0

Manufacturing methods 0 1 0 0 0
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TABLE XXI

CURRENT DRAFTING KNOWLEDGE AND SKILLS

Knowledge or skill helpful needed important essential
Use of instruments 0 1 3 - 1l
Dimensioning techniques 0 0 3 2
Geometrlc constructions 0 0 3 0
Multiview projections 0 0 2 0
Section drawingse 0 1l 2 ]
Perspective drawings ' 1 0 2 0
Machine drawinga 0 0 2 0
Sheet metal ] 0 2 1
Principles of design 0 0 0 4

Present reproduction methods 0 0 3 ¥
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knowledge of the computer including peripheral devices indicates these
competencies as future requirements. Except for unique applications,
these competencles are not currently required., Creative design
abllities will become increasingly necessary as the draftsman is
freed from routine tasks by the computer, The knowledge of numer=-
ical control machines and their manufacturing methods will increase
as they asgume a larger part of induastry.

In order to evaluate the present knowladge and skills
developed in the various drafting programs, the firms were asked to
evaluate current practices. Their evaluation is displayed in Table
XXI. This Table shows that all of the skill and knowledge presently
developed in the drafting program is important., Areas of particular
significance are dimensioning techniques and principles of design.

In sumary, many computing and CRT systems are available
which must be selected on the basis of application and needs. The
people working with these systems will require an extensive edu-
cational background and should be introduced to the computing fileld
early in their formal education. Lastly, although current drafting
room practices are important, we should look to the inclusion of

materials which will provide for future drafting competencies.
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CHAPTER V
THE CURRENT UTILIZATION OF THE CATHODE
RAY TUBE SYSTEM IN SELECTED EDUCATIORAL
INSTITUTIONS

A questionnaire was sent to seventy-two institutions whose selec-
tion was desecribed under the heading of Acquisition of Data from
Selected Educational Institutions in Chapter Two. The questionnaire
inquired as to CRT uses and developments in computer assisted 1ns%fuc-
- -tion., The first mailing brought twenty-two reeponses or a 31 per‘Eént
reply while the second mailing brought fourteen additional responses
bringing the total reply to thirty-six or 50 per cent.

Of the surveyed institutions, thirteen (36 per cent) are presently
'wbrking in computer assisted instruction, four (11 per cent) are pres-
ently using the CRT system, four (11 per cent) plan on future use of
the CRT system while sixteen (46 per cent) do not plan to use the CRT
system or computerized instruction, The responding institutions, un~
fortunately had little experience in the formerly described- areas
wvhich resulted in a spasmodic completion of the questionnaité.

The data acquired refers mostly to the type -of equipment used
and the relative size of the computer assisted programs. While the
regsults of the questionnaires indicate a lack of well developed com-
puter assisted instruction and wide spread CRT usage, they do not
present the depth resched by certaln institutlons in these média. An
attempt will be made later in this chapter to present these developed

programs, from reports acquired through initial inquiry so that a true
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representation of current utilization will be realized.

I. COMPUTERS, CRT SYSTEMS AND

PERIPHERAL EQUIPMENT

The computers used 1u educational institutions show an almost
complete reliance on the IEM Corporation, The majority of IBM_qpmputers,
however, are not specifically designed for the quick reacting and time-
csharing capabilitiles necessary for the operation of the CRT system-
Thirteen or 68 per cent of the computers used were manufactured by the
I Corporation, 'Only five or 26 per cent are of a recent vintage com-~
patable with the corporation's graphic data processing units: The
General Electric and Systems Douner Corporations each manufactured two
computers while the Radio Corporation of America and the Control Data
Corporafion each supplied one computer. A complete listing of the com-
puters used appears in Table XXII.

Exeept for the Calcomp plotter and Beckman recorder, the: equip-
mént used was provided by complete line computer menufacturers. The
IEM Corporation p:oéided five alphavumeric keyboards in thelr 1050
series and three 2260 cathode ray tubes while the General Electric
Corporation provided forty alphanumeric keyboards. A listing of the
Philco equipment follows:

1 Light pen

S Alphanumeric keyboards

3 Operatoé congoles

3 Progran functidn.keyboarda
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3 Cathode ray tubes
The previously discussed equipment was reported as owned by six
(40 per cent) institutions, rented by three (20 per cent), leased by

three (20 per cent), and time shared by three (20 per cent),

L]

CRT Capabilities and Applications

The Carnegle Institute of Technology was the only institution
responding as to the areas of application of the CRT syatem énd fhg
classifigatioq of the staff membera,concgfned with its use. Scien?ific
computation, text editing, the management game, Fﬁe library and design
as applied to basic qqqhitecture were designated 88 areas of apﬁlication.

A clésBificapion_of staff uses follows:

number of hours used
staff weekly
Administrators 2 2
Progranmers 3 © 130
Supportive persounel 3 180
Text editing 3 40
Management game 3 10

Prior specialized training before any CRT system use could be
attempted was indicated as being helpful for text editing and management
personnel while being considered as important for administrators. The
main problem in the utilization of the CRT system was comsidered to be

programming. Alsgo rated by the institute were the following reasons
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TABLE XXII

COMPUTERS USED IN EDUCATIONAL

INSTYTUTIONS

Manufacturer
Control Data
General Electrie
General Electric
I.B.M,

L.B.M.

I.B.M,

I,B.M.

I.B:ﬁ;' ‘
I.5.M.

I.B.M,

R.C.A.

Systems Doqnsr

Systems Donner

Total

Series

235
600
360
360
360
1100

1401 . -

1620
7074

74

quel No.

G-21

625
65
50
40

" 301
40
910

@
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for the incorporation of the CRT system.

Fase of access to information essential
Speed very important
Graphic displays essentlal
Computer asslsted education limite& impor-
tance
Incressed effectiveness of computing system important
Experimentation by engineers important

II. LIMITATIONS OF COMPUTER ASSISTED INSIRUCTION

The final section of the questionnaire sought to evaluate the
linits and advantages of computer aseisted instruction. Information
was requested concerning the size of institutions, subjecte curremtly
being taught, and opivions pertinent to future development. Though

:“bnlygfourﬂigqﬁitutioug rendered -their opinions as to the limitatious
of computer assigtéﬁ'inscruction, all presented different points of
view, One fustitution reported that the‘éﬁﬁputer could only be used
for drill_orhéutorial vork while g second suggested the computer will
becéme a dynamie teaching wediuvm. A middle of the road approach
suggested that subject matter could be taught through pre-~programmed
course work formulated by a prediction qf,pup11$;;ror. One institution
siuply stated that a lack of reseafch in this~areg'p:evented any
statement.

Current subjects beaing taught aré indicative of the institutions

they represent, The response to thls section of the questionnaire



o cor
o T
B H
. . A
. - .
L T
- L
N . PR
. N
. Lo
B
1
- i

P

g s . . 3 .,
: . . FEEVELI
wr P ) " . . b
‘! w -
LA ’ - N . o R
. - P N v 1 b
; . . T AN
- . :
)
o
3 . : * 3 o
. T Ty L .
i : " v '
L 7 . . + B ) N
E
P = e LI -
- - . ‘I-' -
L ey
. ¢ - . -
I} -+~ .
: y
o 1 . r - D
) " 4 . R .
R . . B . s 7 - LY
. . ' . :
. S : . 4 ML, N
) ¥ ' . ! A ' !




76
was typlcal of the engineering institutions which completed it. The
emphasis is placed upon mathematics, physics and computer languages.
Ope medical institution also contributed to the following subject

areas:

Research and Development Physics

Clinical patient management simulation Physical Science

Basie sc}ence problem sinulations Statisgtics
Computer Programming College Algebra
Fortran German
Numexical contyxol APT language

The cost of computerized education seemingly has no bearing
on the size of institutions concerned with its development, Student
enrollment of institutions using computer assisted instruction ranged
from 725 to 27,500, Programs fluctuated from those experimental in
nature to one serving 2,500 students. A complete listing of total
student enrollment and faculty as compared to computer asgisted student
“enrollment and faculty 1s shown in Table XXIII.

Again gue to insufficient experience, only two inatitutions com-
pleted the gection of the questionmaire dealing with the advantages
of computer assisted instruction and ite comparison with conventional
teachiﬁg methods, The computer assisted program was rated as being
equal and far supexrior to conventional methods in the comprehension

of materials; equal and superlor in the retentiou of materials; equal
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in the transfer of material learned; far superior in the acceptance
of method; and inferior in the thoroughness of material covered.

