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ABSTRACT

Modern soclety relies heavily on the achisvement of science and teche
nology whils the need for well prepared industrial techniclans continues
to grow., During the past decade or so, technological change has progres-
sed at an unprecedented rate, and technical training programs must mt
changing conditions.

This study was developed on the premise that technical drafting
instructors should focus their attentlons on the view of industry concern=
ing the past and future training of technical draitsmen. An attempt was
made to encourage drafting supervisors of Arizona's industries to point
out areas in which beginning draftsmen were weak and in nesed of improved
instruction, These supervisors were also encouraged to express their
views on possible methods for correcting these weaknesses that might exist.

Sixty-eight firms participated in the study and indicated the follow=-
ing types of drafting are most often used in Arizona.

A. Architectural Fo Illustrative

Be Civil (s Machine and Mechaniecal
Ce Construction He Map and Topographiec

Dy Electrical I, Structural

Ee Electronic Je Tool and Die Design

The sixty-eight firms employed a total. of 993 draftemen and the
majority of these firms made it a practice to employ from one to ten drafts-
men, Over fifty per cent of these firms hire begimning draftsmen,

The study revealed a need for improvement in most of the areas of
basie drafting practices. The need for this improvement was based on the
past experiences of drafting supervisors in industry. These supervisors
further pointed out that existing weaknesses could be improved and most
respondents were willing to work with educational institutions in this

iv



effort,

The best method recommended by these firms for keeping drafting
. instructors up-to=date and in line with industry was through summer wrk-‘
shops of one or two weeks in length carried out in various industrial
firms, Other methods leading to this improvement are also pointed out in
the study as being necessary and helpful.
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CHAPTER I
INTRODUCTION

The United States has experienced significant changes in the occue
pational patterns of industry in the past two decades., These rapid
industrial changes, involving new materials, improved techniques of
measurement, new processes, and new equipment automaticn have combined
to inerease the need for technically competent persons in the field of
drafting. Drafting techniclans are needed to support and supplement the
efforts of engineers and scientists. The need for technically competent
persons is being partially met by expanded educational services. As
these educational services expand, the drafting curriculums should be
upgrm, expanded, developed or medified to meet the demands of modern
industrial technology.

Statenent of the Problen

The study is an attempt to present the point of view of industry
concerning the training of technical draftsmen. An effort was made to
encourage drafting supervisors in the industries of Arizona to point out
areas in which beginning draftemen were weak and in need of improved
instruction. A second attempt was made to determine, according to the
drafting supervisors, how these weaknesses might be corrected in the
future instruction of students in technical drafting.

The research described in this report was conducted in an effort to
answer the following gquestions:

1, How ecan drafting instructors be upgraded?
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How can the curricula of technical drafting be improved?

What industries indicated a desire %o participate in upgrading
technical drafting instruction and curricula?

Where should training sessions for upgrading drafting currieuh
and instruction be conducted?

In what way do textbooks need additional supplementation?

What industrial f!.r;s and other agencies hire inexperienced
draf'tsmen?

What specific drafting practices have changed in the past few

years?

How many of the latest drafting changes can be taught to students,
providing the instructors are informed and upgraded in this
direction?

What related areas of instruction are nscessary for draftsmen?

The Technical Draf'tsman Coneept

Although some concern has been voiced over the term, "technician,®
the name "Technicsl Draftsman® used throughout the remainder of this study
will be based on the following concept:

A Technical Draftsman is a person capable of prepering usable worke
ing plans, illustrations, sketches and detail drawings, for products that

are to be manufactured or documented for later use or revision., He must

possess the knowledge and skill that emables hin to bridge the gap
between the engineer and the skill of the craftsmsn. He has a broad
related background of mathematiecs, science and manufacturing processes,
that enables him to prepare & set of plans from the designer's ideas that
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.ara capable of being transformed into a usable product by the skill of
the craftsman with a minimum of wasted effort. He is skilled in the
. use of up~to-date methods, materials, processes and tools of the draft-
ing industry. '

Neod fox the Study

The need for wpgrading t&ermieal drafting programs becomes apparent
when one considers that new drafting processes, materials, instruments
and methods are being developed at a rapid pace, a pace that enables the
draftsmen to improve on both the quality and time necessary for the prep-
aration of a drawing. The need for continuwed improvement of technical
drafting instructors is pointed out by Hennigere. ¥Io have had industrial
experience in the past will not suffice, for technical instructors. He
mast keep abreast of new developmente of equipment, materials and proce=-
dures in his chosen technologies," There is reason to believe that
technical drafting instructors need recent industrial experience if they
are to keep up-to-date with the practices being used in industry.

There oxists an increasing demand by industry for courses of a tech=-
nical nature to be more closely correlated with the curreat practices in
use by industry. Drafting and other areas of technical instruction in
educational institutions need to establish a closer working relationship
with industry. If institutions are to train technically competent work-
ers for occupations in industry it is then necessary that these institue
tions first and foremost establish the basic needs that are desired by

13, Ross Hemninger, The Technical Institute in Amerisa, (New York:
MeGraw Hill Book Company, 1959) p. 126,
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. industry in a program of instruction. Once these needs are established
they should be kept up-to-date by periodic surveys through the joint
fforts of industry and education., The nesd for studies for this purpose,
and the importance of technically competent draftsmen, cannot be overe
emphasized.
Mrs Art Davis, S8taff Engineer for lotorola Inc., Phoenix, Arizona,
has this Yo say: :

Since the day of the Sputnik, many articles and papers have
been written and seminars conducted on the subject of educating
draftsmen and engineers for industry. (Heference Graphic Science
and previous articles published.) Drafting courses are being
reduced in scope or de-emphasized in colleges and universities
teaching engineering; more theory is the trend. This is all well
and good as long as we also get properly trained draftsmen. We
need theoretically-minded engineers and, of course, must have
space-age thinking to keep pace with the fast moving state of
the art, especially in military electronics. Engineers on the
average, however,; are coming from colleges not very well prepered
to understand easily the practical aspects of what it takes to
make drawings or appreciate the role of draftsmen. That is all
the more reason why we need practicaleminded draftsmen te bridge
the gap between the engineer/designer and the fabricater of the
part or equipment that the engineer or designer has conceived.

Industry must work together with educators to help them set
up a ecompatable system, not only to bring the drafting teaching
methods and materials up to date, but to keep up with the chang=
ing state of the art,?

Industry in Arizonma is growing at a rapid rate, There are three
hundred and twenty thousand workers now employed in the industries of the
state with a projected working force of seven hundred thousand by 1970,
The need for surveys of programs such as drafting and other aress of
technology are necessary as determined by the Governor of Arizona, Paul
Fannin who writes:

2Art Davis, "Vocational Training of Draftsmen Industry's Point of
View" (paper presented at meeting between EZducators and Motorola Super=
visors, Phoenix, Arizona, May 2i, 1963).



The importance of vocaticnal and technical education to our
youth seeking employment and to Industry seeking skilled employecs
is becoming greater esch year. Huch has been done in thess ereas
in years past but automstion and technological changes are con-
stantly adding new demands for additional training in a variety
of skills. I belleve it is vitally necessary that existing proe=
grams and facilities in our school be brought up to date wherever
necessary and maintained on a continuing basis_consistent with
our population needs and the changing ecmow.-?' ;
This study was an attempt to determine where current drafting pro-

grams needed to be upgraded and how they might be maintained according

to the views of industrial drafting supervisors.

Sources of Data and Method of Study

The names and addresses of firms and offices that employ draftsmen
in Arizona were obtained through the Arizona State Employment Services
in Arizona and from salesmen who call on the various flrms thet use draft~
ing suppliesj further addresses were obtained from phone directories, the
State Supervisors Office of Technical Education and two manufacturing
directories for the industries of Arizona.* The compiled list totaled
one hundred and six firms.

After a careful study of technical education and available informae
tion gathered in over two years of preparation for this study, a survey
in the form of a questionnaire,” was constructed and sent to the chief

3zi.omr from Governor Paul Fannin .*«(a Marshall Humphrey, June 12, 1962,
Lducation for a C World of Work, (Summary Report of the Governor's

tee on T ocational ﬁa‘a'auan, Governor Office, Phoenix,
Arizona) Paul Fannin was elected to U,S, Senate in 196k election,

Uspuce Parkinson, Ari Direc of Manufacturers, Lmployment
Security Commission of Ariszona, , Arizonas r Printing
Gm, 1562,

Phoenix Chamber of Commerce, Directory of Manufacturers in the
Phoenix Area. g T

S5ee Appendix, pp. 100-1U5.



| draftsman of each firm, The questiomnaire, was designed to provide infore
mation concerning the basic drafting practice being used and the extent
 to wnich these chief draftsmen think thst there is & need for improvement
or revision of these practices. Of the one hundred and six quesumaim
that were mailed, four were returned unopened and stamped unclamed because
the firm had moved and left no forwarding address. For the remaining one
hundred and two quastiamiro.s, there were forty-sixz replies for & return
of L6 per cents A second questionnaire was sent to those firms not reply-
ing and resulted in thirteen additional returns, A third questionnaire
sent to the remsining firms that had not replied resulted in nine more
returns, making & total of sixty-sight or 66.6 per cent replies.

Additional data for the study were obtained from related studies,
bulletins, pamphlets, books, correspondence with draftsmen and two
personal experiences in drafting workshops held in industrial firms in
Arizona. State Supervisor of Technical Sducation, Mr. Dean Frey, provided
important information relative to the location of firms that employed
draftsmens

Limitations

The study was delimited to industries in the state of Arigona and the
eity and county government bodies that employ draftsmen., Pederal installe
lations through-out the state were omitted due to security reasons.

The study was further limited to industrial type drafting with no
direct attention given to the drawings or freehand sketches handed down
by engineers for further development by drafting departments. The survey
was designed to oring out provlems dealing with basic drafting practices
that apply to industrial type drawings prepared by draftsmen.



The number of firms that participated in the study was limited,
since Arizona is not heavily populated with manufacturing firms. A
survey® of manufscturing firms revealed thet in 1962 there were only
fiftyeone firms in the state that employed 1,000 or more persons. Further
research indicated that the drafting work needed by some of the smaller
firms was eontracted to the larger companies. This practice was prefer-
abhtothamploymtofaﬁlltimdraﬁm.

Related Studies

A seareh of literature revealed that no studies of this nature have
been carried out in the state of Arizona, The State Supervisor of Teche
nical Education was helpful in providing some fragmented studies of
drafting made by industries in Arizona.’

One drafting survey® was located which was carried out in 196} by
Carl Squires, a drafting imstructor, at Phoenix Union High School. This
survey was limited to companies located in the Phoenix area and provided
a source of information concerning the twenty firms that were surveyed.
The information gathered from these sources was used mainly for their

value preliminary to the study.

Bureau of Census, Annual %mrmtmn The World
Alsanao and Bok of Facts i Yorks World-Telogran and tho Sun, 1965)
De

Tart Davis, "Vocational Training of Draftemen Industry's Point of
View" (paper presented at meeting between Educators and Motorola Supere
visors, Phoenix, Arizona, May 2, 1963).

"otorola's Drafting Organization Procedures and Educational Traine
ing Program® (Article presented to drafting instructors at a workshop,

Arigona, June, 1964).

ee Appendix p, 110,



CHAPTER II

HISTORY AND DEVELOPMENT COF DRAFTING
AS A TECHNICAL S8UBJECT

The history of drafting is an imporiant seetion of the study for
its value in revealing the evolution of drafting as a technical .
subject. Research points out that most early contributions of drawing
were made by educators or teachers who realized ‘the significance of
this subject, History discloses a record of changes in drafting that
have taken place due to the techmnological developments of indusiry.
Another eminent value reveals how educational institutions can develop
a subject, then revise it to fit industries needs through a joint
cooperation of ideas. 7

The rapid pace of technical development as concerned with drafting
is difficult to understand without a review of past history as it relates
to the study. New ideas, technigues, machines and methods of drafting
have come about through the experiences of the past., Hachines of today
are capable of producing in minutes, line drawings of objects that only
a few years ago required experienced draftsmen hours to complete. Nodern
methods of achievement are better understood and appreciated when the
nature of their origin is examined.

Communication of thoughts from one person to another has never been
universal through a world language of words and sentences. However,
there has been a universal language in use since the earliest times, the
graphic language., Communication by means of pictures occurred among the
earliest cave dwellers. Lxamples of this type of communication are still
in existence W. These plctures or forms of drawings were used to

3 . A THNY
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record and communicate ideas.

Man hag developed drawing aleng two different lines, each serving
- its own purpose elither artistically or technically, Since the time of
recorded history man has used drawing to represent objects to be built
or constructeds. Of these earliest drawings no trace remains today; but
we definitely inow that drewings were used, for man could not have built
as he did without using i‘airl.y accurate drawings. In the Bible the state~
ment 1s made that Sclomon's Temple was "built of stone made ready before
it was brought thither." Each stone and timber was carved or hewn into
shape, brought to the site, and fitted together. It is evident that
accurate drawings must have been used, showing the exact shapes and sizes
of the component pam.l .

The earliest known techmical drawing in existence is a plan view of
a fortress drm on a stone tablet, This tablet is a part of a statue
in Louvre, France and dates back to the earliest period of Chaldean Art
around the year L00O B.,Cs This plan is similar to those made by arche
itects today, yet it was drawn several thousand years before paper was
invented,?

There is written evidence of the use of technical drewings as early
as 30 B.,C. when the Roman architect Vitruvius wrote, "The architect must
be skillful with the peneil and have a «nowledge of drawing so that he
readily can make drawings required to show the appearance of the work he
proposas to construct.” He alse wrote concerning the use of the rule and
compasses in geometric construction and about plan and elevation views of

lyvederick E. Glesecks, Alva Mitehell and Henry Cecil Spencer,
Technical Drawing (New Yorik: The Hacmillan Company, 196L), ppe 2-3.

mmid_n Pe 3o
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& building as well B drawing in parspeoﬁiva.3

Very little was done to encourage the idea of teaching drawing as
l a subject until the middle of the 16th century. Richard Mulcaster, a
famous English schooluaster, has been given the credit for being the
first to make drawing, m of the fundamental studies of the schooly
Mlcaster, headmaster of Merchant Taylors Scheol in Englend from 1561 to
1586, expressed his point of ;riw, coneerning drawing, by the following:

For penne and penknife, icke and paper, compasse and ruler,
deske and dustboxe will set them both vp, and in these young
years, while the finger is flexible, and the hand fit frame,
will be fashicned easely. And commenly they thab have any
naturall towardnesse to write well, have a knacke of drawing to,
and declare some euident conceit in nature bending that waye.
And as iugement by wnderstanding is a yrule to the minde to
digcern what is honest, weemly, and sutable in matters of the
minds, and such argumentes as fall within compasse of generall
readon exempt from sensej so this qualitie by the proportion
and seemelines of all aspsctable thinges. As he that lmoweth
best, how to kepe that himselfe, which is comely in fashion,
can also best iudge when complinesse of fashion is kept by any
other. And why is it not good to have euery parte of, the body:
and euery power of the soule to be fined to his best?b

ce of drawing was evident as it related to the educe

ational aspect of cultivating an appreciation of lines, tint and space
divigion for practical use and for pleasure. This idea was given fure
ther support in a pamphlet written by Sir William Petty in 1647, in
which he proposed reforms for education. Paragraph five of these reforms,
as indicated by Petty, stated:

"That in no case the art of drawing and designing be omitted,

to what course of life socever those children are to be applied,

since the use thereof for ferior to that of writ and in
many cases performeth what by words is impossible.”

