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CHAPTER I

THE PROBLEM AND ITS BACKGROUND

1. Statement of the Problem

Purposes of this study.-- The purposes of this study are: (1) to

analyze the topics included under the published objectives recognized by
industrial arts leaders, for teaching industrial arts metalwork; (2) to
determine the significance of the topics in a program of general education;
(3) to determine where in the curriculum the topics should be emphasized;
and (4) to draw from the findings implications for all areas of industrial
arts work.

Obviously, the entire industrial arts field is too broad for an analy-
sis of curriculum topics in all areas within the scope of a single disserta-
tion. For that reason the subject was delimited in this study to metal-
working only. That area of industrial arts was chosen because it is new
enough in the usual curriculum to avoid some of the possible prejudices
and traditions. At the same time it is taught frequently enough so that
teachers and administrators are reasonably well informed concerning most
of the topics.

Objectives are not static.-- This does not purport to be a status

study. Rather, the attempt is made to develop ideals--what should be done
in a valid program of studies which recognizes modern objectives of indus-

trial arts teaching. Nevertheless, the lists of objectives developed and

1



their relative importance in general education necessarily represent
jdeals of today and of today only. The content and method of industrial
arts cannot be static, coming as they do from a constantly changing indus-
trial environment:

A generation ago it would have been a rather simple task to
outline in detail the content and method of industrial arts . . . .
Today the problem is fortunately more difficult for many reasons.
For example, industry has become a major influence in daily living;
hence industrial arts has more numerous and comprehensive functions
to perform in interpreting this complex society. . . . The content
of industrial arts expands almost daily with new inventions and
discoveries, new materials and products, and new problems arising
from the effects industry has upon society.l/

Questions to be answered.-- Industrial arts as a phase of general

education will be discussed in the following pages. That there are mis-
understandings concerning industri#l arts as a phase of general education
will also be discussed. These considerations give rise to the gquestion:
Are the specific and attainable goals of industrial arts metalwork at the
same time suitable goals of general educationt? Also, are the general edu-
cation goals of industrial arts metalwork suitable for emphasis in other
curriculum areas as well as in industrial arts? To answer these questions

is the purpose of this study.

2. Background of the Problem

Industrial arts is general education.-- From the first use of the
2
term about fifty years ago, industrial arts has been considered by its

1/Industrial Arts for Secondary Schools, Bulletin 331, Commonwealth of
Pennsylvania, Department of Public Instruction, Harrisburg, Pennsylvania,
1939, p. 12.

g/Charles Alpheus Bennett, History of Manual and Industrial Education,
1870-1917, The Manual Arts Press, Peoria, 111inois, 1937, p. L53.




proponents as general education rather than as specialized vocational
training. In a significant statement issued by a group of prominent
industrial arts educators, industrial arts is described as "a curriculum
area rather than subject or course, being comparabie in this respect to
the language arts."g/

"Industrial arts is no different than any other secondary school sub-
ject," says Seefeld. "This assumption is based on the fact that we ac-
cept general education as the prime objective of our work along with other

areas of learning « « . ."

Industrial arts and vocational-industrial education.-- No general edu-

cation designation seems to be necessary in a discussion of such traditional
areas of education as English, mathematics, or social studies. Courses in
these fields seem to be accepted as general education without question, al-
though it is likely that they often do not measure up to general education
aims. Recent writers on industrial arts, however, frequently seem to sense
the necessity to explain the differences between industrial_arts and voca-
tional-industrial education. The similarities and differences between the
two fields apparently are difficult to discern. Yager uses the illuminating
subject, "Twins, Although Not Identical,” in an article designed to develop

better understanding between workers in the two fields.

T /Charles Alpheus ﬁbnnett, op. cit., p. 455.

_/Industrial Arts: Its Interpretation in American Schools, Bulletin 1937,
Number 34, United States Office of Education, Washington, D. C., p. l.

ermit A. Seefeld, "My Philosophy of Industrial Arts," The Industrial
Arts Teacher (October 1950), 10:1.

Sylvan A. Yager, "Twins, Although Not Identical," Industrial Arts and
Vocational Education (March, 1952), p. 10l.




Carefully worked out comparisons of aims and objectives of industrial
arts and vocational-industrial education, groups served, time allotments
and lengths of courses, content and nature of work, type of teacher, type
of equipmeﬁt required, relations with outside agencies, and federal and
state aid have been published by state departments of education of Connecti-
cut,é/ Illinois;g/ Missouri, and Pennsylvania. These discriminating
statements are purported to help teachers and school administrators better
understand the general education nature of industrial arts.

Pupils, too, sometimes fail to understand the distinctions between
industrial arts and vocational-industrial education. For example, a com-
mittee investigating problems in the fields of vocational technical educa-
tion and mechanic and industrial arts courses in the New York City schools
discovered that "a number of students who are now in industrial arts classes
desire vocational education and think they are receiving it.m" The committee

suggested changing the name of courses as a means of clarifying the situa-

tion.

;[&_kan&Book in Industrial Arts for Connecticut Secondary Schools, Part
I, "Guiding Principles,™ State Department of Education, Hartford, Connecti-
cut, 1945.

__/Industrlal Arts in the Modern School: Its Function and Organizatlon
Series A, Bulletin No. 94, March, 1949, Board for Vocational Education,
Sprlngfleld T1linois.

ndustrial Arts Handbook, Bulletin 7B, Revised 1945, State Superin-
tendent of Public Schools, Jefferson City, Missouri.

Industrial Arts, Bulletin 331, Commonwealth of Pennsylvania, Department
of Public Instruction, Harrlsburg, Pennsylvania, 1951.

5/Vocational Education and Mechanic and Industrial Arts Classes in Sec-
ondary Schools, The Board of Education, The City of New York, 1942,
Pe She




To explain the reasons for the apparenﬁ laek of clear-cut understand-
ing of the nature and purpose of industrial arts is-beynnd the scope of
this investigation. It is suggested, however, that such lack of under-
standing on the part of school administrators and specialists in the
industrial arts fie1d has been responsible for confusion regarding the
goals of industrial arts and vocational-industrial education. It is sug-
gested further that such lack of understanding has had an adverse effect
on industrial arts curricula and instructional materials, probably because
the materials in many instances have been designed to serve both industrial
arts and vocational-industrial education instruction.

Industrial arts objectives.-- The industrial arts literature is replete

with lists of objectives and values of instruction. One such list which

has had great influence in the field was prepared by the American Vocational
Association Committee on Standards of Attaimment in Industrial Arts.l/

The Committee's preliminary report was published in 1929 and a progress
report was published in 1931. The complete report was published in 1934

and in 1946 a revised report was published. The current report was published
in 1948. In all, 27,200 copies of the report have been distributed. Ac-
cording to the committee, "It is probable that no other publication in the
field of industrial arts has been used by so many teachers and administra-
tors. Certainly, none has exerted equal significant influence upon the
progress of industrial arts in public education in this country."g/

The Committee on Standards of Attainment has been replaced by an

T/Improvement of Instruction in Industrial Arts, American Vocational
Association, Washington, D. C., 1948.

2 /Ibid., p. 7.




Industrial Arts Policy and Planning Committee whose most recent publica-
1/
tion is a further revision of the original Standards of Attainment

bulletin. The list of industrial arts objectives contained in this bul-
letin, as well as in the 1948 revision, is quoted here:
1. Interest in Industry.-- To develop in each pupil an active

interest in industrial life and in the methods and problems of
production and exchange.

2. Appreciation and Use.-- To develop in each pupil the appre-
ciation of good design and workmanship, and the ability to select,
care fa and use industrial products wisely.

3. Self-discipline and Initiative.-- To develop in each pupil
the habits of self-reliance, self-discipline, and resourcefulness
in meeting practical situations.

L« Cooperative Attitudes.-- To develop in each pupil a readi-
ness to assist others and to join happily in group undertakings.

5. Health and Safety.-- To develop in each pupil desirable at-
titudes and practices with respect to health and safety.

6. Interest in Achievement.-- To develop in each pupil a feel-
ing of pride in his ability to do useful things and to develop
worthy leisure-time interests.

7. Orderly Performance.-- To develop in each pupil the habit
of an orderly, complete, and efficient performance of any task.

8. Drawing and Design.-- To develop in each pupil an under-
standing of drawings, and the ability to express ideas by means of
drawings.

9. Shop Skills and Knowledge.-- To develop in each pupil a
measure of skill in the use of common tools and machines, and an
understanding of the problems involved in common types of construc-
tion and repair.

These industrial arts objectives have been used in many bulletins

and courses of study. Other significant but somewhat different lists of

1/A Gulde to Improviqg Instruction in Industrial Arts, American Voca-
tional Association, Washington, D. C., June, 1953.




Y 2/
industrial arts objectives have been published by Newkirk, Sotzin,

Goodykoontz, and the Oklahoma State Advisory Committee for Industrial
Arts.

Each of the statements of industrial arts objectives implies a close
relationship to the objectives of general education. The American Voca-
tional Association Committee says:

The objectives of industrial arts teachers are not essentially
different from those of teachers in other subjects or areas. The
place of industrial arts in the school curriculum is justified and
assured because this field, with its distinctive physical setting
and pupil activities, provides a highly effective means of reaching
worthy ends. The legitimate purposes of academic subjects are the
legitimate purposes of industrial arts subjects. The valid aims
of general education are the valid aims of industrial arts work,
because the latter is merely a phase of the former. Industrial
arts should always be conceived and practiced as general education,
for youth and for adults, in day and evening hours.™

Although the valid aims of general education are the valid aims of
industrial arts, industrial arts has specific aims which are very dif-
ferent from the specific aims of other general education aims. The Indus-

&/
trial Arts Policy and Planning Committee says:

I/Touis V. Newkirk, The Industrial Arts Program, The Macmillan Company,
New York, 1950.

2/Heber A. Sotzin, A Brief Resume of Industrial Arts, San Jose State
College, San Jose, California, 1949, pp. 10-1l.

3/Bess Goodykoontz, "Preface," Industrial Arts: Its Interpretation in
American Schools, op. cit., p. v=vi.

4/Industrial Arts in Oklahoma, Bulletin No. 105, State Superintendent
of Public Instruction, Oklahoma City, Oklahoma, 1951, p. 3.

5/Improvement of Instruction in Industrial Arts, op. cit,, p. 50.

6 /A Guide to Iﬁprovigg Instruction in Industrial Arts, op. cit.,
Pe 13.




Industrial arts, as a part of general education, does not
have a set of objectives which industrial arts alone supports but
it does make unique contributions to objectives which are common
to the entire school program. Industrial arts is basically a shop
or laboratory subject area; it emphasizes the use of tangible media
and the problem solved usually results in concrete things; it pro-
vides for extensive expressional opportunities; it provides experi-
ences in which the learning takes place through the sense of feel-
ing or touch in conjunction with the avenues of seeing and hearing;
it is conducive to informal class organization patterns; it derives
its content from the world of work.

Quite obviously some of these features are shared with the
physical sciences, some with the social sciences, some with the
arts. Hence, a statement of objectives associated with an indus-
trial arts curriculum constitutes points of emphasis rather than
jurisdictional boundaries.

How the objectives are implemented.-- In general, industrial arts

objectives have been supported in the literature in two different ways:
(1) through lists of "Things Pupils Should Learn To Do" and "Things Pupils
Should Know'"; and (2) through lists of suggested pupil activities, includ-
ing projects.

The lists of "Things Pupils Should Learn To Do" and "Things Pupils
Should Know" usually are derived through job analysis. Hornbake points
out a serious objection to such implementation of industrial arts objec-

Y
tives when he says in part:
The trade and job analysis procedure is indispensable for
developing instructional materials where the purpose is to teach

a person a trade or to have him perform successfully in a desig-

nated job or occupation. But when the purpose shifts to general

eduecation, with its numerous social-competence and individual

growth objectives, the application of job analysis is open to

question.

Wilber also objects to job analysis as a means of deriving indus-

trial arts goals. In discussing the job analysis techniques, which were

1/R. Lee Hornbake, "The Price of Tradition," The Industrial Arts Teacher
December, 1951), 1l:4.




developed in training workers during World War I and whieh were taken over
1/
by industrial arts teachers following the war, he says:

The ineffectiveness of such devices Zgbb analyﬁig7 in relation
to the attainment of industrial arts objectives has now been fairly
well established, especially in teaching students to solve their
own problems. Yet, it is interesting to note the extent to which
the use of such technlques and devices still per31sts in many
industrial arts classrooms.

While job analysis seems to be losing favor as an industrial arts

curriculum-planning device, analysis of objectives appears to be gaining

acceptance. The Industrial Arts Policy and Planning Committee suggests
that objectives should be analyzed into (1) student behavior which charac-
terizes the objective, (2) activities for effecting the desired behavior,
and (3) evaluation data.2

Suggested pupil activities are usually stated in general terms. For
example, this suggestion is given for attaining the objective "Interest in
Industry®: ". . . . Attempt in varied ways to increase the mechanical
and industrial vocabularies of pupils." Again, to attain the objective
"Cooperative Attitudes," this activity is suggested: ". . . . Instruct
about the causes of discharge and separation from industrial jobs, about
factory safety programs, time study services, training arrangements, and
personnel management activities."

Such general suggestions do not readily fit into a standardized

gc';ordon 0. Wilber, "Industrial Arts and the Pedagogical Lag," School
hop (September, 1952), 12:10.

2 /A Guide to Improving Instruction in Industrial Arts, op. cit., p. 13 ff.

3 /Improvement of Instruction in Industrial Arts, op. cit., p. 53.
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pattern for teaching and testing according to traditional methods; nor
is it the intention that industrial arts teaching should be standardized.
It is quite possible, nevertheless, that teachers are more likely to use
specific suggestions than they are to use generalities.

Industrial arts objectives and teaching materials.-- It is reasonable

to assume that the writers of textbooks and tests and the designers of all
kinds of instructional equipment for industrial arts would follow the lead
of the published and widely accepted objectives of industrial arts. If
any of the objectives are inappropriate or lack adequate specificity, the

instructional materials likely wounld have the same deficiencies.

3. Review of Related Literature

Research in the fig;d of industrial arts metalworg.-- The research

literature gives little evidence of previous investigations specifically
concerned with the objective determination of industrial arts metalwork
goals and their relative importance in general education. There have been
a number of studies, however, concerned with the content of industrial arts
metalwork in terms of operations and related informatibn.

Activities of the American Vocational Association Committee.-- The

most important study of the above-mentioned kind is the one made by the
American Vocational Association Committee on Standards of Attainment in
Industrial Arts Teaching. Since its appointment in 1928; this Committee
has continuously studied pertinent literature and has enlisted the coopera-
tion of several thousand teachers and supervisors in all parts of the

L/
United States. In a report of the Committee which was published in 1948

1/Ibid.




is the general conclusion that "industrial arts teachers desire to make
worthy changes in their pupils, changes which may be roughly classified
as doing, knowing, and being improvements." The bulletin contains long

lists of things that may be dane and of informational items for eighteen

different industrial arts subjects or fields. For metalwork, the numbers
of items shown in Table 1 were listed.

Other industrial arts metalwork studies.-- Industrial arts metalwork
operations and related information in ten different areas (art metal, bench
metalwork, forging, foundry, jewelry, machine shop, sheet metal, spinning,
arc welding, and gas welding) were studied by Russelll to determine their
importance in teacher education. Juries of outstanding teachers of metal-
work; industrial arts supervisors, and teacher trainers in industrial arts
metalwork participated in the study. Russell found that there was good
agreement between the three juries. He also found that the over-all objec-
tives being stressed by the teachers had little relation to the operations
or items of information included in secondary school courses.

Trade analysis was used by Bensong/ to determine what information
should be included in a resource unit for industrial arts machine shop.
Suggestions for pupil activities in the areas or manipulative work, techni-
cal information, guidance, and general information were developed.

An analysis of projects in terms of the objectives of industrial arts

and of general education was made by Willings. Through the jury technique

1 /Ellsworth M. Russell,"An Analysis of Areas, Units, Operations and Related
Information of Industrial Arts Metalwork for Teacher Education," Unpublished
Doctor's Dissertation, Pennsylvania State College, 1950.

2/Willérd A. Benson, "A Resource Unit for Machine Shop," Unpublished Mas-
ter's Thesis, The Stout Institute, 1949.

3/Billy J. Willings, "Appropriate Sheet Metal Projects for a Unit Course in
Industrial Arts Sheet Metal," Unpublished Master's Thesis, Agricultural and
Mechanical College of Texas, 1950.
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Table 1. Industrial Arts Metalwork Subjects or Fields and
Number of Items To Be Learned a/

m
Industrial Arts Number of Number of
Metalwork Subject Things Pupils|Things Pupils
or Field Should Learn Should Know
To Do
(1) (2) (3)
Art metal Workeeseoscsessecascss 43 .].7
Genera-l metalmrk..........O... 57 22
Sheet metal WOrkKeseseeosesscces 70 22
Machine shop work:
Hand or bench workesessssssse 57
Machine work:
All machineSeesssssssesnsss 5
Erlgj.ne 1athe.......l.l.ﬂi.. 53
Dril-l press..l..ll..'.l.l.. 20 37
Shaper.l..........-..“.-.. 22
Planer.I.Il...............- 17
Milling ma-chiHEQoqoo-oo-ooo 3!1-
G iridere e seesavssssenessnss L
Power hack Sa&Wesececccccscss 8 /
Forging................---..-.. l|.9 l?
Foundry workeececcessscssscscns L3 17
a/Improvement of Instruction in |Industrial Arts, op. cit.,

e r—e——————————

Ppc 24‘25’ 30—39-



he found that the design of the project is of great importance in meeting
the objectives set up. He also found that practice work was not necessary
for making the selected projects.

1/
An analysis of textbooks was made by Luehring to develop a question-

naire which was sent to teachers in an effort to determine the content of
a general metalwork course as a part of an industrial arts general shop.
An examination of textbooks in relation to industrial arts metalwork con-
tent was made by Laneg/ in an effort to determine the use of text and refer-
ence materials. He found that these materials had a significant effect on
pupil marks.

Certain aspects of metalwork have been the subject of a number of in-
vestigations. Riccelli, Van Arsdale,ﬂ/ and Martin examined the litera-
ture on6oxy—acetylene welding as related to industrial arts teaching.

Coleman and Van Liew investigated wrought iron work.

1/Arthur H. Luehring, "General Metalwork for the Junior High School," Unpub-
lished Master's Thesis, Indiana State Teachers College, 1934.

2/Irving Eugene Lane, "A Study of Text and Reference Material Used for
Industrial Arts Metalworking in the Secondary Schools of California," Unpub-
lished Mastert's Thesis, Oregon State College, 1942.

3/John J. Riccelli, ™A Proposed Resource Unit for Oxy-Acetylene Welding in
the Senior High School Industrial Arts Program for the State of Wisconsin,"
Unpublished Master's Thesis, The Stout Institute, 1947.

L /Gordon Duncan Van Arsdale, "Welding as a Medium of Instruction for Indus-
trial Arts," Unpublished Master's Thesis, Oregon State College, 1947.

Z/Anthony J. Martin, "Oxy-Acetylene Welding as Content Study for Indus-
trial Arts," Unpublished Master's Thesis, Ohio State University, 1949.

6 /Ralph Monroe Coleman, "To Determine a Satisfactory Course of Study in
Ornamental Iron Work for Senior High Sehools in Terms of Pupil Interests,
Home Needs, Good Design, and by Analysis of the Field," Unpublished Mas-
ter's Thesis, North Texas State College, 1939.

7/Wayne Van Liew,"Wrought Iron as a Unit in the General Metal Shop of a
Junior High School," Oklahoma Agricultural and Mechanical College," Unpub-
lished Mastert's Thesis, 1950.