In the rating of advantages of computer sssisted iImstruction,
the Institutions recognized the regulation of pupil error ag being
important; individualized learning as belng important to very impor-
tant; immediate evaluation and logieal érogressiOn as being of limited
importance, and direct participation as being very important,

Additiopal comments to the questionnaire recognized the CRT
system as having gredt potential in the industrial applications of
numerical control and computerized design, The comments also indicated

-that ?eal time use and time sharing will render the GRT unsurpaessable
in areas of graphic presentation. ' Tremendous possibilities were also
available in dealing with lower elementary stqdents having reduced
reading abilities, In view of the peneral lack of data, it 1s diffi-
cult to draw conclusione from the surveyed sample.

II1. CURRENT DEVELOPMENT IN CRT AND
COMPUTER ASSISTED INSTRUCTION

This section of the chapter will attempt to indicate the depth
of some of the more well developed computer assisted instruction érﬁ—
grams. The inmstitutions represented were originally comtacted to
provide an insight to computer assisted instruction and cathode ray
tube use. Though these schools represent many different areag'in;which
the computer is used for imstruction and related educational peeds,

‘they should not be considered as indicative of all work in this field.
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TABLE ¥XIII

SIZE OF INSTITUTION AND CAI PROGRAM

' Co : *  Percentage
No. of No, of of total

Ho. 0of No. of Students Faculty Student body
Sgudenta _ Fgcul?y in CAI® in QAIf‘ in CAI*

1200 ~ 300 30 5 25

4000 - 300 3 : 1 © 075
20,000 = 500 200 5 ' -i
27,500 - - 1,000 experimental 10-R + D

1,200 125 860 - 25 &7
33,000 2,800 1,000 50 3

2,000 923 60 2 3

3,000 400 1,000 20 33

3,600 186 1 2

4,000 146 3
15,000 1,800 2,500 75 17

3,236 240 100 3 3

5,906 150 100 4 2

725 72 3 2 &

#0AT, Computer Assisted Iustruction Program
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The Florida State Unlversity

The Florida State University Computer Assisted Instruction
Center, directed by Dr. Duncan N. Hansen, 1s currently developing
programs in both research and instruction, Regearch projects described
by their Quarterly Progress Report ending June 30, 1966 included studies
to determine the feasibility of using computer asszisted instruction in
concept formation, to determine the effect of post and advance organizors
on discovery and non-discovery learning, and to investigate student
machine interaction. Two future proposals include the development of
Junior High School Sclience Curriculum materials and a program to be used
with adult illiterates.l

Instructional research projects as described by their Quarterly
Report ending September 30, 1966 included college physics, computer
assisted college physics testing, applied statistics, and computer
languagea.z

The projects at the University are conducted by both faculty
and staff, including graduate assistants. Several of the projects

have recelved Federal support and several have been used as topics

for doctoral dissertations.

1y, #. Stoker and D, L. Hartford, "Quarterly Progress Heport of
the Computer Assisted Instruction Centex, Institute of Human Learning,"
(Tallahassee, Florida:t Florida State University, June 30, 1966), p. 1.
(Mimeographed)

2pr. Duncan N. Hansen, "Quarterly Progress Report of the Computer
Assisted Instruction Center, Institute of Human Learning," (Tallahassee,
Florida: Florida State University, September 30, 1966), et passim.
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The University of Texas

The University of Texas 1s striving to develop all areas in
the application of computers to university problems. The computer
assisted education laboratory, however, organized under Dean Wayne
H, Holtzman, i{s a separate function of the University. The ins;rﬁc-
tional program is divided into three arecas, that of student assistance,
that qf instructor assistance and that of assistance to the researcher.
Student assistance is subdivided into drill,and practice, tu:o:;ai,
sinulation or gawing and real time computer communication. Teacher
assistance will keep the instructor informed as to the current progress
of his students and enable testing to become more of a learning ex-
perlence. Assistance to the researcher is designed to help in the
pfésentation and documentation of studeant responses in the concerned
projects, Initial developments included, the programsing ?egessafy
for computer assisted instruction, methods of presentqtion;'andathe
subject fieclde of chemistry, German, statistics and music.3 An intense
interest in chemistry has led the University to concentrate on this
area in wﬁich it is serving as a National Center., The overall program

is well diversified and the progress thus far realized is encouraging

to the fleld of computer assisted instruction,

3"Progresa Report, March-June 1966" (Houston: The University
of Texas, 1966) gt passim.
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The University of Michigan
The University of Michigan is the only institution identified
that is currently offering course work in-compﬁter graphics,. Theéa
| couésés are offéred.by Professor ﬁ. Hérzog, as & regular part oﬁ.the.
University's Swummer Engineering Conference of 1967. Topies included
in the basic course as indibéteﬂ by correspondence with the University
are: | |
Introduction to Camp;ter Aided Design
Descriptio; of the use of!
Sketchlpad on the T X 2 Computer
bAChI at Genmeral Motors Research
On-line programming systems |
Introduction to programmuing
Basle
Fortran
" The analysié'of drawings
Drafting languages
Deéailed description of graphic input/output systenms
Introduction to List Structures
The need for data structures
Surfaces in computer aided design
Animated Movies
An additional course provides experiences iun hardware and softwars systems

including topice such as mumerical control machining, the use of lines
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in computer’graphles and movies by computer., Five courses comprise
the total offering in graphics. There gre of course many other
related computer courses concerned wikh eugineering needs. In
addition to the course offeringa. the University is working toward

the reduction of hardware costs and a greater softwaye capability.

§§§nford Univergity

Progranm developﬁent at Stanford University is aimed at.tﬁe
téachiqg of reading and mathematics in the elementary School. Injctial
development began in 1963 and was funded by the Carnegi; institufe
of New York. The program iinﬁs'the Stanford University with the
Brentwood Elementary School which houses a laboratory capable of .
presenting pfogrammed5instruétion:td'éixteen students at ome time,

The laboratory bardw?ée consists ofﬁgﬁg énmputefa, an IBM chip system,
Philco -scopes, and a Westinghouse Au?iﬁ ‘.sy.‘stem.4 The expense of the
project presently totals one million doilars wvhich is equally divided
batweén curriculum development and hardware costs which'innlude the
price of the building, Objectives of the program are s greater utili-
zation of teacher time and allowance for individual students to éroceed
at their own rate, The project uses various data transmission lines

to extend its experimentation to various schools including the

University Breckinridge School at Morehead State University,

4Eatrick Suppes, "Tomorrow's Education?", Education Age,
January~Februasry 1966, p. 25 et pasaim,



v
. . .
o e . i B
3 * . . . > P . s - .
- N o - “a - P
. - - il B - . i 3 .
: s . ' . E . . P .
. p - . b . - . -
i - - - -t .
- - - . . . - . X o
- ~ -
- . = - - .
a " . . A - -~
w . . . - .
Y. ‘ + { - . . o : . .
B . > . [ . . c1
o T . -
¥ o . - r
) - ’ . - - .
M ! - . i -
-t : . R
. - n N \
. - . . o " 7 ~ - . B
. 45 " !
- - - - . .
) (B -, . " \
- J R - . a .
. . i . . i
- . ‘ . 1 - = H “
i - . . .
. L . . .
E e i : .- - .
- . 2 .
. - . L N .-
. - , : . " L : .
- - - .
- N N - R . .
- . . -
. L
- . -
. - f - - . i
‘e . - N . v «
L -
. . . - . . ~
' . d E ; . .
“ - 5 - Tm
L ' - 1n » . - . )
. = ,
a . . . vy . . )
. e " ’ ) . - .
- ' " H PF)
. . - . N .
., & 4 ) . . R
- . ) v . a,
’ - . b - § - :
hcad oo * - - - - Ay
. - s .
. < - L . I - . . . .
- L . . . . .
- - - EETIN + - - i ' .~ -
) : ’ . ) " ! . pe "
~ - - . - . . - - . .
. - N - .a . - N . .
» H . : .
- r . . - ¢ N a




83
Use of the program has been very successful to date, but it is difficult
to estimate the length of time, necessary before the system can be

applied to a number of schools.

Ihe Pennsylvania State University

| The Pennsylvania State University is applylng computét‘éss;sted
instruction to technical education. 'Early in this study the investi-
gator intervieuedvnr- David A. Gllman, research coordinator for the
program, to gain an insight into the problems of computerized.education
.and -ite relation with the cathode ray tube, Various topics pertiment
.to hardware and software development were discussed.

The computer assisted instruction laboratory is presently using
an IBM 1410 computer on a time~sharing basis within the University.,

This results in some difficulty in acquiring computer time when
necessary and an elimination of use in the case of general computer
failuré on the campus. Future plans call for an IBM 1130 anﬁ eight
cathodélray tubes complemented with alphanumeric keyboards and light
.pens to be used for laboratory purposes only.