31bid,
liCharles Alpheus Bennett, History of Manual and Industrial Bduca=
BT Th Rt T Yreser TVIET Dok,

tion Up to 1870 (Peoria, Illin
ﬁbﬁu Pe USe
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Sir Willian Petty advocated the value of drawing as a means of
expression and as a langusges He considered it, in some cases, to be
| superior to the written language, The value of drawing, as it related
to education took on a realistic approach between the years 180) and 182}
in Yverdun, Switzerland in a school of Jolm Henry Pestaloszzi and one of
his teachers, Johannes Buss. Pestalozzl, often referred %o as the
tfather of marual training®, .r&aliaed that in considering what any object
looked like, ocne should consider how many there were, the description of
the form and the outline of the objects He gave considersble attention
to the subject of drawing and with the aid of Buss, developed an alphabet
of form as a means of measuring and finding propertlons for various
geometric formse If Pestalozzi had applied this alphabet to his teaching
of manual arts he might have developsd a system of tool instructiom.
However, this was not the case and Pestalozzi remained content to use
_ the alphabet for form study and drawings He never reached the point of
letting the alphabet apply to manual arts, Although Buss never fully
understood Pastalozzi's ideas concerning drawing, he was convinced that
through this alphabet of form, a technical language was being created.S
Postalozsl had many followers and his practice of teaching soon
spread to America, Robert Owen who had been successful as the founder
of a school in BEngland, ceme to America in 1825 and established a settle-
ment called “Hew Harmony," at Harmonie, Indiana, with the idea of starte
ing a new moral world, The educationsl director of New Harmony, Willliam
Maclure, was also a follower of Pestalozzi. Maclure and Owen established

6Ibid., ppe 12023,
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a higher school for pupils over twelve years of age spoken of as the
fgehool for adults".
| Maclure's aim was to make New Harmony the educational center of
Amsrica through the Pestalozzien system of instruction. In an outline
of his course of study, Maclure indicated that drawing would be an -
essential part of the student's eurriculum in the higher school. In this
oubline he stated Shat nschunion would be taught by the study of machines
or exact models of themj natural history was to be taught by examining
the objects or accurate drawings of themj geography was to be studied by
globes and maps from the students owm construction. Drawing was pointed
out to be one of the courses in which students were to receive manual
training and was a type of drawing executed for the purpese of study and
learning to drew in an accurate manner,!

References to drawing as a subject in some of the schools of the
early 1800's did not make any definite distinetion or division between
drawing for the art of self-expression and drawing of accurate material
objects for construction or documentation, For these reasons, drawing
served these schools as a method of instruction, & means of selfeexprese
sion and as a method of description and documentation of material cbjeots
as related to the teaching of the skills.

Other nations instrumental in the development of drawing as a teche
nical subject were France and Germany. Both of these countries used
sducational drawing practices in their trade and technical schools that
were later practiced in the Unlted States,

France for a long time was recognized as a leader among nations in

T1bid., ppe 1748,
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the practice of engineering, In the late 10th and early 19th centuries,
a great number of technical schools were developed in France while
Napoleon Bonaparte was still in powers. Under his leadership a great
novement was started in France in the early 1800's which placed an
inereased emphasis on the importance of drawing. Gaspard Monge, 2 pro-
fessor at the Polytechnic 8321961 in France, developed the prineiples of
projection which are today the basis of our technlical drawinge. MNonge,
sometines considered the inventor of descriptive gecmetry, had for somew
time worked with drawing problems involved with building construction
and fortification. These principles of descriptive gecmetry were soon
recognized to be of such military importance that Honge was compelled
to keep his discovery a secret until 1795, His drawing practices later
became an important part of technical education in France and Germany
and later in the United States. A book by lMonge, La Geometric Descrip=
tive, umwumrmzmwmmsmmmmtpuu of
projection drawing. Monge's principles were brought to the United States
from France by Claude Crozet, & professor at the United States NMilitary
Academy, Crozet published the first text on the subject of deseriptive
geometry in the Bnglish language in 1621, Shortly following this publie
‘cation these prineiples becams a regulsr part of early engincering
courses at such schools as Rensselaer Polytecimic Institute, Harvard,
Yale and other schools. The principles of projection alsc applied to
the firearms industries 2s an aid in the development of interchangeable
parts.® Napoleon Bonaparte was instrusental again in the early improve=
ment of drafting when he visited schools in the northern cities of France

BGitaeoh, 5P ﬁ&‘i Pe Se



and made the fellowing statement:
"] have found everywnere workwen distinguished in their

craft, having great dexterity in execution, but hardly one

who cen make & drawing of the simplest type of machine or

gould express his idess by o sketch or by a memorendun, It

is a gap in French industry; I will f£ill it up. No more

Latin (that will be taught in the lyc'ees which are gzoing teo

be organized), but trades with the theory neccscary for their -

progress, Here excellent foremen for our menufectories will

be trained"?

Bonaparte increased his efforts toword improvement of technical
schools for the purpose of providing superior workmen who knew enough
mat&mtiéa, seience and drawing to allow them to take positions as fore-
men, superintendents and draftsmen., Bonaparte's influence concerning
the importance of drafting was scen again when he ordered publication of
2 drawing book for the national schools of France. This book titled,
L'enseignement du dessin line'sire, was written by Louls Benjamin

Francouer and published in France in 1827.

Francouer's work was essentially a book to teach geometric construe-
tion of figures and solids, architectural elements and other objects suech
as urns, bowls and pitehers in profile, The book was designed to teach
drawing by working problems arranged in diffieulty from simple to complex,
and confined the exercises to line drawings only, with no emphasis on
shadings. Francouers book became a major step in the advancement of
drafting as a special subject.

William Bently Fowle, master of a boy's school in Boston, obtained
a copy of Francousrs book and translated it for publication, Fowle titled
the book, The Eye and Hand, and used it for instruction, The publication
of the book created by Fowles increased interest in the subject of

PBennett, op. gites Ppe 27564
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drawing in the schools of America, and drawing was made a pernissive
study in the English High School in Boston in 1827,10

' The subject of drawing wes slow in being accepted in American
schocls; however, the countries of France and Germany continued to stress
the importance of drawing as it related to instruction in the manual
arts. Oermany by the 1830's had taken steps to establish drawing as a
major field of study in the mamusl arts, By 1837 they had established a
course in industrial drawing lmown as the "Schmidt's Method". This course
was developed by P. Seimidt, a teacher in the Royal Realschule in
Berlin, The school had two forms of manual arts instruction; one was
drawing especially for the boys, the other was needlework for the girls,
The school was six years in length and boys partieipating in drawing
were required to spend one hour a week the first year, two hours a week
the second year, three hours a week the third and fourth years and four
hours a week the last two years, learning to draw. The course was designe
ed to include preparatory exercises, bodies in elevation, and solids
bounded by plane figures, straight lines, shadows and curved surfaces.
Schridt's method of teaching drafting resembles the course pattern that
was followed later by other educators of the manual arts and industrial
odneatlmn The transfor of drawing from foreign countries to American
aemm, came about through individuals who visited and studied these
foreign schools in search of improved instructional methods,

Calvin Es Stowe of Cineinnati made a study of publie imstruction of

Eouropsan schools in 1839 and gave this report concerning a two-year
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course in drawing for students ranging from twelve to fourteen years of
age:

Elements of drawing: For this the pupils have alrsady been
prepared by the exercises in ornamental writing in the previous
part of the course. .They have already acquired that accuracy
of sight and steadiness of hand which are among the most
essential requisities in drawing well, The first exercises are
in drawing lines, and the most simple mathematical figures,
such as the square, the cube, the triangle, the parallelogram;
generally from wooden models, placed at some little distance
on a shelf, before the class. From this they proceed to arch-
itectural figures, such as doors, windows, columns, facades.
Then the figures of animals, such as a horse, a cow, an elephant;
first from other plctures, and then from Nature. A plant, a
rose, or some flower is placed upon a shelf, and the class makes
a picture of it. From this they proceed to landscape painting,
historiecal painting, and the higher branches of the art, accord-
ing to their time and capacity. All learn enough of drawing to
use it in the common business of life, such as plotting a field,
laying out a canal, erdrwlnethaplmﬁuhmmm; and
many attain a high degree of execellence,™

Stowe's study, when properly analyzed, bears out the importance of
drawing as it relates to industrial and business development of variocus
techmologies. ]

The development of drawing expanded rapidly in America, starting
in the late 1850's, However, until this time it was a difficult task
to convinece school persomnel of the importance of drawing as a special
subject taught from a textbook., In the winter of 1839, Elizabeth Palmer
Peabody, an instructor at Franklin School in Boston, gave drawing instruce
tion to a class of fifty children. Niss Peabody put her methods for
teaching drawing inte a book called, A Method of Teaching Linsar Drawing.
Further interest in the subject was promoted by Miss Peabody when she
instructed a course in drawing for teachers in the primary schools to
prepare them as instructors of drawing. The course proved very successful

121bid., ppae 241eb2,
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with nearly 100 persons enrolled in the class in 184213 Further emphasis
that came about during this period of time pointed to an inecreased
- effort to include drawing in the curricwlum of other schools in America.
Drawing practices during this time were broad in seope and still used as
a subject for the art of self-expression, There was, however, some
emphesis placed on the use of drawing for the construction of material
objects, maps and u&himtm;ﬂ. In 1842, Josiah Horbrook, one of the
leaders of the Lyceum Movement, prepared a series of thirty-six drawing
cards to sssist teachers in giving instruction in drawing., This wes a
step in the right direction, although, many of the schools at this time
were not ready to accept drawing as a special subject to be taught by
special teachers. There were at this time a few teachers assigned as
speclal instructors of drawing in some of the schools., One of these
men, William Newton Bartholomew, an instructor in Boston, Massachusetts, i
had worked out & series of drawing lessons for use in the primary grades.
He developed a drawing book that covered freeheand instruction in ocute
line, geometric drawing, model and object drawing and perspective. His
aim was to help pupils gain a practical imowledge and skill in the art
of presentation, Bartholomew's type of drawing was important and meanw
ingful but it did not satisfy the demands of this time for drawings that
would have immediate effect upon the industries of the state of J
Fassachusetts.

Massachusetts was rapidly developing as an industrial center and
the manufactureres were asking the schools to do more in helping to train
industrial workers. More technical education was desanded, but the

LIvid., pps 419



18

teaching of mechanical crafts and trades in public schools was not prace
ticable at this time, However, the comcept of teaching industrial drawing

in the public schools was practical. This led to an act by the legisla-
ture of Massachusetts to meke drawing a branch of the curriculum to be
taught in the public schools. ¥ Boston became a leader in instituting
industrial drafting as a separate course of instruction., The following
account of this success was evident in an evening school for drawing
that was opened in November of 1870, in one of the large drawing rooms
of the Massachusetts Institute of Technology.

Nearly 1,000 applicants, male and female, entered their

names upon the reglster; upwards of 500 pupils received

instruction for a longer or shorter periocd, not more than

225 being accomnodated in the rooms at one timej the school

wag open four nights a week, the pupils divided into two

sets, attending in turn two nights a week . . « Ten different

instructors were employed, most of whom were connected with

the Institute of Technology, elther as teachers or pupils.

Instruction was given in general freehand drawing, in freehand

drawing of machines from sclid models, in mechanicel drawing

and architectural drawing, and in ship-drafting.

The school was altogether a success, The pupils, a ma-

jority of whom were young mechanics, found they were getting

what would be of the greatest use to them, ﬁdaouay

attended punctuslly and worked with a will.

Massachusetts was one of the first states to realisze the lmpore
tance of drawing as it applied to the advancement of the industrial
technologies. Other states such as Ohio, Pennsylvania and Maryland
were also instrumental in the development of drafting programs in the
United States.

A system of imstruction in drawing developed by Rembrandt Peale of

Philadelphia, became very successful and was approved, as a method for

n‘Ihid.-, DPe L21-30,
Ibid., De Mlo
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teaching drawing, by a comnittee made up of manufacturers, engineers,
artists and educators. This system had two important features that
| required students to first work from a copy, then to draw from nature. -
The second feature pointed out that students were to learn freshand
drawing before mechanical drawing. Peale believed that the early traine
ing of the eye and hand was of great value in the preparation for any
mechanical pursult and he placed a speeial emphasis on pencil drawings.l6

The public school commissiocners in Baltimore, Maryland, in 1845,
introduced drawing as a branch of study in their high schools. It was
the feeling of these commlssioners that a knowledge of drawing was
important to persons of almost every situation in life, Mr. William
Minifie was hired by this committee to give lesscae in drawing., Minifie,
mmmmmimt, Mmmentbwotnbmkmmﬁmg,ﬁ
Toxtheek of Geometrical Drawings This book, being very comprehensive,
was for many years the standard American textbook on.the subjeet of
drawing and was perhaps the first technical drewing book in this country.
The book ineluded fifty-six full page steel engravings, a section on
definitions, geometric problems, sections on solids and several plates
of developments, There were additional sections showing the designs of
arches, a cottage, drawings of gear wheels and the ¢ylinder of a loco-
motive, The final sections included isometrie drawings, mechanical
perspective, shades and shadows and coloring,t!

In addition to Maryland, Pennsyslvania and Massachusetts, the state
of Ohio made great strides in promoting drawing as a special school

61014, pp. 431-32.
amk.’ SPe &-. Pe 6e
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subject. It is sald that only the state of Massachusetts was in advance
of Ohio in making drawing an integral pert of school instruction., Calvin

| Stowe's report to the Chio Legislature, mentioned earlier, gave prominence

to instruction in drewing, Por this reason, and the fact that southern
Ohio was an industrial center that employed many skilled craftsmen,
Cineinnati bscame one of the leaders in making drawing a specific sube-
Ject of instruction. :

In 1846, J« We Bowers, was appointed to give instruction in drawing
in the Cineinnati public sehool, Listed in Bowers' subjects, by 1847,
were drawings from patterns, solid objects, linear perspective and shades
and shadows., In addition to Bower's work, Cineimmati developed the
first use of the title, "Drawing Departmeit®, in Central School under
W. B, Shattuck, teacher in charge. '

In 1868, drawing becams a required subject in Cincinnati with a
special supervisor appointed to organize this department of instruction.
Ohio was given credit for being the first state to provide special
teachers and a paid supervisor for drawing subjects.t®

The industrial development as seen in Massachusetts, Ohic and other
states, brought about some important changes in schools, not only in
drawing but in the other craft trades as well., Other influencing factors
with a direct bearing on the courses of American schools, were the teche
nical institutions being developed in Russia which provided new scien=
tific methods for teaching the mechanical arts.

Russia displayed their system of teaching in 1876, at the Centennial
Exposition in Philadelphias. As a direct result of this expesition, a

lsaﬂml“; LD ﬂ-&u pPe 1433=36,
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school of Mechanic Arts was opened in Boston, in connection with the
Massachusetts Institute of Technology. In addition, the prineiples of
the Russian system for teaching the mechanic arts was applied in the
Ste Louis Manual Training School of Washington University. The school
in 8t. louis, established in 1880, was the first true "Manual Training®
school to be developed in the United States with the main objective to
mthnmmam-enﬁutm. The five fundamental courses of
study carried on in this school were mathematics, science, language,
drawing and shopwork.)? Drawing wes one of the fundamental courses of
the curricula determined as necessary in the training of manual arts
students, Bruimm.amtu»bnmlmdnawtoreﬁermlm
- programs that were being developed in the mm States.

The opening of the evening sehool in 1870 for drawing classes in
the Massachusetts Institute of Technology was one of the first major
efforts for training of industrial draftsmen. In this class, no
emphasis was placed on drawing as an art of self-expression, This class
was especially designed for tesching an industrial type drafting as a
separate part of the curriculum and marked the beginning of a trend that
was followed by the establishment of other drafting programs as they
related to industrisl technology.

The history of drafting would seem somewhat incomplste without a
mention of the development of tools and materials used for drawings The
origin of drawing instruments date back to the dawn of recorded history
when the Egyptians were using drawing instruments to plan their cities.

e Iw"“'ﬂ” Alpheus Bennett e
"-m’M Lo 1AL (P.”u: %‘g ﬁrm %. 1937),
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Among the tocls used by the Egyptians were a bronze point, string and
reed pen, The bronze point and string were combined for drawing circles
.mmhmteriﬂnnsm,woderm\u. After the lines were drawn
on the material they were retraced with the same type pen that was used
for writing.

Instruments used by the Roman Architects, at about the time of
Christ, are to be found in -e-m of today's museums, Their instruments
consisted of the compass, pen, ruler and stylus. The compass was about
six inches in length, made of bronze with the legs held f.egcmx- sufficien=
tly tight by a bronze rivet to keep them at any particular settings The
materials on which the Romans made their preliminary drawings were tabe
lets made of wood coated with wax, More permanent drawings were cone
structed on papyrus imported from Egypt or upon the skins of animals,
usually sheep or 303‘5420

The methods of drawing practiced by the Romans continued in general
use for over fifteen hundred years. However, a great improvement was
made in the type of material upon which the drawings were placeds These
important changes that came about during the seventh century were the
use of pens made from the quills of birds and improvements in the ink
used for drawings.