Metallurgical information was considered for appropriateness in
industrial arts metalwork by Lynn,l/ Miller,g/ Wald, and Duffey.

The content of industrial arts metalwork itself was analyzed by
Wilson +to determine the science principles involved.

A number of status studies have been made. For example, Brierleyé/
made a survey of metalwork teachers in forty-one states to develop con=-
tent for a local course of study in general metalwork. To discover the
type and number of machine shop operations taught in industrial arts.
Knoss  surveyed the practices in thirty-four Minnesota high schools.
Hockeygf used a questionnaire to determine on what grade levels general
metalwork operations and information are taught.

Studies in other fields.-- Several investigations in fields other

than industrial arts are mentioned here (1) to support the idea of lists
of concepts and skills as a worthy research outcome; and (2) to show that

the research techniques used in the present study are appropriate for

1/John MJ_iynn, "A Content Study of Aluminum for Industrial Arts Classes,"
Unpublished Master's Thesis, Ohio State University, 1936.

2/Harvey W. Miller, "A Study of Tin as Content for Industrial Arts,n
Unpublished Master'!s Thesis, Ohio State University, 1936.

Arthur B. Wald, "Copper as Content for Industrial Arts," Unpublished
Master's Thesis, Ohio State University, 1937.

bert M. Duffey, "Lead as Content for Industrial Arts," Unpublished
Master's Thesis, Ohio State University, 1944.

5/Paul L. Wilson, "Science Involved in the Teaching of General Metal,™"
Unpublished Master's Thesis, Colorado State College of Education, 1940.

é/R. G. Brierley, "A Course in General Metalworking for Birmingham,
Michigan,"Bnpublished Mastert's Thesis, The Stout Institute, 1942.

7/Forrest Fred Knoss,"Machine Shop Operations in Industrial Arts taught
in High Schools in Minnesota," Unpublished Master's Thesis, Iowa State
College, 1948.

8 /Lawson E. Hockey, "Course Content in General Metal for Industrial Arts,"
Unpublished Master's Thesis, Iowa State College, 1941.
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investigations of this kind.
L/

In the field of science education, Wise developed a list of princi-
ples that were most important for general education. To find what science
principles should be included in the elementary curriculum, Leonellig/ used
two juries of seventeen science specialists and sixty-seven teachers, re-
spectively. In a similar investigation, Miles wused a single jury of five
specialists to determine the relative desirability of the concepts, pre-
viously developed by Wise, for a high school physical science course.
Miles used a three-point rating scale, asking his respondents to check the

principles as essential, desirable, or undesirable.

Ross developed a list of 720 concepts of occupational information
through an analysis of twenty-four textbooks. The list was submitted to

fifteen jurors who checked the concepts as essential, desirable, or inef-

fectual in general education, and the resultant rank order of concepts was
determined by weighted mean or Z-scores. Ross concluded that all high

school youth should master the twenty-eight concepts which were rated as

1 /Harold E. Wise,"A Determination of the Relative Importance of Principles
of Physical Science to General Education,™ Unpublished Doctor's Disserta-
tion, University of Chicago, 194l.

2/Renato Edmund Leonelli, "The Selection and Grade Placement of Physical
Science Principles in the Elementary School Curriculum,™ Unpublished Doc-
torts Dissertation, Boston University, 1952.

3/Vaden Willis Miles, A Determination of the Principles and Experiments
Desirable for a ngh School Course of Integrated Physical Science, Doc-
tor's Dissertation, University of Michigan, 1947 (Edwards Brothers, Ann

Arbor, 1950).

L /Harold E. Wise, op. cit.

aurice James Ross, "Concepts of Occupational Information in General
Education for Secondary School Youth," Unpublished Doctor's Dissertation,
Boston University, 1951.



essential and that they should be at least acquainted with the 659 concepts
which were checked as desirable. Moreover, the essential and desirable
items are bases for instruction of all youth sometime.

In the field of health education, Merrilll searched thirty-six dif-
ferent health textbooks, fourteen safety textbooks, thirty-six issues of
Hygeia, and tables of vital statistics to develop a list of 305 health con-
cepts. This list was then submitted to two five-person juries (one member
in each of five categories) to determine the suitability of the concepts to
the needs and interests of elementary-school pupils. A five-point rating
scale was used for the purpose of weighting the concepts for arrangement in
rank order. The correlation between responses of the two juries was 0.89.
Also, Merrill found general agreement as to content and method among the
authors of teaching materials.

In a similar study at the secondary-school level, Statoﬁ%/ examined ten
textbooks and thirty-six issues of Hygeia in developing a list of 736 funda-
mental concepts for healthful living. With the assistance of two three-person
juries, Staton classified the items as major or minor concepts and ranked
them in order of suitability for secondary-school instruction. The coef-

ficient of correlation between responses of the two juries was .66 on 251

major concepts and .63 on 279 minor concepts.

17Gharles Donald Merrill, "A Determination of Concepts of Healthful Living
Which Are of Functional Value in Contributing to the General Education of
Elementary School Pupils,"™ Unpublished Doctor's Dissertation, Boston Uni-
versity, 1949.

2/Wesley Morgan Staton, "A Determination of Fundamental Concepts of Health-
ful Living and Their Relative Importance for General Education at the
Secondary School Level," Unpublished Doctor's Dissertation, Boston Uni-
versity, 1948.
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L/
A two-point rating scheme was used by Arnold in determining which

of 288 items dealing with school administration are desirable or unde-
sirable for teacher participation. The items were ranked in order of the
per cent of the 102 graduate-student respondents which indicated the item

was desirable.

L4, Definitions of Terms Used in This Study
In order that all persons participating in this investigation might
have a common understanding of certain important terms, descriptive defini-
tions were prepared for their use. These were supplied to respondents in
the form of questions and answers, as shown in Appendix A on page 185.

2/
General education.-- Bergman defines general education as

« o o« o that broad, integrated, non-vocational and non-specialized
part of a person's education which leads to personal growth and
responsible citizenship by preparing him for satisfactory adjust-
ment to the needs and problems of his environment, and for active
participation in the many aspects of living.

Brandwein indicates that while general education is difficult to
define,

e « s« o it can be clearly recognized if one looks at the process
operationally. The process starts with the question, "Why are we
giving this course?" continues with an investigation of the needs
and interests of the students in terms of problems of living rather
than in terms of subject matter, leads into experientation with
consequent evaluation in terms of the objective of the course, and

1 /Dexter Otis Arnold, "Teacher Sharing in School Administration," Unpub-
lished Doctor's Dissertation, Boston University, 1951.

2/George J. Bergman, "Definitions of General Education," Educational Ad-
ministration and Supervision (December, 1947), 33:460.

aul F. Brandwein, "The College Board's Science Tests," The Science
Teacher (April, 1952), 19:3.



develops into a dynamic relationship between teacher and student
wherein both are engaged in getting significant information and
experience in the solution of meaningful problems of living. The
process never ends; it is its own motivation.

Statements such as these are difficult to use as a guide in deter-
mining the importance in general education of abilities, attitudes, and
concepts treated in industrial arts metalwork teaching materials. Yet,

v
as stated by Chamberlain and Buchler,

« « « « when one describes general education as "what every man

should know," one conveys the impression of factory-like training,

of deadly homogeneity, of mass packages of knowledge distributed
to patiently waiting students. . . . We prefer to think not of

"what every man should know," but of the experiences and methods

that we have found to be conducive to literacy and to the urge
for further understanding.

The items to be evaluated in this study as important or unimportant
in general education, therefore, are potential teacher's objectives. They
are not materials to be presented directly to students. They are specific
clues to the kinds of experiences that should be provided students.

In view of the foregoing explanation, the following definition is used
in this study:

General education consists of those abilities, attitudes, and con-

cepts everyone should have an opportunity to learn, regardless of

vocation, social or economic status, or other specialized considera-
tions. i

General metalwork.-- Industrial arts, as a phase of general education,

concerns itself with the materials, processes, and products of manufacture,
and with the contributions of those engaged in industry.

General metalwork, or industrial arts metalwork, is that aspect of
industrial arts which is concerned with metals, metalworking pro-

cesses.-metal products, and with the relations of the matalworkigg

l7f§hrence H. Chamberlain and Justus Buchler, "Specialization of General
Education," School and Society (May 3, 1952), 75:274-275.




industries to socgal and economic life.

Meaning of "importance in general education."-- Because items in the
check list were to be classified as important or unimportant in general
education, the following statement was given to respondents to help in

their evaluation:

The term importance refers to how important it is that every-
body have a chance to acquire the particular knowledge or ability.
It is not a question as to where it will be acquired. The items
are to be thought of in terms of such questions as: How frequently
is this useful? How many people will have use for it? Will it help
people to have a better understanding of modern industry and our
industrial society? Will it help people to become better citizens?
Better consumers? Will it help a person perform common jobs as
"man of the house"? Will it help a young person plan his future
education? Will it provide a useful background for other learnings
such as scientific, mathematical, and social?

Meaning of "emphasize.'"--

Emphasize in industrial arts or in some other course means

that learning experiences (laboratory, discussion, reading, and

so forth) should be planned specifically for the purpose of bring-

ing about the learning.

5+ Summary

1. The purposes of this study are: (1) to analyze the topics included
under the published objectives recognized by industrial arts leaders for
teaching industrial arts metalwork; (2) to determine the significance of
the topics in a program of general education; (3) to determine where in
the curriculum the topics should be emphasized; and (4) to draw from the
findings implications for all areas of industrial arts work.

2. Industrial arts is a phase of general education.

3. There is evidence that the general-education aspect of industrial

arts is not clearly understood by people in the field.
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4. The broad objectives for industrial arts are well established and
generally accepted by industrial arts people.

5. Specific industrial arts goals seem to be derived by job analysis,

a technique which has been questioned as a means of developing valid
industrial arts curricula.

6. Pupil activities suggested for meeting objectives usually are non-
definitive.

7. Industrial arts instructional materials tend to follow the published
objectives and specific goals.

8. Most research on industrial arts metalwork has been in terms of
operations and related knowledge rather than in terms of general education
objectives.

9. Research in other educational fields supports the idea that lists
of concepts and skills are a worthy outcome.

10. Research procedures used in investigations in the fields of science,
health, guidance, and school administration indicate that the techniques

used in this study are appropriate.



CHAPTER II
RESEARCH PROCEDURES AND TECHNIQUES

1. Analysis of the Problem

Determination of items.-- In previous curriculum studies in the field

of industrial arts metalwork, the investigator usually has analyzed con-
tent in terms of "things people should learn to do" and of M"things people
should know." The resulting lists of topics do not seem to be in keeping
with modern definitions of general education or of industrial arts, because
the emphasis is on content rather than on changes in behavior of individuals.
On the other hand, lists of suggested experiences usually are not suffi-
ciently definitive to be of greatest help to teachers in directing the
learning of pupils. In this study the curriculum items to be evaluated

are considered as potential teacher's objectives and not as materials to be
presented directly to pupils. The items are closely related to pupil ex-
periences, however, because each item should suggest to teachers certain
pupil experiences which might be arranged to help bring about desirable
changes in the behavior of pupils. Some of the items are definitions;
others are statements of principles; still others are concepts of various
kinds. To teachers of industrial arts metalwork and curriculum planners
in the industrial arts field each item will represent an ability, an atti-
tude, or a concept the acquisition of which will affect the behavior of
the learner.

e



Classification of items.-- The following classifications are used

in this study to facilitate grouping items and handling data:
A. General Information
B. General Mechanical Knowledge
C. Metals and Metallurgy
D. Layout and Measuring
E. Hand Work
F. Machine Work
G. Assembly and Fabrication
H. Sheet Metal Work
I. Foundry Work
J« Forge Work
K. Welding
L. Pipe Work
M. Metal Finishing, Ornamentation, and Preservation

Establishing relative importance of items.-- One oflthe purposes of
this stuay is to determine the significance of industrial arts metalwork
curriculum materials in a program of general education. Three types of
workers in the field of education are most likely to be concerned about
this problem: (1) general educators, (2) industrial arts supervisors and
teacher trainers, and (3) teachers of general metalwork. If certain teach-
ers! goals are considered important in general education by a substantial
majority of all three of these types of workers in education, those goals
might well be considered as being of major significance. The goals which
are considered important by the greatest number of general educators,
industrial arts specialists, and general metalwork teachers might be con-
sidered as of greater importance than other goals which are considered
important by fewer educators. Teacher's goals, then; may be arranged in
rank order of importance in general education on the basis of reactions

of appropriate workers in education.



To determine where in the curriculum industrial arts metalwork goals
should be emphasized was another purpose of this study. The same three
types of workers in education are concerned with this problem as are con-
cerned with the importance of industrial arts metalwork goals. Those goals
which are considered important in general education and which at the same
time are suggested by a substantial majority of all three types of educa-
tors for emphasis in industrial arts courses are the ones which probably
offer the greatest possibilities for serving general education purposes in
industrial arts programs. Those goals which are considered important in
general education and at the same time are suggested for emphasis in other
courses as well as in industrial arts are goals which suggest the need for
correlation and integration in curriculum planning. Those goals which are
considered important in general education but which are suggegted for
emphasis in other courses more often than in industrial arts probably can
be implemented more effectively in other courses.

Suggested procedures.—— In view of thg nature of data needed in this

study, the use of a check list with selected respondents seems appropriate.
The selection of items for the check list, preparation of the instrument,
the selection of respondents, and statistical procedures will be discussed

in the next section.

2. Research Procedures

Analysis of teaching materials.-- To build the check list of concepts,

attitudes, and abilities everyone should have a chance to learn, an analysis
was made of (1) ten industrial arts metalwork textbooks published since

1941, (2) articles in industrial arts professional journals published since



1941, and (3) state and city courses of study and industrial arts bulle-
tins. A list of these sources is given in Appendix B on page 188. The
list includes three books which were published after the check list was
prepared, but their examination produced no additional items.

As discovered, the items were recorded on 4" x 6" cards. To avoid
vagueness, each item was recorded as a complete, declarative sentence. In
some instances it was necessary to prepare a statement based on an outlined
item or on an implication set forth in the source materials. For example,

a topic such as "orking conditions" in itself is too general to be of use
in this study. Items such as "Hours of employment.' "Training required for
employment,’ "Earnings," "Employment opportunities,' and "Stability of em-
ployment,” on the other hand, could be expressed in a specific manner.

Items such as these were recorded as complete sentences so as to provide a
basis for objective classification and statistical treatment. The procedure
of translating and telescoping items was that described and used by Charters
and Waples in the Commonwealth Teacher-Training Study.;/

Standard for accepting items.-- As indicated earlier (page 5), it is

likely that the same textbooks are used for both vocational-industrial edu-
cation and industrial arts education. Furthermore, there are various ideas
as to what are appropriate outcomes of industrial arts metalwork instruc-—
tion. Obviously, then, the course outlines and materials of instruction
would in some instances include items far beyond the scope of general edu-
cation. An item was accepted for use in this study (1) if it occurred in

three or more of the sources, and (2) if it did not, in the opinion of the

1/We W. Charters and Douglas Waples, The Commonwealth Teacher-Training
Study, University of Chicago Press, Chicago, 1929.
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investigator, represent an extremely specialized aspect of metalworking.
No attempt was made to record all items which were present in the source
materials. Selection was made at the time the materials were read for the
first time, and no re-reading was done to search for items which may have
been overlooked.

Textbooks provided the greatest number of ipems for the check list.

Y

One textbook in particular, Ludwig's Metalwork Technology and Practice,

was especially fruitful. After items were selected from it, further read-
ing in other sources produced relatively few additional items.

To provide a readyfcheck on the reliability of the instrument; certain
items were included which, in the opinion of the investigator, were inap-
propriate because of their highly specialized nature. As Arnold found,g/
consistent rejection of such items was an indication of reliability. But
since all the items included in the check list used in this study were taken
from actual industrial arts teaching materials, it is apparent that uni-
versal rejection of any one item could not be expected.

The list of items finally selected for use in the check list was too
long, in the opinion of some of the respondents. Koos, too, warns that
a check list should be kept as short as possible. Nevertheless, there was

no item in the final list which, in the opinion of at least some respondents

did not measure up to their idea of important enough so that everyone should

I/Oswald A. Ludwig, Metalwork Technology and Practice, McKnight and McKnight
Publishing Company, Bloomington, Illinois, 1943.

2/Dexter Otis Arnold,"Teacher Sharing in-School Administration," Unpublished
Doctorts Dissertation, Boston University, 1951, p. 12.

onard V. Koos, The Questionnaire in Education, The Macmillan Company,
New York, 1928, p. 149.




have an opportunity to acquire it. Item Number 98 which has to do with

the composition of cast iron, was the item least acceptable to the general
educators. Only three of them checked it as important; but, using the

same criteria of evaluation; 50 per cent of the supervisors and teacher
trainers and 54 per cent of the general metalwork teachers apparently felt
the item was significant enough to warrant its being ehecked as important.
In all, there were only five items in the entire check list (numbers 62, 89;
93, 98; and 109) which were not considered important in general education by
thirty-three or more of the sixty-six respondents who participated in the

study.

Preparing the check list.-- The 354 items which were in the final list

selected for use in this study were to be presented to selected respondents
in such a manner as might:
l. Produce a rank order of importance in general education

2. Indicate whether the items were appropriate outcomes of industrial
arts instruction

3. Indicate whether the items were appropriate for inclusion in courses
other than industrial arts or in addition to industrial arts

L. Indicate whether the items should be taught (or learned) through
in-school or out-of=-school experiences

5« Indicate whether the items were of such a nature that attention
should be given to correlation with various studies in the cur-
riculum

At the outset, the items were set up in such a manner that the re-

spondents might weigh the importance of each item on a six-point scale.

Items that were considered of greatest importance were to be scored as 5;

items of more than average importance, 4 points; average importance, 3



points; less than average importance, 2 points; least importance, 1 point;
and no importance in general education, O points. The writer checked the
items himself according to that scale three different times at intervals of
approximately two weeks. He found that his responses were consistent pri-
marily in just one respect: the items that he scored zero were scored that
way each time. Similar experimentation was done with a three-point scale,
with somewhat more consistent results. In the final check list a dichotomous
situation was set up; the items were to be considered either as important or
as unimportant.

The reactions of the members of a research seminar at Boston University
were influential in determining the rating scale that was finally used. Con-
fronted with printed copies of the check list in which a three-point rating
scale was used; the members of the seminar--all of whom would be classed as
general educators rather than as industrial arts specialists--indicated they
could react to the items as important or unimportant but that they would not
care to refine their judgments beyond that. No attempt was made to determine
the relative reliability of the various rating scales considered.

Preliminary tryout of the check list.-- Since the respondents who would
ultimately react to the check list would be general educators, industrial
arts supervisors and teacher trainers, and general metalwork teachers, the
check list was submitted to one person in each of those categories for the
purpose of checking (1) the accuracy of the items, (2) the clarity of the
instructions, and (3) the general usability of the instrument. This valu-

able assistance was given by the following people:



General educator

Dr. Roy O. Billett, Professor of Education, Boston University

Industrial arts supervisor and teacher trainer

Dr. Ray M. Stombaugh, Professor of Industrial Arts Education,
I1linois State Normal University

General metalwork teacher

Floyd L. Keith, Professor and Head of Metalwork Department,
The Stout Institute

As a result of the preliminary checking by these three people, numerous
refinements were made in the statement of the items. The try-out of the
instrument indicated (1) that the check list as set up was comprehensible,
(2) that its use would result in discrimination between items, and (3) that
the data obtainable through its use would be categorically useful.

Selection of juries.-- Because of known differences of opinion among
educators concerning the nature of industrial arts objectives and their re-
lationship to general education, the juries used in this study are larger
than those used in most studies of a similar nature in other fields of
education. Also, larger-than-usual juries were used so the findings of
this study would represent the leading opinion from various parts of the
country.