The University is presently using computer aseistance in the
subject areas of Modern and Technical Mathematics, Engincering Sciences,
and Technicel Communication. The main difficulty in preparing materials
for computer presentation is the vast amount of necessary programning.
This tedious, time consuming process can only be benefielal 1f the
é;mpletely written and debugged program can be applied to a great many

students,
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Dr. Gilman feels that at the present stage of development the
computer assisted education program is equal to conventional methods
in‘the.comprehension and rgtentiop of matgriala, and the acceptance
of method, He feels that the advantages of this medium lie in its
abiiliy to preseat individualized instruction and develop direct
partlcipation on the part of the student. A logical rate of pr&grés—
~sion and immediate eﬁaluatipn aid ﬁhe;continuity of material thus
preéenteé. Though qﬁe CRT is:not presently used at the Univerzsity
its future implementation will allow a more efficient and greater
inclusion of visual projections. The opinlons of Dr, Gilman may be
verified by the student completed questionnaires requested of all those

_concernaed with the computer assisted education program,

Summary "

Although the sampling procedure did not identify well eatab-
lished computer assisted education programs and a wide use of the CRT
system, it did show that a majority (58 per cemnt) of the responding
surveyed institutions are working to implement further usage of these
educational alds.’ Scme of the more well developed current programs
are offered.as examples of the future possibilities of both the CRT
and computer assisted instruction, Though it 1s difficult to predict
the outcome of any new invovation, the investigator believes that the
computer and its related devices will become an integral part of the

educational system.
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CHAPTER VI
IMPLICATIONS AND RECOMMENDATIONS FOR
THE TEACHING OF IRDUSTRIAL ARTS

The basis of this study was to determine zny possible effeéta
of graphic data proéeééihg upon the content, methodology and cqtfiéulum
of industrial arts, Though the study has not identified a great.
number of applications in education or indusfry, the cﬁpabilities of
the systeﬁ are gelf evident. The present developments‘are indidationé
of fﬁture possibilities in which trends are élreéd& aiscernible.' The
preseni atate—of;the-art of the CRT ayestem can be coﬁpafed to the
a;ce iénored educational value of movies and television, As with
these media, the.computerized CRT system will not be cbﬁsidered a
sound aduéational tool until proven and will not be proﬁen until its
acceptancé is voiced by a great many leading educational institutions
and industrial £iims. "It is from the current diversified applications

and unlimited future uses that the implications for industrial arts

will be drawins.
I. IMPLICATIONS AS TO CGONTENT OF INDUSTRIAL ARTS

The industrial arts subjects are completely committed to
the repreéesentation of industrial tools, materials and processes, This
conmitment does not only lie in past and current representation but .
more 80 to future innovations that the youth of today will be con~
cerned with upon completion of thelr formal education, The cathode ray
tube system is one of the many inanovations which will be instrumental

in the shaping of industry and education and should be represented
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4.
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in our inetitutione in content and as a guldance function through

s H

induscrial arts. The ares most significently affected by the CRT

systen will be that of technical drawing.

1 [ | . ' 1

Technical drawing cloeely allied to the field of engineering

for which the GRT eystem wes originated will soon he engulfed by the
outgrowths of graphic deta proceseing. The compenencies and work
routinee of the drafteman will be altered to fully utilize ehe adven-
tages of the computer. Rapetitious redrawing of engineering ideee
and mnnuel retrieval of past drawings will be elimdneted as the GRT
system extends beyondxexnerimentation; | |

Through the use of recorders, scanners, alphanumeric anq -
program function keyboards, the draftsnan will be freed £0t'creative
design oﬁ a profesaional nature. Microfilm libraries will allcw
for tbe inetant tetrieval of an unlimited number of drawings pre-
viouslx-stored as hard copys This retrieval will result in a CRT
display to be altered and realtered at the will of engineer or
dneftenan. Sections will be easily deleted or transposed nithout‘
eny:use of current drafting equipment. When the new design is agreed
upon by engineering, management, production end other concermned staff,
it;will be referred to the computer for the initiation of a punched
paner tape to be used in a numeriealiy controled production machine,
If'neceseary, a hard copy may be produced at any time during the
design process, even through the use of currently avsilable microfilm
eqnipment. Initial drawings will be.produced by the draftsman in an

off-1ine setting through the use of transparent grids and overleye.
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If technical drawing is to represent these indugtrial methods,
then it should through lecture, films, and fleld trips, if not by
actual manipulation, impress upon the student the capabilities of
computerized drawing. With the institution of new course materials
should come the deletion of unnecessary current practices. The present
emphasis on lettering is even currently unnecessary when ones considers
the legibility and neatness of typed notes and specifications. This
emphasis will be rendered obsoclete by future use of the alphanumeric
keyboard in drawing description. The teaching of present reproduction
nethods will be eliminated by recorders, scanners, and transparent
grids. While it is true that present microfilm methods require line
texture suitable for minlaturization, this need will be eliminated
when the computer reads a transparent grid and stores or reproduces
the necessary drawing as digitized information. Drafting programs
should concentrate more upon the theorles and concepts mecessary for
multiview and perspective presentation instead of the gquantity and
quality of hard copy drawings. Notes, specifications, toleraunces
and possible methods of production will be necessary accompeniment
for any drawing, present or future. Mathenmatics, programming, general
knowledge of computers and numerically controlled machines will
support the creative design abillities of the future draftsman. Letter=~
ing, neatness, and line texture will only be the laborlous routine of
the student in the now typical drafting program.

Metal processing will also be affected by the CRT system and com-

puterized drawing. The greatest implication here lies in transformation
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of a CRT design to a finished product via the computer, punched paper
tape, and numerical control machining, The emphasis once again should
shift to the "why and how" of metal removal instead of the current em-
phasis of project construction., In the use of a lathe, milling machine
or other metal removing device, there is no doubt that the studeunt is
familiarized with its principles of operation. DBut, is this the most
efficient utilization of student time or is it the result of a lax
instructor who is not cognizant of current and developing methods of
metal removal and machine operation? The student should certainly
be taught the history in the development of such machines but there
i3 no need to subject him to their operation to develop an awareness
of out-dated equipment. The fileld of metal working, of course, has
other pertinent developments such as electrical discharge and electro-
chemical machining which are particular teo its own proceséés nulifying
present machining techniques. As a consumer of blueprints, even the
sheet metal worker will become a user of computer generated drawings.
Small drawings may be duplicated from microfilm and large drawings
can be generated through computer driven plotters, both of which can
be used for sheet metal patterns. Once again the emphasis should be
placed on feeds, speeds, and feasible production techniques so that
a thorough understanding of the various concerned process will be
formed instead of & working knowledge of one machine comstituting only
one form of metal removal,

The graphic arts industry presently relies upon the computer

for the setting of type and control of paper making. Though the CRT
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is not presently used, it is concelvable that as an on-line device
the CRT system could present data concerning the composition and
thickness of paper in graphic form so that it could be easily and
quickly understood. Through the alphanumeric and program function
keyboards, necessary changes in the manufacturing processes could be
made seconds after the output data is displayed.

In the computer typesetting procedure, the operator composes
the degired text on a typewriter which punches a paper tape. This
tape 1s then fed info a computer for line justification which includes
hyphenation when necessary. The computer then generates another tape
which is fed into a standard linotype machine for compositicn. The
one drawback of the system 1s that the proofing takes place after the
type 1s cast, With the CRT system, an operator could use the alpha-
numeriec keyboard for composition and the CRT to visually check his
work before tapes are made and the lines are cast., Line justification
systems are also used for typewritten letters and offset paper mats,
Though these are projected uses of the CRT syatem, the computer is
currently being used in these areas and the graphic arts student
should be cognizant of these developments.