During the renaissance period with the general use of paper, the
silver point methed of marking was developed. This process was carried
out by applying a wash, consisting of finely ground pumice suspended in

20y, and E. Menufacturing Co., Historical Note on Drawing Instru-
mente, A booklst prepared by the %.-Tom“&m“a—.‘%am.
Tallfornia, 1950, p. 2.
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a very dilute solution of glue or flour paste and letting it dry. &
silver point drawn across this paper would leave a line of finely divided
metallic silver. The density could be varied by pressure from a 1ight
grey to a good black. The silver point had many advantages; but it
never fully replaced the old Roman method of first marking with a plain
point, then drawing with pen and ink,2}

Drafting preactices grutly improved with the invention of the lead
pencil, Early pencils were made from cores of graphite encased in
wooden holders but were found to have the disadvantage of smesring rather
badly. The graphite cores, cut from blocks of graphite, produced &
great amount of serap materisl left over after the cutting. Experiments
were made with various waxes and gums in an attempt to bond the salvage
material together and to produce 2 harder graphite core. In 1795, it
was found that certain mixtures of graphite and clay produced the desired
results which led to the many and varied degrees of hardness in drafting
pencils we have today.

The industrial revolution brought about a demand for considerable
improvement of drafting practices and instruments, During this time a
great many new instruments were put into use by draftsmen such as bow
pens, dividers, the beam compasses and other instruments of less impore
tance, 22

During the same period of time, the first drawing instrument manue
facturing company was established in the United States. This company
was organized by Theo. Alteneder and Sons in Philadelphia, Pennsylvania

21&1&0 PPe 3~he
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in 1850, Up to this time drafting instruments had been luported.

The graphic language up to 1876 was more or less an "art® characters
ized by fine line drawings. This period of time brought on a great change
in the drafting industry with the intreduction of the blueprint process.
 This was the beginning of modsyn technical drawing. The graphic lan-
guage now became a relatively exact methed of upromh’eim.zs, From
this time forward the rerarodu-ctien of drawings contimued to improve, The
blueprinting process was, for some time, rather slow and diffiecult to
control, Bmfer, these methods improved and expanded to a great extent
in the ysars to follow, In addition there have been other developments
that provided great sxpansion in the reproduction and documentation of
drawings. MNew diazo printers were introdused that provide a dry copy of
drawings which is quicker and has some advantages over the wet process of
blueprinting, Another reproduction method in use by some companies is
the microfilming of drawings by a photographie process. Microfilming
brought about 2 completely new approach to drafting practices. A picture
of a drawing can now be taken that produces a negative small enough to
be inserted on a 3 x 5 aubomatic index card. This card has many advant~
ages in the storage, filing and locating of drawings. Special machines
for autmtic‘imexing will sort out a particular drawing by a number
punchy on the card and automatically carries it to a reproduction proces«
sor which makes a photo copy of the drawing to its original size,.

A new process in mierofilm filing, not yet on the market, has been
developed that provides random storing of drawings. Up to this time it
has been necessary to store microfilm drawings on index cards

23aiesecke, Op. gite, Ps Gs
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alphabeticslly or numerically and sort through groups of cards to locate
a drawing by punch card machines., The new system called, "Access,"
permits drawings on various size index cards to be placed in a special tray
and an operator of the machine can punch the drawing number or letter
sequence and locate any drawing in less than ten seconds. The drawing
index card can be returned anywhere in the tray and still he located in
the manner mantioned above .2".

Changing technology, including automation, affects job training
and employment skills, Witnin modern plants and industries, technologe
ical changes are now being introduced that will alter the job skills and
xnowledge, create new job classifications or make some jobs cbsoletes
Many new and different techniques have taken place in the tools, materials
and methods of drafting, There is some evidence to support the develop=
ment of automatic drafting machines that could have a great affect on the
some 500,000 people who work primapily at drafting boards. Two distincte
1y different automatic drafting machine concepts are under development
and in limited use today, OUne based on electronic computer progessing
and one on a photographic - electro-mechanical relationship, Both have
the potential of producing significant cost and time reductions, The
automatic drafting machines designed thus far have limited capabilities
and are made with a special purpose in mind, In order to make an autoe
matic drafting machine capable or replacing the many draftsmen now
employed, it must be developed to the extent that it can manipulate and

pext of statement by Mr. Harold W, NeCrath, Representative of
Hierofilm Systems, Recordak Corporation, Phoenix, Arizona, May 17, 1965«



revise graphic information.25

The technical advances in drafiting are being developed a2t a rapid
'mmmwmtamswcmumw”m of rendering
drawings, From the time of the esrliest technical drawing on a stone
tablet 4000 B.C., man has continued to improve and develop the draw-
ing as a science, an art and means of communication. Technical drafting
of today, as in time of the m, continues to be the universal
languages

In summary the evolution of drafting as a school subject started
with Pestalozsi, Buss and many others, Through thulr efforts snd the
contributions of industry the development of drafting has made great
progress. This progress will continue as m;g as educstional institue
tions and the industrial societies combine their joint efforts in such
an endeavor.

25article obtained at Motorola Workshop for Teehnical Drafting
Instructors, "Thinking Out Loud," by Thurber J, Hoffett, Publisher
unknown
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CHAPTER III

INDUSTRIAL FIRMS IN ARIZONA BMPLOYING DRAFTSMEN

Enployent and Plant Operations

Mfmtﬁrmg employment in Arigona has more than tripled in ﬂa
past Mds.l The rapid growth in this area has brought about an
inereased demand on the educational institutions of this state to provide
industry with e larger number of adequately treined technicians. The
rapid industrial changes have brought about an increased emphasis on
the technician and his Job of bridging the gap between the skilled worker
and the engineer. The training of technically competent draftsmen is a
key role in this respect because many of the engineer's ideas and designs
are put inte final form by the draftsman, before being passed on to the
skilled worker for mamufscturing or further development,

In order to upgrade and improve the instruction of drafting im this
state, institutions should have a definite knowledge of the types of
drafting that the firms are using in their work. A particular section
was included in the questiomnaire® to determine the types of drefting
most often used in firms that participated in the study.

The introduction %o the questionnaire asked the individual complete
ing the form to indicate the types of drafting being used in his firm of
employment, Eight types of drafting were listed to be answered by a

lgruce Parkinson, Arizona Directory of Manufacturers, Employment
Security Commission of Ar . mﬁ % Arizonas Printing
Company, 1962, p. l.

23ee Appendix p. 106.
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check mark; additional space was provided to indicate other types of
drafting that was practiced if it was not included in the list. The
 results for this seetion of the study is listed in the following chart.
The first group in the chart lists eight typss of drewings that weve
printed on the questionnairej the second group lists the types of drawe
ings not printed on the questionnaire but were being practiced in the
i sl weve 55 Indtanted Wy writing Ahe o oF draning 4 ¥ somos
provided,

TABLE I

TYPES OF DRAFTING CARRIED OUT IN THE INDUSTRIES OF ARIZOHA

e e R e o e T e

Types of Number of firms Percentage of
Drafting Checking sixty-eight replies

Architectural 25 3647
Construction 25 36.7
Elsetrical 17 25,0
Electronics 15 _ 22,0
Illustrative 16 2345
Map and Tepographic 27 397
Structural 25 36.7
Tool and Die Design 13 7.1
“w

Ballistie 1 1
Civil 9 13.2
Fixture layout 1 1.
Highway 3 Lok
Interior Design 2 2.9
Machine or Mechanical 22 3243
Millwork Details 2 2.9
Pipe line 3 1.k
Stamping 1 1.

m
Read thus: There are 25 firms or 36.7 per cent of the sixty-eight

raplies that render architectural type drawings in their work,
#Additional types of drafting written in on the questiocnnaire.
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The information from the introduction section of the question=
naire, revealed the ten types of drawing most often used in Arizona's
firms, Of these ten, map and topographic drafting was checked most
frequently with twenty-seven firms indicsting they used this type of drafte
ing. Architectural, construction and structural drafting were each checked
a total of twentyefive times, with machine or mechaniecal being checked
twenty=two times. Other types of drafting checked at least fifteen times
but less than eighteen times were electricel, slectronic and illus~
trative, There were thirteen firms checking tocl and dle design and nine
indications for eivil, BRight other specific types of drafting were listed
from one %o three times, however, the firms indicating other types had
also checked one of the other ten types of drafting most often checked.

The first part of the questiomnnaire, listed under section one of
the survey, dealt with the employment and training of draftsmen as indie
cated by the participating firms., Particular questions were included
that goncerned the number of draftsmen each firm employed, Table II
glves this response. Other questions were used to indlcate the firms
that did or did not employ beginning draftsmen; additional questions were
used to determine how well beginning draftsmen had been trained and any
further training that was given to these beginning draftsmen by the
firms replying.

The number of replies received from chief draftsmen indicated that
over £ifty per cent of the firms replying employed from one to ten drafts~
men, The number of draftsmen employed in these firms were important to
the survey as it related to particular questions being dealt with later
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in the study.’ This information should be of further value to instruce
tors and guidance personnel for the counseling values as concerned with
- this state in revealing to drafting majors possible employment opportue
ities. ”

TABLE II

NUMBER OF DRAFTSMEN EMPLOYED BY THE FIRMS
REPLYING TO THE SURVEY

e eI TR
0«10 16 61,2
11 - 20 12 17.6
21 - 30 2 2.9
31 - L0 3 Lol
41 =50 0 0
51 = 60 0 0
61 - 70 2 2.9
71 - 80 0 0
81 - 90 ] 0
91 = 100 or more 3 Lok

Read thus: There were forty-six or 67.2 per cent of the firms replying
that employ from cne to ten draltemens

A follow-up question was used to determine the number of firms that
made it a practice to hire begimnning draftsmen, This question revealed

33&. lmi!, De 106,
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that of the sixty-elght replies, there were thirtyenine firme that employed
beginning draftsmen while twenty-nine firms indicated that they did not
employ beginning draftsmen, Of the twenty-nine fimms net hiring beginae
ing draftsmen, there were three replies with additional comments stating
that these firms had hired beginning draftsmen in the paste One fimm
indicated they had tried several begimning draftemen and found they were
unable to handle the work, du;ataalwkotemm;

Of the thirtyenine firms hiring begimning draftemen, there were two
indicating mt all beginning draftaﬂm were receiving adequate training
in basic drafting practices. Twenty-nine firms replied some beginning
draftsmen were adequately trained while five firms replied that none of
these draftsmen had been sufficiently trained, The need for improved
instruction in drafting basics is pointed out by the fact, that in the
najority of replies, ouly some of these beginning draftemen are adequately
trained in these basicss BSome of these wesknesses in drafting practices
are pointed out in the following chapters. Beginning workers in most
any firm experience a certain amount of difficulty in adjusting to a new
position, To help solve this problem some firms have set up ineplant
training for new employees that will acquaint them with the standerds and
praciices used in their firm,

There was a desire to try and determine in this study the firms that
found it necessary to give beginning draftsmen further training, Of
these thirtyenine firms hiring begimning draftemen there were seventeen
adninistering some type of further training before these persons were
put on usable drawings. The respondents were also asked to indicate the
length and nature of this training, The data resulting from this question
pointed out that training periods varied from three days to two years;
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further information valuable to the study consisted of the comments on
the nature of this training.

| The following comments were made by supervisors indicating a

definite training period for beginning draftsment

*3iving a person progressively more difficult and responsible
works length depends on individual,®

"Three days maximum®

"o specific program - Training time varies with individual
and according to division to which draftsmen is assigned."

Pive month program te supplement areas such as lettering,
legibility and tolerancing.®

"ork under experienced draftsmen.®

"Beginning draftsmen run prints, do layout shests for electrical,
plumbing and mechanical, letter title sheets and other misc.
wWork."

"Lectures and class sessions on office standards and proceduresj
on the job training." )

"On~the~job training for one year. Informal instruction in
drafting practices and progedures for cur firm,"

"Beginning draftsmen work on projects of a simpls nature.®

'MtothxwmaknwwtmphmmﬂmwlgimIthld
notes - reproduce difficult drawings.m

"Several months, under close supervision, on preliminary draw-
ings - as time permita,”

"Short practice, drafting studies of details and requirsmsnts
to our office. (Ix. lettering, architectural details etc.)."

"One to six (6) months drawing revisions and detailing,®

"Two weeks for simple trucing, and continued training in :
advanced phases of our work. Each man must also develop a compew
tence in all computations and reduction of field survey notes."
"ijork on simple plans,”

"480 hours of training spread over a five month period. Training
in good basic drafting practices for our firm,"
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In certain cases some firms indicated that they did not give any
specific type of training to beginning draftsmen, however, they made the
 following comments concerning the practices they did use in helping
these dreftsmen adﬁmt to their new employment: :
*Tmhﬂmh&tolettarmm, and how to layout a drawing."

"One is always trainingeworking toward as little supervision as
possible to get work done.®

"3ix months to one year under a senior draftsman.”

"Informal, varies with the individual.®

"On the jobeas requires.”

The above statements provide valuable information as it relates to
a beginning draftsmen and what he may expect in the way of further train-
ing upon entering employment as a technician in this area, FPFurther value
of these comments was evident as it related to the basics of drafting in
which some firms feel these beginners meed further instruction and assiste
ance, The importance of providing complete and detailed instruction in
the basie fundamentals of drafting is of utwmost importance. However,
students of drafting must be made to realize that upon entering employe
ment they must maintain a certain amount of flexibility which will
allow them %o apply basie practices to the standards of the particular
firm in which they gain employment. The largest percentage of firms
replying to the survey do hire begimning draftemen, with many of these
firms providing some type of additional training for these persons before
they go to work on usable drawings.



CHAPTER IV
RELATED ARIAS OF DRAFTING PROGRAMS
Mathematics and Sclence

hmrrwndmftmwecmphuedrmgcrutofplm‘
he should have a basic tnowledze of the information that must accompany
most drawings. The ideal method of learning the shop processes, field
knowledge or related information as concernad with drms is to acquire
some actual work experience in these fields that are closely related to
drafting. Most technical drafting students have had very little time to
pursue such activitiss, If they are to gain these experiences, in an
effort to broaden their background, they will most likely have to take
additional course work relatcd ue the type or types of drafiing they have
chosen to pursue, Such related courses might be in the areas of electrone
ics, mathematics, metal, science, surveying or other such subjects pertaine
ing to the area of drafting.

The technological changes that are taking place in our society today
are becuming more complex and for the most part center around more
accurate specifications with less tolerance being the rule, It is very
difficult for today's technical draftsman to achieve much success in the
area of drafting without a basic background in mathemetics.

Included in the first part of the questionnaire, were five mathe
ematics courses for regpondents to check if they believed these courses
should be required for drafting majors. The results of these findings
are listed in Table III,
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TAZLE II1

MATHEMATICS COURSES OF COLLEGE LEIVEL CHRECKED AS BEING
REQUIRED FOR DRAFTING MAJORS

e R R e

Percentage of

Mathematice Humber of Firms sixty-eight Pirms Kot
Courses Chevking Checking Checking
General Mathematics ' L7 6942 30,8
Algebra 39 573 h2.6
Trigonometry L8 70.5 294
Caleulus 5 ; Te3 92,6
Technical Mathematics 37 Skl 1545

;
Read thus: There were L7 or 69.2 per cent of the sixty-eight firms reply-
ing to the questionmaire that felt General Mathematics should be required
of technical studeats who were majoring in drafting.

In general, with no specific attention given to the type of drafting
carried out by the sixty-eight firms responding, ccllege courses in genw
eral mathematics was chegked forty-seven times, algebra thirty-nine,
trigonometry forty-eight, caleculus five and technical mathematics thirty-
seven times, For each mathematics course listed in the survey, with the
exception of caleulus, over fifty per cent of the replies indicated these
particular courses should be required, One hundred per cent of the firms
checked the question as to whether college mathematics courses beyond the
level of general college mathematics should be required. A combination
of various types of mathematics to be required was listed by twenty firms
as including general mathematics, algebra and trigonometry. Eleven firms
checked technical mathematics as the only requirement while five firms
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listed a combination of gemeral mathematics, algebra, trigonometiry and
technical mathematics as being required in the student's program, while
 there were only three firms checking that all the courses listed should
be required. :

These combinations included a total of seventy-five per cent of the
sixty-eight replies; the remaining twenty-five per cent of the returns
checked the mathematics mus with no partiocular sequence or pattern
being evident, Courses listed, other than the ones printed on the form,
included slide rule, checked cnce, and analytie geometry which was
checked twice.