The purpose of this study was not to determine current practice but
rather to point toward ideal practice. The jurors whose responses were to
be obtained, then, were selected in terms of their professional leadership
in education. No mere cross-section of educational opinion would be ade-

quate. In general, three criteria were used in selecting respondents:



l. Professional degrees held

2. Position of influence

3. Recommendation by person whose opinion on the matter is valued

Considerable help was obtained in selecting the respondents. The con-
sultant on industrial arts in the United States Office of Education suggested
a number of names as did several teacher trainers and supervisors of indus-
trial arts. Other people were selected because of their authorship of text-
books or articles in professional journals. An attempt was made to have
Jjury members in each classification from similar schools in different parts
of the country. A complete list of respondents is given in Appendix C on
page 19L4. -

Twenty-five people were solicited for membership on each of the three
juries. This number was chosen because that many returns provides a relia-
ble basis for conclusions. Charters and waples,l/ in their Commonwealth-
Teacher-Training Study, found that ". . . . the predicted coefficient of
correlation between the ratings of twenty-five persons and an infinite
number was 0.949 + 0.015."

A copy of the check list and a set of questions and answers concern-
ing the study were sent to each prospective juror. (See appendices A and
D.) The response was extremely gratifying. Twenty general educators,
twenty-two industrial arts supervisors and teacher trainers, and twenty-
four general metalwork teachers responded to the check list with usable
data. As the responses were tabulated, it soon became apparent that

further responses would not materially alter the findings, so an aggressive

1/We We Charters and Douglas Waples, op. cit., p. 70.



follow-up was not used in an attempt to obtain a one hundred per cent re-
sponse or to have twenty-five responses in each category. It should be
stated here, however, that a reply of some kind was received from all but
one of the seventy-five people to whom the request for assistance was sent.
It is the writer's belief that the excellent response to his request
for assistance is an indication that the juries were composed of people who
have a sincere professional interest in industrial arts and in general
education. Several of the respondents took time to write extensive com-
ments which contributed greatly to the writer's interpretation of the
data.

Reliability of the responses.-- In an effort to establish the fact

that the opinions of the jurors in this study are relatively consistent,
the juries were divided into random halves and the rank-difference method
used to compute a coefficient of reliability. Such coefficients were ob-
tained for the responses of each jury on each of the thirteen groups of
items. The Spearman-Brown Prediction Formula was used to correct the
coefficients to what they might have been had the check list been used by
the same respondents a second time rather than just once on a paired-half
basis. These coefficients are given in Table 2. With a few exceptions,
the coefficients seem to indicate that the method of the study is adequate
for the purposes intended. Although the differences are not great, the
higher coefficients seem to show a better consensus with regard to the
general education function of industrial arts among general educators
than among specialists in the industrial arts field. This may be because

the purposes of general education are better understood by general



Table 2. Coefficients of Reliability of the Responses of the Three
Juries, as Computed by the Rank-Difference Method

m

Number |General |Supervis-|General All
Parts of the of Educa- | ors and | Metal- |Respond-
Check IList Items tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (L) (5) (6)
A. General InformatioNeseeed 32 «76 oTh .78 .76
B. General Mechanical Know-

ledge...............-.-.. 51 ¢87 -72 -66 .75

C. Metals and Metallurgy.... 53 .88 oT7 .82 .82
D. Layout and Measuring....+ 30 89 .71 <79 79
E. Hand work-...-o-..o.oo... IJ-IJ-I- 086 -8[.]- 077 .82
F- Machine Work............. 31 089 .68 062 .73
G. Assembly and Fabrication. 18 .93 .76 .58 76
He Sheet Metal Workeeeeseseos 21 .75 oTh .82 77
I. Foundry Workeseseosesesss 10 T3 9L .36 .68
Jo Forge Workeessessssccscss] 14 .60 .65 43 .56
K. Welding....-....--.....-. 17 .86 -62 .81} 077
L. Pipe Work................ 12 .93 085 175 0811-

M. Metal Finishing, Ornamen-

tation, and Preservation.| 21 .68 77 .86 i
Weighted averageSeseesse.| 354 .8l .75 13 77

educators than by industrial arts specialists.

parts of the check list are widely divergent.

In Table 2 it will be noted that the coefficients given for certain

For example, for that part

of the check list concerned with foundry work (Part I) the coefficients

are given as 0.73, 0.94, and 0.36 for the three juries, respectively.

However, if the rank order of the items in Part I as determined by the

complete juries (rather than random-half juries) were used, the coefficient

of reliability would be 0.82 between the general educators'! responses and

the responses of the supervisors and teacher trainers.

It would be 0.85

between the responses of the supervisors and teacher trainers and the



responses of the general metalwork teachers. On the basis of the data
produced in this study, it appears that the opinions of industrial arts
specialists, with regard to general education goals of industrial arts
metalwork, are somewhat less consistent than the opinions of general edu-
cators.

The weighted average of the coefficients seems to indicate that the
responses of each of the three juries for the entire check list are sig-
nificantly reliable.

Treatment of data.—- In the chapters that follow, the responses of the

jurors will be presented in a manner that will show for each of the three
juries the percentages of respondents which checked each item as important
in general education. The items will be arranged in rank order, the first-
ranking items in each of the thirteen classifications being the ones that
were checked as important by the greatest percentage of all respondents as
a jury of the whole. Percentages were used rather than number of responses
in determining the rank order of items, because the number of respondents
was not the same in each jury.

Curriculum placement of items will be shown in percentage of all jurors
who checked the items for emphasis in industrial arts, in some other course

or courses, or in out-of-school situations.

3. Some Observations Regarding the Respondents!?
Reactions to the Check List
In general, the respondents followed the instructions given, without

question. It is assumed, therefore, that the terms and methods used in the



study were sufficiently clear. A number of respondents, however, took

the trouble to write a statement explaining their viewpoint regarding the
check list. Most of these extra comments were concerned with the defini-
tion of generai education implied in the instructions: "General education
consists of those abilities, attitudes, and concepts everyone should have
an opportunity to learn, regardless of vocation, social or economic status,
or other specialized considerations." For example, one respondent wrote:

T interpreted the word "everyone"™ to mean all boys and girls
and all men and women. This places most of the items which you
have listed under the classification of the consumer aim, the
household mechanics aim, and the creative handicraft aim of indus-
trial arts.

ﬂlohg the same line, another comment was:

In your instructions, question 2, I would amend your answer
to include "regardless of sex" as well as the other items mentioned.
I think that everyone should have the opportunity to learn something
of many kinds of things including metalwork. This does not neces-
sarily mean that the schools have an obligation to teach everything
that might be learned.

That the definition of general education given was taken by the re-
spondents to include "everyone" is further indicated by still another per=-
son who wrote:

I have interpreted "everyone" literally, i.e., to mean all
persons living and being educated in our culture. I have ggi—;é-
stricted "everyone" to mean only those who do take or who are
eligible to take industrial arts in our schools. My criterion for
selection has been simple speculation as to whether the person will
need the implied experience to live effectively and with optimum
understanding in our culture. In Part D, for example, I checked
few items as "Important"--not because I regard drawing as unim-
portant but rather because I do not see these understandings or
segments of knowledge as essential to all people.

Several of the industrial arts specialists found the all-inclusive

concept of general education strange to their customary way of thinking.
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For example, one teacher said:

It was very difficult for me to consider "everybody" after
nearly thirty years of dealing with pupils and people primarily
interested in industrial arts subjects. To these people, all of
your items were important, and to draw a line indicating only those
important to everybody was extremely difficult for me.

Again, from another teacher:

One of the difficulties of making proper evaluation of the 354
jtems is the inability of the respondent to separate the compre-
hensive learning units that we consider vital to a well-rounded course
in general metalworking from the relatively limited list that would
logically apply to any and all learners in general education. In
other words, I have difficulty realizing that every pupil « « « »
is not going to be exposed to the knowledge and skills of a thorough
course in general metalworking.

L. Summary

1. The items considered in this study are intended to suggest pupil
experiences which will help bring about desirable changes in behavior.
They are not materials to be presented directly to pupils; they are learn-
ing products which might become educational objectives.

2. The workers in education most likely to be concerned with this prob-
lem are (1) general educators, (2) industrial arts supervisors and teacher
trainers, and (3) general metalwork teachers.

3. The 354 items included in the check list were derived from text-—
books, articles in professional journals, and state and city courses of
study and curriculum bulletins.

L. A preliminary tryout of the check list indicated that it was (1)
comprehensible, (2) that its use would result in discrimination between

items, and (3) that the data obtainable through its use would be cate-

gorically useful.

7o



5. ThHe three juries which cooperated in this study represent a
cross-section of national leadership in (1) general education, (2) indus-
trial arts supervision and teacher training, and (3) general metalwork
teaching.

6. The responses of all three juries are significantly reliable, as
determined by the rank-difference method.

7. The responses of the jurors will be treated on a percentage basis

in determining rank order of items in relation to general education.

Gt



CHAPTER IIT
IMPORTANCE AND CURRICULUM EMPHASIS OF INDUSTRIAL ARTS

METALWORK GENERAL INFORMATION

1. Introduction
In this chapter and in the following two chapters the findings of
this investigation will be reported primarily in a series of tables. For
each part of the check list--A through l--a basic table will be used to
list the items in order of importance in general education. Other tables
will be used to bring out other aspects of the findings. This chapter
deals entirely with the items of general information included in Part A

of the check list.

2. Importance of Items in General Education

Items ranked in order of importance.-- The opinions of the members

of all three juries--sixty-six different respondents--regarding the impor-
tance of the thirty-two items of general information listed in Part A of
the check list are reported in Table 3. The items are ranked in order of
importance, as determined from the jurors! responses. Item 1, for exam-
ple, was checked as important by 100 per cent of the general educators,

by 100 per cent of the supervisors and teacher trainers, and by 96 per
cent of the teachers of general metalwork. Only one of the sixty-six

respondents felt that item 1 was not sufficiently important to be checked

'

.‘._';:)_
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Table 3. Items'of General Information Arranged in Order of Importance in General Education, as

Determined by 20 General Educators, 22 Industrial Arts Supervisors and Teacher Trainers,

and 2L General Metalwork Te

Items of

achers

Item as Important

Per Cent of Jurors Who Checked

Per Cent of Jurors Who Checked
Item for Emphasis in

General
Information

General

[Educa-

tors

Supervis-
ors and
Teacher

Trainers

(1)

(2)

3

General

Metal=-
work

Teachers

All
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out=of=

School

Situa=-
tions

L

(5)

(6)

(7)

(8)

5e

Man's ability to utilize metals
of marious kinds has been a
major factor in the develop-
ment of our present industrial
civilizationecsssseceacsnesecas

The CIO usually represents all
labor in large, concentrated in<
dustries; the A. F. of L. repre-
sents labor on a craft basis...

From two to five years is re-
quired to learn the skills and
technical information of a
skilled mechanical trad€scececss

Machines make work easier to do
and at the same time increase
production.Il'....'......l..l'.

When business is profitable,
stockholders usually are paid
dividends; when it is unprofit-
able, stockholders do not re-
ceive anything for the use of
their money and wvalue of their
stock may decreas.cscccccascss

Manufacturing industries are
usually located close to raw
materials, fuel or power supply,
transportation or distribution
center, and to labor supply...

100

95

95

95

100

95

100

95

95

95

95

91

96

96

92

88

83

92

98.7

95.3

9%.0

92.6

92.6

92.6

21

75

83

75

LO

70

(continued on next page)

2,

83

69

85

9l

87

29

L7

22

35

18



Table 3. (eontinued)

Items of
General
Information

Per Cent of Jurors Who Checked
Item as Important

—
Per Cent of Jurors Who Checked
Item for Emphasis in

neral
ucat-
ors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teacher

A1l
espond-
ents

Indus-
trial
Arts

Other
Courses

Out-of-
School
Situa-
tions

&)

(2)

3)

(&)

(5)

(6)

(1)

(8)

8.

9.

10.

A Journeyman is one who has
learned a skilled trade; an
apprentice is one who is learn-
ing a trade systematically
through work experience and
related trmng.......l.......

Both capital and labor are en-
titled to share in the profits
from increased production.ce...

The general economic welfare of
our country is closely related
to productivity of the metal in-
dustries. For example, good
business in "heavy steel" means

good business and good employ-
ment ganerllly.-u-....nu....

More than 10 per cent of the
people in the nation's labor
force are directly or indirectly
engaged in some phase of metal-
working, and the proportionate
number is likely to increase...

To succeed in the better paid
and more responsible jobs in
metalworking, a person must
have aptitude in mathematics
and science......-...-.........

Skilled workers are seldom with-
out work, because they are among
the last to be laid off when
business is slacK.seesscccscses

95

100

85

85

90

95

95

77

95

91

86

7

88

96

92

96

96

100

92.6

91.0

90.7

90.7

90.7

90.7

(continued on next page)

50

62

85

85

78

70

88

69

4

2L

L7

33

19

2L

39



Table 3. (continued)

s —

Items of

Per Cent of Jurors Who Checked
Item as Important

Per Cent of Jurors Who Checked
Item for Emphasis in

General
Information

General
Fduca-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

All

e

Indus-
trial
Arts

Other
Courses

OQut=of=
School
Situa-~
tions

(1)

(2)

(3)

(&)

(5)

(6)

(7)

(8)

13.

15.

16.

17.

18.

Sometimes parts of a product

are made in different factories
and then transported to another
plant for assembly and distri-

bution...............-.........

Mass production usually require
such a large investment in plan
and machines that it must be fi-
nanced by groups of people who
buy stock in a corporation which|
assumes the entity of owner and
opera‘bor....u....u.....-.....

The range of employment oppor-
tunities in metalworking is
from common labor to mechanical
and other phases of engineer-
ing; and every job is dependent
upon every other jdbto-cn.noo--

Metal trades workers, especially
skilled tradesmen, are employed
in practically every industry as|
maintenance and repair men.....

Because many metalworking jobs
are hazardous, rules for general
conduct in shops as well as safe
ty rules for each shop must be
understood and consistently prac
ticed by every metalworker.....

Approximately 10 per cent of the

people employed in metalworking |

are mechanics or technicians——

100

100

90

80

70

91

95

88

83

88

96

96

89.7

89.7

87.0

(continued on next page)

73

50

85

70

8L

6

59

26

22

39

24

22

33
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Table 3. (continued)

Items of
General
Information

Item as Important

Per Cent of Jurors Who Checked

Per Cent of Jurors Who Checked
Item for Emphasis in

General
|[Educa~
tors

Supervis-lGeneral

ors and
Teacher
Trainers

Metal=-
work
Teachers

A1l
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out=-of=
School
Situa-
tions

(1)

(2)

(3)

(&)

(5)

(6)

(7)

(8)

19.

20.

21.

23.

jobs that require two or more
years of specialized training.
The other 90 per cent work as
operatives or semiskilled work-
ers--in jobs that can be
learned in six months or less,
usually on the jOb-o-too-otoooc

Highest skilled workers usually
get the highaat my...l........

A trade is a manual or mechan-
ical job or work at which a
person earns his livingeseceecee

For the consumer to benefit op-

timally from mass production, it
is necessary for the manufactur-

ing facilities and labor force
to be used steadily, sometimes
continuously with shutdowns

Only for needed mpﬁ.rﬂ..---.o-

When times are hard, workers in
all industries are affected....

In a factory in which the em-
ployees belong to a labor union,
certain individuals are desig-

nated by the union as shop stew-

ards to watch out for the in-
terests of employees and to see
that terms of the contract be-
tween the union and the company
are carried S e s A S -

75

85

90

95

95

90

91

77

73

86

82

82

92

96

88

71

75

79

86.0

86.0

85.6

84.0

84.0

83.7

(continued on next page)

77

11

49

67

63

61

66

65

81

T4

68

41

19

33

32

39



Table 3. (continued)

Item as Important

Item for Emphasis in

Items of
General
Information

General

UCa=-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work
Teachers

All
espond-
ents

Indus-
trial
Arts

Other
Courses

Out=-of=-
School

Situa-
tions

(1)

(2)

(3)

(&)

(5)

(6)

(7)

(8)

21{.-

25.

26,

27.

28.

29.

The management of large corpora-
tions is planned by a board of
directors which is elected by
the stockholderse.cscecssccsscsse

Production and the demand for

products must be kept in care-
ful balance if manufacturing is
to be done economically.eccesses

A machine operator runs only ong
machine, doing repetitive work.
The machine is set up and ad-
Jjusted for him by a machine
setter, a skilled mechanic.....

Manufacturing is usually done
under the direct control of a
plant superintendent, with
assistant superintendents or
foremen directing the work in
the various departmentsS..ccece.

A machine hand earns his living
by running only one kind of
machine. In addition to operat-
ing the machine, he sets it up
and makes needed adjustments...

When a worker in a union shop
has a grievance, he carries it
to the steward who in turn
carries it to a representative
of the company assigned to
handle labor relationSescsssecse

100

95

85

73

73

91

95

73

75

79

71

63

75

179

82.7

82.3

79.3

79.0

77.3

(econcluded on next page)

31

37

76

61

72

55

82

79

38

60

38

65

35

36

22

29

38



Table 3. (concluded)

r Cent of Jurors Who Checked

Per Cent of Jurors Who Checked e
Item as Important

Item for Emphasis in
Items of
General [ceneral Supervis-|General All Indus- Out-of-
Information Educa- | ors and | Metal- Respond-| trial Other School
tors Teacher work ents Arts Courses | Situa-
Trainers |Teachers tions
(1) (2) (3) (&) (5) (6) (7) (8)
30. Corporations may elect offi-
cers, including vice presi-
dents, to take charge of the
various divisions such as
engineering, legal, industrial
relations, finance, public
relations, distribution, and
3“@3.-.--.--..--o---c.oo---.oo 90 73 67 76.7 29 76 29
31. Hours of employment in metal-
working jobs are in general
eight hours a day, five days
& WEOKe s svorssnsnssnensannsses 65 73 79 72-3 63 1{.3 26
32. Wages change from time to time
and may vary in different parts
of the countryeececcscecsscccess | 65 59 75 66.3 56 L7 26
Hem.llill.lll.'.l..l....l. 92 85 85 8‘7.3 67 69 30
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as Mmportant enough that everybody should have a chance to acquire™ the con-
cept implied by the statement. Item 2 was checked as important in general
education by all but three of the respondents, item 3 by all but four, and

so on, in the order of decreasing acceptance of the items as important in
general education. Item 32, the one ranked as important by the smallest
number of respondents, wag still considered important by two-thirds of the
jurors. Since such a large majority of all three juries checked all the
general information items as important in general education, each of these
items should suggest to teachers and curriculum planners experiences which
will help bring about desirable changes in the behavior of learners.

Opinions of general educators.—- With the exception of items 31 and 32

in Table 3, all the items were considered important by 75 per cent or more
of the general educators who cooperated in the investigation. In no other
part of the entire check list was there that degree of acceptance of items
by the general educator group. The arithmetic means of the per cents indi-
cate that the items of general information in Part A of the check list, for
the most part, are considered more important by general educators than they
are by industrial arts supervisors and teacher trainers and teachers of
general metalwork. For no other part of the check list is that true.

Reliability of the responses.—- As shown in Table 2 on page 31, the

data are fairly reliable indications of the opinions of the separate juries.
The coefficients of reliability for the responses of the juries, as com-
puted by the rank-difference method, were 0.76, 0.74, and 0.78 for the
general educators, the supervisors and teacher trainers, and the general

metalwork teachers, respectively. When the responses of the general



educators are correlated with the responses of the other two juries, how-
ever, relatively low coefficients indicate considerable difference of
opinion. The extent of this disagreement is indicated by the coefficient

of 0.21, showing the relationship between the responses of the general edu-
cators and the responses of the supervisors and teacher trainers. A similar
disagreement between the responses of the general metalwork teachers and the
responses of the general educators is indicated by the relatively low coef-
ficient of 0.18. There is comparatively good agreement between the responses
of the general metalwork teachers and the responses of the supervisors and
teacher trainers, the coefficient of correlation being 0.93.