The incorporation of the CRT system in electricity-electronlcs
can be thought of as proceeding in two directions. One is the use of
the CRT sy;tem to design various electrical circuits and the other is
the reverse use of knowledge acquired in electricity-electronlics to
design computer and CRT circuits. The CRT system can be used to vary

the capacities of various components necessary in electrical circuits bf
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aliowing-the‘computer to perform the necessary calculations and -then
diapi;ying the. results in the form of a graph, . Both. the inpun.ané out-
puﬁ;bf“y%rious compénenta gsuch as capacitors. and reéibtoré can;bg
disﬁla?ed in a system presently used by the IBM CorporaéionJ Complex .
printed circuits can be drawn and component valuee teatad without the
dlagram even leaving. the face of the GRT. ;;: R . j

There is no. doubt that the compucer field 16 prasently impor—
:ant but, as it growa mare s0, the industrial arts program should
include more of the electrical knowledge necessary for computer circuit
design and operation‘ The entire storage system of the computer,~for
instance, consists o£=mégnetized bifs vhich are électrically chﬁréeé
to a positive or megative polarity leading to the use of the biné?y
systems This simple illustration of computer knowledge can proceed \
-fo the complex circultry necegssary for the operation of tﬁe CRY -
system. By combining the knowledge of electricity and the abllity
of the CRT system to design circuits, the system can in fact, be used
to degign future CRT systems or other computer components. |

One of the more recént proposals in Industrial arts places
emphasié upon manufacturing processes and is not subdivided according
to materials as is the present curriculum. Such a tepresenthtion of
indﬁsfry, as developed at Indiana State University, will inclu§e all
levels of personnel concerned with mass production. As indicated by
suggegted-ORI applications and those identified by the queat;é@naire,

(Table IX) varied uses of the system can be discussed whea management,
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sales, research and development, and other personnel groups are brought
inte the industrial arts picture. The CRT and the computer can also
be thought of as controlling devices of automation. Applications of
the CRT system are unlimited in this area and will no doubt be included
in the future industrial arts curriculum.

In summary, the greatest CRT implication for the teaching of
industrial arts lies in technical drawing for it is the subject most
concerned with grephlc representation., Other subject fields such
as electricity~electronics, graphic arts and metal working will
interpret segments of CRT uses or systems design., As new applications
of the CRT system are developed they will no doubt cause a greatér
concern in the industrial arts curriculum and as new concepts in
the teaching of industrial arts are developed they may have a greater

need for the representation of computerized drawing.

II. IMPLICATIONS AS TO THE METHODOLOGY OF

INDUSTRIAL ARTS TEACHING

Computer uses stretch from income tax collection to medical
technology effecting almost every phase of our lives. One cannot
but stop and wonder as to how this device will assist education.

In the teaching of industrial arts the computer can be used as both
an educational and industrial tool. The industrial applications
applicable to industrial arts content were discussed in section ome
of this chapter and as costs of the computer and CRT system are

offered a "hands-on" learning experience will become possibile,
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Applications and advantages of computer assisted instruction were
presented in Chapter V and include such subjects as technical mathe—
matics and communications skills presently taught at The Pennsylvania
State University which will have direct bearing on the teaching df
industrial arts, e
| In technical drawing for instance, the computerized CRT'syatem

can be used in computer-agsisted instruction, for actual design pgﬁb—
lams'existing in the construction of new buildings, or to fam;ligrize
the student with equipment used by industry. These same uses c;n be
apﬁlied to graphic arts, metal working and electricity-eleccronic;.
‘The most widely used application will lie in computerized educgtign
where all industrial arts subject arceas can utiiize the tutqrial,'
probigm solving, aﬁd programmed instruction techmiques to full advantage.

An example can be drawn from the teaching of dimensioning,
The inétructor could work out preprogrammed instructions and related
visual displays to originally present new maceria% to the classs
This material could then be stored for future preééntation or for
réviqw by the student whenever necessary exewmplifying the tutorial
function of computeriged instruction. Various diagrams, which are
not dimensioned could then be presented to the student for hisrcomé
pletion thus utilizing problem solving techniques. The advantaggs
of computer use in such a situvation are regulated pupil error,
immediate evaluation, and direct participation. "

Another related area is the student use of library facilitiles.

The CRT system could be used to record and recall any current litarature
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ésﬂkéniénily stored on microfilm or microfiche. Cost of such literature
!wﬁﬁfd‘ﬁé'ékééhly'feduééd as would be the access time neéeéﬁaiy fdr its
"usé by the student. The same equipmant could aleéo be used to arder,
recotd, and pay for any textbook or other library materiala No doubt
the reader can suggesc many applicatione in both computer—asaisted

instruction and related educational areaa.

' [P ' . : e BN . -

-y
.

.. III, IMPLICATIONS FOR THE CURRICULUM OF INDUSTRIAL ARTS,
'As more and more of the industrial and business worldlbepames
cﬁncefned with Ebmputer utilizétion; industrial arts will be fbrééﬁ
t9 ﬁgovide formai coﬁraé work in cybernetics and systemé analysié.' We
cénnﬁtnadéquately'éiscuss the methods by which the GRT géherates a, |
~dési§n and the way a numerically controlled machine shapes a conplex
'part qithoué a khowledge of the software and hardware involved. When
indusirial arts truly represents industrial procesaeﬁ. a thorough
un&eré?anding of the computer will become a reality.

EBasic cbursea in Fortran and Cobol should be provided in the
industrial arts curricuium go that an introduction to computihg:;an-
gﬁaéés necessary for CRT data manipulation, numerical control machin-
iné o:lbther perfinen: btocesses. There is not,'of course, any reason
to exclude management or sales applications. 0Of equallimporéance to
cyberneﬁics 1s systems design and analysis. The industrial ;rts
student should know the function of each peripheral device, ﬁe‘ghould

underatand the relationship between these devices, the capabilities of

PR A,
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each, and whz they are included in the computing system.,_Thougg.;ystémB
design .and analysis can comprise a complete college curriculum in itself,
an introduction necessary to a basic understanding of peripharal devices

is not beyond the capability of the student.,
IV. SUMMARY

The findings and implications of this study reveal that graphical
.data procegsing will significantly influsnce the field of industrial arts
in content, methodology and curriculum. These filndings and implications
are based upons

1, The capabilities of the computerized cathode ray tube
system as identified by the manufacturers of the. system
aad current users in industrial firms and educational
institutions,

2. The applications of the computerized cathode ray tube
system as ldentified by the manufacturers of the systen
and current iisers in industrlal firms and educational
insgtitutions.

3. The persounel needs and their suggested educational -
backgrouad as reported by the industrial fimms wsing
the CRT system.,

Since the sample of thia study has been gsomewhat limited due

to tﬁe ‘vecentness of the CRT system and i¢s applications in both
industry and education, widespreed generalizations as to the length of
time necessary for common industrial aund educational utilization of
this medium are not possible. This common utilization will however

be hastened through the time-sharing procedures, data communicaetion

lines, software development and lower costs due to volume production.
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APPENDIX B

l; Bunkevr~Ramo
Capability: Alphanumeric

General Description: The CRT system is designed for business
applications which have a need for information storage and
retrieval.- Bunder-Ramo equipment may be interfaced with most
computing systems and data communication lines. Design features
allow for a stcrage system which may be easily expanded, - Addi-
tional dlsplay‘unlts may be added to the system at any timea

Available Bquipmenti{ CRT display units; interface equipment;
alphanumeric keyboard; function keys and central units.

Software: Not specified,

2.. Control Data Corporation
Capéhility:_‘Alphanumeric, graphic, and design,

Ceneral: Description: A complete line of computers, CRT systems

and vrelated peripheral equipment is available. Systems are
‘designed for alphanumeric, general purpose, and design applications,
Hard copy printers, film processors, and microfilm readers are
‘included as an integral part of the CRT systems, With the use of
storage.and buffering equipment, the CRT can effectively be used

as an off-line device, This is the only manufacturer that offers

a. unit specifically developed for design.

Avazlahle Equipment: Computers; CRT display units; alphanumerlc
.. and program function keybedrds; track balls, sw;tch indicators;

mmcrofm%m rqaders and printers; and hard copy printers,

Softwares Determined by installation,

84 Digital Equipment CQrporatioﬁ
Capability: Alphanumeric, graphic and design.

Ceneral Description: Digital provides a comprehensive line of
largé and small computers to complement various CRT unitss The
CRT systems- are designed to be used as computer driven displays
or buffered satellite units. A unique feature is the "moving
window: ‘which has the ability to select a small area from a
larpge drawing.
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Available Equipment: Computersj CRT displays; light penj
alphanumeric and program function keyboards; various types
of symbol and character generators,

Scftwcre; Full software support including Fortran and

Cobol. Pre-programmed subroutlnas aid the searching and

use of storage.

’Génerai”E}ecfnic‘Corpoyation

éépabiiity: Alphanumeric

General Descriptian. Both computers and CRT systems are
prov1ded. The CRT-systems are also adaptable to computers
produced by .other manufacturerss. Sznce only the alphapumeric
capabxllty is available, applications ‘are limited to business
and monitoring operations such as the supervision of blending,
reflning, and steel maklng. Comprehensive software support

is prov;ded.

Softwarez Process Assembler languages, Fortran compilers,
Tabular- sequence: control, mathematical routines, debugging
aids, and‘hardware dlagnostic PrOgrams.

1

Honeywell Corporation

Capabillty.| Alphanumerlc .
General Descrlption. Honeywell provides bath computers and
CRT 'systems, uged. in bus;ness and information, storage' and
vetrieval appllcatlons. The flrm is also, presently working
in computer assisted instruction and llbrary applications.
Available Equzpment* Computers, CRT dlsplays, Light pen;
alphanumeric and, program function Heyboards.