Since the day of Sputnik, with an increased emphasis placed on the
importance of science and mathematies, a followeup question was included
to determine what sclence courses, if any, should be recommended for
technical drafting students, Table IV gives the responses to this
question,

The three courses in science most often checked as being recommended,
weérdlng to the survey, were Introduction to Physical Science, General
Science and Technical Physics inm that order, Over fifty per cent of the
firms that replied felt the three courses mentioned above should be
recomuended for technical drafting majors. An introduction course in
chemistry was checked nineteen times while technical chemistry was only
checked nine times, No specific group of science courses could be deterw
mined as holding any significant relationship in the data, The largest
Moffmmwwmmotmmmwh
required included the introduction course in Physical Science, Technical
Physics and General Sciences Ten firms checked these thres courses while
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the remaining fifty-eight firmms rendered a scattered response by chacking
the different courses listed on the question, Three additional courses
.ware written in as being necessary for drafting mejors including, Geology
and Strength of Materials, each receliving three checks, and Materials
and Methods listed as being recommended.

TABLE IV

SCIENCE COURSES OF COLLIGE LEVEL RECOMMINDED
FOR DRAFTING HAJORS

Humber of Firms Pn-mtagn of Firms Not

Science Courses Checking Checiting Checking
Introduction course in
Physical Seience L6 6746 3243
Intreduction course in
Ghemistry 19 2719 72.0
Technical Physies 36 52.9 47,0
Technical Chemistry 9 13.2 86,7
General Seience 38 5548 Lled

Other Relsted Courses

At this point it seems advisable to include other related courses
that should become a part of a future draftsman'’s curriculum, Various
types of drafting may e¢all for courses of instruction valuable to only
one or two types of drafting, such as a course in metel working as it
relates to machine drawing, or surveying as it would relate to map drafte
ings However, the purpose intended by this study in conjunction with

PORL R e
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drafting and the related areas on instruction, was to try to determine
what courses would be most valuable in training technical draftsmen,

| A group of ten courses were listed in the questionnaire to be

checked as either, "necessary", "helpful" or "of no value® to a student

preparing himself as a draftsman. The majority of the courses listed,

were determined as "necessary® or at least ®helpful® in the training
of draftsmens Table V glves tha responses to this questiom,

TABLE V

THE VALUE OF RELATED COURBES IN THE TRAINING
OF TECHNICAL DRAFTING STUDENTS

Number of Percentage of firms Percentage of

Related Courses Flrms Checking es: Firms not
Checking HNecsssary Helpful Of no Valus Checking
General Hetals 55 2644 L) 10,2 T
Mashine Shop 57 27.9 38,2 1746 16.1
Elsctricity 53 Use? S1. L 22,0
Photography 53 8,8 3542 33.8 22,0
Electronics 51 8.8 Lhed 22,0 25.0
Mechanics 60 36,7 L2.6 8.8 1.7
Surveying 59 2944 L246 .7 13.2
Metallurgy o 5.8 3049 3243 30,8
Wood Comstruction 55 22,0 38.2 2045 19,1

Jesign 58 573 2540 2.9 1hlT7
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Hechanics was checked the largest musber of times and was regarded
by thirtye-six per cent of the respondents as being necessary for beginne
ing dreftemen. This course was also listed as being helpful to students
of drafting by fortyetwo per cent of the respondents. Eight per cent of
mrimtﬂtmcauruin-mmimmofmm“mhudw
drafting. ﬂucmindnimmrmwhiMﬂthflﬁy-um
mmtnf%fmmawmmmmumﬂ, twenty per
cent checked the course ss "helpful®, while only two per cent found
it "of no value™ and fourteen per cent did not check the replys Other
courses checked as being of definite value to drafting were general metals,
surveying, machine shop, electricity and wood eommtim An indice-
tion of the importance of these courses to drafting students can be
assessed by adding the percentages of replies that listed these courses
as "necessary" or "helpful®, In this figure, eurveying had a combined
total of seventy~two per cent, general metals had a combined total of
seventy per cent, clectricity and machine shop each had a combined total
of sixty-six per cent with wood construction combining the "necessary®
and "helpful” columns for a total of sixty per cent. The three courses
receiving the least percentages of being "necessary” or Thelpful" were
metallurgy, photography and electronics in that order with metallurgy
being the lowest in value to drafting majors.

Other courses written in on the replies as being "necessary® by
two different firms were structural detailing, building specifications,
photogrametry and cartography; construction principles, foundry and
pattermmaking vere each listed one time in the space provideds In adde
ition the course in structural detailing was listed as being "helpful®
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in two replies and the course in construction was listed by one other
reply as being "helpful®,

- The necessity of related courses that will supplement drefting or
at least be helpful to gtudents in this evea are well established by the
results of the survey. A student in drafting, for instence, when working
masetofplmtwmolmtri«lammtarmhmmwmm.
much better qualified to handh this responsiblity if he has taken at
least a basic course in elsctronics or machine shop, Related courses
or experience in the fields associated with drafting can be a valuable
asset to & draftsmen in helping hin to gain a first hend knowledge of
t&oeWMthnmtafmwmnautafpm. To become

successful in any type of drafting, a knowledge of the processes,materials,

methods, procedures, terminology snd other related practices must be
mastered in the chosen area of drafting, The technical draftesman of
today can no longer be content to confine his skills to werk on the
boards; he must be trained to such an extent that he can become a tech-
nician capable of bridging the gap between the engineer and the skill of
the eraftsmane



CHAPTER V
DRAFTING PRACTICES

Drafting is a key function in almost any of the engineering, civil,
military or production firms, Draftsmen may have to be prepared to make
drawings for shop production, electrical layouts, maps and other types
duemmmtmc@WhglmMGmmiﬂww
firm or crganization, when necessary, can work from these plans. The
requirements of legiblity will continue to become more demanding with
the technical advances of drawing reproducticn, particularly with the
inereased emphasis on microfilming and other methods and materials now
being used to copy drawings. A great deal of the practices that are
common to successful drawing reproduction can be directly linked to the
basic fundamentals of drafting such as lettering, neatness, clean sharp
linewori and dimensioning practices.

The advent of the space sge has brought about a tremendous impact
on drawing and the firms that must perform much of this type of produc-
tion, For the most part, the space program is assoclated with our govern-
ment which requires the firms doing any work for this program to follow
military or federal specifications. Here again, the basic drafting
practices play an important role in drawings either being accepted or
rejected by the drafting checkers employed by the government. Drawings
that are rejected may have to be completely redrawn or might require only
a revision or two. This practice often holds true for a drawing in any
firm, whether it is government or an individual contractor. The impore
tance of the basic practices mentioned above and other basic practices of
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equal importance should be included as & fundamental portion in the

training of technical draftsmen. Although a large number of high schools

- in Arigona stress the importance of these basic principles in their
drafting classes, the need for applying these principles in mamad-
training is also of considerable importance.

An article written by a drafting supervisor in one of Arizona's
largest electronics firms, concerning the training of draftsmen in
educational institutions, pointed out the following as being the five
main weakness of their training.

1, Profieciensy in hand printing.

2+ Good clean, sharp and dense linework.

3+ Proper drawing layout and reasoning ability.
More logic needs to be explained to students here.
Usually they are given such instructions as, "put
views in center of the paper, space them 1" to 2"
apart," stec.

Le Pride in their craftsmanship,

5« Knowledge of electrical symbols and eiaetrieal
diagrams, (for electrical draftemen).

Articles such as the above and conferences with other drafting
supervisors were valuable in helping to design the section of the
questionnaire concerning drafting practices.

: A question was constructed in an effort to determine what practices
were being employed, concerning line comstruction that is being used in
the firms replying to the survey. Supervisors were asked to check ten
of the major lines in the line alphabet accerding to the darkness and
width of these lines. The only significant implication in line work

according to data received was an increased emphasis on the darimess of

lort Davis, "Hotorola's Drafting Organisation Procedures and
Educational Training Program" (Article presented to drafting instructors
at a workshop, Phoenix, Arizona, June, 1964). p. 3.



b3

lines, There were thirteen repliecs that indicated they used only dark
lines in their drawings; a further study of these thirteen replles
- revealed that contrast was gained by the thickness of lines.

A follow-up question was included that asked if instructors had
placed too much emphasis on the different width and darkness of lines.

Of the sixty-elight replies, ﬁﬂy—um respondents checked this questiong
forty-one replied that Lmtw:otorn had not placed too much emphasis on
the practice, while sixteen indicated that emphasis in this respect had
been too great.

A study of industrial magasines and classes attended in the past
indicated that some effort had been made to discontinue the use of arrowe
heads for terminating dimension lines. A question to this effect was
designed and included in the survey asking if arrowheads, dots or other
methods were being used for this practices The results of this question
are shown in Table VI

TABLE VI

METHODS FOR TERMINATING DIMENSION LINES

Hethod Practiced Number of firms Checking
Arrowheads 54
Dots 2
Combination of Arrowheads and Dots 5

v - .
et i b - et

The replies indicated that fifty-four firms used arrowheads, five used a
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combination of both arrowheads and dots, two firms make it & practice to
use only dots, two firms did not use anything to terminate these lines
‘while three firms made use of a slash mark, A comment by two firms not
using arrowheads gave the reason that arrowheads were too time-consuming
to construct,.

One of the frequent criticisms often heard in the cireles of drafte
ing persomnel is the quality of lettering that is often exhibited by
beginning draftsmen, In order to establish how well a begiming drafte-
ren had been trained in lettering prior to employment, a question was

. included in the survey asking the supervisors if beginning draftsmen had
received adequate training in lettering, The question listed three
possible selections to check to determine if most, some, or a few
workers had received adequate training in lettering. Tabdble VII deseribes
the rosults of the replies.

TABLE VII

THE TRAINING OF BEGINNING DRAFTSHEN IN
ADSQUATE LETTERING PRACTICE

o e e e e e e
Have beginning draftsmen received

adequate training in lettering? Number of firms cheeking
Host 8
Sone 15
Few L2
lot checking 3
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There were sixty-five of the sixty-eight replies answering this particular
questions Of the s ixtyfive replies, eight fimms indicated ™most® drafts-
. men had received adequate training in lettering; fifteen indicated "some"
beginnérs had been adequately trained, while forty-two replied that "few®
of these beginning persomnel had been adequately trained. No space wes
provided cn the questionnaire for comments to this particular question,
however some conments were wr.itten in stating that none of the beginners
had been sdequately trained in this respect.
A followeup question concerning lettering was inecluded in an effort

- to determine the standards that were being followed by draftsmen for
placing 'the lettering on the drawings The results mr thia 'questian are
given in Table VIII,

TABLE VIII

THE STANDARDS OF LETTERING

Standards Used

Humber of firms Checking

Draftsmen follow standards set up by our company 29
Drafting standards are followed with some modifications §
Military specifications are followed 13
Draftsmen select their ocwn style 2L

The largest number of replies indicated that draftsmen follow the
standards set up by the individual firms with twenty-nine checking this
procedure, In twenty-four firms draftsmen were at liberty to select
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their own style; thirteen firms indicated military specifications were
followed; the other nine replies checked that department standards were
 followed with some modifications. The most populsr style of lettering
practiced in these firms was vertical capital lettering which was
checked as being used by forty-five firms while the inelined capital

TABLE IX

TYE STYLE OF LETTERING UBED BY REPLYING FIRMS

8tyle of lettering Number of firms Checking

Capital
Vertical L5

Inelined 13

Both vertical and inelined
Lower case

Vertical

Inelined

Both vertical and inelined

Not checking

&

FwbB &R

letter was in use by only thirteen firms and ten firms made it a practice
to use both styles. Lower case lettering, in the vertical style, was
used by twelve firms and the lower case inclined was used on drawings
by ten firms. A total of forty-cne replies indicated that capital and
lower case letters were not used on the same drawing, Twenty firms
stated they did use the upper and lower case letters on the same drawing.

gy.;ﬂi\‘

PUKL R 1
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Table IX gives the responses concerning the style of lettering practiced
by replying firms.

| Since drawing is a graphic langusge, many line symbols have been
developed to represent particular features that are used repeatedly on
certain drawings. These symbols are economical in producing a drawing,
and for this reason there have been many templates designed to aid in a
quick accurate rendering of t.hose symbols, Templates and symbols have
become a part of the standard tools used by almost all drafting departe-
mentse

The question pertaining to beginning draftsmen and their knowledge

in the proper use of templates revealed that of the sixty-eight replies,
thirty-six of the firms felt "some" of these beginners were adee
quately trainedj sixteen replied "few" were adequately trained; while
twelve firmg indicated that "most" beginning draftsmen were trained in
the proper use of templates.

TABLE X

ENOWLEDGE OF BEGINKING DRAFTSHER IN THE PROPER
USE OF TEMPLATES

Are beginning draftsmen receiving
adequate training in the use Number of firms Checking
of templates?

Most
Some

Few
Hot checking

= & 8 8
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Of the sixty-eight replies there were four of the firms that did not
answer this particular question, The tabulated responses to this
. question appear in Table X.

In almost any t.ypo of drafting, there are certain symbols often
used to spesed up the werk and aid in reading the drawing. In view of
past experiences and a study of industrial drafting practices concerning
the use of symbols, aqmuﬂo;:m included in the survey to determine
how well beginning draftsmen hsd been trained in their use. The results
of this question can be seen in Table XI.

TABLE XI

KNOWLEDGE OF BEGINNING DRAFTSMEN IN THE
PROPER USE OF SYMBOLS

Have beginning draftsmen received

adequate knowledge and training in Number of firms Checking
the use of symbols?

Most 3
Some | ; : 25
Few 37
Not checking 3

B e e e e

Of the firms replying to the survey, thirty-seven indicated "few" begine
ning draftsmen had been adequately trained in this respect; twenty-five
firms replied "some" draftsmen had been adequately trained, while only
three were found to reply that "most” beginning draftemen had been ade-
quately trained in this respects There were three of sixty-eight firms
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not answering this question, Many practices have been developed that
improve drafting procedures, but one practice that has always been a
. problem to draftsmen is the number of revisions that must often be appund
to a drawing or set of plans. -
Changes on drawings are necessitated by changes in design, tools,
desires of customers, and by errors in production or errors made by the
draftsmen, In some cases ehv:ngea might require the complete drawing to
be made over; however, in most cases, revisions are made by erasures
directly on the drawing, Revisions are a common practice in most firms
and are handled in a variety of ways. It was on this basis that a portion
of this section of the questiomnaire was devoted to the revision of
drawings.

TABLE XII

AWARENESS OF BEQINNING DRAFTSMEN CONCERNING THE.
USE OF DRAWIKG REVISIONS

e e e o e

Are beginning draftsmen aware of the
fact that revisions are a necessary Number of firms Checking
part of drafting practices?

Host 3
Some 2l
Few 39
Not checking 2

m
A particular question was designed to determine how well begluning drafte-
men had been trained in this respect and if they were fully awave of the
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fact that revisions are necessary for some drawings. To view the results
of this question see Table XII, A follow-up question was included in an
effort to determine how revisions were being carried out by the firms
answering the questionnaire. The tablulated responses to this question
appear in Table XIII,

TABLE XIII

HETHODS OF REVISING DRAWINGS

L e e e o e

Method Number of firms Checking
Draftemen make their own revisions 50
8pecial draftsmen are employed for
revision work ' 4}
Both of the above practices are used 11
Firms not checking  §

There were thirty-nine firms replying that beginning draftsmen were
not fully aware of the fact that revisions were a necessary part of
drafting practices, Tweniyefour firms indicated that "some" of the begine
ning draftsmen were aware of this necessity, while only three f{irms
checked that "most" beginning draftsmen were aware of the importance of
revisions, A total of sixty-six of the sixty-sight respondents had
checked this question. A follow-up question was used in the survey to
determine who made the revisions that were necessary for certain drawings.
The data revealed that draftsmen revised their own drawings in fifty of
the sixty-eight replies. There were eleven of the returns indicating
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that a dual practice was used where special draftsmen were employed to
make revisions as well as the original draftsmen doing scme of his own
revising, None of the firms indicated that speeial draftsmen were
enployed to handle all revisions work. Seven of the respondents had not
checked the mamner im which the revisions were handled.
I'romrthurdotemimthn importance of changes that must be made
on drawings, a gquestion was i.nclndodtoam if more drawings should be
assigned by instructors that would require certain revisions. The results
of this question appears in Table XIV,.