Nature of high-ranking items.-- Aside from the first item in the check
list, which was placed in the list as an obvious example of a general educa-
tion goal, those items dealing with business and economic information were
the ones which received 100 per cent acceptance by ﬁhe‘jury of general educa-
tors. As shown in Table 3, items 5, 8, 13, 14, and 24 were checked as impor-
tant in general education by all the general educators. Nine other items
were rated as important by all but one of the twenty general educators. In
the main, these highly acceptable items seem to represent information com=-
monly known by the average well-educated adult. These items are all general
in nature. ILooking at the responses of the general educators which indi-
cate the least acceptable items, it appears that the more detailed the item
is, the less acceptable it is to general educators as a general education
goal.

The juries of industrial arts supervisors and teacher trainers and of

general metalwork teachers were close to unanimous regarding the importance
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of certain specific items which have to do with the social or economic
significance of metalworking (Items 9 and 10 in Table 3), with safety

rules (Item 17), and with occupational information (Item 18).

It was notable that the supervisors and teacher trainers gave a high-
er percentage of acceptance to items dealing with industrial organization
and management than did the general educators or teachers (Ttems 26 and 27
in Table 3). A possible reason for this is that supervisors and teacher
trainers commonly suggest use of an industrial-type organization for manag-
ing industrial arts shops. Through such an organization of classes they
hope to facilitate activities and care of the shop and at the same time
create a situation which will help pupils learn about industrial organiza-

tion and management.

3. Emphasis in Industrial Arts Courses

Items checked as important not necessarily checked for emphasis in

industrial arts.-- The respondents were asked to indiéate where in the cur-
ricuium the various general information items should be emphasized. They
were told that "Emphasize in industrial arts or in some other course™ means
that learning experiences (such as laboratory, discussion; or reading)
should be planned specifically for the purpose of bringing about the de-
sired learning. Table 4 shows how the jurors checked the thirty-two items
of general information as to emphasis in industrial arts.

In Table 3 (pages 37-42) the items are arranged in order of impor-
tance in general education. In Table L (pages 46-51) the items are listed

in order of emphasis in industrial arts. A comparison of the two tables



Table 4. Items of General Information Arranged in Order of Emphasis in

Industrial Arts

Items of
General
Information

Per Cent of Jurors Who Checked
Item for Emphasis

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(&)

(5)

1.

L.

Mant's ability to utilize metals
of various kinds has been a
major factor in the development
of our present industrial civ-
inzation...l........I-......'.

Because many metalworking jobs
are hazardous, rules for gen=-
eral conduct in shops as well
as safety rules for each shop
must be understood and consist-
ently practiced by every metal-

Worker.........'...............

The range of employment oppor-
tunities in metalworking is
from common labor to mechanical
and other phases of engineer-
ing; and every job is dependent
upon every other job.sscccssces

To succeed in the better paid
and more responsible jobs in
metalworking, a person must
have aptitude in mathematics
and SCienCCesccsscccscsssscanss

More than 10 per cent of the
people in the nation's labor
force are directly or indirect-
ly engaged in some phase of
metalworking, and the propor-
tionate number is likely to
increaseecsecsccsscccccaccccnne

95

70

85

90

80

86

95

&

77

(continued on next page)

92

96

88

88

96

91.0

87.0

85.0

85.0

8L.7



Table 4. (continued)
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Per Cent of Jurors Who Checked
Ttem for Emphasis
Items of

General General | Supervis- | General Al
Information Educa- ors and Metal- | Respond-
tors Teacher work ents
Trainers | Teachers

(1) (2) (3) (4) (5)

6. From two to five years is re-
quired to learn the skills and
technical information of a
skilled mechanical trad€eececesees | 80 86 83 83.0

7. A journeyman is one who has
learned a skilled trade; an
apprentice is one who is learn-
ing a trade systematically
through work experience and re-
lated training....-............. 80 86 79 81.7

8. Approximately 10 per cent of the
people employed in metalworking
are mechanics or technicians--
jobs that require two or more
years of specialized training.
The other 90 per cent work as
operatives or semiskilled work-
ers--in jobs that can be learned
in six months or less, usually
on the jobsecessscccccoscscscseee | 75 82 83 80.0

9. Metal trades workers--especially
skilled tradesmen--are employed
in practically every industry
as maintenance and repair men... | 80 77 a3 80.0

10. Skilled workers are seldom with-
out work, because they are among
the last to be laid off when
business is slacKeeecscscssccsss | 75 68 92 78.3

11. Highest skilled workers usually
get the highest payecccccecceces | 70 73 88 77.0

(continued on next page)



Table 4. (continued)

e 1 t.;
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Ttems of
General
Information

Per Cent . of Jurors Who Checked
Item for Emphasis

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General

Metal-
work

Teachers

All
Respond-
ents

(1)

(2)

(3)

(&)

(5)

12.

130

14.

15.

16.

17.

18-

A machine operator runs only one
machine, doing repetitive work.
The machine is set up and adjusted
for him by a machine setter, a
skilled mechaniCeeeececccccccasces

The CIO usually represents all
labor in large, concentrated in-
dustries; the A.F. of L. repre-
sents labor on a craft basiS..ces.

Machines make work easier to do
and at the same time increase
production................-..--...

Sometimes parts of a product are
made in different factories and
then transported to another plant
for assembly and distributioNeeee.

A machine hand earns his living
by running only one kind of ma-
chine. In addition to operating
the machine, he sets it up and
makes needed adjustmentS.cecceccses

A trade is a manual or mechanical
job or work at which a person
earns his living................u

Manufacturing industries are
usually located close to raw ma-
terials, fuel or power supply,
transportation or distribution
center, and 1abor SUPPlyeescccsces

75

70

70

80

75

70

65

82

91

91

i§'4

73

68

82

(continued on next page)

71

63

63

63

67

75

76.0

ThT7

Tha7

73.3

ko't

71.0

63

70.0



Table 4. (continued)

Items of
General
Information

Per Cent of Jurors Who Checked
Item for Emphasis

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(&)

(5)

19. In a factory in which employees

belong to a union, certain indi-
viduals are designated by the
union as shop stewards to watch
out for the interests of em-
ployees and to see that terms
of the contract between the
union and the employer are car=
riEd out..--...........O........

Hours of employment in metal-
working jobs are in general
eight hours a day, five days a

week.-.-l...'.....o"..'!...---o

When times are hard, workers in
all industries are affectedsssss

The general economic welfare of
our country is closely related
to productivity of the metal
industries. For example, good
business in "heavy steel™ means
good business and good employ-
ment generallyessecceccescsccece

Manufacturing is usually done
under the direct control of a
plant superintendent, with as-
sistant superintendents or fore-
men directing the work in the
various departmentS.ececccccccces

Wages change from time to time
and may vary in different parts
Of the country.-................

65

55

o]

60

55

73

68

73

82

86

55

(continued on next page)

50

67

50

38

58

62.7

62.3

61.3

56.0




Table 4. (continued)

Items of
General
Information

1

g

Per Cent of Jurors Who Checked
Item for Emphasis

General
Educa-
tors

Supervis=
ors and
Teacher

Trainers

General
Metal-
work
Teachers

Al
Respond-
ents

(1)

(2)

(3)

(L)

(5)

25,

26.

27

28.

29

30.

¥When a worker in a union shop
has a grievance, he carries it
to the steward who in turn car-
ries it to a representative of
the company assigned to handle
labor relationSescccsssscccsccesd

Both capital and labor are en=-
titled to share in the profits
from increased productioNeecesss

For the consumer to benefit op-
timally from mass production,
it is necessary for the manu-
facturing facilities and labor
force to be used steadily, some-
times continuously with shut-
downs only for needed repairs...

Mass production usually requires
such a large investment in plant
and machines that it must be fi
nanced by groups of people who
buy stock in a corporation which
assumes the entity of owner and
oper‘a.tor.......-..-...........-.

When business is profitable,
stockholders usually are paid
dividends; when it is unprofita-
ble, stockholders do not receive
anything for the use of their
money and value of their stock
My QeCreasCecessccssscsccsscsccss

Production and the demand for

products must be kept in carefu%

60

40

L5

55

50

59

6L

77

59

L5

(concluded on next page)

L6

46

25

29

25

55.0

50.0

49.0

40.0
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Table 4. (concluded)

Per Cent of Jurors Who Checked
Item for Emphasis

Items of General | Supervis- |General A1l
General Educa=- ors and Metal- |Respond-
Information tors Teacher work ents
Trainers | Teachers
1) (2) (3) (&) (5)

balance if manufacturing is to
be done economically...-...--... hO 21.5 25 36-7

31. The management of large corpora-
tions is planned by a board of
directors which is elected by
the stockholderSsisessssssscsssss| 30 L1 21 30.7

32. Corporations may elect officers
to take charge of the various
divisions such as engineering,
legal, finance, industrial rela=-
tions, public relations, dis-
tribution, and saleS.eeceecessess| 35 36 17 29.3

Meancisssessisscssninvssssiss | 66 72 62 67

reveals that while most of the jurors feel the items are important in gen-
eral education they do not necessarily hold that these items are similarly
important as industrial arts goals. The correlation between the importance
of the items in general education and their suggested emphasis in indus-
trial arts courses was only 0.37, when computed by the rank-difference
method.

Only one item in Table L4 (Item 1, which was intended to be obvious)
was checked for emphasis in industrial arts by 90 per cent or more of the
respondents. Nine items were so checked by 80 per cent ﬁr more of the re-

spondents, and twelve items were so checked by 75 per cent or more of the
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respondents. Only six items failed to secure the approval of at least
half the respondents for emphasis in industrial arts.

It is interesting here to note that the items which were rejected for
emphasis in industrial arts by 50 per cent or more of the respondents were
checked for emphasis in other courses by 76 per cent or more of the re-

spondents. These items are listed in Table 7 on page 6lL.

Nature of items most acceptable for emphasis in industrial arts.—-
In general, those items having to do with occupational information are the
ones which gained the greatest acceptance as goals for industrial arts.
Business and economic information items were rejected by one-fourth or
more of the respondents as industrial arts goals. Less than half the re-
spondents indicated that goals concerned with business organization and
management should be emphasized in industrial arts.

Degree of agreement between juries.-- The arithmetic means of the

percentages seem to show that the three juries were in fairly close agree-
ment, on an over-all basis, regarding the emphasis that should be given to
general information items in industrial arts courses. More supervisors and
teacher trainers, however, checked items for such emphasis than did members
of the other two juries. The arithmetic mean of the per cent of the re-
sponses of the supervisor-teacher trainer group was 72.4. For the general
educators the comparable mean was 65.8 and for the general metalwork
teachers, 62.0.

That industrial arts supervisors, teacher trainers, and teachers take
seriously the responsibility for teaching safety is indicated by the sup-

port they gave Item 2 in Table 4. This item reads, "Because many metalworking
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jobs are hazardous, rulés for general conduct in shops as well as safety
rules for each shop must be understood and consistently practiced by every
metalworker." From their responses, it would seem that general educators
do not attach as much importance to safety instruction in industrial arts
as industrial arts specialists do, although every general educator who
checked the safety item as important in general education checked it also
for emphasis in industrial arts.

The item pertaining to types of labor organizations was almost uni-
versally accepted by all three juries as important in general education;
yet the same item was rejected for emphasis in industrial arts by about
one-third of the general educators and teachers. This item, which ranked
second in importance in general education and thirteenth for emphasis in
industrial arts, reads: "The CIO usually represents all labor in large,
concentrated industries; the A. F. of L. represents labor on a craft
basis." Ninety-one per cent of the industrial arts supervisors and teacher
trainers, on the other hand, indicated that labor union information, as
implied by the foregoing statement, is not only important in general edu-
cation but that it should be emphasized in industrial arts.

The general metalwork teachers accepted fewer general information
items for emphasis in industrial arts than did either of the other juries.
As shown in Table 5 following, six of the thirty-two items were checked
for emphasis in industrial arps by fewer than 31 per cent of the teachers.
Similarly, only one item (pertaining to management of corporations) was
checked by fewer than 31 per cent of the general educators. The industrial

arts supervisors and teacher trainers generally indicated that the items



they checked as important in general education should also be emphasized

in industrial arts courses. It is possible that general educators and
industrial arts supervisors and teacher trainers have a broader concept
than teachers have concerning the outcomes of shop instruction. Shop teach-

ers, on the other hand, probably considered the items in terms of how they

»
might implement them in their own program. Their rejection of items for
emphasis in industrial arts may well have been based on practical considera-
tions and actual experience with classes.

Table 5. Per Cent of Jurors Who Checked Items for
Emphasis in Industrial Arts Courses

Number of Items Checked
Per Cent General Industrial Arts General
of Jurors Educators | Supervisors and Metalwork

Teacher Trainers Teachers
(1) (2) (3) (L)
91-100 1 3 L
81- 90 2 9 6
71- 80 10 9 3
61- 70 7 L 6
51- 60 6 3 a
L1= 50 2 3 L
31- 40 2 L 1
21- 30 1 0 5
11- 20 0 6] 1
Total 32 32 32

Additional items suggested by respondents.-- As pointed out in the

instructions to the respondents, the check list could not possibly con-
tain all conceivable goals for general metalwork in an industrial arts

program. The respondents were invited to add items they thought were



significant but which were not included in the check list. Of the addi-
tional items suggested, almost all of them fit into the category of general
information rather than into the other categories considered in the analy-
sis.
One respondent, a state supervisor of industrial arts, detailed his
thoughts as follows:
Check list shows a limited and scant coverage of:

1. Romance of the metalworking field, including historical back-
ground and industrial development of machines, leaders, etc.

2. Very limited coverage of social and economic factors related
to the field of metalworking.

3. Limited coverage of safety factors and problems related to
metalworking field.

4. Scant coverage of occupational information and guidance as
it relates to shop information, i.e., training requirements,
hazards, health, compensation, etce.

5. Overemphasis on machine shop area, or, conversely, a limited
coverage of all other areas.

Another respondent had a somewhat similar thought when he suggested
including an item that would help learners acquire information about "men
who have been instrumental or famous in development of metalworking indus-
try, i.e., Paul Revere as coppersmith, Henry Ford and mass production,
Johannson and 'Jo' bloacks, Walter Chrysler the mechanic, etc." This same
respondent also indicated that it was important in his opinion to provide
for the kind of learning implied by this suggestion: "Typical life of
metalworking apprentice in medieval craft guild--a meaningful picture of

the ordinary individual's life during those times."

e

' |
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Other items suggested by respondents, which might fit into the general

information category, were:

e« « o « Color has been used extensively in industry as a means of pro-
viding a more pleasant working environment.

e « o o Many items formerly made of metal are now being made of plas-
tics.

e« « « o Compressed air should not be used to cleam machines or cloth-
ing.

e« « « o Work areas, tools, and machines should be kept clean, orderly,
and in good working condition.

.It seems appropriate here to state again that the list of items in the
check list was derived from teaching materials and courses of study currently
in use in industrial arts programs. No attempt was made to include other
goals.

4. Emphasis in Other Courses

Items more acceptable for other courses than for industrial arts.--

General educators and industrial arts specialists alike indicated that the
general information goals of industrial arts should be emphasized in other
courses. In'fable 6, which follows, the thirty-two items of general informa-
tion (Part A of the check list) are shown in the order of greatest acceptance
for emphasis in courses other than industrial arts. Each of the items was
checked for such emphasis by at least one-fourth of all the respondents,

and all but five of the items were so checked by one-half or more of the
respondents. The mean of the percentages was 78 for emphasis in courses
other than industrial arts. The comparable figure for emphasis in industrial
arts was only 67. Thus it would seem, on the basis of the data here given,

the goals represented by the thirty-two items of industrial arts general



information are slightly more acceptable for emphasis in other courses than

they are in industrial arts.

It is possible that writers of industrial arts instructional materials

have exceeded the purposes of their curriculum area in including some of

these general information topics.

On the other hand, general information

items which are related to industrial arts and at the same time are suggested

for emphasis in other courses should offer excellent bases for curricular cor-

relation and integration.

Table 6. Items of General Information Arranged in Order of Emphasis in
Courses Other than Industrial Arts

Items of
General
Information

Per Cent of Jurors Who Checked
Item for Emphasis

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(4)

(5)

When business is profitable,
stockholders usually are paid
dividends; when it is unprofita-
ble, stockholders do not receive
anything for the use of their
money and the value of their
stock may decreasC.sccesscecscsss

Both capital and labor are en=-
titled to share in the profits..

Manufacturing industries are
usually located close to raw
materials, fuel or power supply,
labor supply, and a transporta-
tion or distribution center.....

The general economic welfare of
our country is closely related

100

100

95

91

68

82

(continued on next page)

83

96

83

91.0

88.0



Table 6. (continued)

Per Cent of Jurors Who Checked

Item for Emphasis

Ttems of
General
Information

General
Fduca-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(L)

(5)

8.

9.

10.

to productivity of the metal
industries. For example, good
business in "heavy steel™ means
good business and good employ=-
ment generally.ceccescecssccscsns

Machines make work easier to do
and at the same time increase
production..I......—Q..I..-I..l.

Mass production usually requires
such a large investment in plant
and machines that it must be fi-
nanced by groups of people who

buy stock in a corporation which
assumes the entity of owner and

Operator..OOOC..I..........l....

Man's ability to utilize metals
of various kinds has been a

major factor in the development
of our present industrial civi-
lization...-...0.-....-......---

The CIO usually represents all

labor in large, concentraded in-
dustries; the A. F. of L. repre-
sents labor on a craft basis....

The management of large corpora-—
tions is planned by a board of
directors which is elected by
the stockholderS.sceccscsssscccscs

For the consumer to benefit op-
timally from mass production, it
is necessary for the manufactur-
ing facilities and labor force

90

100

95

80

100

82

86

73

75

86

68

(continued on next page)

a8

75

79

83

83

79

86.7

85.3

8L.0

83.7

83.0

82.3



Table 6. (continued)

Per Cent of Jurors Who Checked

Item for Emphasis

Items of
General
Information

General
Educa-
tors

Supervis=-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(L)

(5)

13.

15.

16.

17.

to be used steadily, sometimes
continuously with shutdowns
only for needed repairS.cscececss

Production and the demand for
products must be kept in careful
balance if manufacturing is to
be done economically.eeccsccsssce

To succeed in the better paid
and more responsible jobs in
metalworking, a person must have
aptitude in mathematics and
Belenceassssnseinsassnsesessesas

Corporations may elect officers
to take charge of the various
divisions such as engineering,
legal, finance, industrial re-
lations, public relations, dis-
tribution, and saleS.eeccessccces

When times are hard, workers in
all industries are affectedecese

Sometimes parts of a product are
made in different factories and
then transported to another

plant for assembly and distribu-

tion....-.-...................-.

From two to five years is re-
quired to learn the skills and
technical information of a
skilled mechanical trad€.ccsssss

A journeyman is one who has
learned a skilled trade; an

95

95

80

90

95

95

90

77

68

77

68

6L

6L

68

(continued on next page)

71

i)

75

71

63

50

50

81.0

79.3

77.3

76.3

740

69.7

69.3



Table 6. (continued)

(mip

Ttems of

Per Cent of Jurors Who Checked
Item for Emphasis

General
Information

D

apprentice is one who is learn-
ing a trade systematically

through work experience and re-
lated tra.ining...u-u..-.-.....