Software: Both Cobol-gnd Fortran are avallable.

IBY Corporation
Capability: ‘alphanumeric; graphic -and design.

General -Descriptiont, “IBM.is the largest menufacturer of
computers .and CRT systems. The company provides  a complete

.1ine,of large to ;srall .computers. CRT systems are

Bpeczfiqally des;gned for alphanumeric, graphic, or general
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purpose applications. The firm maintains an excellent sales and

systems staff. CRT systems are avallable which mzy be used as off-

line equipment.

Available Equipment: Computers; CRT displays; recorders and
scanners; alphanumeric and program function keyboards; plotters;
drafting machines; microfilm readers, photo plotters; and motion
picture devices.

Software: TFortram, Cobol, specially written programs for tracking
and sketching techniques, subroutines for buffer storage, ALPACA,
G-PAC, EXPRESS and BASIC Languages are available.

Information Displays, Inc.

Capability: Alphanumeric, graphic, and design.

General Description: Builds CRT systems which may be adapted to

any computer. The Company has the most comprehensive line of
equipment of the firms which do not manufacture computers. The
system are designed from low performance, low cost to high performance,
high cost, All CRT system options are available. The firm malntains
an excellent sales and service staff.

Available Equipment: CRT consoles; light pen; alphanumeric and
progran function keyboards; interfaces; contained storage; various
character and vector generators; size and intensity controls.

Software: Determined by application.

1.T.T. Federal Laboratories

Capability: Alphanumeriec, graphic, and design.

General Description: A comprehensive line of equipment is

provided for varied and unique applications. Color displays, slide
projections, and 6 foot viewing screens are typical
of the varied applications.

Available Equipment: CRT displays; slide projector; alphanumeric
and program function keyboards; light pen; and ceolor processor.

Software: (MACC) Modular Alter and Compose Control is a Cobol
oriented language used to control the various displays.
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Laboratory for Electronics
Capability: Alphanumeric

General Description: Present applications include Military
command and control, our traffic control range, safety training
devices and other types of control displays. Drafting and
design are not included. The equipment can be adapted to most
computers. Cost is determined by software and peripheral equip-
ment requirements.

Available Equipment: CRT displays; alphanumeric keyboard; light
pen.

Software: Not specified.

Philco-Ford
Capability: Alphanumeric, graphic, and design.

General Description: The firm provides both computers and CRT
systems. A great deal of emphasis is placed upon computer
assisted instruction. Equipment is suited for any application
where capabilities are required.

Available Equipment; Computers; CRT displays; alphanumeric and
program function keyboards; light pen; microfilm and projection
equipment.,

Software: Baslec routines have been devised, other software

under development. (SAVI) Student Audio-Visual Interface is
a speclal system used for computer assisted instruction.

Raytheon

. Capability: Alphanumeriec.

General Description: The CRT system is designed for areas which
lend themselves to the alphanumeric capability. Displays can be
adapted to most computers. The firm speclalizes in storage and

readout tubes which may be comnected with data transmission lines

of all types.

Available Equipment: CRT displays; interface; alphanumeric keyboard;
gnd hard copy printer.

Software: HNot aspecified.



1l.

12.

13.

108

Radio Corporation of America
Capability: Alphanumeric and graphic.

General Description: The RCA system translates machine
language to narrative form for high speed data processing.

A sophisticated software support program is offered. Unique
features include a message composer and a split screen function
with hard copy capability.

Available Equipment: Computers; CRT displays; alphanumeric
keyboards; buffers, ligh pens, and hard copy devices.

Software: Fortran IV, Cobol, Sort Merge, Diagnostic Library
Maintenance, Communication Control, Report Program Generator,
Job Control, Assembly System Peripheral Control, and File
Control Processor.

Sanders Corporation
Capability: Alphanumeric.

General Description: A business orlented display. It has
the unique feature of self-contained storage which allows
for some data manipulation without the use of the computer.
Typical applications ineclude accounting, budgets, deliveries,
personnel records, production reports and speclificatiens.

Available Equipment: Control unit; display units; typewriter
style keyboard; and memory units.

Software: HNot specified.

Stromberg~-Carlson
Capability: Alphanumeric, graphic, and design.

General Description: The firm designs and builds complete CRT
Systems for specific displays or computer output. Thelr systems
have found application in design, the proofing of numerical
control tapes, toocl path drawings, business graphs, and scientific
curves,

Available Equipment: Computers; CRT displays; alphanumeric and
program function keyboards; 16 and 35 MM recording camerasj printers;
hard copy devices; magnetic tape and card reading units; paper tape
readers; projection screens; character and vector gemerators, plotters,
film processors, microfilm recorders, and a microfiche inquiry
station.
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Software: Fortran, S-C4060 Symbolic language, test and
maintenance programming, Pert, and Global mapping programs.

14, Tasker
Capability: Alphanumeriec, Graphic.

General Description: Tasker is a bulilder of CRT consoles and
systems which interface with standard computers. Although

thelr systems can be adapted to punched paper tape machines

and plotters, they have only limited applications in engineering.

Availeble equipment: CRT consoles; interface units; light pen;
transparent grid; film projector; symbol writer, vecbor and format
generator; hard copy printer; and alphanumeric keyboard.

Software: Not specified.

The above information has been taken from information provided
by the mznufacturers. Additional information can be obtained by
writing the manufacturer as listed in Appendix A.



APPENDIX C

1. A. C. Electronics
Milwaukaee, Wisconsin

2. Aeronautronic Corp.
Newport Beach, Calif.

3. Aefospace Corp. %%
Los Angeles, Califérnia

4. Department of the Ay Foree I*
Washington, D, GC.

5. Alrborne Instruments Laboratory
.Deer Park, L.I., New York

6. AMF Tuboscope Inc.
Houston, Texas

7. American Air Lines, Inc.
New York, New York

8. Analytic Services Inc.*
Falls Church, Va.

9. Applied Data Research, Inc.%
Princeton, N. J.

10, V., 8. Army Electronicés¥
Ft, Mammouth, N. J.

11. Department of the Army II#%
Washington, b. C.

12. Atlantic Research Corp.
Coata Mese, Calif.

13. Battelle Memorial Institute*#
Columbus, Ohlo

14. Bell Aerosystems Co. d
" Buffalo, M. Y.

15. Bendix Industrial Controls¥
Detroit, Michigan

16. Boeing Slmmlation Center
Huntsville, Alabama



17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29,

30.

31.

32.

33.

Boeing Corp,***
Seattle, Washington

Bolt, Beramek, & Newman, Inc.
Cambridge,’ Mass.

Chemical Abatracts Service®#¥%
Columbus, Ohio

Chrysler Corp.¥#%
Detroit, Michigan

Cincinnati Milling Machine Co.#
Cincinnati, Ohio

Communications Satellite Corp.®

Washington, D. C.

Control Data Corp.
Burlington, Massachusetts

Data Corporation¥
Dayton, Ohio

Data Processing Center~6*
Washington, D. C.

Douglas Aircraft, Inc.%*¥

' Santa Monica, Calif. -

E. I. Bupont
Wilmiogton, Deldware

‘Fairehild Cameras & Instrument

Syorset L. I., New York

Ford Motor. Co.**%
Dearborn, Michigan

General Dynamics

Groton, Conn.

General Electric Co.
Schenectady, New York

General Motors Corp,#&#
Warren, Michigan

Grumman Adrcraft Corp.
Bethpage L. X., New York
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34.

35,

36.

37.

38,

39.

40.

41.

42.

43.

44,

45,

46.

47«

48.

49.

30.

"Hughes Aireraft Corp.

Culver City, Calif.

Link Group, G.P.I.
Binghampton, New York

Litton Industries, Iac.
Beverely Hills, Calif.

Lockheed Alrcraft Corp.%®
Burbank, Calif. |

de!éﬁeed-‘-(;enrgia Co A%k
Marietta, Ga.,

Lockheed Propulsion Co.
Redlands, Calif.

Lockhéed Missiles & Space Co.
Sunnyvale, Calif.

Magniivox Co.*
Fort Wayne, Inds

Martin Company¥#
‘Denver, Colorado

McDonnell, Aircraft#as

The 3-M Coip.

. 8t4° Paul, Mian.

Motorola, Inc. .
Chicago, Illinois

N.A.S.A.%
Washington, D« C.

N.A:S.A. Research Center¥
Cambridge, Mass.

National Cash Registex Co.

Dayton, Ohio

North American Aviation Corp.
Log Angeles, Calif.