TABLE XIV

IMPORTANCE OF DRAFTING ASSIONMENTS THAT
REQUIRE THE USE OF REVISIONS

8hould instructors assign more drafting

problems that will require the use of Number of firms Checking
revisions?
Yes 55
Heo
Not cheeking

Sixty-four firms checked this question with {ifty-five of the replies
stating that more drawings requiring revisions should be used; nine firms
checked this practice as un-necessary,

As pointed out earlier in this chapter, a great many revisions are
made on drawings by erasing the undesired work end adding the correction,
On certain occasions, at workshops and mﬂ, industrial drafting
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personnel in Arizona have pointed out that some Instructors have placed
so much emphasis on neatness that beginning draftsmen are reluctant to
- erase on.a drawing that may need revisions, Table XV indicates the

emphasis eoncerning erasing on a drawing.
TABLE XV

IMPORTANCE OF INSTRUCTION CONCERNING
ERASING CON DRAWINGS

Are begimning draftsmen reluctant to

erase on a drawing when changes are Humber of firms Checking
necessary? :
Nost 17
Some a7
Few 20

The question concerning the reluctance of beginning draftsmen to erase
when changes were necessary, indicated that of sixty-four firms come
pleting this question, twenty-seven respondents checked that "scme" drafts-
men were reluctant to erase; twenty firms checked that only a "few" draftse
men were reluctant to erase, while seventeen indicated that "most" begine

ning draftsmen were reluctant to erase in order to make a change on a
drawing.

The technleal information that must asccompany many drawings today
has brought about an increase in the number of notations and specifi-
cations that are required to fully describe a drawing or set of plans.



53

Since a certain amount of notations and specifications are common to most
drawings, it was desireble to Inelude in the survey scme particular
| questions that would reveal the views of industry as they relate to
notations and specifications on drawings .and the manner in which this
information was to be placed on the drawings Table XVI describes the
view of industry concerning notations and specifications,

TABLE XVI

EXPERIENCE OF BEOIRUING DRAFTSMEN CONCEREING
THE USE OF NOTATIONS AND SPECIFICATIONS

Have g draftsren nui adequate

training in applying notations and specifie Number of firms Checking
cations to a drawing?

Most L
Some 10
Few 50

Pifty of the replying firms checiked that "few" beginning draftsmen
had besn adequately trained in the use of notations and specifications
that apply %o a drawing or set of plans. Ten of the respondents indica-
ted there were "some" beginning draftemen properly trained in this

respect, but only four firms checked "most" beginning draftsmen had been
adequately trained in the use of notations and specifications,

To further evaluste the practices concerning the specifications
that usually accompany a drawing, respondents were asked to check the
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methed or practice used by their firm in writing these specifications
that acecompany a set of plans. For the results of this reply see
Table XVII,

TABLE XVII

FETHOD OF APPLYING NOTATIONS AND SPECIFICATIONS
* 70 A DRAWING

T e e e mmesecn
Hethod used to apply notations

and specifications to a drawing. Bumber of firms Checking
Lettered 36
Typed 7
Both of the sbove used 2l

Hot cheeking 2

Sixtyesix firms answered the question with thirtyesix replies cheecking
that specifications were lettered; nine replies indicated this information
was typed, while twentyeone firms made it a practice to use both typing
and lettering, Some of the firms responding to this question imserted
additional comments that were of value to the study as listed below.

"A special type face is used on drawings by typing on stick
on material.®

"Typing is hard to change and impessible on large drawings."
"Notes and legends are lettered ~ long legals are typed.®
"All notations on drawings larger than 8§ x 1l are lettered."

"Specifications are generally typed on orangs back vellum and
ingerted in the drawing with special drafting tape."
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The comments pointed out some of the latest methods that are being
practiced concerning lettering. Another device in use by some {irms
'u a special typewriter with an especially long carriage. This partice
ular typewriter is equipped to receive a speeial type that resembles
hand lettering., The style of lettering to be used is inserted in the
typewriter and produces lettering on a drawing which has been typed.?

Some changes in mmg' practices have taken place very rapidly
while others take on a gradual change. Such is the case when inked draw-
ings are being considered. The inking of drawings has been in use since
Egyptian times where lines were first seribed in stone and drawn over
with ink and reed pen. Up to 1925 most drawings were still inked but in
193h the use of penciled drawings was greatly accelerated and during the
next two years there was a veritable revolution as draftsmen made use of
the peneil for drawing on almost any material.3 This trend continued
to increase during World War IIj although many improved techniques and
inking tools in use today indicated that the trend of inking drawings
might be changing again. A question in the survey was designed in an
effort to determine the percentage of drawings that are being inked in
the firms of Ariszona replying to the survey. The results of this
question can be noted in Table XVIII,

There were WMivigeins of the siutresight seplise thal did wt wos
ink for their drawings. One firm failed to check the question and the
remaining thirty-five firms used ink for a part of their drawings.

2pemonstrated at Motorola Incorporated, June 196k, 82D1 Bast
MoDowell, Scotisdale, Arizona.
3V, and E, Manufacturing Co., Historical Note on D Instru-

- A booklet mw.d h? the v.__'m{lins'a‘” % 4 q“z;;‘-’—b
ul]!“' 195‘ " pp' n‘l" : E‘ §£° é‘%\ i.{}\b‘;b;“h

e ¥ ,,: L4 ~ '_ fl.{.j‘-—if; Las
PORLLR
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Three of the four firms listed in the aninety-one to one~hundred per-
centage of Table XVIII indicated that they did all of their drawings in
. =
TABLE XVIII

APPROXIMATE PERCENTAGE OF DRAWINGS THAT ARE INKED

R A A T T T e S T S B

Percentage of drawings inked Humber of firms Percentege of
as indicated by the replies Checiting 68 replies
0 32 L7.0
110 1 16.1
11-20 L 5.8
21-30 0 0
31-40 0 0
41-50 7 _ 10.2
51560 1 1.
61=70 1 1.k
71-80 3 Lok
81-50 b 5.8
91=100 2 él'; 5.8

D R A R S S T R U Bk

In the spsce left for additional comments on this question, the firms
checking that none of their dvawings were inked, made the following
statements:

®Illustrations and special work is sometimes donme in ink,"
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e ink only drawings that will be displayed or reduced and
published.”
"liodern methods maks this almost unnecessary."”
"Ixeept when contract requires.”

"je use ink mostly for pre-line or presentation drawings - not
for working drewings." :

"ije are using plastic lead on mylar."

"Pechnical illnfltrati.on'. are inked for reproduction."

The following comments to the question on inking was made by the
firms that did ink some of their drawings. To make the comment more
valuable, the percentage of drawings that were inked by the firm
commenting is listed at the end of each statement.

"Paneil drawings must be adequately prepared for Good

reproduction prior to inking." T (80 per cent)
"Shop drawings pencil, outside drawings inked." (20 per cent)
"irehitectural drawings pencil - Engineering

drawings inked." (60 per cent)
"Expect only senior draftsmen to do this work.” (10 per cent)
tigse of rapidograph technicsl fountain pen." (15 per cent)

"Host drawings are india ink on linen or clearprint."(85 per cent)

"Oupr drawings are put on public regord or in files of
government agencies and are reproduced many times.® (100 per cent)

"A11 new construction in ink." (50 per eent)

"Both linen and vellum are used." (L5 per cent)

“pdvertising illustrations and internal specifications

are inked," (10 per cent)

"Since going to rapidograph pens and mylar, we are

doing more inking." (15 per cent)

"Only electrical drawings intended for some publication purposes.”
(65 per cent)

"Ink on linen." (100 per cent)
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The comments listed were valuable to the study for the different
uses, techniques and materials that are associasted with inked drawings.
- The types of drawings carried out in the firms efArismammdsnd
call for a number of different approaches in the rendering of a drawing.

The increased emphasis on the space program and military projects
have been instrumental in supplring some of the firms of this state with
oonmau or subsgontracte t.haf. require drawings to follow military specifi-
cations, There was a desire %o try to determine in this study the nume
ber of firms in this state that did work for the government which required
them to comply to military specifications, Table XIX shows the results
of this question,

TABLE XIX

FIRMS ENGAGING IN WORK FOR THE GOVERNMENT THAT REQUIRE
DRAWING TO MEET MILITARY SPECIFICATIONS

Is your firm engaged in any work
that require drawings to meet Bumber of firms Checking
military specifications?

Yes 29
No 3L
Hot checking : 5

N—— : —

The replies revealed that twenty-nine firms engaged in drawings that

- require them to ecomply with military specifications, There were thirtye
four firms that did not follow military specifications for any of their
worke In the course of visiting some of these firms in early preperstion
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for the study, there were some comments made by drafting supervisors that
would indicate 2 trend was being developed for industries to pattern their
standards to follow military specifications, A question was ineluded in
the survey in an effort to establish some factual data concerning this
view, Table XX gives the results of this guestion,

TABLE XX

VIZWS CONCERNING THE TREND OF INDUSTRY TO PATTERN THEIR DRAFTING
STANDARDS TC FOLLOW MILITARY SPECIFICATIONS

Is industry developing a trend to
pattern their standards according liumber of firms Checking
to military specifications?

Yes 20

No | 27
Uncertain 16

Not checking 5
There were twenty firms indicating a trend was developing in this
direction while twenty-seven checked that they did not feel any staendard
of this nature was developings There were sixteen firms undecided about
such a trend., Military specifications are very exacting and in some
cases difficult to understand, A great desl of ecriticism has been leveled
at military specifications as they apply to drawings, In order to better
understand the position of firms concerning the possibility of a trend
to pattern their standards after military specifications the reader is
directed to the following comments as taken from the survey.
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"For cur type of work, mil, specss would be too costly, We
have to use as many, {short cuts), as possible to meet dead-
lines and keep cost to a minimum,”

fStandards are necessary on drawings but not as per military
Specs.”

"lore and more companies are going into the space program
either directly or indirectly snd they must conform to ull
applicable milespecs or lose business,"

"Te follow milespecs would be very costly and time consuming,."
Sindustries are tending to adopt milespecs. Since government
purchasers are buying a larger variety of products and requir-
ing documentations, industry is anticipating the need and
documenting tc these specs,."

") trend is (unfortunately) developing to follow mil-specs.”

"State and city eng. depts, as well as corps. of Engrs.
require specific lettering height for # reduction,®

"Industries are too varied to adopt one standard that will
meet the requirements of each.,"

"All of our customers request that milespees-70327 be followed
and all drawings be microfilmed upon complstion."

71 hope not"

"Government mile-specs are almost a must in any of the larger
companies in the Western Area,"

The use of some type of stendardization is almost a necessity for
any firm that participates in drafting as a part of their activities,
Hany times these establishments devise their owm standards when they are
not obligated to adhere to the policies of other agencies, This has
made standardization of drafting practices a very complexing problem
which continues to exist, This problem has been solved to a certain
extent by the adoption of the American Standards Association, the
American Institute of Architects, The American Welding Society and many
other well known agencies that devise the standards used in many areas
of drafting.
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Students should be advised aend instructed in the use of standards
and thelr importance. They should further be introduced to the lact
-Mtwmwmmmemummofmﬁurwm
they will be employed. WNo one institution can possible create situations
that will sult the demands for each individusl firm using drafting in
the production of goods and services. Mot only is the above true in the
case of & set of standards; ‘bha tools and materials with which a drafte~
man must work will also vary from one firm to another,

The materials draftsmen use to place their drawings on are change
ing to a certain extent due to technical advances in reproduction and
docunentation. An importent factor of the study was to try to determine
what typoormt;rm m’best suited for drafting.

TABLE XXI

PERCENTAGE OF MATERIALS USED FOR DRAWINGS

: Number of firms checking the per cent of
Materials use for each material,
100 75 50 25 ot used

Manila paper 1 0 0 5
Tracing vellum i S
Flastic film 2 2 4 %
Tracing e¢loth L b g
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A list of four different materials was included in the questionnaire to
be checked according to the percentage used by the firms participating
- in the study, -

A glance at Table XXI, page sixty-one, reveals iracing véllum as the
most used drafting media in the firms replying to the survey. Only one
of the replies faliled to answer this particular question. Another intere
esting fact concerning ﬂ:nm of these materials is that thirteen of the
firmg using vellum seventy-five per ceat of the time also checked the use
of plastic ﬁmmmmmmwumrmﬁormum.

Included in the section on drafting practices was a question to

TABLE XXI1

FERCENTAGE OF USE FOR DRAFTING INSTRUMENTS

Percentage of use for each instrument
Instruments 100 75 50 25 #not used

T~gquare and Triangles L
Drafting Maehines 26 5 7 6
Parallel Rule and Triangles 15

Read Thus: mrwmnmwmzm-mtort.hetm
by four fimms, 75 per cent of the time by three firms, 50 per cent by
three firms and 25 per cent of the time by six firms,

Note* The column "not used" was omitted due to a lack of response.
determine the straight line instruments used for techmical drafting.
Regpondents were asiked to check the types of instruments used by drafte-
men under their supervision and the percentage of use given each type.

The data in Table XXII points out that firms in Arisona, for the
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nost part, are using drafting mechines and parallel rules with triangles
for the bulk of their drawings. It is evident according to this survey,

| that these instruments should be included in the training of technical
draftsnen, '

A study of drafting practices would hardly be complete without some
attention given to the basies of dimensioning., There are two commen
mMam&prthdMimmam, the aligned and the
unidirectional, FEach respendent was asked to indicate the practice they
followed for placing dimensions on drawings. Fifty-two firms checied
this question with twenty-twe using the aligned system, twelve used
unidirectiona). with the remaining eighteen firms indicating both methods
were used, The psrsons completing the questlonnaire was then asked to
check the wm of ten dimensioning practices that should be stressed
by drafting instructors.

A study of Table XXIII, page sixty-four, quieckly mh that more
emphasis should be placed on accuracy as applied to dimensiening, All
of the other practices were checked as being very important or important,
in the majority of cases. rmrmmmmmtm,u:m
being important were:

1, Dimensioning with fractions
z. Tolerance and tolerance build up
L o i

The data presented comcerning dimesnsioning, revealed that consider-
able attention should be given to this area of drafting instruction,

In summary this section of the study revealed that adequate tﬂin:\m
in basie practices is very important to drafting students, Beginning
draftsmen are espeelally weak in their ability to letter properly, use
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TABLE XXILI

IEPORTANCE OF DIMENSIONING FRACTICES DRAFTING
INSTRUCTORS BHOULD STRESS

Inpertumin&uhdhvnmhtrotﬂmmm

Dinensioning Practices Yery Dmportant Isportant Mo Importence
Placement and spacing of

dimensions on drawings L3 19

Dimensioning with decimals 25 29 6
Dimensioning with fractions 22 23 15
Tolerance and toleranes build up 25 10 17
Telerance, ranges and surface 18 s ’ “
Position tolerances 11 18 17
Accuracy in dimensioning 58 6 0
Clagsification and practice in

dimensioning fits 12 25 12
Use of datum points 2h 28 7
Co-ordinate dimensioning 24 29 i g

e T A S S S T VeSS

symbols and make necessary revisions to a drawing. Other important
values indicated that most industries make it a practice to use drafting
machines in thelr worke The majority of drawings are done on %racing
vellum using penciled lines rather than inking their work., Certain prace
tices concerning dimensioning have caused problems for begimming drafts-
men when working on drawings. An important feature of this section of
the study is the fact that these weakness have been identified and can
be helpful in the training of future draftsmen.



CHAPTER VI
PROBLEN SOLVING AND VISUALIZATION

One of the prineipal valuss to be obtained from a study of the
graphic languege is the training to visualize objects in space, that is,
to use the "eonstructive imsgination®™, The ability to think in three
dimensions is a most Wt requisite of & smenml draftsman,t
Drafting students should use every cppertnmmr_m aw visualization
of drafting problems until they can express themselves quickly and
accurately through the correct use of the graphic language.

TABLE XXIV

THE EXPERIENCE OF BEGINNING DRAFTSMEN TO PROPZRLY
PLAN AND SPACE THE VIEWS ON A DRAWING

mmmmmmx«h :
trained in the planning and spacing of Number of firms Checking
views on a drawing?