More than 10 per cent of the
people in the nation's labor
force are directly or indirectly
engaged in some phase of metal-
working, and the proportionate
number is likely to increas€e...

In a factory in which employees
belong to a union, certain indi-
viduals are designated by the
union as shop stewards to watch
out for the interests of em-
ployees and to see that terms of
the contract between union and
employer are carried oUb.ecececsss

Skilled workers are seldom with-
out work, because they are among
the last to be laid off when

business is slacKeesssosssessses

Highest skilled workers usually
get the highest pay.‘....'......

When a worker in a union shop
has a grievance, he carries it
to the shop steward who in turn
carries it to a representative
of the company assigned to
handle labor relationSe.ecescecscecss

A trade is a manual or mechanical
job or work at which a person
earns his livingecssecssccvensss

General |Supervis-| General A11

Educa=~ ors and Metal- |Respond-
tors Teacher work ents

Trainers Teachers

(2) (3) (L) (5)
90 68 50 69.3
80 68 58 68.7
70 68 67 68.3
80 &5 63 66.0
80 50 67 65.7
70 59 67 65.3
90 59 L6 65.0

(continued on next page)



Table 6. (continued)

Ttems of
General
Information

Per Cent of Jurors Who Checked
Item for Emphasis

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal=-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(%)

(5)

2h.

The range of employment opportuni-
ties in metalworking is from com=-
mon labor to mechanical and other
phases of engineering; and every

job is dependent upon every other

job........-....l.........-.-....l.

Approximately 10 per cent of the
people employed in metalworking
are mechanics or technicians--jobs
that require two or more years of
specialized training. The other
90 per cent work as operatives or
semi-skilled workers--in jobs that
can be learned in six months or
less, usually on the jobesecscececae

Manufacturing is usually done under
the direct control of a plant sup-
erintendent, with assistant super-
intendents or foremen directing
the work in the various departments

Metal trades workers-—-especially

skilled tradesmen--are employed in
practically every industry as main-
tenance and r8pair MEBllesseesecsssssee

Wages change from time to time and
may vary in different parts of the
comtry....'.I.I...I..I.......I..I.

Hours of employment in metalworking
jobs are in general eight hours a
day, five days a8 WeeKeesoeeseosensne

A machine operator runs only one
machine, doing repetitive work.

80

65

70

60

60

55

6L

32

27

(concluded on next page)

63

5k

50

L6

6L.3

61.0



Table 6. (concluded)

Item for Emphasis

Per Cent of Jurors Vho Cheéked

ézzgiaif General |Supervis- | General Al
FinParmetd on Educa- ors and Metal- |Respond-
tors Teacher work ents
Trainers | Teachers
(1) (2) (3) (&) (5)
The machine is set up and ad-
justed for him by a machine
setter, a skilled mechaniCeesees | 40 50 25 38.3
31. A machine hand earns his living
by running only one kind of
machine. In addition to operat-
ing the machine, he sets it up _
and makes needed adjustmentS.... 35 50 29 38,0
32. Because many metalworking jobs
are hazardous, rules for gen-
eral conduct in shops as well as
safety rules for each shop must
be understood and consistently
practiced by every metalworker.. | 30 36 13 26.3
MEan............-.....C...... 80 61{- 62 78.0

Reactions of three separate juries.-- On the basis of the data, it

would seem that the thirty-two items of industrial arts general information,

on the whole, are also more acceptable to general educators than they are

to industrial arts specialists for emphasis in other courses.

cent of the responses of the general educators was 80.

The mean per

The comparable figure

for the supervisor-teacher trainer jury was 64 per cent, and for the general

metalwork teachers only 62 per cent.

Nature of items most acceptable for emphasis in other courses.-- As

mentioned above, the responses of the jurors indicate that industrial arts



instructional materials and courses of study include goals which might
properly be included as goals in courses other than industrial arts. Ais

a matter of fact, fourteen of the items were checked for emphasis in other
courses more frequently than they were checked for emphasis in industrial
arts, as was seen in Table 3 on pages 37-42. Of these items, several
stand out prominently enough to indicate that they are probably more im-
portant in other courses than they are in industrial arts. In Table 7, on
the following page, are listed those general information items which were
checked for emphasis in industrial arts by one-half or fewer of the re-
spondents and at the same time were checked for emphasis in other courses
by more than three-~fourths of the respondents.

Items which suggest desirability of curriculum correlation.-- In the

instructions to respondents it was indicated that the items were not to be
checked for emphasis in industrial arts or in some other course. If the
respondent thought the item should be emphasized in some other course or
courses as well as in industrial arts he was asked to so indicate. In

Table 3 on pages 37-42 it was seen that each of the general information items
received substantial support for emphasis in some other course or courses.

It would seem that this fact points to certain areas for curriculum correla-
tion--to kinds of goals in which other teachers and industrial arts teachers

might well be interested cooperatively.



Table 7. General Information Items Which Were Checked for
Emphasis in Courses Other Than Industrial Arts by
75 Per Cent or More of the Respondents and for
Emphasis in Industrial Arts by 50 Per Cent or
Fewer of the Respondents

Rank Per Cent of Responses
of Abbreviated for Emphasis in
Iif;ﬁa;ze fhea Other Tndustrial
Courses Arts
(1) (2) (3) (4)
5 Profit or loss in busi-
ness.-...l........‘tt-. 91 AO
8 Sharing the benefits
from technologyeeessces a8 50
14 Ownership and financing
of large industryeecesee 8l 50
21 Economic aspects of con=-
tinuous production..... 81 L9
24 Management of corpora-
tions engaged in metal
manufacturingeeceeccesses 82 31
25 Economics of balanced
productioneceseccccscee 79 37
30 Divisions in an indus-
tria-l Organization. ssse 76 29




£ir

5. Emphasis in Out-of-School Situations

Lack of responses.-- For one reason or another, the respondents did

not check the general information items for emphasis in out-of-school situa-
tions as frequently as they did for emphasis in industrial arts or in other
courses. This may well be because a large proportion of the respondents

do not attach importance to out-of-school experience as a means of achiev-
ing educational objectives. Another possible reason might be that; since
the school has relatively little control over out-of-school situations, to
suggest emphasis of an educational goal is largely academic. On the other
hand, some of the respondents--22 per cent--apparently felt that if an item
was important at all, it should be emphasized in every possible learning
situation--in school or out--because they so checked the items.

Various points of view.-- From the nature of the responses to other
parts of the check list regarding emphasis of items in out-of-school situa-
tions, it appears as though several of the respondents were suggesting that
items should be emphasized in vocational courses. For example, items that
were highly technical in nature and probably useful only to specialists
were checked for emphasis out of school--presumably in vocational education
because such items represent common content of vocational-technical instruc-
tion. Such items were included in the check list not because they were
considered important in general education but because they would presumably
help respondents in their discrimination between items of general education
and items which are too highly specialized to be considered important that
"everyone should have an opportunity to acquire the particular knowledge

or ability." It is probably true that a similar point of view guided



respondents to an extent as they checked the items of general information.

Another point of view that may have been held by respondents regard-
ing out-of-school emphasis of industrial arts general information is that
certain kinds of learning, while important to everyone, are not the primary
responsibility of sxhools. Labor information, for example, might be of
that kind.

Nature of items checked.—— As will be seen in Table 8 which follows,

those items having to do with adult needs--information about labor organi-
zations and other concerns of adults—-are the ones checked for emphasis

out of school by more than one-third of the respondents.

6. Summary

1. A11 the items of general information found in teaching materials
and courses of study for industrial arts metalwork are considered impor-
tant in general education by two-thirds or more of the sixty-six general
educators, industrial arts supervisors and teacher trainers, and general
metalwork teachers who participated in this investigation. The general
educator jury, on the whole, gave somewhat greater acceptance to the
importance of the items than did the juries of industrial arts specialists.

2. Items which were checked as important by most general educators
were not necessarily considered important by a proportionate number of
the industrial arts specialists. Conversely, certain items.considered
important by industrial arts people were less. frequently checked as impor-
tant by the general educators.

3. On the whole, the items of industrial arts general information

were not as acceptable for emphasis in industrial arts courses as they



Table 8. General Information Items Which Should Be Emphasized
Out of School or Left to Out-of-School Situations,
in the Opinion of More than One-=Third of the

Respondents

Per Cent of Rank Order of
Respondents Importance in
Abbreviated Items Suggesting General Edu-
Emphasis cation (from
Out of School Table 3)
(1) (2) (3)
Types of labor organizations.d L7 2
Sharing the profits from ad=-
vancing technologyeececcceceeed L7 8
Distribution of profits from
manufacturing...l..........Ill hz 5
Rates of pay for skilled
workersll...-...I.l.....l.l.l. hl 19 .
Stability of employment of ;
Skilled mrkers..l..l...-...‘l 39 12
Ownership of large industries. 39 14
Function of shop steward in
union Shop...ll..l........l..l 39 23
Grievance procedure in union
shop..O...-........0-.....—..1 38 29




were for goals of general education. Only twelve of the thirty-two

items were checked for emphasis in industrial arts by more than three-
fourths of the sixty-six jurors. All but six items, however, were approved
for industrial arts emphasis by one-half or more of the jurors.

L. Items pertaining to occupational information received greatest
acceptance as industrial arts goals. Items pertaining to business and
economics were rejected by one-fourth or more of the respondents.

5. The item which implies the appropriateness of safety instruction in
industrial arts was accepted for emphasis in industrial arts almost unani-
mously by supervisors, teacher trainers, and general metalwork teachers:
but it was rejected by nearly one;third of the general educators.

6. The emphasis of labor union information in industrial arts was
supported by substantially more supervisors and teacher trainers than by
general educators and general metalwork teachers.

7. The data seem to indicate that industrial arts teachers of metalwork
are not so much in favor of emphasizing general information in their pro-
grams as are the general educators and industrial arts supervisors and
teacher trainers.

8. Among a number of additional general information items suggested
by respondents, items pertaining to history of metalworking and metalworkers
seem to be significant. There were no such items in the check list.

9. All thirty-two items were checked for emphasis in both industrial
arts and other courses, indicating areas for curriculum correlation.

10. Items pertaining to business and economics were significantly more

acceptable to all jurors for emphasis in other courses than in industrial



arts.
11. The data indicate that the respondents think information about labor
organizations and economic concerns of adults should be emphasized in out-

of=school situations.



CHAPTER IV
IMPORTANCE AND CURRICULUM EMPHASIS OF INDUSTRIAL ARTS

TECHNICAL INFORMATION

1. Importance of Items in General Education

Introduction.-- There is an abundance of technical information in
indusﬁrial arts instructional materials and courses of study. In many
courses, however, the organization and content of materials follows very
closely the traditional trade and industrial education pattern which
provides specifically for "related technical information." In vocational
education a job analysis is usually the basis for a training course. Ac-
cording to Fryklund,l/ such an analysis provides for (1) what the learner
must be able to do in order to work successfully at a specific job, and
(2) what the learner must know in order to do the job. What the learner
must know, then, is limited to the requirements of a job. Obviously, if
industrial arts is "a curriculum area comparable to the language arts,"g/
the goals of instruction should not be limited to any specific vocation.

As indicated in Chapter I, there is considerable confusion concern-—
ing the goals of industrial arts on the one hand and vocational-industrial

education on the other. The same instructional materials are often used

in both types of instruction. Moreover, the vocational courses have had

T NNerne C. Fryklund, Trade and Job Analysis, The Bruce Publishing Company,
Milwaukee, 1947, p. 146.

2 /Proffitt, op. cit., p. 1.



the benefit of Federal subsidy and State direction for many years. There-
fore it is only natural that the accumulated instructional materials are
highly "job centered.”

The ifems of technical information presented in Parts B and C of the
check list reflect this vocational training influence. It is hoped that
one of the results of this study will be a better understanding of what
technical information is most appropriate in general education and conse-
quently in industd al arts.

The data in this chapter are presented in two parts. The first part
covers items of general mechanical knowledge, and the second part covers

items classified as metals and metallurgy.

2. Mechanical Knowledge Items

Items ranked in order of importance.-- In Table 9 the fifty-one items

of mechanical knowledge contained in Part B of the check list are listed
in order of importance in general education, as determined from the re-
sponses of all the jurors. Each of the items, except one, was considered
sufficiently important by more than half the jurors that everyone should
have an opportunity to acquire the knowledge and/or ability implied by the
statement. The one item (number 51 in Table 9) which failed to secure ap-
proval of at least half the respondents was one of obvious specialized
knowledge which was included in the check list only for the purpose of
providing a ready indication of the reliability of the instrument.

Reliability of the data.-- As noted in Table 2 on page 31, the weighted

average of the coefficients of correlation of the responses of the three



Table 9. Items of Mechanical Knowledge Arranged in Order of Importance in General Education, as
Determined by 20 Geheral Educators, 22 Industrial Arts Supervisors and Teacher Trainers,
and 24 General Metalwork Teachers

Items of
Mechanical Knowledge

Per Cent of Jurors Who Checked
Item as Important

Per Cent of Jurors Who Checked
Item for Emphasis in

General
Educa=-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond=-
ents

Indus- Out=-of-

trial School
Arts Situa-

tions

Other
Courses

(1)

(2)

(3)

(4)

(5)

(6) (7) (8)

2e

Lc

5-

Improper lubrication or lack
of lubrication is a common
cause of overheating. For ex~
ample, an automobile engine
operated with too little oil
or improper 0ilessescsscccscsss

Oily rags should be kept in a
closed metal container until
they can be disposed of by
burning. If left lying around
there is danger of fire.ceccsce.

A1l rubbing surfaces, called

bearings, should be lubricated
regularly according to manufac-
turer's specifications.ececsccces

In lubricating machines, cor-
rect lubricants must be used.
For example, in an automobile
engine thin oil in winter,
heavier oil in summericcecccccss

A lubricant is oil, grease, or
other material that is put on
metal surfaces that rub against
each other, to reduce heat,
wear, and vibration caused by
r'ubbing............-...........

Most metals are good conductors
of heat; thiis, if a piece of
metal is heated in one place,

100

95

100

90

85

100

100

86

100

100

96

92

96

92

96

98.7

95.7

94.0

4.0

93.7

(continued on next page)

91 61 35

92 68 49

es L7 30

88 60 36

91 22

‘72



Table 9. (continued)

Y3

Items of
Mechanical Knowledge

Per Cent of Jurors Who Checked
Item as Important

Per Cent of Jurors Who Checked
Item for Emphasis in

General
Educa~
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

Al
Respond=-
ents

Indus-
trial
Arts

Other
Courses

Out=of=
School
Situa-
tions

(1)

(2)

(3)

(&)

(5)

(6)

(7)

(8)

7.

8.

Fe

10.

the heat is transferred
throughout the piecGececcscsces

Most metals expand when heated
and shrink when cooled. For
example, a piece of steel one
foot long when cold will meas—
ure about 12 1/8 inches when
red mt.l.l.............-I‘I..

A clutch is a device used for
engaging and disengaging the
driving mechanism of a machine
from certain other parts that
do the work. The clutch on an
automobile is an example...s..

A machine should be stopped
w}xen it! is oiled........-...li

A drop or two of oil in each
oil hole is usually enough;
too much oil is wasteful, will
spatter, and may even damage
the machine--particularly an
electric motorececccccccccccces

The mechanical advantage gained
through the use of levers is
applied in numerous ways in
metalwork--in the use of hand
tools and in the functioning
of machineS.cceccccccscccccsses

less effort is required to
push or pull a load up an

90

80

85

85

85

85

86

100

95

91

s |

95

96

88

88

88

88

83

90.7

89.3

89.0

87.7

(continued on next page)

83

86

80

€3

85

(i

70

6L

58

28

31

70

15

20

34

30



Table 9. (continued)

Mechanical Knowledge

Items of

Ttem as Im

portant

Item for Emphasis in

General

Educa=-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

All
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out-of-
School
Situa-
tions

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

13.

15.

16.

17.

18.

inclined surface than to 1lift
it vertically. Examples are
such common devices as the
screw, gib, and taper or

mdge.......-.-..-'..........I

A machine or hand tool should
not be used for work over its
rated capacityeececccccesccces

Metals vary widely in density.
That is, some metals are much
heavier than others; e.g., lead
is heavy, magnesium is light..

Overheating can ruin the use-
fulness of machines through
unequal expansion of parts,
melting of bearings, setting
up of strains and stresses,
changing of molecular struc-
ture, and drawing of temper of
heat"treatﬁi p&r’bs...........-

There are several kinds of
oil, in various degrees of
viscoaity........-............

Friction results in wasted
work, and energy from such
wasted work is changed into
heat energye.cccceccccccccecsee

Gears are used in machines to
transmit power or motion and
to change direction or rate of

mtion..‘.......“..'.........

85

85

75

85

75

91

91

95

95

91

91

100

83

83

83

88

79

83

79

86.3

86.0

85.0

84.7

8L.7

(continued on next page)

78

80

Th

79

76

37

59

5L

70

26

26

18

15

15



Table 9. (continued)

Items of
Mechanical Knowledge

Item as Important

Per Cent of Jurors Who Checked

)
~
¥

Per Cent of Jurors Who Checked
Item for Emphasis in

General
Educa~
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

Indus-~
trial
Arts

Other
Courses

Out=of=-
School
Situa-
tions

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

19.

20.

21.

22.

23.

2.

25.

To reduce friction, bearings
are polished smoothly, anti-
frietion metals such as babbit
are used, ball or roller bear-
ings are used, and bearings
are properly lubricated.sccccss

Hard substances like sand,
emory, corundum, and diamond
dust are used extensively for
cutting, grinding, and polish-~
ing metalecescencscsssnssssssce

Metals such as copper, alumi-
num, and steel, which may be
drawn into a wire, are said to
be ductile.......I‘............

Most metals are fusible; that
is, they can be meltedececcecces

Metals that may be hammered or
rolled into sheets are said to
be mﬂlaable-..................

Elasticity is the property of
a substance which enables it to
resume its original shape after
having been stressed by outside
forces--an automobile spring,
for example....-..............o

Metals may suffer from fatigue.
For example, if a load is held
by a cable for a long time, the

cable may eventually break.eess

70

65

75

75

75

75

80

91

95

86

91

86

86

73

92

92

88

a3

83

83

88

84.3

84.0

83.0

83.0

8l.3

8l.3

80.3

(continued on next page)

77

8l

81

81

T4

79

L5

35

47

54

33

53

49

10

10



Table 9. (continued)

76

Per Cent of Jurors Who Checked
Item as Important

Per Cent of Jurors Who Checked
Item for Emphasis in

Items of
Mechanical Knowledge

General
Educa-

tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

All
Respond-
ents

Indus-
trial
Arts

Other
Courses

Qut-of-
School
Situa-
tions

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

26.

A wheel, to run at a uniform
speed without vibration, must
be of equal weight at every
point on the perimeter. A
wheel may be balanced by add-
ing or removing metal at points
that are light or heavy. For
example, automobile wheels are
balanced by attaching lead

lugs.....'......'..............

Malleability is the property
that permits metals to be shaped
by forging...."...............

The term "hard" is only rela-
tive. When two substances of
unequal hardness are rubbed to-
gether, the harder wears away
the softer more rapidly, unless
the soft substance is driven at
& high veloeltYisssssnsnsinnses

Various metals melt at different|
temperatures, an important con-
sideration when metals are se-
lected for certain jobs. For
example, babbit melts at too
low a temperature to be used in
bearings that are likely to run
at high temperatureS.scecssssss

We call a substance hard if it
cannot be easily scratched or
abradedoonco-looo...-.oo-oo.o-o

65

75

75

65

70

95

82

77

82

82

79

79

83

88

79

78.3

7843

77.0

(continued on next page)

71

69

75

69

L9

32

k7

45

49

15



Table 9. (continued)

Mechanical Knowledge

Item as Important

Per Cent of Jurors Who Checked

Per Cent of Jurors Who Checked
Item for Emphasis in

Items of

General
duca-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond=-
ents

Indus-
trial
Arts

Other
Courses

Out-of-
School
Situa-
tions

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

31.