Pan Am-Guided Missileshih
Cocoa Beach, Fla.

na



51.

52.

33.

34.

55.

56.

57.

28.

59,

60.

61.

62,

63.

64.

Phillips Petroleum Co.%#%
Bartlesville, Okla,

Radio Corp. Of America
Cherry Hill, N. J.

Rand Corp,#*##%
Santa Monlca, Calif.

Reliance Electric®#*
Cleveland, Ohio

‘Rust Engineering Co.%

Pittsburgh, Pa.

Space & Information Systems
Downey, Calif.

Sperty Gyroscope Co.
Great Neck L. I., New York

Strategic Communications Command
Washington, D. C.

Systems Research Lab,
Dayton, COhio

Texas Instruments Inc.
Pallas, Texas

United Aircraft Corp.#*
Norwalk, Connecticut

United Air lLines
Chicago, Illinois

Univac#ki

_ Blue Bell, Pa.

Westinghouse Electric Corp.#®%#
Pittsburgh, Pa.

* Indicates those companies which responded to the original
letter of inquiry.

%% Indicates those companies responding as users of the CRT
to which the industrial questionnaires were sent,

*%%* Indicates those companies responding to the questiomnaire.
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APPENDIX D

Persons contacted through personal interview:

1. Mr, Samuel M, Masta
Manager, IBM Advanced Scientific Center
United Nations Plaza
New York, New York

2. Mr. Richard Speers
Software Support
Boneywell Corporation
Newton, Maasachusetts

3. Mr. Carl Machover
Information Displays, Inc.
Mount Vernon, New York

4. Dr. Edward Ramey
Massachusetts Institute of Technology
Boston, Massachusetts

5. Mr. David A. Gilman
Pennsylvania State University
University Park, Pennsylvania

6. Mr. James Stevens
Westinghouse Corp.
Pittsburgh, Pennsylvania

7. Mr. Lee Presscott
United Aircraft Corp.
East Hartford, Conmecticut



APPENDIX E
ENGINEERING INSTITUTIONS

Auburn University
Auburn, Alabama

University of California, Berkeley 4
Berkeley, California

Carnegie Institute of Technology 2, 4
Pittsburg, Pennsylvania

Case Institute of Technology 1
Cleveland, Ohio

Clemson University
Clemson, South Carolina

U. §, Alr Force Academy 1
Coloradoe Springs, Colorado

University of Connecticut
Stores, Connecticut

John Hopkins University 1
Baltimore, Maryland

University of Kansas 1
Lawrence, Kansas

Lehigh University
Bethlehem, Pennsylvania

Marquette University
Milwaukee, Wisconsin

University of Maryland 2
College Park, Maryland

University of Missouri at Rolla &
Rolla, Misgsouri

Montana State College
Bozeman, Montana

New Mexico State University
University Park, New Mexico
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Ohio State University
Columbus, Ohio

Oregon State University
Corvallis, Oregon

Rensselaer Polytechnie Institute
Troy, New York

Seattle Unilversity 1
Seattle, Washington

South Dakota School of Mines 2
Rapid City, South Dakota

South Dakota State University 1
Brookings, South Dakota

University of Southern California 2
Los Angles, California

University of Southwestern Louisiana
Lafayette, Louisiana

Tulane University
New Orleans, Louisisna

University of Virginia
Charlottesville, Virginia

Washington State University

Pullman, Washington

1. Responded to the questiomnnalre ga not using computer assisted instruction
oxr the CRT.

2. Responded to the questionnaire as using computer assisted instruction.

3. Responded to the questionnaire as future users of the CRT.

4, Responded to the questionnaire as present users of the CRT.

5. The institutions originally contacted to provide an insight to computer
assisted instruction.



APPENDIX F
EDUCATIONAL INSTITUTIONS
Adelphi University 1
Garden City, New York

University of Akron 3
Akron, Ohio

Austin College
Sherman, Texas

Bemidji State College 2
Bemidji, Minnesota

Brooklyn College of the City University of New York 1
Brooklyn, New York

Junior College of Broward County 3
Fort Lauderdale, Florida

Bowdoin College 1
Brunswick, Maine

University of Chattanooga
Chattanooga, Tennessee

University of Cinednmati 1
Cincinnati, Ohio

The Citadel
Charleston, South Carolina

Columbia University
New York, New York

Cooke County Junior Coliege 1
Gainsville, Florida

Darthmouth College &
Hanover, New Hampshire

Eastern New Mexico University 2
Portales, New Mexico

Florida State University 5
Tallahassee, Florida



The George Washington University
Washington, D. C.

The University of Houston
Houston, Texas

University of Illinols at the Medical Center
- Chicago, Illinois

Iowa State University 2,3
Ames, Iowa

The John Hopkins University
Baltimore, Maryland

King's College
Wickes Bane, Pennsylvania

Lane Community College
Eugene, Oregon

Massachusetts State College
Westfield, Massachusetts

Michigan State Unilversity
East Lansing, Michigan

University of Michigan 5
Ann Arbor, Michigan

University of Missouri at Kensas City
Kansag City, Missouri

University of New Mexico
Albuquerque, New Mexilco

New York Uhiversity
New York, New York

North Orange County Junior College
Fullerton, California

Northwestern University
Evanston, Illincis

Oakland Community College 2
Bloomfield Hills, Michigan

Oklghoma Christian College
Oklahoma City, Oklahoma
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Pacific Lutheran University 1
Tacoma, Washington

Pennsylvania State University 5
University Park, Pennsylvania

University of Pennsylvania 3
Philadelphia, Pennsylvania

Pfelffer College 1
Misenheimer, North Carolina

University of Pittsburg
Pittsburg, Pennsylvania

Purdue University 2
Lafayette, Indiana

Randolph-Macon College
Ashland, Virginia

Saint Peter's College
Jersey City, New Jersey

University of Southern California
Los Angeles, California

Stanford, University 5
Stanford, California

Syracuse University
Syracuse, New York

Tarlaton State College 2
Stephenville, Texas

Tezas Christian University
FortiWorth, Texas

The University of Texas 5
Austin, Texas

Washburn University of Topeka 2
Topeka, Kansas

Wayne State University
Detroit, Michigan

Western Kentucky Undversity 1
Bowling Green, Kentucky
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Wilson College 2
Chambersburg, Pennsylvania

Wiseconsin State University 1 P
Oshkosh, Wisconsin

1.

Responded to the questionnaire as not using computer assisted instruction
or the CRT. .

Responded to the questionnaire as using computer assisted instruection.
Responded to the questionnalre as future users to the CRT,
Responded to the questionnaire as present users of the CRT.

The institutions originally contacted to provide an insight to computer
assisted instruction.



FORM 1 - INDUSTRIAL, APPLICATIONS AND IMPLICATIONS

Hame of firm

Address

street city , state

Kamne or respondent

Position or respondent

Function of firm

Approximate nmumber of employees in firm

Approximate number of employees involved with the use of the cathode ray tube system (CRT)

1. PFlease state the mumber of units, the manufacturer, the serles, and model number of the following
hardware equipment used in your system.

A. Computer(s)

No. of units Menufacturer ' Serles Model no.

B. Cathode Ray Tube




c.

( ) plotter

() light pen

( ) recorder

( ) scenner

(o) operator console

{ ) alphenummeric keyboard

( )} program function keyboard
( ) character generator

(' ) other

( ) other

2.

Periperal Equipment

Ho. of units Manufacturer

Sexles

Is your hardware equipment:
{( ) owned? ( ) rentea? { ) leased? ( ) time shared?

Plegse indicate the present and future capsbilities of your CRT system.

Capability Presently used Planned future use
alphanumerics () ()
graphics () ()

design () ()



L,

.
B.
c.
de
a.
£.

Ee

Please indicaote the arca(s) of application of your CRT system.

( ) information inquiry ( ) proceas control
{ ) menagement ( ) test monitoring
{ ) design { ) education
( ) engineering ( ) other
" () sclentific camputation ( ) other
5. Indicate the mmber of personn2l in ecch classification that ere dircetly involved with the CRT and

smount of thelr usage.

Total no. of personnel Fo. of hours used weekly
menagement
cngineexring
drafting

pales

programming

other

othey

get



6. Indicate the mumber of your personnel that fall within each educational classification who use the

CRT systen.

Educational level

a. 1less than twelfth grade

b. high school graduate
¢. technical gradumte
d. college graduate

e. master's degree

f. doctorate

g. other

Number of personnel

12k

T. Flease rate the necessity of prior speclalized training®* in the use of the CRT system for the following

personmnel by plecing a circle around the appropriate number.

a. management
b. englneering
c. drafting

d. programing
e. oOther

f. other

*Specielized training is defined as the implant instruction necessary before any use of the CRT system

mey be attempted.