Most 10

Some 33
Few

Not checking b

The purpose of this chapter was to determine as near as possible
how well beginning draftsmen had been trained in the basies of visuale

lrvederick Eo Glesecke, Alva Mitehell and Henry Cecil Spencer,
Technical Drawing (New York: The Macmillan Campany, 196L), ppe 8-5.
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ization and problem solving, and where instruction in this phase of
drafting might need improvement according %o the view of industry.
| A question in the survey was designed to determine how well begine
ning draftsmen were able to carry out the problem of planning and spacing
the necessary views of a drawing on paper. The question asked drafting
‘supervisors to check if "most", "soms" or "few" of these beginuning draftse
men had the necessary expmm;na té carry out this practice., The results
of this question appear in Table XXIV, page sixty-five, There were
sixty-four of the sixtyeeight respondents that checled this question, Ten
of the respondents were of the opinion that "most" begloning draftsmen
had the necessary experience to plan and place views on the paper., There
were thirty-three replies checking "some®™ and twenty-one checking "few"
to this question., Comments on this question were as follows:

"Sheet layout or design not pleasing, usually time
on one detail or area of sheet.(over work areas). XKnow
what is important,.® Some of them

"ot necessary a criticism; usually because of not
enough school type of work on larger projects to be
able to think space out., Best attribute is a good
letterer and line work." Few of them
"Each sheet layout is discussed with supervisor.” Few of them

"Their biggest problem is centering a drawing on a
paper (Planning ahead).” Some of them

"Mostly they do not anticipate and allow space for
dimensions and or auxiliary views that may be required,"
Few of them

"Elininating unnecessary views that should be stressed."
Some of them

"Problem is not visualizing, teach them to plan and
arrange views for dimensions and clarity." Few of them

Comments of this nature can be helpful in widerstanding where some
of the difficulties exist, A careful study of these comments could be



61

very worthwhile in helping to improve instruction in this prectice., Some
comments made on the replies were very closely related to parts of the
- following question which listed some of the possible areas that inexperie-
enged draftsmen might find difficult when visualizing objects to be drawn.

There were seven possible trouble spets listed on the survey to be
checked 1f the supervisor completing the form felt any of these were
difficult for begimming drsttmn.

TABLE XXV

DIFFICULTIES sunomm BY INEXPERIENCED DRAFTSMEN
VISUALIZING OBJECTS TC BE DRAWN

Difficulties listed in survey Number of firms Checking
Placing the views on the paper to the

best advantage ’ 37
B8electing views that are necessary in

describing the cbjset LS
Unable to visuslize a sketch into a :
mental thrse dimensional pleture 30
Breaking down a view, plan or assembly

into the necessary details 37
Using the correct scale for the drawing 27
Selecting the correct size paper for the

drawing 23
Slow in visualization 29

There was space provided at the end of the quastion for other difficulties

and added comments. The results of the reply concerning the seven listed
difficulties are given in Table XXV azbove.
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The difficulty most inexperienced draftsmen seem to encounter in
visualizing objects o be placed on paper is the selection of views
-mculm'y in deseribing the object. Another problem, checked as second
in difficulty, was planning the views on the paper to the best advantage.
Other difficulties written in on more than one questionnaire included:
too many details, (four checking) speed, (two checking) and begimning
draftenen didn't inow how to direct thelr work to another sesticn of the
drawing when a problem developed, (three checking), A few added comments
were noted and read as follows:

"Beginmers are generally slow to grasp ideas new to them,"

"Drafting students should be subjected to an intense course
in deseriptive geometry."

"Heavy emphasis should be placed on all items in this area,
the drawing tells the story, should read clearly as a well
written composition,”

"Host beginning draftsmen do not know what iz required to
maike a detall work or an object complete.”

Although the number of comments were rather limited on this guestion,
they brought out some importent points for consideration,

Since the deseription of material objects are a major part of many
types of drafting, a question was included to determine the difficulties
beginners might experience when drawing the required details., Eight
difficulties were listed to be answered by a check mark as "most difficult®, °
"diffieult®, or "not difficult®, Table XXVI, page sixty-nine, describes
the resulis of the replice,.

Table XAVI indicated that beginning draftsmen are most deficiant in
drawing the necessary details often required to describe an object, This
listing was checked the largest number of times by the firms replying.
There were only three firms checking this practice as "not difficult®,
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the remaining forty-nine firms checked this particular listing as being
mogt difficult® or at least "difficuld” for beginning draftsmen,

TABLE XXVI

DIFFICULTIES EXPERIENCED BY BEGINNING DRAFTSMEN IN ILLUSTRATING
WECESSARY DETAILS TO ADEQUATELY DESCRIBE AN OBJECT

Numbey of firms
Difficulties to be checked Most Difficult Difficult Not difficult
Failure to use symbols 2 18 18
Pailure to use correct symbols 8 21 19
Auxiliary views often omitted 6 1y 19
Failure to use sectioned portions 6 18 15
Scale of detalls often too small
or inadequate 15 16 12
Details labeled incorrectly o 1L 23
Detalls are often drawn of unnecesary
perts and standard items ete. 16 k1A 15
Necessary details often omitted 31 18 3

Visualization of objects can often become a difficult task,
especially for the person who lacks the basic iknowledge and practice
that is necessary to describe many objects. Uns of the accepted subjects
for teaching visualization of objects is descriptive geometry., In
addition to its importance for visualization, deseriptive geometry is
important in the solution of many drafting problems, especially when
dealing with special relationships of points, lines and planes. The
extent to which descriptive geometry was necessary in the solution of
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problens, according to the firms that participated in the study, appears
in the data given in Table XXVII.

TABLE XXVII

NECESSITY OF DEBCRIPTIVE QECMETRY FOR THE
SOLUTION OF DRAFTING PROBLEMS

Necessity of Deseriptive Geometry Number of firms Checking

Very necessary 17
Ogcassionally used 26
Seldom 18

Never b
e o e e e T T e e Y

Descriptive geometry is used by firme in Arizona to some extent
for the solution of drafting problems., (nly four firms indicated that
they never use it. The importance of this subject should be pointed
out to students majoring in drafting for its value in visualization and
as a practical method for the solution of many problems,

Two final questions in section ome requested persons to indicate the
type of pictorial drswings they were using in their work and what demand
might exist for pletorial illustrators, in their firm or employment.

The first question listed five types of pictorial drawings to be
checked by the firms. Table XXVIII gives the responses to this question,

The two most often used types of pictorial drawings, according to
thmm,mimwm;:eupoeuvo. Oblique was used to some
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extent with twelve {irms checking this type while dimetric and trimetrie

were seldom used.
TABLE XXVIII

TYPES OF PICTORIAL DRAWINGS USED BY REPLYING FIRMS

Types of Pictorial Drawing Number of firms Checking

Isometric L1
Dimetrie §
Trimetric 6
Cblique 12
30

Ferspective
The question coneerning the demand for adequately trained pletorial

illustrators revealsd that twenty-one firms had a demand for draftsmen
in this area, while thirty-six firms replied that there was no demand.



CHAPTER VII
COOPERATION OF INDUSTRY WITH EDUCATICHAL INSTITUTICNS

Up to this point in the study, the emphasis has been on drafting
practices, how beginning draftsmen have been trained and where such.
training might need improvement., Chapter VII was intended for the pur-
pose of determining industrial views concerning the improvement of
instruction in drafting and the nature of cooperation that could be
expected from the replying firms. ' ;

Technological changes in industry often cceur st a rapid pace,
with firms experiencing difficulties within their own ranks in keeping
up with these changes. BEducetional institutions, likewise, experience
similar difficulty in keeping courses, curricula and instructicn
abreast of these changes,

TABLE XXIX

THE VIEW OF INDUSTRY IN HELPING TG UPGRADE
TECHNICAL DRAFTING PROGRAMS

B L S S SRSy

Would industry benefit by helping teche

nical sehools upgrade their programs? Number of firms Checking
Yes 57
He 0
Undecided 7

Not checicing 7 L
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There are a number of reasons for this difficulty and one is the lack of
communication, This particulsr section of the study was designed to
- examine the gap in the communication link between the school and industry.

Drafting supervisors in the industrial firms were asked to indicate
if they believed it would be to their advantage to cooperate with edu-
cational institutions in upgrading the course content of technical pro-
grams. The reponse tc this q;nl’%iua is given in Table XXIX, page seventy-
two. Of the sixty-eight replies, sixty-four firms responded to this
question, Of the three choices listed, "yes", "no® or "undecided®,
fifty-seven firms answered "yes", They thought this type of cooperation
would be beneficial., Seven firms were "undecided", while no firms replied
in the negative. A joint cooperation in this type of endeaver could be
mutually valuable to education as well as to the firms that employ the
graduates of these technigal schools,.

The instructors in technical drafting are expected to have had some
industrial experience in the field of drafting in order to meet qualifie
cations for teaching in this area. lost state certification agencies
require such experience for drafting and other instructors who teach
technieal subjects., Arizona has this requirement. The respondents were
asked to check the recency im years they believed technical drafting
instructors should have had in actual work experience as a drafteman.
Table XIX, page seventy-four, gives the results of this question.

Twenty-seven of the replies indicated that experience should have
been as recent as the past three yearsj twenty-eight indicated six years
was recent enough. A total of these first two figures shows that fifty-
five or 82 per cent of the respondents were of the opinicn that this
experience should have taken place in the past six years.



Tk

Recent experience in any fleld is sometimes difficult to arrange in
the case of educetionsl instructors. Some employment opportunities exist
| during the summer months for instructors not on a full year contract;
an ideal method of keeping up~to-date, However, many drafting instructors
must spend thelr summers attending school for such reasons as keeping a
certificate in foree or for professional advancement, Combinations of
educabionally qualified and i:ndnstrhlly qualified instructors are often
very diffieult to find,.

TABLE XXX

RECENCY IN YZARS THAT TECHNICAL DRAFTING INSTRUCTORS SHOULD
HAVE HAD INDUSTRIAL EXPERIEHCE

Receney in years Number of firms Checking
1 to 3 years 27
L to 6 years 28
7 to 10 years 7
10 to 20 years 0
Recent experience not necessary 2

.
Read thus: Twenty-seven firms indicated that drafting instructors should
;h::: had industrial experience as a draftsmsn no longer than three years
In view of the difficulty of finding and keeping instructors abreast
of the latest technological changes, persons participating in the survey
were asked to check five possible sclutions to this problem., The
respondents were to check five methods as "necessary", "helpful® or

"not necessary", Table XXXI is a list of the five methods and the mamner
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in which they were checked.
The method most often checked as necessary was a summer workshop
 of two weeks in length carried out in industrial firms,

TABLE XXXI

METHODS FOR KEEPINC TECHNICAL DRAFTING INSTRUCTORS
UP~TO-DATE AND IN LINE WITH INDUSTRY

Number of firms Checiting
Hethod Necessary Helpful Not necessary

Summer workshops of one or two weeks
in length carried out in various 16 32 3
industrial firms,

Workshops in golleges representing a
Jjoint effort between industrial drafts- 1l 39 i
men and college instructors.

A workshop consisting of a touwr of the
industrial firms in Arizona that rely 12 32 9
heavily on drawings for production,

College seminar courses with drafting

supervisors as guest speakers from the
various fislds of drafting represented 9 29 12
in Arizona.

A series of two or three day (on the
board) workshops, at one of the state
institutions with a drafting supervisor

from cne of Arizona's industries for 11 32 8
sach two or three day period.

e U
This procedure was also checked as being helpful by thirty-two firms
while only three replies indicated that this type of training was not
necessary. The second method also met with genersl spproval among the
respondents with thirty-nine stating that workshops in colleges carried
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on as a joint effort by industrial draftsmen and college instructors would
be helpful., Eleven respondents believed that this type of program was
®negessary", while only four firms checked it ss "not necessary", The
total group of possible methods of improvement were checked, for the most
part, as at least "helpful®, The method checked as least satisfactory,

or "not necessary®, was the college seminar course with speakers from the
various fields of drafting. .Thh listing showed that nine regarded it as
fnecessary”, twenty-nins as "helpful", with twelve as "not necessary®.

Nine respondents ﬁmted that drafting instructors should gain
recent experience in the field through summer employment as draftsmen,
in two other comments, it was implied that instructors should spend more
time talking with firm superintendents, chief draftsmen and designers in
an effort to keep abreast of the changing practices of drafting.

The data revealed that nineteen of the replying firms had participated
in workshops or seminars for drafting instructors. Forty-nine supervisors
replied that their firms had not participated in any activity of this
nature. One last question in the survey was asked of all respondents.

It concerned the mumber of persons that would participate in a workshop
or seminar, for drafting instructors, providing the cost and place of
instruction was satisfactorily approved by their firm, Table XXXII, page
seventy-seven, gives the responses to this question, Thirty-one would

be willing to participate in such a program; twenty-five indicated

that they might participates only five replied that they would not take
part in such & seminar or workshep,
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TABLE XXXII

PARTICIPATION OF DRAFTING SUPERVISORS IN WORKSHOPS T0
UPGRADE TECHNICAL DRAPTING INSTRUCTION

R S S e e

Indication of supervisors concern=

ing their willingness to mtieipau Number of Supervisors Checking
in d.raning mkahaps.

Yes I would participste
No I would not pmieiﬁau
Maybe I would participate
ot replying

-~ & w P

In addition to a check of this question, some of the respondents,
willing to participate, commented as follows concerning workshops and
seminars:

"Any time I could be of value.”

»I believe seminars and workshops are the answer to many

problems, I have awﬂahm this opportunity to answer

this questionnaire."

"If time is available when notified,"

"If time permits, I would only be too glad to participate."

"Availability would depend on the work load."

"Sgheduling the time required to participate.v

"Providing it was worked out with Mre = = = our chief
engineer and Mr. = = « our President."

e might be interested if the program is basically architectural,
provided that such things can be fit into the scheduling problems,
of project deadlines normal to most arch. practices."
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Further comments written at the end of the survey read as follows:

The basic problem we find in a beginning draftsmen is not a
lack of technique, but a lack of understanding of what they
are doing and why they are doing it.*

"Instructors should keep up with latest drafting technigues =
published by drafting supply companies - very latest information."

"A good draftsman in his fisld should have enough knowledge
of this field to pass an engineering technician examinstion
(or equivalent) in this field."

"Our work is confined mostly to large area topographic mapping;
large area earthwork construction execavation and fills; highway
construction plans, right of way mapsj property and boundary
control maps; land subdivision plots, water system or sewer
system designs, ete, lNost students are trained in mechanical
drawing,.”

"One of our greatest lacks is in draftamen, capable efproxou-
ional quality free-hand lettering, There are, perhaps, 200
draftsmen employed at topographical and map drafting work in
Arizona today, but the emphasis in college seems to be applied
to machine shop drafting.

"I feel today the problem is, that the "on the board" training
program in our schools is much too short and that good draftse
men are the result of practice, practice, practice, and more
practice,"

"Teach'em Rapidograph and lLeroy} Layoutl"

"We are more interested in the design work getting out so we
can get things bulld - not too concerned with altering drafte
ing techniques

o8

"Je have worked with local educators in developing drafting
training courses, Participated in, Siminar of American
Institute of Design and Drafting, where educators were in
majority of attendance,

"Recent experience necessary., Mechanized graphics making
fast advances."”

"With the many changes in construction and industry new

technigues come about with them, thsrotou, I recommend a

two (2) week workshop every year,"

These comments are points of emphasis the respondents wished to make,
Such comments should not be overlooked in an endeavor to upgrade and

improve technical drafting instruction.



CHAPTER VIII

SUMMARY, CONCLUSIONS, AND RECOMMENDATICNS

Summary

mmwmrMcmummmﬂuw'
essentials of the study, and ¢o draw such conclusions and recommendations
as the data may warrant, There is a need to point out the problems as
revealed by the survey, which could be used as guideposts by technical
drafting instructors for improvement or enrichment of technical drafte
ing programs.

According to the responses of drafting supervisors there is consider-
able activity in the state of Ariszons in the following types of drafting.