Generally, a metal that is
hm is a]-so brittle...........

When a wheel is revolved (a
grinding wheel, for example),
centrifugal force tends to
stress the wheel from its

me'..I.................-.-...

Tenacity is the property of a
material which enables it to
withstand external forces with-
out bmmng...'.l......l....-.

Belts are used on machines for
three reasons: to transmit
power, to change the speed or

power of pulleys, and to change
the running direction of pul-

10}"--o..acouoocuooo--o--.aoco-

A V-belt is less likely to slip
thm ‘ ﬂat belt.....l..-......

In many metals, brittleness may
be lessened by heat treatment..

When the driver pulley is largen
than the driven pulley, the

driven pulley turns faster than
the driver but with less power,
and Vice VersS8.sssssssssscsssss

Expansion and contraction must
be taken into consideration

65

75

65

L5

when metals are machined to

82

86

73

86

86

82

83

79

75

71

79

75

76.7

75.0

743

70.7

(continued on next page)

7h

69

76

71

70

73

65

L1

L1

36

27

34

52

13

15

13

10

i



Table 9. (continued)

Items of
Mechanical Knowledge

Per Cent of Jurors Who Checked

Item as Important

Per Cent of Jurors Who Checked
Item for Emphasis in

General
Educa~
tors

Supervis- |General
ors and | Metal-
Teacher work

Trainers |Teachers

Al
Respond=-
ents

Indus- Out=-of-

trial School
Arts Situa-

tions

Other
Courses

i

(1)

(2)

(3) (4)

(5)

(6) (7) (8)

4O.

exact sizes, when patterns are
made for an article that is to
be cast, pieces are welded, and
when precise measuring is done.

Cutting oil is used to make
cutting easier and faster. It
carries away some of the heat,
washes away chips, and reduces
friction between tool and work.

The smaller the pitch of an in-
clined surface, the greater the
mechanical advantage (a small
taper, for example); the great-
er the piteh, the faster the
motion but the less force (a
lead screw on a lathe, for ex-
mple)l.I...'...I.....I.I'...-

When the driven gear is larger
than the driver, the driven
gear turns more slowly but
with greater power; when the
driven gear is smaller than
the driver, it turns faster
but with less powereescecscesse

The heat resulting from cut-
ting metal may change the
degree of hardness of the cut-
tin& t001leeessccnsossccsnssnsns

A cam or eccentric is used to
change rotary motion to re-
ciprocating motion or vice

50

60

77 83

7 71

71

4

73 75

70.0

69.3

69.0

(continued on next page)

68 21

66 6

51 59 8

62 56 8

A 16 9

1

1

o



Table 9. (continued)

—  — — = - —
Per Cent of Jurors Who Checked

Item for Emphasis in

Items of
Mechanical Knowledge

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General 1

Metal-
work
Teachers

Al
Respond=-
ents

Indus-
trial
Arts

Other
Courses

Out=-of-
School
Situa-
tions

(1)

(2)

(3)

(L)

(5)

(6)

(7)

(8)

45.

11.6-

L7.

48.

versa, to vary a rate of motion|
or to lock parts together. An
example of the use of cams is
in the automobile engine for
timing valveS.eccccccsccscscscs

When designing tools and ma-
chines, engineers always plan
to use materials heavy enough
to carry several times the load
that is likely to be put on
them. This gives a factor of
safety, for it provides for
possible flaws in materials

and for temporary overloading..

Different lubricants are used
for cutting different metals
and for different cutting
operat.‘l.ons.....................

Small cross-sections of a piece
of metal will increase in tem-
perature more quickly than
large sections. For example,
heat will "run" to the end of
a point&d L00lsesncssoarseniones

An o0il used mainly to keep the
tool and work cool is called a
coolant. It is pumped to the
surface being machined where
it absorbs some of the heat....

As the force of a machine is
increased by any mechanical

50

60

50

45

77

73

73

77

75

67

75

67

67

67.3

66.7

64.3

63.3

63.0

(econcluded on next page)

57

59

61

57

60

35

29

10

79



Table 9. (concluded)

Per Cent of Jurors Who Checked Eer Cent of Jurors Who Checked

Item for Emphasis in

Item as Important

Items of General | Supervis-|General A1l Indus- Out-of-
Mechanical Knowledge Educa~ | ors and | Metal- |Respond- trial Other School
tors Teacher work ents Arts | Courses | Situa-
Trainers |Teachers tions
(1) (2) (3) (4) (5) (6) (7) (8)
device, the distance and speed
of the load is diminished cor-
respondingly. For example,
when back gears are used in a
lathe, what is gained in cut-
ting force is lost in speed of
cuttim..l............I....l‘. hs 77 67 63.0 5& 33 9
49. The tenacity of any material,
or its tensile strength, is
measured by the force needed
to break a rod or wire of that
material whose cross-sectional
area is unity, e.g., 1 sq. in. 55 6l 67 62.0 57 4O e
50. There are four basic types of
gearing: spur, helical, miter,
m WOIrMesssessasssnsnnnnsensse 30 77 67 58.0 II.? 2? ?
51. In some particularly precise
manufacturing, the coolant is
kept at a constant temperature
through refrigeration......-.. 25 45 L2 37.3 33 5 6
He&n......-.........c-.-..- 69 85 81 7803 72 1.;3 15




e

juries concerning the fifty-one mechanical knowledge items was 0.75.

The responses of the general educators appear to be somewhat more reliable
than the responses of the other two juries, the coefficient of correlation
being 0.87. The coefficient of correlation of the responses of the super-
visors and teacher trainers was 0.72 and of the general metalwork teachers,
only 0.66. A possible reason for this marked difference is that the gen-
eral educators! judgments may not have been hindered by knowledge of the
traditional content of industrial arts and vocational-industrial courses.

Nature of highest-ranking items.-- The five items which were considered

important by the largest number of respondents were all concerned with
Jubricants and lubrication practices. Of these five items, four were
checked as important by 100 per cent of the supervisors and teacher train-
ers, and two of the five items were so checked by 100 per cent of the gen-
eral educators. Only one of the sixty-six jurors rejected the highest
ranking item; three jurors rejected the second ranking item; and only four
jurors rejected the items which ranked third, fourth, and fifth. Moreover,
two other items pertaining to lubrication ranked in the first ten items
(items ranked 9 and 10). Obviously, in the opinion of the jurors, certain
knowledge about lubricants and ability to use them properly are worthy
goals of general education.

Knowledge of the properties of metals of conductivity and of expan-
sion and contraction were favored as general education goals by approximate-
ly 90 per cent of the respondents. Items concerned with knowledge of the
properties of density, ductility, fusibility, malleability, elasticity,

hardness, and tenacity all received approval as goals for general education



from 75 per cent or more of the jurors. As was indicated in Chapter II,
many of the items were part of a continuum. The more specialized or de-
tailed the definition, the statement of a principle, or the application
of a principle, the fewer jurors indicated the item was important in gen-
eral education. Thus, the definition of tenacity (item ranked 33 in impor-
tance) was considered important by about three-fourths of the jurors, but
a more technical explanation of what is meant by tenacity (item ranked 49)
was considered important by only 62 per cent of the respondents.

Knowledge and/or application of certain fundamental principles of
mechanics received a surprisingly small vote as general education goals.
Less than 75 per cent of the respondents indicated that basic knowledge
of belts and pulleys (items ranked 34 and 37), of the inclined plane
(item ranked 40), of gearing (item ranked 41), of the cam (item ranked
L3), and of mechanical advantage (item ranked 48) was sufficiently impor-
tnat that everyone should have an opportunity to acquire it. These items
are commonly included in general science and physics courses which, it
can be assumed, are offered in most schools for general education pur-
poses. Probably because this study is primarily concerned with industrial
arts, items that relate to science were given less importance than they
would have been given if the study had been primarily concerned with
science objectives. In an investigation of principles desirable for
inclusion in an integrated course of physical science for senior high
school, Milesl/ found that the principle of mechanical advantage was

given the highest possible importance rating, for example. In the present

1/Vaden Willis Miles, A Determination of the Principles and Experiments
Desirable for a High-School Course of Integrated Physical Science, Uni-
versity of Michigan, Ann Arbor, 1947, p. 74.
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investigation the same principle was rated as important in general educa-
tion by only 63 per cent of all the respondents. It was rated as impor=-
tant by only 45 per cent of the general educators.

As reported in Chapter III, the respondents apparently tended to con-
sider important those items in the check list which have the most frequent
application in everyday adult life. For example, most adults are probably
more concerned with the proper lubrication of their automobile and house-
hold mechanical devices than they are in properties of metals or in funda-
mental mechanical principles. Generalizing then, it is reasonable to
assume that industrial arts goals which have to do with mechanical know=-
ledge and practices are most appropriate for general education when they
relate directly to common everyday experiences. Further, even though they
may be fundamental to understanding of everyday applications, mechanical
principles as such are not considered as important general education goals.

It is probable that many respondents, in reacting to the various
items, considered also the educational method involved in teaching the
knowledge or ability implied. If that is the case, those.respondents who
lean ‘toward problem-solving, inductive teaching would probably consider
applications more important than principles. Those respondents who learn
toward systematic, logical analysis would probably consider a basic prin-
ciple more important than its application--if they made any distinction
in importance. The data in regard to industrial arts mechanical know-
ledge suggest that a majority of the respondents in this study may have
been thinking in terms of inductive teaching when they checked the items

as important or unimportant in general education.

.
»



Q;fferences_;p responses of the three juries.-- While the three juries

reacted to Part B of the check list in a manner that produced three rank
orders of items which correlate fairly closely--as shown in Figure l--more
of the industrial arts specialists indicated that the items, on the whole,
represent suitable goals for general education. The mean of the responses
of the supervisors and teacher trainers was 85 per cent and of the general
metalwork teachers, 81 per cent. The responses of the general educators
averaged only 69 per cent.

Examination of Figure 1 reveals that through the first eighteen items
in rank order, the general educators, for the most part, responded about
as strongly in favor of the items as did the other two juries. The re-
sponses of the general educators on the remaining items, however, show
noticeably less acceptance of specific mechanical information as appropri-
ate goals for general education. Many industrial arts specialists, on the
other hand, apparently consider even highly technical concepts as impor-
tant enough that everyone should have an opportunity to acquire them. Of
the fifty-one items of mechanical knowledge in Part B of the check list,
all but eight were considered important by 75 per centlor more of the
supervisors and teacher trainers. All but ten of the items were con-
sidered imporﬁant by 75 per cent or more of the general metalwork teach-
ers. But twenty-five of the items failed to secure the approval of 75
per.cent or more of the general educators.

It seems reasonable to conclude that industrial arts specialists
attach more importance to mechanical knowledge.than do general educators.

It seems reasonable also to conclude that the specialized background of
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people who teach and supervise industrial arts may cause them to overvalue

items of mechanical knowledge as general education goals.

3. Curriculum Emphasis of Mechanical Knowledge Items

Correlation between importance in general education and emphasis in

industrial arts courses.-- The responses of the jurors indicate, in gen-

eral, that those items which were considered important in general education
were also considered appropriate for emphasis in industrial arts. The cor-
relation between the two kinds of responses (columns 5 and 6 in Table 9)
was 0.89. The arithmetic mean of the percentage of responses for impor-
tance of the items in general education was 78; for emphasis in industrial
arts the mean percentage was 72.

In order to save space, and because the rank order of items for empha-
sis in industrial arts is so similar to the rank order of items in impor-
tance, a separate table is not shown here. In the following paragraph the
few items which deviated markedly in the two rankings will be listed.

Items less favored for industrial arts emphasis.-- Not all items which

were considered important in general education were given the same degree
of consideration as industrial arts goals. The item pertaining to the
principle of the inclined plane, for example, ranked twelfth in importance
in general education and ranked only forty-third for emphasis in industrial
arts. The item concerned with the mechanical advantage of levers ranked
eleventh in importance but only twenty-fifth for industrial arts emphasis.
In Table 10 following are shown those items which ranked ten or more places

higher in importance than in industrial arts emphasis.



Table 10. Items of Mechanical Knowledge Which Ranked Ten or More Places
Higher in Importance in General Education than in Industrial
Arts Emphasis

Per Cent of R dent
R £ Ra f r Lent o espondents
I:zﬁ gn Itgﬁ ?or Who Checked Item for
Abbreviated Impor- [Emphasis Rank Industrial Arts Emphasis
Ttem tance in in Differ=- | general |Supervis- |General
General |[Industrial | €nce Educa- | ors and | Metal-
Education Arts tors Teacher work
Trainers Teaghers
@) (2) (3) (L) (5) (6) (7)
Mechanical
advantage of
leversSeesesceesqd 11 25 14 77 86 63
Mechanical ad-
vantage of in-
clined planc...4 12 L3 31 76 59 50
Waste of
frictioNeecsscesed 17 27 10 70 86 67

It will be seen that the responses of the general educators were more
favorable than those of the teachers for emphasizing the items in indus-
trial arts; but, as was found in all parts of the check list, the super-
visors and teacher trainers tended to check more items for industrial arts
emphasis than either of the other juries. The item pertaining to mechani-
cal advantage of the inclined plane was a notable exception. It is quite
possible that because that item was worded as a physical science principle
rather than as an industrial application, its appropriateness as an indus-
trial arts goal was not immediately apparent.

Certain items of mechanical knowledge ranked noticeably higher in

industrial arts emphasis than in importance in general education. These
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items are shown in Table 11, below.

Table 11. Items of Mechanical Knowledge Which Ranked Ten or More Places
Higher in Industrial Arts Emphasis than in Importance in Gen-
eral Education

e

Per Cent of Respondents
?::ﬁ :Ifl }I‘:gﬁ i’,gr - Who Checked Item for
7 Industrial Arts Emphasis
Abbr;:iated tImpor; ‘Em§h231s Differ- _EE;E;3§#§EEE;;I§:'General
en Gﬂncealn 1nt ?ags- SRes Educa~ | ors and | Metal-
Egnegt' A;i tors Teacher work
i 8 Trainers |Teachers
(1) (2) (3) (&) (5) (6) (7)
Use of ahrasiVe? 20 10 10 60 95 92
Meaning of '
malleabilityeess 23 12 11 75 86 83
Applications of -
malleabilityesesl 27 17 10 75 82 a3
Meaning of
tenacityeeseeses| 33 23 10 75 73 79

The relationship of these items to industrial applications is probably
more apparent than the relationship of the three items in Table 10, which
ranked higher in importance than in industrial arts emphasis. The items
in Table 10 apparently were not considered as vital industrial arts goals.

In Table 11 it will be seen that the industrial arts specialists-—-
industrial arts supervisors, teacher trainers, and teachers--tended to
support the items for emphasis in industrial arts more frequently than
did the general educators.

Emphasis in other courses.-- As indicated earlier, it was surprising

to note that so few jurors, relatively, checked the items of mechanical
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knowledge as important in general education. In view of the fact that
the items are of a physical science nature, it was even more surprising
to note that these items were checked so infrequently for emphasis in
other courses. (See Table 9, pages 72-80.) Onl& six of the fifty-one
items were checked for emphasis in courses other than industrial arts by
66 per cent or more of the jurors. These items are shown in Table 12,
below.

Table 12. Items of Mechanical Knowledge Which Were Checked for Emphasis

in Courses Other than Industrial Arts by 66 Per Cent or More
of the Jurors

Per Cent of
?:nk ?f Respondents
I o 23 Abbreviated Who Checked
tmpor— Item Item for
ance Emphasis
(1) (2) (3)
2 Care of oily rags to prevent fire€eecsccescccececansl 68
6 Heat conductivity of metalSeeccescscccscccccscssscsy 70
11 Mechanical advantage of leverS.cecscscscccccsccscsy 70
12 Mechanical adv&ntage of inclined plane.....'......l 76
17 “‘raste Of friction..........-....I..l.....ﬁ.‘......l 70
18 Function of gearing in machineS.eeececescccecccsceed 68

Zmphasis in out-of-school situations.-- While none of the items was

checked for out-of-school emphasis by more than half the respondents, each
of the items was so checked by at least 6 per cent. The items which were
checked most frequently for emphasis out of school--or to be learned out

of school--appear to be concerned with lubrication of machines. The item



most frequently checked (ranked second in importance in general educa-
tion) for out-of-school emphasis was concerned with the disposal of oily
rags. The responses of the jurors with regard to emphasis of the items
in out-of-school situations are shown in Table 9 on pages 72-80. It is
highly probable that many of these items were checked as important and
for out-of-school emphasis because they are traditional content of spe-
ialized, vocational-technical instruction which is offered in evening

schools or on a part-time basis to adults.

4o Items Pertaining to Metals and Metallurgy

Large number of items considered.-- The analysis of industrial arts

teaching materials revealed fifty-three separate items which were classi-
fied in the category "Metals and Metallurgy." This is the largest number
of items in any section of the check list. According to the definition
of general metalwork used in this study (page 18) metals are a major con-
cern. Since so many items of this nature were found in textbooks, bulle-
tins, and courses of study, it is apparent that the writers of industrial
arts teaching materials subscribe to that definition.

Items ranked in order of importance.-—— In Table 13 the fifty-three

items pertaining to metals and metallurgy contained in Part C of the check
list are given in the order of their importance in general education, as
determined from the responses of the jurors. None of the items was uni-
versally accepted, but twenty-three of the items were considered important
in general education by 75 per cent or more of the respondents. Five of
the items were rejected as unimportant by more than 50 per cent of the

Jjurors. As with other parts of the check list, the respondents tended to




Table 13. Items Pertaining to Metals and Metallurgy Arranged in Order of Importance in General
Education, as Determined by 20 General Educators, 22 Industrial Arts Supervisors and
Teacher Trainers, and 24 General Metalwork Teachers

s

Items Pertaining to
Metals and Metallurgy

Per Cent of Jurors Who Checked
Item as Important

Per Cent of Jurors Who Checked

Item for Emphasis in

General
Educa-
tors

Supervis=
ors and
Teacher

Trainers

General
Metal-
work

Teachers

A1l
Respond=-|
ents

Indus-
trial
Arts

Other
Courses

Out=of=-
School
Situa-
tions

(1)

(2)

(3)

(4)

(5)

(6)

(1)

(8)

l.

Le

5.

4n alloy is a mixture of two or
more metals melted together to
form a new metal which is dif-
ferent from the original metals.
For example, copper and zime
melted together make brass.ecee.

Aluminum is relatively light in
weight, noncorrosive, and a good
conductor of heat. It is used
for cooking utensils because of
its conductivity; for automobile
and aircraft parts when light
weight is essential.ccccccccccss

lLead is a relatively heavy, soft
metal, useful industrially be-
cause water and air have little
effect on it. Workers with lead
must use precautions to avoid
lead pOisoning..-.-..u.......-.

When a steel tool (a knife, for
example) is heated by grinding
or by other means until it ap-
pears blue, its hardness has
been lost. To make the tool
usable again, it should be re-
hardened and tampered........-u

Any mineral body from which
metal can be obtained profitably
1% Known B8 Or8..essvsssnsssssss
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90

95

90

95

100

100

95

95

77

92

96
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96
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95.3

94.0

93.6

89.3
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Table 13. (continued)

e — ————

Per Cent of Jurors Who Checked

Item as Imj

portant

Per Cent of Jurors Who Checked
Item for Emphasis in

Items Pertaining to
Metals and Metallurgy

General
|[Educa-

tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out=of=
School
Situa-
tions

(1)

(2)

(3)

(&)

(5)

(6)

)

(8)

6.