Not necessary Helpful Needed Inportasnt Essentlal

o
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b
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8.

e
b
Ca

d.

e
b.
Ce

d.

1.

FPlease rate the problems associated with the utilization of the CRT system.

Problen Rating
No Few Some Many Major
programuing 0 1 2 3 4
acquiring speciglized persomnel 0 1 2 3 4
retraining of present personnel 0 1 2 3 b
utilization in respect to cost o] 1 2 3 L
other 0 1 2 3 b

Please rate the réasons for the incorporation of the CRT system in your firm.

Reason Rating
not limited very
appliceble importance important important essentlal
ease of operation 0 1 2 3 4
speed 0 L 2 3 b
graphic representatiox; 0 1 2 3 L
on-line control 0 1 2 3 %
other (4] 1 2 3 4
other 0 1 2 3 b

125

ST



10.

8.

Ce
d.
€.

f.

g

126

Do you have a need for perasonnel to fill existing employment opportunities concerned with
the use of the CRI?
yes () no ()
Do you feel that additional personnel will be needed within the next five to ten years?
yes () no ()
If yes, ‘please indicate the approximste Mer of persomnel needed within each classification.
Clasgification No. of personnel No. of personnel
needed in 5 years needed in 10 years
manegement ) ()
engineering (_____) (._._...)
drafting '(___) (_..._)
sales () ()
programing () ()
other (___) (__)
other () )

="
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12. Flease indicate the educational level at which the followlng experiences should be introduced
and thelr degree of ilmportance.

a, basic introduction to computers and their development

Rating
not Limited very

necessary Iimportance importent important essential

senior high school
voeational school (9-12)
technical. school

(2 yr. post high school)
college, 2 year
college, engineering
college, non-engineering
gradunte school

00000 ©OO0
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b. knowledge of computer developments as they apply to a particular subject area.

Rating
not 1imited very
necessary importence Important IJmportant essential

senior high school
vocational school (9-12)
technical school
(2 yr. post high school)

college, 2 year

college, engineering
college, non-engineering
graduate school

oo0o00co oo
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c. formal course work in cybernetlcs

Rating
not limited very
necessary Importance importent important essentlsal
senior high schogl 0 1 2 3 L
vocational school (9-12) 0 1 2 3 4
technical school
(2 yr. post high school) [+ 1 2 3 L
college, 2 year 0 1 2 3 L
college, engineering 0 1 2 3 4
college, non-englineering o] 1 2 3 L
gradunte school 0 1 2 3 3
d. formal course work in systems design and capability
Reting
not limited very

necessary importance Important Importent essentdal

senlor high school
vocational school (9-12)
technleal school

(2 yr. post high school)
college, 2 year
college, engineering
college, non-engineering
graduate school

o0c00 00
FHHPR B
PPN PP
WWWWW Ww
o A g
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NOTE The finel section of this questiomnaire will be concerned with the determination of competencles

required of future draftsmen and/or designers. Please disregerd this section if arafting and/or design
do not apply to your area of application.

13. Do you feel that computer aided design will significently.effect the required competencies of
future drafismen and/ or designers?

yes () no ()

If yes, please rate the followlng suggested competencles:

competency Rating

not
necessary helpful neaeded important essential
8. strong mathematical back-
ground : 0 1 2 3 4
b. programuing background 0 1 2 3 L

c. operationel knowledge of the
camputer and supporting

peripheral devices 0 1 2 3 L
d. creative design abilities 0 1 2 3 b
e. knowledge of mmericelly con-

trolled machines 0 1 2 3 b
f. other 0 1 2 3 b
g. other : 0 1 2 3 i

631
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1h. The following skille and knowledge are developed in the typical drafting program. Flease rate
each as they will apply to future draftsmen and/or desigrers.

neczgzm-y helpful needed important esgsential
8. use of instruments 0 1 2 3 4
b. dimensioning techniques 0 1 2 3 b
c: geometrie constructions 4] 1 2 3 L
d. multiview projections 0 1 2 3 b
e. section drawings 0 1 2 3 I
£. perspective drawings 0 1 2 3 4
g+ machine drawings 0 1 2 3 b
h. sheet metal drawings 0 1 2 3 L
1. principles of design 0 1 2 3 L
J. present reproduction techniques o I 2 3 b

15. Please enter mpy additionsl comments you wish to make concerning the cathode ray tube and its
effect upon the draftsmen and/or designers.

OET



FORM II -~ EDUCATIONAIL, APPLICATIONS AND IMFLICATIONS
Neme of institution

Address

street clty state

Name of respondent

Position of respondent

Approximate mumber of students attending your institution

Approximate number of faculty at your institution

Approximate mumber of students involved with computer assisted instruction

Approximgte mumber of faculty inveolved with computer agsisgted ingtruetion

Are you presently using the cathode ray tube as an instructionsl deviece? yes () no ()

If yes, how many students are involved with the cathode ray tube {CRT) system?

If no, do you plan on implementing the cathode ray tube system (CRT) in the near future? yes ( } no ( )

If yes, how scon do you plan on implementing the CRT system?

1. Please state the mumber of units, the manufacturer, the series, and the model number of the following
hardvare equipment.

A. Computer(s)
No. of units Manufgcturer Series Model no.




B. Cathode Ray Tube

I
!

132

C. Peripheral Equipment

No. of units

( ) plotter
( ) 1ight pen
{ ) recorder
( ) scanner
{ ) operator console
( ) alphanumeric keyboard
( ) program function keyboard
( ) character generator
{ ) other
( ) other
2. 1Is your hardware equipment:

owned? () rented () leased

Manufacturer

Serdes

O

time shared

()

FA%
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3. Please check the area(s) of application of your cathode ray tube system.
() administration { ) scientific commutations

( ) @esign ( ) other

( ) programmed learning ( ) other

( ) 1ibrary ( ) other

4, IXf design is one of your areas of application, is 1t used: -

{ ) by the instructor or other qualified staff members to solve existing design design problems?

(e. g. beam loads of a new building to be construction on campus)

( ) as a conmnication media to teach design to m cless? ({computer sssisted instruction)

{ )} in a design class to familiarize the student with the operation and capability of this syitem?

5.

Be
b.
Ce

d.

Please indicate the approximate nmumber of your staff in each clasaification that are directly
involved with the CRT system and the smount of their usage.

Total no. of staff No. of hours used weekly

adninigtrators

instructors

programers

operational or supportive personnel

library staff

other

€ET

other




134

6. Please indicate and rate the necessity of prior specialized training® in the use of the CRT system
for the followlng members of your staff by placing a circle around the appropriate mmber.

nec:z:ary helpful needed iImportant essential
a. adniniatrators 0 1 2 3 L
b. instructars 0 1 2 3 b
¢. Programmers 0 I 2 3 4
d. librarians 0 1 2 3 4
e. other 0 1 2 3 L
f. other 0 1 2 3 4

*Specialized training is defined ms instruction necessary before eny use of the CRT system may be
attempted.

T. Please rate the following problems agsocirted with the utilization of the CRT system.

Problen Rating
No Few Some Many Major
8. programming o 1 2 3 b
b. acquiring specialized personnel 0 1 2 3 b
¢. retraining of yresent personnel 0 1 2 3 L
d. utilization in respect to cost 0 1 2 3 4
e. other o 1 2 3 4
f. other 0 1 2 3 4

€T
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8. Please rate the following reasons for the incorporation of the CRT system at your institution.

not 1inited very
applicable imporkance Important Important essentiel
a. ecase of access to information 0 1 2 3 S
b. s8peed h 0 1 2 3 L
c. graphic displays 0 1 2 3 4
d. computerized education (o] 1 2 3 k
e. increased effectiveness of computing systen 0 1 2 3 1
f. other 0 1 2 3 b
g. other o} 1 2 3 b

ROTE The fingl section of this questionnaire deals with computer assisted education. Please disregard
“this section of the gquestionnaire 1f 1t does not apply to your areas of application.

9. Flease list the subject areas in which you presently offer computer assisted instruction. Also
indicate those subJects which lend themselves to CRT developments.

Subjects currently being taught with Those which also lend
computer assigiance themselves to CRT
8.
b.
Ce
d.

GET




10.
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In your opinion, what are the limitations as to the subject matter areas that can be adepted to

computer assisted instruction?

11.

B

b.

Cs

d.

f.