A+ Architectural Fo INlustrative

B, Civil G+ Machine and Mechanieal
Cs Construction H, Map and Topographic
Des Electrical I, Structural

Ee« Electronic J« Tool and Die Design

The majority of firms in Arizona employ from one to ten draftsmen.
There were 993 draftemen employed by the firms participating in the study
and 615 of the 993 draftsmen work in the larger firms that employ from
50 to 100 draftesmen,

Over fifty per cent of the replying firms, at the present time, make
it a practice to hire beginning draftsmen. The data revealed that other
firms had hired begiuners in the past but found them inadequately trained.
Only two firme who hired beginning draftsmen made an indiecation that most
of them had been adequately trained in baslec drafting practices and seven-
teen of the firms made it a practice to administer some type of further
training before these draftsmen were assigned to working drawings for
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their employer,

A need for improvement in bagic drafting practices has been estabe
lished by the survey, Oertain practices were indicated ss needing more
improvement or up-to-date instruction than other aress, The replies
further pointed out that instruction in technical drafting eoculd be-
inproved and most of the respondents were willing to participate in pro-
grams leading to this W&a

Throughout this study the need for a closer cooperation of industrial
£ivms and educational institutions has been established, There is a need
for both groups to fully acquaint themselves with the problems and limite
ations of each as they strive to improve these conditions,

Gonclusiong

The factual data that were obtained through this study brought forth
evidence of a substantial nature that seem to indlcate the following:

‘1, Early educators were instrunental in the development of drafting
as a technology. Hany of thelr ideas were adopted to fit the needs of
industry which hes brought about contimual change in the methods, tools
and materials in drafting practice and in the teaching of drafting as a
technical subjects

2, Students majoring as technical draftsmen should be required to
take college mathematics courses that would include algebra and trigonome
etry or a course in technical msthematics of such a nature as to include
the algebra and trigonometry, basic to the sclution of drafting problems.
The science courses should include general science, physical secience and/or
technical physics that would be required according to the area of



specialization,

3« Related courses that support the various types of drafting
should, when possible, be included as a part of the drafting sequence,
Courses directly related to the drafting students major field should be
required courses, For example, a student specializing in map and topo=
graphic drafting should be required to take surveying.

ke hmmdmausizmmwmarkimmmtm
requirements of high quality reproduction snd the contrasts of the draw-
ing should come about by different line widths,

S+ There should be a continued emphasis placed on lettering until
each drafting major becomes skilled in the art of hand lettering, The
increased importance of reproduction methods, legibility, militery speci-
fications and the critical eye of a drafting checker will demand a high
degree of skill in this respect. All styles of lettering are important
but the majority lof firms in Arizona are using vertlcal capital lettering.

6. Drafting students should become skilled in the appropriate use
of templates and take advantage of their value for a faster, more asccurate
drawing. This does not mean that a student no longer needs to learn the
basic practices of drawing the figures found uau:kupl'nm..

7. Continuing practice in the use of correct symbols should become
a part of the training of future draftsmen. mwﬂm@samm
explanations should be dispensed with when an appropriate symbol could
be used for the same purpose,

8+ There was evidence supporting the fact that drafting instructors
should make use of more drawing assignments which would require revisions.
Drafting trainees should be made aware of the fact that revisions are
common practice in almost any firm using drafting in their work,
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9« Proper erasing ls an important fector, especially in revision
or correction work; begimning draftsmen should not be reluctant to erase
.i.n necessary cases; neatness is important; however, speed and acouracy
are of more importance, .

10, There is & need for dralftsmen to have a working knowledge and
practice in the art of inking a drawing; however, the trend of most firms
in Arizona is for penciled d:-;mingac Students desiring to do illustrative
or other work that requires inking should become skilled in inking proe
cedures,

11, Beginning draftsmen need more experience in applying notes and
specifications to drawings. This application, for the most part, should
be through the practice of hand lettering with some instruction concerne
ing Wyped specifications,

12, The musher of firms participating in drawings that must comply
to military specifications support the fact that imstruction in the use
of these specifications ls necessary. '

13. Tracing vellum should be used for most drawings, with addite
ional instruction and practice carried out on plastic film, tracing
eloth and other transpaventized materials.

14, Drafting trainees should be instructed in the proper use of
Tesquares and triangles; however, the bulk of thelr work should be done
with drafting machines and parallel rules,

15. All dimensioning practices are important, but training students
to be accurate in dimensioning is by far the most important of all these
practices,

16, Technical drafting teachers should evaluate their program and .
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make certain that students receive adequate training and instruction in

the fallmr!.ng practices.

8e &heti.ag views that are necessary in describing the object,

b.rmmmmmmmwmmtwmwmwa

ing down & view, plan or assembly into the necessary details,

¢« Ability to visualize a sketch into a mental three dimensional

picture. ;

de Slow in visualization.

€ ulwmemtmtwmm

fo Selecting the correct size paper for the drawing.

17, Beginning draftsmen experience the most difficulty in illustrae
ting details of a drawing because they fall to inelude the necessary
details that are required.

18, Deseriptive geometry should be a required course for drafting
students, It is valuable for its training in visualization and impore
tant to some degree in problem solving,

19 The types of plctorial drawings used by most firms in Arizona
are isometric and perspective, Drafiing students should be well informed
of their importance and receive adequate training in drawing these types
of pietorial rendering.

- 20, PFirms in Arizona would benefit by helping techniecal programs
upgrade their course content and instruction, ‘

21, Technical drafting instructors should have had industrial experie
ence within the past six years to be adequately trained in this field.

22+ Drafting instructors in order to keep up-to-date and in line with
industry should attend a swamer workshop each year if possible, cne or two
weeks in length carried out in various industrial firms, Other activities
that should be attended by drafting instructors when they are offered
would bes

2. Workshops given in colleges through a joint effort between
industrisl draftsmen and college instructors.
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be A workshop consisting of a tour of Arizona's industries that
rely heavily on drawings for production.

¢+ A series of two or three day (on the board) workshops, at
one of the state institutions with a drafting supervisor from
one of Arigzona's industries for each two or three day period,
de College seminar courses with drafting supervisors as guest
speakers from the various fields of drafting represented in
Arizona, '

23« Fourteen supervisors or chief draftemen in this state have
participated in these programs in the past. Thirty-cne representatives
of the firms are presently willing to help with workshops and seminars
while twenty-five additional representatives indicated they might be
able %o parhla in suech a program.

2, Stress should be given to the fact that Arigona as a state is
advancing in seientific and technical know-how at a tremendous rate.
The rapid growth in this direction will have a direct relationship on
most technologles as well as the field of drafting. The educational
institutions and the employers of their graduates must work tegether in
an all out effort to provide the fellowing, in adequately trained
technicians,

as Use the best combined resources to improve individual compe=

tum, present and prospective, without regard to race, sex,
age or physleal handicap.

b, Strive to place every technician in a job that best fits his

talents and mom his continued improvement along with
his experience.

Ce Encourage and train owr technicians to develop a sense of

purpose and pride in his work,

de Make them aware of the changing manpower needs which will
ecall for changing technologies and continuous study.

Heed for Further Study

acmmmmmeofmustwmmmw
to explore industyy in a more detailed mammer in an effert to obtain the
views of industry concerning each of the ten types of drafting most often
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used in Arizona. Research in this direction should be conducted so as
to secure the most advanced practices and particular details as they

relate to each type of drafting.

Recommendations

1. In order to solve some of the problems for improving drafting
programs, educational inst.itu:tions that have not already done so, would
benefit by organizing an advisory committee for this purpose. The success
of these commitiees in Arizona has been established for some technical
programs, while others have been reluctant to take this approach. BSuccess=
ful programs of this nature have included the combined efforts of
industrial representatives, technical instructors and the State Supere
visor of Technical Education.

2. Administrators of technical programs should see that drafting
instructors are provided the time, transportation and expenses to visit
industrial firms, to gain a first hand knowledge of the tools, methods
and materials that are common to their work in drafting. Employers, too,
should make the same provisions for drafting supervisors or draftsmen of
their firm to take time to visit technical drafting programs and indicate
where improvements might be made, or perhaps learn why some teaching pro=-
cedures are possible and others extremely different.

3. Workshops and seminars should be made available in the summer
that would inelude programs carried out in educational institutions and
industrial firms. The content of these programs should be co-ordinated
through the State Supervisors office and lay committees of all sections
of the state that would be involved.
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s An additional recommendation would be that technical drafting
instructors should evaluate their own program to see if they are:

a. Using the latest practices in their instruction.

be Using tools and materials commen to industrisl firms,

¢s Informing students of the latest technological advances
in drafting.

de Haking an attempt to explore industrial situations and
pattern thelr drafting assignments to parallel industrial
methods as sleosely as possible,

5. Drafting supervisors should evaluate the conditions in thelr
own firm to sees '

as If technical programs can adequately train s draftsman to meet
the speeific requirements of their firm and other firms throughe
out the state.

b. How they might contribute in an effort to provide a better
qualified graduate that might some day be under their supere
vision,

¢. How they might be able to help institutions prepare a drafts-
man that would result in a shorter pre-training period once
the graduate is employed.

de Where drafting instruction in Ariszona's institutions can be
improved in order %o be of value to their program,

e Some of the accomplishments that have been made in the nation's
industries directly or indirectly by educational institutions
and their gradnates.

6« & concluding recommendation would be to challenge instructors
of drafting and firms in Arizona that employ draftsmen to join equally
in an attempt to solve a difficult and complex problem, The combined
efforts eould provide industry with technical draftsmen that have & sound
education in mathematles, science, related subjects and up-toedate drefte-
ing practices. This should be especially rewarding to the three that are
directly concerned: the graduate, the firm and the instructor,
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- Dear Hr, Oliver:

Thank you for your comprehensive questionnaire. We have great
difficulty in securing draftsmen who can do the type of drafting
we prefer.

Enclosed are several examples of the kind of drafting we use and
expect of our draftsmen, This usually reqguires about one yesar of
training in our office. By the time a draftsman receives our traine
ing he usually can get a job anywhere.

Thank you for your interest in improving drafting.

Yours very truly,

Gene E. Anderson
Consulting Engineer
Tueson, Arizona
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Dear Hr, Oliver:

Thank you for sending us your questionnaire on basiec
drafting practices. For sometime now, I have wondered when some=
cne would start doing something amt the sehooling of future
draftsmen and their instructors. This has been quite a problem
to us as well as other offices, I'm sure, Our training period
is normally six (6) months long, which costs time and money.
Better schooling, with up to date examples would allieviate this

congiderably.

Thanking you again I remain,
Very truly yours, |
WHEELER » PETTESSON - COFFEEN

Roy B, Ares, Engineer
Tueson, Arizona
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Dear Mr, Oliver:

The following comments are submitted to clarify or supplement
information contained in your guestionnaire.

In regards to type of drafting, I have checked off the basic
type performed at my company. Howeverj since I am only associated with
the preparation of product drawings, all comments are related only to
those drawings. To further clarify the mechanical designs, they are in
the field of Gyroscopecs, Flight Instruments and Power Driven Actuators.
These mechanical devices are densely packaged and a draftsman must be
well acquainted with tolerances and geometrie requirements,

In regards to the number of psprsonnel in my design department,
I've listed the total number rather than just listing the number of draftse
mene 1 've felt that this type of information would be of more value to
you. We also use approximately 10 sub contract draftsmen during our normal
period of operation., During peak periods this number goes as high as 20
draftamen

As far as educational background of draftsmen, I've found that
perscnnel with some college background advance more readily than those
who did not have this background. It is our practice to up-grade deserve
ing draftsmen to designer classifications. Therefore; those with better
scholastic backgrounds will make beitter designerse

In regards to drafting practices, we follow rules set forth
in MileD«70327 which is the basic military document for preparation of
drawings. This spee in turn invokes many other spses in regards to
drafting orocedures. Copies of this spec¢ and associated specs may be
cbtained from the following:

Commander, Headquarters

Wright Development Center
Wright-Patterson Air Force Base
Ohio :
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Mp, Daniel R. Oliver ~2= Hay L, 1965

As previously stated my responsibility is for the preparation
of production drawings., We also prepare pictorial drawings for overhaul
and instructional manuals which are done in our publications department.
If you desire-information in this regard, write to Mr. Keith Roe at the
same address noted on your questionnaires

I have participated in cooperating with Phoenix College and
Phosnix Union High Sechool in regards %o educational requirements of ;
drafismen, Tours of our manufacturing and drafting areas were conducted
at my company and proved to be quite beneficial, I've also attended
seminars with the above school instructors and other industry personnel
in attendance.

- In regards to the latter, there was quite a bit of confusion
as far as scholastic requirements were concerned. The main problem was
that the various industrial representatives wanted to have programs set
up for their eompanies' requirements. This would force a high degree of
specialization which I don't believe would be in the best interest of any
school or their students.

I would gladly cooperate with you in any way possible. At
present we are very busy and don't believe that I could spend time
attending any seminars. ;

_ Do not hesitate if any additional information is desired as
L am quite enthusiastic about up-grading the drafting profession.

Your's Sincerely,

John Binaski
Sperry Phoenix Company
Phoenix, Arizona

ol
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Dear ¥Mp, Oliver

Your questionnaire has been passed on to me from our offics here
and alsc from our mill in Flagstaff,

i am afraid I cannot be much hielp to you as we do not, in the
ordinary course, employ draftsmen. As you know, we have several
mills but there is ne engineers only meintenance staff at them,
Our Pulp and Pepor Kill in Snowflake, Arigzona does employ a Plant
Engineer and four other engineers, but they do their own drafting
for the particular project they happen to be on.

As far as this office is concerned, we design quite a lot of
equipment, but here again it is done by engineers.

1 am sorry 1 cannot be of more help to you but if in any way in
the future I can help please do not hesitate to ¢call on me,

Sincerely yours,

Douglas W, Dron
Chief Engineer
Southwest Forest Industries
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Dear My. Cliver

At the present time our design and drafting staff is almost
noneexistant, We have, in the past, employed up to about sixty
draftsmen and will unuoubbtedly have a drafting crew again at
some time in the fubure. OCur chief draftsman, My, John Hocy,
has answered your guestions on the basis of ocur past experience.

if we can ve of further assistance, please do not hesitate to
conbact me,

Yours truly,

Rs Bs Larsen

ng“ Enaiminc
Hughes Alreraft Company
Asrospace Group

Tucson, Arizona
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Dear Mr. Oliver:

We are returning, herewith, the drafting practices
questionnaire which you recently sent us. As you requested,
we have completed the form and trust that the answers sup-
plied will be of help in continuing your training program,

. Although we indicated in the first question that

several types of drafting are used in the Highway Department,

we have completed the questiomnaire as it related to drafting
in the Plans Division, Our work is substantially,

if not entirely, different than that in "Industry", Therefore,

some of the answers may appear to be incompatible with your

program, however, we feel that they are fundamentally sound.

Thank you for the opportunity to be of service.

Very truly yours,

Wiy No FRICE
State Highway Engineer

LLOYD E, MARTIN )
Assistant Engineer of Plans

Arizona Highway Department

7
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Dear MNpr, Oliver:

We sincerely regret the delay in answering your letter dated February 26,
1965, However, we had discussed this without making any finzl conelusions,
which were to Le covered Ly letter. With my knowledge of the employment
opportunities in this area in the field of technical dr we find
there is a limited, but a growing demand for this type of wor

Our City and County Planning and Development Departments are using
draftsman, Construction companies usually employ an engineering fim

to handle their work; two of such firms are located in Yuma, Some

other employers, such as the Bureau of Reclamation, Yuma Proving Grounds,
and Harine Corps Alr Station usually have higher headquarters perform
this function. No doubt, if qualified workers were available, more

of this work would be performed locally. If the community continues ite
growth, more and more {irms will require this type of technical work

and qualified applicants are very limited.

Any assistance or additional training that the college would offer in
this technical vocational training would certainly be worthwhile and
very timely to go with the rapid expansion of Yuma,

Very truly yours,

Fred L, Flint, Manager
Yuma Local Office
Arizona State Employment Service
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Dear Dang

I'm enclosing a copy of the Drafting Survey conducted by Carl Squires
and Kent Brown of Phoenix Union High Schools I am presuming that Carl
sent you the copy of this.

Also, I am enclosing the "Directory of Manufacturers in the Phoenix
Area" published by the Phoenix Chamber of Commerce. This publication
was sent over by the Bmployment Security Commission. This is the only
help they have given us thus far. I have made two follow-up calls to
them, and as they accumulate information and forward it to me, I will
see that you get it immediately.

Kindest personal regards.
smw’

Dean Frey, State Supervisor
of Technical Education
Department of Vocational Educ.

Phoenix, Arizona
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Dear My, Oliver:

It has been my pleasure to offer the assistance of the State
Department of Vocational Education in formulating your survey
regarding technical drafting progrems in the state of Arizona.

Research in this area is much needed, and I hope that individuals
and industry, in general, will cooperate with you in helping teo
provide angwers to your questionnaire,

We would be most happy to assist you in the publication of a
condensation of your swmnary and conclusions,

Flease let me know if this department may be of further assistance
to you in this project.

Sincerely,

Dear Frey, State Supervisor
Technical Education

Department of Vocational Education
Arigona State Building

Phoenix, Arizona



COPY

Dear Dan:

During our conversation last week you asked for a source of
information concerning those firms in Arizona whe employ
draftsmen. My "pipeline” has set up a contact for you in
Hr, Woody, of The Arigzona State Employment Service at

209 Bast McDowell Road, Phoenix. His phone is AL L5631,
You may call him at any time. Friday morning would be
preferable, You may say you were referred to him by

Mr, Jack Roth.