7.

9.

10.

11.

Copper is a relatively pure
metal refined from copper ore
which is mined extensively in
Arizona, Michigan, Montana, and
Utah. It is very ductile and
malleable and its most important
property, industrially, is its
conductivity of electricityeece.

Zinc is a relatively hard, brit
tle, bluish-white metal used as
a coating for iron and steel for
protection against oxidation.
Zinc~-coated steel appears flaky
or spangled and which is known
as galvanized iron, is used for
wire fences, eaves troughs,
metal roofing, etCecececcscccecs

Nickel does not rust, and it
takes a high polish. It is com=
monly used for plating iron and

brass-...........l..............

Bronze, and alloy of copper and
tin, is harder than brassS.......

Tin-plate is sheet iron or sheet
steel coated with tin to prevent
mstirlg...l..l.......‘l..l....l.

Iron does not exist in nature in
a pure state but is combined

chemically with oxygen, carbon,
sulphur, and with other minerals
such as phosphorous and manga-
nese. The combination is called
iron Or8essssess

80

T3

80

70

95

95

91

95

95

T

88

83

88

79

88

92

86.0

8L.7

8L4.7

84.3

83.0
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Table 13. (continued)

Per Cent of Jurors Who Checked Per Cent of Jurors Who Checked
portant

Item for Emphasis in

Item as Im

Items Pertaining to
Metals and Metallurgy

General
Educa-~
tors

Supervis-
ors and
Teacher

Trainers

General

Metal-
work

Teachers

All
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out~of=-
School
gitua-
tions

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

12.

13.

15.

16.

17-

Iron ore is transported large-
ly by boat from the Lake Su-

perior region to Chicago, Gary,
Detroit, Cleveland, and other
cities along the Great Lakes

where blast furnaces and steel
mills are locatedeseccecscsccecs

One of the cheapest metals,
cast iron, is used to make
such things as large pipes,
stoves, radiators, and frames
for machines which must be
large and heavy but in which
strength is not very impor-

t!mt.'....'.‘...............“

Pewter, a silvery-white alloy
of tin, antimony, and copper,
is used for tableware and

ornamental Workesecsossescesses

Iron ore becomes pig iron when
the impurities are burned out
in the blast mrna-ceooooaoao.-

Many shop products are of lit-
tle use unless they are heat
treated, i.e., hardened, tem-
pered, annealed, or case hard-

ened‘....'.....-‘.......'.'-..

Because it is ductile and mal-
leable, steel can be drawn
into wire and rolled into
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91
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Table 13. (continued)

Per Cent of Jurors Who Checked

Item as qugrtant

Per Cent of Jurors Who Checked

e

Item for Emphasis in

Items Pertaining to
Metals and Metallurgy

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out=-of-
School
Situa-
tions

(1)

(2)

G)

(&)

©))

(6)

(7)

(8)

18.

19.

20.

21.

22,

sheets, bars, rods, and vari-
ous commercial shapes such as
I"'bems m I‘&ilro&d r&ils. LR

Most iron ore is mined by the
open~pit process in which hugh
shovels are used to strip off
the upper layers of earth and,
after the ore is loosened by
blasting, the shovels are again
used to scoop up the ore and
load it into railroad cars.....

While machines are used in lab-
oratories for the precise test-
ing of materials for hardness,
a rough test can be made in the
shop with a file. If the file
cuts the steel, it is soft; if
the file slips over the steel,
it is hard...........".....ci.

Pure silver, which is the best
known electrical conductor, is
a relatively soft metal. It is
usually alloyed with copper to
make it usably hardeecececcccecscss

Pig iron, which is hard and
brittle, is used in making cast
iron, wrought iron, and steel..

Depending on its carbon content,
steel may be soft enough to
bend readily, hard enough to
cut glass, or resilient enough
to be used for sSpringS.ecccscss
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Table 13. (continued)

o
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Per Cent of Jurors Who Checked Per Cent of Jurors Who Checked

Item for Emphasis in

Items Pertaining to
Metals and Metallurgy

Item as Im

rtant

Educa-
tors

General

Supervis-
ors and
Teacher

Trainers

General

Metal-
work

Teacher

A1l
Respond-
ents

Indus-
trial
Arts

Other
Courses

Out=-of-
School
Situa-
tions

(1)

(2)

()

(&)

(5)

(6)

(N

(8)

23.

25.

26.

27.

By the addition of other in-
gredients while it is molten,
steel may be given additional
physical properties. For ex-
ample, tungsten increases
hardness; chromium makes steel
stainless. These are known as
alloy 8t80l18.cscccsssscossscsee

Wrought iron is useful for
parts which must withstand
shock, blows, and jerks--such
as railroad equipment and farm

tools........l.......l LR R B R B NN N

When high carbon steel is
heated red hot and quickly
cooled it is hardened. When,
after it is hardened, it is
heated to between 400° and 400°
F. and quickly cooled, it be-
comes toughened (tempered).
When it is heated red hot and
allowed to cool slowly, it
loses its hardness, i.e., it
19 ArneRlnd..ccanvescansnunenns

Pure iron is not used in indus-
try because it is too softeecece.

Steel made from well selected
scrap is just as high in quali-
ty as steel made from new pig
iron, and the use of scrap
conserves the ore supplye.eeeeces
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Table 13. (continued)

Items Pertaining to
Metals and Metallurgy

Per Cent of Jurors Who Checked
Item as Important

Per Cent of Jurors Who Checked
Item for Emphasis in

A1l
Respond~-
ents

General| Supervis-|General
Educa- | ors and | Metal-
tors Teacher work

Indus-~ Out=of-
trial School
Arts Situa-

Other
Courses

(1)

Trainers | Teachers
(2)

(3) (&) (5)

tions
(6)

(7) (8)

28.

30.

32-

33.

Cast iron is usually gray in
color and crystalline in tex-

tum...............'..........

A machinists' handbook con-
tains most of the technical
information regarding charac-
teristics and working proper-
ties of metals, as well as
machine operation formulas
and information concerning
fastening devices and other
useful data for the metal-

WOrkeXssssesanenisasonisnaisens

Eight per cent of the earth's
crust contains aluminum; but
the refining of bauxite, the
most important ore, is an ex-
pensive process which re-
quires much electrical energy.

Babbit, an alloy of antimony,
copper, and tin, is used for
bearings for machines and
eng:i,nes...."..-..............

Hematite and other iron oxide
ores are found in the Lake Su-
perior region, particularly in
Minnesota, Michigan, and Wis-

consin...........'............

Malleable iron is cast iron
which has been made soft,
tough, strong, and malleable
by baking in an oven from six

50 82 88 72.3

77 79 72.0

77 83 71.7

71 67.7

50 68 83 67.0
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Table 13. (continued)
e ———————————————— e
Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to
Metals and Metallurgy

Per Cent of Jurors Who Checked
Jtem for Emphasis in

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

Al
Respond=-
ents

Indus-
trial
Arts

Other

Out=of-
Sehool
Situa-
tions

(1)

(2)

(3)

(&)

(5)

(6)

(7)

(8)

to eight days, thus burning
out some of the carbon, and
then cooling sloWlyeceesceccess

When molten, iron is very
fluid; steel is less fluid and
is sticky. Consequently, iron
is frequently cast into desired
shapes; steel is more often
forged, stamped, or machined,
although it is sometimes cast..

Wrought iron, which is purified
pig iron, contains almost no
carbon; it is very tough and
malleable and it bends easily,
cold or hotesecesscescsccncccnne

Steel comes from the furnace in
the form of large ingots which,
after reheating, are passed
through huge rolls in a rolling
mill and rolled into various
sh.awa...l.............l.l..l.l

Cold rolled and cold drawn
steel have a smooth, bright
finish, are very exact in size,
and may be used without further
Ilachining or finishing.o..no-oo

The highest grades of steel are
made in a crucible or electric
furnace in which air or furnace
gases do not touch the metal
and in which it is possible to
control the content of the
steel very accuratelyecceccceee
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Table 13. (continued)
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Items Pertaining to
Metals and Metallurgy

Ttem as Im

portant

Per Cent of Jurors Who Checked

Per Cent of Jurors Who Checked
Item for Emphasis in

General

[Educa-

tors

Supervis-
ors and
Teacher

Trainers

General
Metal~
work
Teachers

A1l
Respond~
ents

Indus-
trial
Arts

Other
Courses

Out-of=-
School
Situa-
tions

(1)

(2)

(3)

(&)

(5)

(6)

(7

(8)

L3.

When being ground, different
kinds of steel give off dif-
ferent appearing sparks which
provide a means of roughly
determining what kind of steel
it is. For example, high-
carbon steel gives off white
sparks which explode into
bright stars....O".........l..

Cold rolled and cold drawn
steel are made from hot rolled
steel by removing the scale and
bathing the steel in acid and
then rolling or drawing it

cold...........................

When wrought iron or low carbon
steel in contact with carbonif-
erous material such as leather
scrap is heated to a bright red
heat, the surface of the metal
absorbs carbon and thus gains
the properties of high-carbon
steel. This process is called
case h&rdening..............u.

The rolling of steel refines it
grain and increases its tensile
strensth..........i.lD.........

In the steel-making process,
carbon is removed from the mol-
ten metal through combining
with oxygen in the hot air,
which is blown across the
surface; and limestone added
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62.7

61-7

(continued on next page)

64

61

63

58

10

21

21

27

10

11



Table 13. (continued)

Items Pertaining to
Metals and Metallurgy

Per Cent of Jurors Who Checked

Jtem as Important

Per Cent of Jurors Who Checked

Item for Emphasis in

General
Educa-
tors

Supervi s-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

All
Respond-
ents

Indus- Out-of-

trial School
Arts Situa~

tions

Other
Courses

(1)

(2)

(3)

(&)

(5)

(6) (7) (8)

L5

‘{.6.

L7.

LB,

to the charge acts as a
scavenger, removing impurities
through chemical reactions....

Hematite, which is a red oxide
of iron, is the most important
iron ore because of its high
iron content and ease of
ﬂmelting.."...-..............

Steel is iron combined with
from .05 per cent to 1.7 per
cent Or c“bon..l.....'....-..

Various colored oxides form on
steel at different tempering
heats, i.e., yellow at 430°,
blue at 5706. These colors
may guide the worker in draw-
ing temper to the desired
dagree................-.u.-..

Steel can be made in an open~
hearth furnace from 100 per
cent pig iron, from 100 per
cent serap, or from a mixture
of new pig iron and scrap

steel....I.'..'I........".'..

To identify steels in specifi-
cations, the S.A.E. steel num-
bering system is used. TFor
example, 1020 means ordinary
carbon steel containing .20
per cent of carboNeececececees

25

45

35

20

35

25

55

73

3

64

75

75

71

79

63

71

58.3

58.0

57.3

57.0

53.3

(continued on next page)

56 33 15

L9 36 7

56 36 13

57 13 9

52 21 13

50 9 10
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Table 13. (concluded)

Per Cent of Jurors Who Checked Per Cent of Jurors Who Checked
Item as Important Item for Emphasis in
Items Pertaining to General |Supervis-|General | All Indus- Out-of-
Metals and Metallurgy Educa- | ors and | Metal- |Respond-| trial [ Other | School
tors Teacher work ents Arts | Courses | Situa-
Trainers |Teachers tions
(1) (2) (3) (&) (5) (6) (7) (8)
49. It takes about two tons of ore,
one ton of coke, one~half ton
of limestone, and four tons of
air to make one ton of pig
iron..-...............-.-.-.-. 30 61& 63 5203 46 27 9
50. Pig iron contains about 93 per
cent pure iron, 3 to 5 per
cent carbon, and from 5 to 7
per cent silicon, sulphur,
phosphorous, and manganese.... 30 55 63 L9.3 INA 33 6
51. During the steel-making proc-
ess the metal may be sampled
and additional ingredients
added to produce the type of
Steal deairedouoononol.o.ooooo 25 68 5‘6 ‘&9.0 &6 22 12
52. Limonite, a yellow oxide of
iron, is found in various
parts of the United States
but it is seldom used because
the iron content is relative-
ly low. It is used in Europe,
however, where hematite is
less plentiful than in this
co‘mtz'y..'......l............. 50 32 5“‘ 45.3 Bh 3&- 8
53. Cast iron contains from 1.50
to 6.00 per cent of carboNeess 15 50 54 39.7 38 14 5
Hew.....ll..'l..lll‘t...‘. 57 ?9 79 71-7 68 38 ]Jl.




reject, for general education purposes, those items which were most techni-
cal or detailed.

Reliability of the data.-- As noted in Table 2 on page 31, the weighted

average of the coefficients of correlation of the responses of the three
juries concerning the fifty-three items pertaining to metals and metallurgy
was 0.82. The coefficients of correlation for the three separate juries
were as follows: general educators, 0.88; supervisors and teacher trainers,
0.77; and general metalwork teachers, 0.82.

Nature of highest-ranking items.-~ Only four items--the ones ranked

first through fourth in Table 13 on page 9l--were checked as important in
general education by 90 per cent or more of each of the three juries.

Items ranking sixth and seventh were checked as important in general educa-
tion by 80 per cent or more of each of the three juries. These highest-
ranking items appear to have no particular common denominator other than
their being a part of the general knowledge of average well-educated adults.
With the exception of the item pertaining to heat treatment of a steel tool
(item ranked fourth), each of the highest-ranking items was merely a defini-
tion. It is interesting to note that while definitions of alloy, aluminum;
lead, copper, and zinc ranked high, those items pertaining to iron and
steel, the most widely used metals, ranked considerably lower. Items per-
taining to iron and steel probably would have been checked more frequently
as important if they had not been presented in such detail. Those items
appeared in the check list ip such detailed form because they are given
such detailed treatment in industrial arts teaching materials. It is sug-

gested that if items concerned with iron and steel had been worded simply

Boston University
School of Education
Library



as definitions they would have ranked as high or higher than the items con-
cerned with other common metals.

Difference in responses of the three juries.-- Figure 2 on the next page

shows that, in general, the juries of supervisors and teacher trainers and
of general metalwork teachers gave stronger support, for general education
purposes, to items pertaining to metals and metallurgy than did the jury

of general educators. The average of the responses of the industrial arts
specialists was 75 per cent. The responses of the general educators averaged
only 57 per cent.

Figure 2 also reveals the fact that in regard to certain items the jury
of general educators tended to oppose the judgment of the other two juries.
Ttems 43, 46, and 53, for example, the ones checked least frequently by the
general educators, were given noticeably greater support as general educa-
tion goals by the industrial arts specialists. These items all pertain to
the chemistry of steel.

Ttems 20, 26, 27, and 52 are low-ranking items which the general edu-
cators tended to favor about as strongly as did the industrial arts special-
ists. Item 26, pertaining to pure iron, has no industrial significance.
Item 27 has to do with conservation. Item 20 implies acquaintance only
with the metal silver. Item 52 is concerned with low-grade European ores
and has obvious social, economic, and political implications.

As in other parts of the check list, the general educators tended to
reject, as general education goals, the items that were most technical.

The responses of the industrial arts specialists, on the other hand,

seemed to indicate that they accept many technical concepts in the area
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of metals and metallurgy as appropriate in general education. In Table
14, below, are listed those items which were considered important by 80
per cent or more of the industrial arts specialists but which were checked
for importance by 60 per cent or fewer of the general educators.

Table 14. Items Pertaining to Metals and Metallurgy Which Were Considered

Important by 80 Per Cent or More of the Industrial Arts Spe-
cialists* and by 60 Per Cent or Fewer of the General Educators

Rank of Per Cent Per Cent of
Item in of General | Industrial Arts
Impor- Abbreviated Educators Specialists
tance in Item Who Checked Who Checked
General N Item As Item As
Education Important Important
&) =) G )
16 Importance of heat treatment.. 60 ; 91
19 Rough test for hardness of
metals.-............0....‘.... 60 89
21 Products made from pig iron... 60 8l
22 Effect of carbon content on
SteelC.-..........'-.......... 60 82
23 Nature of alloy ste€lSeeeccceces 60 82
2&_ Use Of Wrought irono-......... 55 81].
25 Knowledge of heat treatment
PrOCESS€Seessscsssnasensssssss 55 8L
28 Appearance of cast ironecessss 50 85

*Average of responses of supervisors and teacher trainers and of
general metalwork teachers.
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5. Curriculum Emphasis of Items Pertaining to
Metals and Metallurgy

.

Correlation between importance in general education and emphasis in

industrial arts courses.-- In general, each of the jurors who checked an

item in Part C of the check list as important in general education checked
the item again for emphasis in industrial arts courses. For that reason,
responses of the separate juries with regard to curriculum emphasis of
the items pertaining to metals and metallurgy were not shown in Table 13
on pages 91-100. For all practical purposes, Table 13 ranks the items in
order of emphasis in industrial arts courses.

Ttems less favored for industrial arts emphasig.-— Those items for

which the two types of responses (emphasis in industrial arts and impor-
tance in general education) varied by more than one vote in any of the
three juries are shown in Table 15 on the next page. Percentages are used
instead of numbers because the juries were of different sizes. Since each
of the items in Table 15 was checked more often as important in general
education than it was for emphasis in industrial arts, those items proba-
bly are less favored for emphasis in industrial arts than in some other
area of the curriculum.

Only the item about transportation of iron ore was, in effect, voted
out of the industrial arts field by as many as three members of each of
the juries who had checked the item as important. (See item ranked eleventh
in Tables 13 and 15.) Other items which were rejected by as many as two
members of each of the Juries who had checked the items as important were

those defining a metallic ore (item ranked fifth); giving the geographical



106

Table 15. Items Pertaining to Metals and Metallurgy Which Failed by Two or More Votes in One of the Juries
to Receive the Same Number of Votes for Emphasis in Industrial Arts as Was Given the Item for
Importance in General Education

— ————— ——— m—

Rank of Per Cent of General | Per Cent of Supervisors| Per Cent of CGeneral
Item in Educators Who Checked land Teacher Trainers Who |Metalwork Teachers Who
Impor- L Iten Checked Item Checked Item
tance in Abbreviated Important For Important For Important For
General Item in fmphasis in in Enphasis in in Emphasis in
Educa~ General | Industrial | General | Industrial General | Industrial
tion Education Arts Education Arts Education Arts
@ ) 3) (&) G) & (@) (&)
l Definition Of alloy.nna.-o.o. 95 80 lOO 100 92 ?2
5 PDefinition of metallic ore... 95 55 77 68 96 83
6 Physical properties of copper
Bnd Where it is n’ine‘d.....'.. 80 65 95 95 88 83
11 [nformation about iron ore... 80 65 77 bl 92 79
12 Iransportation of iron ore... 80 50 47 68 92 88
18 Description of mining process 70 60 32 77 g8 83
26 Non-industrial nature of pure
Lmn..'..'......".O--....... 70 65 w 68 71 63
27 Use of scrap steeleececccscsss 70 60 73 64 79 71
32 Whare iron ores are found.... 50 4O 68 59 83 ™
43 HOW steel is madeececssssccns 25 25 82 77 75 67
Ll [mportance of hematite ore... L5 40 55 L5 75 63
L7 Gteel making in open hearth
fUrN&Cessesssssssnsnasssssnss 35 35 ?3 611- 63 58
48 B«AsE. steel numbering system 25 25 6L 55 L 71
L9 [ngredients of pig iroNeesce. 30 25 64 59 63 54
52 [nfrequent use of limonite
DI'Csesssssssssssssssssssnssns 50 50 32 18 52& 38




location of iron ores (item ranked thirty-second); and discussing the
economy of scrap iron (item ranked twenty-seventh).