How would you compare computer pasigted instruction to conventional teaching methods in the

following arces?
Arda

comprehension of materisls
retention of materlal

transfer of learned materisl
acceptance of method
throughness of materisl coverage

other

Rating
far far
less  lees equal superior superior
0 1 2 3 l
0 1 2 3 4
o 1 2 3 b
0 1 2 3 4
0 1 2 3 4
0 1 2 3 b

9€T
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C.
Q.
e.

£.

13.
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How would you rate the following advantages of computer assisted instruetion?

Advantage Rating
fairly Limited - very
important importante important Important - essentigl
regulation of pupil error 1 2 3 h 5
Individualized learning 1 2 3 h 5
immediate evaluai;ion 1 2 3 3 5
logical rate of progression 1 2 3 l 5
direct participation 1 2 3 L 5
other 1 2 3 4 )

Please enter eny additional comments you wish to make concerning the CRT as an educatlonsal
medis.

LeT



MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

SCHCQL OF APPLIED SGIENCES
AMND TECHNOLOGY

December
Thirteen
1566

Gentlemen:

I am contacting you for information concerning your developments of the
cathode ray tube in its utilization as a means of computer communication.

This media is of mutual interest to both the University and myself. My
own ilnterest will develop into a Master's Thesis surveying industrial
applications and emerging educational implications while the University
is concerned mainly with the latter educational implications as a
possible source for future curriculum revision.

At present, I am trying to locate and secure information pertaining to

the cost, capabllity and application of the cathode ray tube from manufac—
turers such as yourself. More specifically, I need material on your
complete operating system including related hardware equipment such as
recorders, scanners, and light pens,

Future plans for this study include a questiomnaire to be sent to
industrial firms using the cathode ray tube. If competitive reasons
do not require that such information be kept confidential, I would
greatly appreclate the names of any such firms you care to disclose.

Thank you for your cooperation and any help you provide.

Sincerely,

Chester S. Rzonca
Research Assistant

Dr. C. Nelson Grote, Dean
School of Applied Science
and Technology
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MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

SCHOAOQYL OF APPLIED SCIENCEQ
AND TECHMOLOGY

Gentlemen:

I am contacting you a5 a possible source of information corncerning
your firms developments of the cathode ray tube in 1ts utilization
as a means of computer communication.

This media is of nutual interest to both the University and myself.

My owa interest will develop into a Mmster's Thesis surveying industrial
applications and emerging educational fmplications while the University
is concerned mainly with the latter educational implications as a
possible source for future curriculum revision.

At present, I am trying to locate and secure information pertaining

to the cost, capability, and application of the cathode ray tubo

from firms such as yours. I realize that it is not the function of
your office to desal in computer services, but I would greatly appreciate
your forwarding this letter to the appropriate department,

Thank you for your cooperation and help.

Sincerely,

Chester S. Regonca
Regearch Assistant

Dr. €. Halson Grote, Dean
School of Applied Sciences
and Technology

dw



MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

January 17, 1967

SCHOOL OF APPLIED
SCIENCES AND TECHNOLOGY

Gentlemen:

This letter is a second request for your assistance. I am contacting
you as a possible source of information concerning your firms develop~-
ments of the cathode ray tube in its utilization as a means of
computer communication.

I realize that it is not the function of your office to deal in computer
services, but I would greatly appreciate your forwarding this letter

to the appropriate department., At the present, I am trying to locate
and secure information pertaining to the cost, capability, and
application of the cathode ray tube.

This media is of mutual interest to both the University and myself;
my own interest will develop into a Master's Thesis surveying
industrial applications and emerging educational implications while
the University is concermed with the latter educational implications
as a possible source for future curriculum revision.

Again, thank you for your cooperations and any help you may provide.

Sincerely,

Chester S. Rzonca
Research Assistant

Dr. Cs Nelson Grote, Dean
Schoecl of Applied Science
and Technology



MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

March
Eighth
1967

SCHOOL OF APFLIED
SCIENCES AND TECHNOLOGY

Thank you for the information you provided concerning your company's
development and use of the cathode ray tube system. This information
was originally requested in the interest of the University and for use
in my Master's Thesis centering about the educational implications of
the CRT, The material has been very helpful in the justification and
organization of my study.

To further judge the educational implications and system capabilities, I
have enclosed a questionnaire partially completed from the information
originally provided. Would you, at your convenience, recheck this
information and complete the questionnaire? You are probably aware that
your firm is one of the few working in this area. Your cooperation is
essential to the success of this study. For your convenience, I have
enclosed a stamped, self-addressed envelope.

When completed, am abstract of the study will be sent to you. Any addi-
tional information you may request will gladly be provided. Again, thank
you for your time and much needed help.

Sincerely,

Chester S. Rzonca
Research Assistant

C. Nelson Grote, Dean
School of Applied Sciences
and Technology

bjp
Enclosure






MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

March 23. 1967 SCHOOL OF APPLIED

SCIENCES AND TECHNOLOGY

I am contacting you in reference to a questionnaire sent to you on
March eighth. To briefly reorieat you, it concernmed your firms
utilization of the cathode ray tube as a means of computer com-
munication.

The material requested will be used in the interest of the University
and as part of the data to be included in my Master's Thesis.

I realize the many important affairs you deal with, many of which are
no doubt time consuming. I would, however, ask for a few minutes of
your time to complete this questionnaire, Since your firm is one of
the few dealing in this area your response is essential to the com-
pletion on this study.

I have enclosed a second questionnaire in case you have misplaced the
first. Your consideration and efforts will definitely be appreciated.

Sincerely,

Chester S. Rzonca
Fesearch Assistant

C. Nelson Grote, Dean
School of Applied Sciences
and Technology

sc

Enclosure



MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

SCHOOL OF APPLIED

March 313 1967 SCIENCES AND TECHNOLOGY

I am in the process of collecting data for a Haster's Degree Thesis
concerned with the question of current industrial and educational uses
of the cathode ray tube system and its future implications for
Industrial Arts Educaticn. This topic has the approval of my Committee
composed of Dr, Robert Needham, Mr, Clyde Hackler, and Dr. C. Nelson
Grote, who serves as director of the thesis,

I am presently surveying selected educational institutions to gain in-
formation en the varicus applications of the cathode ray tube system
including its ability to assist computerized instruction, storage and
retrieval, and engineering education.

Your institution is one of the few presently using the computer in these
areas. Due to the uniqueness and present limited applications of this
media, your help is essential to the success of this study. Would you
complete the enclosed questionnaire or refer it to another qualified
staff member? For your convenience, you will find a stamped, self-
addressed envelope. I realize that your office has many important
matters to which it must attend. However, I would ask that you deal
with this questionnaire by April Fourteenth.

Thank you for your time and coocperation.

Sincerely,

Chester 5. Rzonca

C. Nelson Grote, Dean

Enclosure
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MOREHEAD STATE UNIVERSITY

MOREHEAD, KENTUCKY 40351

SCHOOL oF APPLIED

Apl‘il 13’ 1967 SCIENCES AND TECHNOLOGY

I am contacting you in reference to a questionnaire sent to you on
March 31, I realize you have many important matters to which you
must attend and that my requested return date for the questiomnaire
was April 1wth. However, I thought this letter might serve as a
reminder to secure your valuable assistance,

I am in the process of collecting data for a Master's Degree Thesis
concerned with the question of current industrial and educational uses
of the cathode ray tube system and its future implications for
Industrial Arts Education. This topic has the approval of my Committee
composed of Dr. Robert Needham, Mr. Clyde Hackler, and Dr. C. Nelson
Grote, who serves as director of the thesis.

I am presently surveying selected educational institutions to gain in-
formation on the various applications of the cathode ray tube system
including its ability to assist computerized instruction, storage and
retrieval, and engineering education.

Your institution is one of the few presently using the computer in these
areas. Due to the uniqueness and present limited applicatioms of this
media, your help is essential to the success of this study. Would you
complete the enclosed questionnaire or refer it to amother qualified
staff member? For your convenience, you will find a stamped, self-
addressed envelcpe.

Thank you for your time and cooperation.

Sincerely,

Chester S. Rzonca
Research Assistant
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VITA

Chester Steven Rzonce was born January 13, 1943 in New Britein,
Connecticut. His elementary and secondary education were completed
in that city where he graduvated from the Mew Britein Senior High School
in June of 196Q. He received his Bachelor of Science Degree in Indus-
trial Arts Education from Central Connectlcut State College in June of
1965. From November of 1964 to June of 1965, he taught at the Woodrow
Wilson Junlor High School in Middletown, Connecticut. From September of
1965 to January of 1966 he was employed as a drafting instructor in the
West Haven High School, West Haven, Connecticut.

In February of 1966, he began graduate study at Morehead State
College, now known as Morehead State University. During 1966-67, he
wes employed as a graduate assistant in the School of Applied Seilences

and Technology.
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