Good luck with your project.
313@“17,

Herb Robinson
Supervisor of Central
Drafting Division
Woh. Mg
Scottsdale, Arizcna
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Dezy Sire

The cooperation of your head draftsman in completing
and returning the enclosed questionnaire, concerning
basic drafting practices of industry, will help in
providing better drafting graduates. The checketype
guestionnaire ls accompanied by a self-addressed,
stamped envelope.

Your cooperation will be appreciated and you will be
doing educatlonal institutions a real service in
helping them to better understand industries' point
of view as it relates to the tralning of future
draftsnene.

smr‘ly yours,

Arizona Western College
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Dear Sir:

Enclosed is a guestionnaire that was sent to
industries in Arizona that employ draftsmen. Since
you are ocne of the industries that have not replied,
I feel the questionnaire may not have reached you or
may have been misplaced.

A reply by one of your Chief draftsmen will be
of great importance in helping to further this study.

A self-addressed envelope is enclosed for your
conveniences

Yours very truly,

Daniel R. Oliver
Arizona Western College

10k
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Arizona State Employment Offlces

'Dear Sir:

I am employed as a Technical Drafting Instructor at Arizona Western
Colleges I need your help in conducting a survey in an effort to
upgrade technical drafting programs in Arizona's educational institu=
tions. This study is being carried out in cooperstion with the State
Supervisor of Technical Education and the Dean of Technical-Vocational
Education of Arizona Western College, Yuma, Arizona.

The purpose of this study is to determine where present weaknesses may
exist in drafting programs and reveal any possible methods that would
improve these conditions. The findings of this study would be very
helpful in training a higher qualified technical draftsman.

Mr,. Woody of the State Employment Office in Phoenix has suppled me

with a 1list of firms in the Phoenix area that employ draftsmen, After
checking with the city of Yuma, I have found that some of the smaller
industrial firms, blueprint companys, city planning and zoning offices,
sometimes make it a practice to employ draftsmen. With your knowledge,
if you could supply a list of the firms in your area that employ drafts-
men, you will be helping in the solution of a difficult problem that
will help to upgrade the education of drafting students in Arizona

Thank you for your professional assistance in this study. Enclosed you
will find a letter rendering the support of the State Vocational 0ffice
in regards to the study.

Sincerely,

Daniel R, Oliver
Professor of Technology
Arizona Western College
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SUGGESTIONS FROM INDUSTRY CONCERNING IMPROVEMENT
OF TECHNICAL DRAFTING PROGRAMS
' IN THE STATE OF ARIZONA

Name Firm

Address : Title

Check the main type or types of drafting carried out in your firm.
A. Architectural () G. Structural (8
B. Construction ( ) H. Tool and Die Design ( )
C. Electrical fie ) i ()
D. Electronic () J. ()
E. Illustrative () K. Gro)
F. Map & Topographic (= | 9 ()

SECTION ONE

Directions: Please indicate your practice concerning each statement by inserting a check mark or numerical
rank, which ever applies, in the appropriate space. Additional comments you make will be appre-
ciated and will add to the value of the stuiy.

Employment and Plant Operations

1. How many draftsmen are employed in your department (number),

2. Does your firm hire beginning draftsmen? Yes () No ( )

3. If your answer to the above question was yes, do you find these inexperienced draftsmen adequately train-
ed in basic drafting practices ? All () Some ( ) None ( )

4. Does your company give beginning draftsmen any further training before they go to work on usable draw-
ings? Yes () No ( )

5. What is the length and nature of this training?___

Related Areas and their Importance to Draftsmen

1. Check the mathematic courses of college level that you think should be required for students planning to be-
come draftsmen.

A. General college mathematics ..o ()
B. College Algebra oo ()
€ N College Brigonometry e e ()
D. "College Calculnstzess sve. Sateise. dwdl K roon e blume oo ons oot o ()
E. Technical mathematics (generally includes basic algebra, trigo-
nometry and calculus as applied to technology .. .. )
B SO bheng et s LR WINPT, A0 S e e R B TR e S =)
2. Indicate the science courses you recommend for technical drafting students.
A. Introduction course in Physical Science ............___. BN et B )
B. Introduction course in Chemistry .. .. . ()
@ S echnicaliBhisics S5 J e, Dons WUNSWINGS. . e ( )
MASRechnicall@hemistry tuldaleiinie S0 ami0ael 0. ) TS 50 . ( )
B siEencrsliSciencet & o o SO M ISR U0 I8k Dint OO R ITURRTED. 110 )
ErwmOthenes. slee 2r cvcane Lo SoRROIBIVALAW O SIS 00 QUBIT H9A2T JETLL ()



3.

1

10.

11.

Check the courses below as they relate to the training of drafting students.

Necessary Helpful Of no value

_—
—

General Metals
Machine shop
Electricity
Electronics
Photography
Mechanics
Surveying
Metallurgy
Wood construction
Design

Other (specify)

PRS- HoEEg QW
N St St St ' St St ' et et e’
P T e T e W S P O e e e e T e
N S S S St St St S S e
e T e e R O e T e T e S N Y O
S S S S S St S ' S S et

Drafting Practices
Indicate your practice concerning the construction of the following lines.

Darkness of line Weight of line
Dark Medium Light Thin Medium Heavy
A. Object line { 150 () ) (0%) () Gt
B. Hidden line (i L. 1) () (R ()
C. Center line Qe (4% (%) () @) (o)
D. Extension () () (%) () () ()
E. Dimension () ) () () () ()
F. Cutting plane GET (x0k) () ¢ ) () ()
G. Section line () ) () Gy () ()
H. Short break line {gl) ) () () () ()
I. Short break line () () () () () ()
J . Phantom or repeat (i () ) ey () ()
K. Other () () ) { ) () ()
L. L) (%) (= () () ()
Have instructors placed too much emphasis on different width and darkness of lines? Yes( ) No ( )
In what manner do you terminate dimension lines? Arrowheads ( ) Dots ( )
If neither is used explain below.
In your experience, have beginning draftsmen, received adequate training in lettering ?
Most of them ( ) Some of them ( ) Few of them ( )
Check the practice that is followed concerning the style of lettering that is used in your work.
A. Draftsmen follow standards set up by our COMPANY oo ()
B. Department standards are followed with some modifications ... on e ()
C. Military specifications are followed ... LMY SO ABIMME VL SN IO EFRSINTrS DUIALIG TEIR it it ()
D. Draftsmen select their own style ... AU SOV U oIUE) O jo. 9.5, -, 205k ()
E. Other et ()
What style of lettering is most often used in your department?
A. Capital Vertical ( ) Inclined ( )
B. Lower case Vertical ( ) Inclined ( )
Are capital and lower case letters ever used on the same drawing ? Yes () No ( )
Are beginning draftsmen adequately trained in the use of templates?
Most of them ( ) Some of them ( ) Few of them ( )

Have beginning draftsmen, received adequate knowledge and training concerning the symbols used in your
area of work?
Most of them ( ) Some of them ( ) Few of them ( )

Are beginning draftsmen, fully aware of the fact that revisions on drawings are a necessary part of draft-
ing practices?

Most of them ( ) Some of them ( ) Few of them ( )
How are revisions on drawings handled in your department?
A. Draftsmen make their own revisions ... ()
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12,

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

B. We employ special draftsmen for revision Work ... ()

C.. . Both of thesaboveimetliods are praeticed petam b ssman anis Jugsim ol waibaalofl 0 ()
Are beginning draftsmen reluctant to erase on a drawing when changes are necessary?
Most of them ( ) Some of them ( ) Few of them ( )
Should instructors use more drafting problems thaat will require revisions ? Yes () No ( )
{jn your %iepartment what approximate percentage of your drawings are inked ? % None ( ) Al ( )
omment:
Have beginning draftsmen received adequate training in the notations and specifications that must accom-

pany most drawings?
Most of them ( ) Some of them ( ) Few of them ( )

What is the general tendency used in your department when applying notations or specifications to a draw-
ing or set of plans ?
Specifications are generally: Typed ( ) Lettered ( ) Both used ( )
Comment :
Does your department do any work for the government that requires drawings to comply to military speci-
fications? Yes () No ( )
To your knowledge, is there any trend being developed to indicate that industries might pattern their stand-
%rds to follow military specifications ? Yes () No ( ) Uncertain ( )

omment:

Approximately what percentage of the materials listed below does your firm use for their drawings?

100% 75% 50% 25% Not used
BN R Paper . aie L0, SNDENN IR L 59 () Gad (5] (&%)
B Bracingtvellumi o ia S0 L sli i, () (s ) (e () ()
G Blastichfilm, - oo () () () () ()
T¥., Tracing cloth oo o on .. () () () () ()
E. Other () () ¢ ) ¢ ) ()
What percentage of the draftsmen use the following instruments in your firm.
100% 5% 50% 25% Not used
A, T-square and triangles ... () ) () () ()
B Drafting machines oo () () () () ()
C. Parallel rule and triangles ... .. (ds) (3 ) (@) ()
What method in respect to reading the dimensions of a drawing are practiced by your department?
Aligned system ( ) Unidirectional ( ) Both ( )
Indicate the importance of dimensioning practices that drafting instructors should stress.
Very Not
Important Important Important
A. Placement and spacing of dimensions on drawings ... () () ()
B. Dimensioning with decimals ... () () ()
C. Dimensioning with fractions ... . () () ()
D. Tolerance and tolerance build up ..o () () ()
E. Tolerance, ranges and surface roughness ____.___.____.______._______.__.( ) () ()
F. Position tolerances ... .. B, vl 2o SuBleuigy | T i e fse S Ml () () ()
G. Accuracy in dimensioning ... et e G e R R e e () (5] ()
H. Classification and practice in dimensioning fits ... () () ()
[ setofiidatumippoints o sems s o it coinn - s BN RIEEE RO () ( ) ()
J . Co-ordinate dimensioning ... ... () () ()
K. Other {iw) ) ()
Problem Solving and Visualization
Do beginning draftsmen, have the necessary experience and skills to properly plan and space the views of a

drawing on paper?
Most of them ( ) Some of them ( ) Few of them ( )
Comment:

Indicate the difficulties inexperienced draftsmen encounter in visualizing objects to be drawn.

A. Placing the views on the paper to the best advantage ... ANTIBEL 1D S DI 800 801 0 )
B. Selecting views that are necessary in describing the objeet ... . ()
C. Unable to visualize a sketch into a mental three dimensional picture . .. . . ()
D. Breaking down a view, plan or assembly into the necessary details ... ( )
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B iUsingi thelcorrectiiscale foritheldrawin ol ol scadwi il doldmin iinlamn oW 8 - . )
F. Selecting the correct size paper for the drawing. . e ¢ )
G. Slow in visuzlizabion e%e seseds sadw serseh s o asria ob tnedsules samaitesh saidoived (51)
H. Other )
I. Other ¢ hlGod)
Comment :

Where do beginning draftsmen experience the most difficulty in illustrating necessary details to adequate-

ly describe an object. Most Not
Difficult Difficult Difficult
A, Foilike o B il netiostion. .. A N e A { ) 9 -39
B. Failure to fige SRR Ohbple -\ ) 29700304 - &) DOGRAL - ¢ ¢9 4
€. Anslnwy viowsechlanaiind, - . - o O o e e £:-) 0
5P e e R AL 1 e N SN RPN S tos ¢ ) {74 ()
E. Secale of details often too small or inadequate ... ... ¢ (1) L)
I Delaily Bholodanngisesle. 11 | ¢ Nissdbine 4 rackesn o S asstioing Coced - ()
G. Details are often drawn of unnecessary parts and standard items etc. ( ) (@) ()
H: -Necessary detanls-dre oifen omitbed ... oo - oo . oo e o ¢ ) . 5 G.)
I.« Other € ) () .

Indicate the extent to which descriptive geometry is necessary in your department for the solution of draft-
ing problems. Very necessary ( ) Occasionallyused ( ) Seldom ( ) Never ( )

Are beginning draftsmen adequately trained in trigonometry and the use of logarithms pertaining to your
department of drafting? Yies! () No ( ) Unnecessary ( )
Comment:

Indicate the type of pictorial drawings used in your department.

Isometric ( ) Dimetric ( ) Trimetric ( ) Oblique ( ) Perspective ()
Is there a demand for adequately trained pictorial illustrators in your area? Yes () No ( )
SECTION TWO

Cooperation of Industry with Educational Institutions

Do you feel industry would benefit by helping technical programs upgrade their course content?
Yes () No ( ) Undecided ( )

Indicate the recency in years, which you feel technical drafting instructors, to be adequately trained, should
have had industrial drafting experience. 1 to 3 years ( ) 4 to 6 years ( ) 7 to 10 years ( )

10 to 20 years ( ) Recent experience not necessary ( )
Which of the methods listed below, do you think, would be most satisfactory for keeping technical drafting
instructors up-to-date and in line with 1ndustry" Not

Necessary  Helpful Necessary
A. Summer workshop of one or two weeks in length carried out in

VarioUsindusraialstizms - N o e e umal (s @29 )
B. Workshops instructed in colleges through a joint effort between

industrial draftsmen and college instructors ... . (== (r9 (G
C. A workshop consisting of a tour of Arizona’s industries that rely

heavily on drawings for production ... ) C ) )
D. College seminar courses with drafting supervisors as guest speak-

ers from the various fields of drafting represented in Arizona ... (@) @ ) €2
E. A series of two or three day (on the board) workshops, at one of

the state institutions with a drafting supervisor from one of Ari-

zona’s industries for each two or three day period ... ... ¢ ) (et ) (Ziet)
F. Other =~ < v>uu () ) o
Comment:

To your knowledge, has your department or any other department in your company ever participated in
any of the instructional methods listed in question three? Yes () No ( )

Providing the cost and place of instruction was satisfactorily worked out and approved by your firm, would
you be willing to participate in a workshop designed to upgrade technical drafting instructors?

Yes () No ( ) Maybe ( )
Comments :
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ARIZONA FIRMS WEPLYING TO QUESTIONNBAIRE

Chandler
¥p. Glenn MeCollum, Engineer

Clarkdale
Flagstatf
City of Flagstaff City Engineer
City Planning and Zoning City of Flagstaff
Kingman
Rader and Associates Hohave County Planning and

Zoning Commission
Thyregod-Vanese. Engineers, Inc.

Jde Ts Jordan Engineering Inec.

Litonfield Park
Goodyear Areospace Corporation

Yesa
Hr. Harvin Williams, Architect Talley Industries
City of Mesa We T+ Baker,
Planning and Zoning AIA krehit«t-a
General Motors Proving Ground Rocket Power, Incorporated

Horlbeek and Hickman Associates

Reynolds Metals Company Arizona Sand and Rock Co.
Jeneral Electric Company DeVeleo Manufacturing
Peoria Ave. of Arizona



Phoenix, continued

Cannon Electric Company

Goettl Brotners Metal Products, Inc.
Varney, Sexton and Sydnor, Assoc.
Dwight L. Busby, Busby Assoc.
Maddoek and Clouse Company

Hational Castings GW

City of Phoenix, Planning Dept.
Salt River Power District

Motorola Incorporased Controls
Systems Division

Arizona Highway Department
Teechni-Builders Incorporated

Scottsdale

Knight Designs for Business
Central Drafting, Motorola,

Incorporated
Tempe
HeConnell and Peterson
Tucson

Reisdale Assogiates, Architects

Friedman and Jobusch, Architects
and Engineers

Hre Rod Gomeg, Consulting Engr.

Wheeler, Petterson and Cofeen
Engineers, inc.
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Sperry Phoenix Company
International Metal Products
Acme Steel Company
Airesearch Manufacturing Co.
Allison Steel Manufacturing
Arigona Sash Door and Glass Co.
Volt Technical Corporation
Gilbert Engineering Company

General Electric Company
Black Canyon Highway

Del E. Webb, Corporation

Dickson Electronics Corp.

City of Tempe
Plamning and Zoning

Place and Place, Arcnitects

Lunar and Planetary Laboratory
University of Arisona

Gene Anderson Enginsering Corp.

Planton and Cole, Arehiects
and Engineers



Tueson, continued

Cella and Barr, Engineers

Kitt Peak National Observatory
Aura Incorporated

Ws»kmmtcm
Marum and Marum Ine.
Arizona Gear and Manufacturing

Vail

Radio Corporation of America

City of Yuma
Planning and Zoning

Yuma Engineering

Mr, William Wilde

Infileco Division of Fuller
Company :

Krueger Manufacturing Incor.
The Lusk Corporation ;

Assessor of Yuma
Yuma Court House

Arigzona Title Trust
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