Emphasis in other courses.-- Seven of the fifty-three items pertain-

ing to metals and metallurgy were checked by 66 per cent or more of the
respondents for emphasis in courses other than industrial arts as well as
in industrial arts. Those items are shown in Table 16, below. It is quite
likely that those items which ranked high in importance and were also
checked for emphasis in other courses may well suggest to curriculum work-
ers fruitful areas for coordination between various subject matter fields.
Table 16. Item Pertaining to Metals and Metallurgy "hich ere Checked for

Emphasis in Courses Other than Industrial arts by 66 Per Cent
or More of the Jurors

Per Cent of
Rank ?f Respondents
Item in Abbreviated Who Checked
Impor- Ttem Item for
tance Emphasis
(1) (2) (3)
1 Definj.tion Of alloy....-I.....I..-.-.I.......I.I.. 76
2 Nature and use of aluminUMescecsccsssssvescccsacns 69
3 Nature and use of lead in industryeeecescccccecses 69
5 Definition of metalliC Or€ecececsecccecccccacecsss 75
6 Physical properties of copper and where it is
Hﬂ_ned....."...ll..I.t..‘.—.‘OC..-C...I!.IOOOOI.l. 67
11 Chemical nature of iron OreS.ccssscescscessssscssse 70
12 Transportation of iron ore on Great LakeS.eesesess 67




It. should be pointed out again (see discussion on pages 101-102)
that items concerned with iron and steel probably should be given as much
or more consideration in other subjects than some of the items in Table
16.

Emphasis in out-of-school situations.-- Comparatively few of the re-

spondents felt that the items pertaining to metals and metallurgy that they
checked as important in general education should be emphasized in out-of-
school situations, or left to be learned outside the influence of the
school. Examination of Table 13 on pages 91-100 reveals the fact, how-
ever, that each item, in the opinion of some respondents, deserves out-of-
~school consideration.

Substantially more supervisors and teacher trainers than general metal-
work teachers and general educators checked items for out-of-school empha-
sis. No item was so checked by more than three of the twenty general educa-
tors, and only three of the items received that many votes. No more than
six of the twenty-four teachers voted for out-of-school emphasis of any
one item, and only two items received that many votes from the teachers.

Any substantial support of the items for out-of-school emphasis, then, came
from the supervisors and teacher trainers. No particular item stood out as
being significantly more important than the others for emphasis in out-of-

school situations.



6. Summary

l. Thirty-two of the fifty-one items of mechanical knowledge were con-
sidered important in general education by 75 per cent or more of the re-
spondents. The industrial arts specialists, on the whole, tended to accept
more items ‘as important than did the general educators. Even so, all but
five of the items were checked as important by 50 per cent or more of the
general educators.

2. Items concerned with lubrication were considered important by the-
largest number of respondents.

3. Knowledge of physical properties of metals were checked as impor-
tant general education goals by more than 75 per cent of the respondents.

L. Items pertaining to knowledge and/or application of fundamental
mechanical principles ranked relatively low in importance as general edu-
cation goals.

5. In general, the mechanical knowledge items which were considered
important in general education were also considered as appropriate indus-
trial arts goals. Notable exceptions were the items concerned with
mechanical advantage of levers and of the inclined plane.

6. Although many of the mechanical knowledge items represent content
of traditional physical science courses, only six of the fifty-one items
were checked by 66 per cent or more of the jurors for emphasis in courses
other than industrial arts.

7. None of the items of mechanical knowledge was checked by as many
as half the respondents for emphasis in out-of-school situations.

8. Only four of the fifty-three items pertaining to metals and metal-



lurgy were checked as important in general education by 90 per cent or
more of the jurors. Only eighteen of the items were checked as important
by 80 per cent or more of the jurors. The highest-ranking items seem to
have no common denominator other than their being a part of the general
knowledge of average well-educated adults.

9. The industrial arts specialists tended more frequently than the
general educators to accept items pertaining to metals and metallurgy as
general education goals.

10. For the most part, the items pertaining to metals and metallurgy
which were considered as important in general education were also con-
sidered as appropriate industrial arts goals. Only seven of the items were
checked by as many as 66 per cent of the respondents for emphasis in courses
other than industrial arts. Comparatively few of the respondents checked
items for emphasis (or left to be learned) outside the influence of the

school.

b
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CHAPTER V

IMPORTANCE OF SHOP WORK IN GENERAL EDUCATION

1. Introduction
Content of this chapter.-- The preceding two chapters dealt with those
items in the check list which were largely informational in nature. In
this chapter will be reported those aspécts of the investigation which deal
primarily with shop or laboratory work, Parts D through M of the check
list.

Items generally accepted as industrial arts.-- In general, each of

the jurors who checked a shop work item as important in general education
also checked the item for emphasis in industrial arts. In most instances,
the number of jurors who checked items for emphasis in courses other than
industrial arts or in out-of=-school situations was so small as to be negli-
gible. For that reason curriculum emphasis is not shown in the tables used
to report the responses of the jurors to each group of items. Any items
which received noticeable support for emphasis in courses or situations
other than in industrial arts will be given special consideration as indi-
cated by the data.

Items arranged in rank order.-- In the tables which follow, the items
pertaining to shop work are arranged in order of importance in general edu-
cation. Because the jurors, as a rule, checked the items for emphasis only
in industrial arts, the order of the items in the tables may be considered

o .4
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also as the order of emphasis in industrial arts courses.

2. Layout and Measuring

Relatively few jurors accepted items.-- In Table 17 the thirty items

pertaining to layout and measuring contained in Part D of the check list
are given in order of importance in general education, as determined from
the responses of the jurors. In comparison with the responses to items in
parts A, B, and C of the check list (General Information, General Mechanical
Knowledge, and Metals and Metallurgy), relatively fewer items of Part D were
acceptable to the jurors as general education goals. The mean of the re-
sponses of all jurors to the items of general information was 87 per cent;
to the items of general mechanical knowledge, 78 per cent; and to the items
pertaining to metals and metallurgy, 72 per cent. The mean of the responses
of all jurors to the items pertaining to layout and measuring was only 67
per cent.

None of the items was universally accepted as an appropriate general
education goal; and only eight of the items received the vote of 75 per cent
or more of the jurors. On the other hand, all thirty items were checked as

important in general education by 50 per cent or more of the respondents.

Items more acceptable to industrial arts specialists.-- More items
were acdepted as general education by the industrial arts specialists than
by the general educators. The average of the responses of the supervisors
and teacher trainers was 76 per cent and of the general metalwork teachers,
75 per cent. The average of the responses of the general educators, by com-
parison, was only 50 per cent. Only three of the thirty items were checked

as important by as many as 80 per cent of the general educators. Sixteen



Table 17. Items Pertaining to Layout and Measuring Arranged in Order of
Importance in General Education, as Determined by 20 General Edu-
cators, 22 Industrial Arts Supervisors and Teacher Trainers, and

21, General Metalwork Teachers

Items Pertaining to
Layout and Measuring

Per Cent of Jurors Who Checked

Item as Important

General
Educa=-
tors

Al
Respond-
ents

General
Metal-
work
Teachers

Supervis-
ors and
Teacher
Trainers

(1)

(2)

3) (&) (5)

1.

}-I-o

5

Measurements in precision work
are commonly expressed in deci-
mal parts of an inchesecsscccces

A working drawing contains all
the information needed to make
an object. It is prepared in
the language of all mechanical
operations, the shop, the draft-
ing room, and the industrial
world. It shows (1) the shape
of every part of the object,

(2) sizes of all parts, (3)
kinds of material, (4) kind of
finish, and (5) how many of
each part are wantedeecessscccsee

Dimensions of finished articles
can be only as accurate as the
measuring instruments used. Ac-

curate measuring tools and abili-

ty to use them are essential to
all precision workeeeseeceeceeeceses

Greater ability is needed to lay
out work than to run a machine.
A small mistake in layout means
that work may be cut incorrectly
&f‘_&em&rd.....-.....-...........

Manufactured articles usually
are rigidly inspected for ma-
terials, performance, finish,
measurements, and interchange-
ability. Inspection may be done

85

70

85

91 92 89.3

95 92 85.7

82 g8 83.3

86.7

77 83

(continued on next page)



Table 17. (continued)

Ttems Pertaining to
Layout and Measuring

Per Cent of Jurors Who Checked
Item as Important

Tl

(1)

6.

7-

Fe

10.

11.

12.

by both the manufacturer and
the purchaser at any stage in
the manufacturing procesS.ses.

No two manufactured pieces can
be exactly the same size. For
this reason, dimension limits—-
minimum and maximum--are usual-
ly given for precision-made
pieces. The difference between
limits is known as tolerance..

A divider may be used to lay
off or to measure distances.
This procedure is particularly
useful in measuring along ir-
regular 1ineS.cesscssccsscssasse

Centers where holes are to be
drilled should be punched with
a CEIlter MChloﬂ.‘...........

A templet, a pattern usually
made of sheet steel, is com~
monly used for marking the
shape of pieces or for marking
the location of holes and ir-
regularly shaped partSececcccecs

Layouts are made in reference
to centerlines or to baselines

Centers for holes must be laid
off in reference to at least
‘bwo mints...-........IQ'.....

The combination square may be
used as a tool to test the

General | Supervis-| General A1
Educa- ors and Metal- | Respond-
tors Teacher work ents
Trainers |Teachers
(2) (3) (4) (5)
70 91 71 773
70 86 71 757
60 77 88 75.0
55 82 88 7540
L5 82 92 73.0
55 T 83 TL.7
55 82 75 70.7

(continued on next page)
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Table 17. (continued)

'“%

Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to
Layout and Measuring

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1
Respond-
ents

(1)

(2)

(3)

(4)

(5)

13.

14.

15.

16.

17.

squareness of stock, as a mark-
ing gauge to lay off lines paral-]
lel to a straight edge, as a
plumb or level, as a tool to lay
off 45° angles from a straight
edge, and as a height or depth

gailge......C.......I.....I.‘l...

A micrometer caliper measures
in thousandths of an incheeeese.

In quantity manufacturing, every
piece may be inspected or pieces
may be inspected only periodi-
cally or at random. One hundred
per cent inspection insures
greatest possible uniformity of
producCteicssssssessscacsnncssncse

In setting a divider, one point
is placed into one of the
scribed lines on the rule and
the other point is moved until
it exactly splits the other
line at which the divider is

16 be Sobeseversosessnnasersnene

For accurate measurements with
the steel scale, the scale must
be held on its edge so the gradu-
ations are in contact with the

surface being measuredececcscsss

Because precision manufacturing
is costly and time consuming

it is wasteful to specify
closer tolerances than are
necessary’..-l...'......I......Il

50

L0

65

50

L5

65

&4

73

i

77

77

(continued on next page)

79

92

67

75

75

54

70.3

69.7

68.3

67.3

85.7

65.3



Table 17. (continued)

Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to
Layout and Measuring

General
Educa-
tors

Supervis=-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

All
Respond-
ents

(1)

(2)

(3)

(&)

G

18.

An outside caliper is used to
measure the diameter of round
stock; an inside caliper is

used to measure inside dimen-
sions. The caliper is adjusted
to a given dimension and then
slipped over the work, or it is
slipped over the work first and
the distance between points
then measuredesccccscesscccccssfe

Thickness or feeler gauges con-
sist of a series of blades of
varying thickness. This gauge
is used to check the clearance
between two surfaceS.eccececcsces

If metal bluing or copper sul-
phate is applied to a bright
metal surface before a layout
is made on it, the scribed
lines will be more legible.
Rough surfaces may be covered
with white chalkeecsscocscccnsce

Work to be laid out with the
greatest precision is placed on
a surface plate which has an
extremely flat surface and
which serves as a true founda-
tion upon which the word and
gaUges MAY IreStececccccccccncss

The common layout instruments
are the scriber, a sharp-

pointed tool which incises a
fine line when drawn across a
metal surface; dividers, for

L0

L5

45

Tr

77

73

73

(continued on next page)

79

T

75

67

65.3

64.3

62.7

61.7




Table 17. (continued)

Ttems Pertaining to
Layout and Measuring

Per Cent of Jurors Who Checked
Item as Important

(1)

23.

2L.

25.

26.

drawing arcs and circles:
hermaphrodite calipers for
scribing lines parallel to an
edge and for locating centers
of round stock: trammel
points, for scribing large
arcs and circles; and surface
and height gauges, for scrib-
ing lines on vertical sur-

faces...-...l.....l.......'..

Gauge blocks are used for the
accurate setting of gauges
and measuring instruments,
the blocks themselves being
accurate to within two mil-
lionths of an incheceeccscccee

Since measurement with a
micrometer depends to an ex-
tent on the touch of "feel™
of the mechanic and since the
touch of mechanics vary, a
micrometer should be set by
the person who is to use it..

Fixed gauges of the go-not-go
type are used to determine
whether measurements are
within specified limitSececees

A vernier scale on such
instruments as the caliper
scale and height gauge per=-
mits measuring in thousandths
of an inch. On the microme-
ter caliper, which already

General |Supervis-| General A1
Educa~- | ors and Metal- | Respond-
tors Teacher work ents

Trainers |Teachers
(2) (3) (L) (5)
30 73 5 59.3
35 6L 75 58.0
L0 6L 67 57.0
35 68 67 5647

(concluded on next page)



Table 17. (concluded)
S T e e e e e T e e S e T T T T T

Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to
Layout and Measuring

(1)

27.

28.

29.

30.

permits measuring in thou-
sandths, the vernier makes
possible readings in ten thou-
sandths of an inchesecscvosess

A1l micrometers read alike.
The screw has L0 threads per
inch, thus each turn of the
screw equals 1/40 of an inch
(.025) and 1/25 of a turn equals
1/1000 of an inch (.001).
Graduations on the barrel and
thimble permit the user to de-
termine how many turns and
parts of turns of the screw
have been madC.ieecesssssccscsas

Welds are tested by the fol-
lowing devices: guided bend
test, free bend, tensile,
visual inspection, magnaflux—
ing, and X-raying. Because
most of the tests destroy the
work or are expensive and time
consuming, the skill of the
operator is tested periodically
and he is depended upon to do
g200d WOTrKssssssaassscssassssee

An angle plate is used in lay-
out work to hold work at a
right angle to a surface plate

To lay off a line perpendicular
to a line on-a surface, the
work may be placed on an angle
plate so that the surface line
is perpendicular to the surface
plate, and the desired perpen-
dicular line then scribed with
a surface gauLCesscecsscccsess

Mea.n-...lolt....c.....c.b..

General |Supervis~— |General A1l

Educa- | ors and | Metal- |Respond-
tors Teacher work ents

Trainers |Teachers

(2) (3) (L) (5)
35 6L 67 5543
35 59 67 53.7
30 73 58 537
25 6l 67 52.0
25 6L, 63 50.7
50 76 75 67.0




of the items failed to be checked as important by as many as 50 per cent
of that jury. Only one item (item ranked 27 in Table 17, page 118) was
checked as important in general education by fewer than 60 per cent of
either of the juries of industrial arts specialists.

Reliability of the data.-- The responses of the general educators

tended to be slightly more reliable than those of the other two juries.
As computed by the rank-difference method, the coefficient of reliability
of the responses of the general educators was 0.89. For the responses of
the general metalwork teachers the coefficient was 0.79. For the super-
visors and teacher trainers the coefficient of reliability was only

0.71.

Curriculum emphasis of the items.-- Only two of the thirty items

pertaining to layout and measuring were checked by one-fourth or more
of the members of each of the three juries for emphasis in courses other
than industrial arts. These were items ranked 1 and 5 in Table 17 on
page 113. The responses of the juries with regard to those two items
are shown in Table 18 on the following page. No item was checked for
emphasis in out-of-school situations by more than three members of each

of the three juries.
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Table 18. Items Pertaining to Layout and Measuring Which Were Checked for
Emphasis in Courses Other than Industrial Arts by 25 Per Cent
or More of Each of the Three Juries

Per Cent of Jurors Who Checked
Ranke 6F Item for Emphasis in Other Courses
Item in Abbreviated General | Supervis=| General A1l
Impor=- ITtem Educa- ors and Metal- |Respond-
tance tors Teacher work ents
Trainers Teaghers
(1) (2) (3) (L) (5) (6)
1 Use of decimal measure-
ments in precision work.. | 40 50 25 38
5 Kinds of inspection given
manufactured articleSe.es 50 55 25 L3

3. Handwork

Acceptability of items in general education.-- The analysis of in-

structional materials produced a list of forty-four items which pertained
to hand operations in industrial arts metalwork. These items, which were
included in Part E of the check list, are arranged in order of importance
in general education in Table 19 on the following pages. Three of the
items were considered by more than 90 per cent of the respondents to be
important enough that everyone should have an opportunity to acquire the
knowledge, skill, habit, or attitude implied. Fifteen of the items were
checked as important by 80 per cent or more of the respondents, and twenty-
nine of the items were checked as important by 70 per cent or more of the
respondents. The lowest-ranking item was considered important in general
education by 56 per cent of the jurors. The mean of the responses was

7L.3 per cent.



Table 19. Items Pertaining to Handwork Arranged in Order of Importance
in General Education, as Determined by 20 General Educators,
22 Industrial Arts Supervisors and Teacher Trainers, and 24
General Metalwork Teachers

Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to
Handwork

General
Educa-
tors

Supervis=-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

3)

(&)

(5)

1.

2.

L.

5

For the best work, tools should
be in first-class condition and
they should be used only for
the purposes for which they
were designedescccccssssesacnce

Pliers should not be used ordi-
narily for turning nuts and

screws, because such practice
usually results in scarring the
nut or screw headeesevecssscsss

In order to avoid damage to a
screw head and to drive a screw
properly and safely, the screw
driver must fit the slot in the
screw and its blade must have
a square end with parallel

sides.................-.C...--.

A wrench must fit the part to
be turned and it must be used
in a proper manner; otherwise
the wrench may slip, causing

damage to the part and possibly
injury to the worker.ceeceeceess

To tighten or loosen a nut or
similar part with a wrench, the
proper wrench should be selec-
ted. Besides the common monke
wrench, which is a general-

purpose tool, there are other

(continued on next page)

90

85

90

95

91

95

91

92

96

92

88

94.0

92.3

90.7

89.7



Table 19. (continued)

Per Cent of Jurors

Item as Important

Y

T

Who Checked

Ttems Pertaining to

Handwork |[Educa-

General

tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

Al
Respond-
ents

@

(2)

(3)

(L)

(5)

8.

e

10.

wrenches designed to grip nuts
securely, conveniently, and
without damage to the nut and
danger to the uSereecesssccscees

Pliers are used for firmly grip-
ping small metal pieces for
purposes of pulling, twisting,
and pushing. Some pliers, such
as side-cutting pliers, can
also be used to cut small sizes

Of wire‘-.......I'.II..........

When a screw is being driven in
a small piece, the work must be
held securely in a vise or laid
on a bench. It is dangerous to
use a screw driver on work held
in the handS.eeececcecsscsccscce

The hack saw is used for cut-
ting all metals except hardened

Steel...I...I.II.I..........-...

Portable tools, such as elec-
tric drills and grinders, are
useful because they may be
brought to work that is too
large to be placed in a vise
or in a machin€cecccccscccccces

A nut or screw that has become
rusted often cannot be turned
by means of a wrench or screw
driver. Soaking the threads
with penetrating oil sometimes
will remedy the trouble. If

85

90

80

65

75

it does not, or if penetrating

95

95

86

95

a2

88

79

88

a8

88

88.0

8L.7

82.7

8l.7

(continued on next page)



Table 19. (continued)

Ttems Pertaining to
Handwork

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond=—
ents

(1)

(2)

(3)

(4)

(5)

13.

15.

oil is not available, the nut
or screw may be turned by driv-
ing it with a punch or hammer.
Expanding a nut through heating
is another way to loosen it....

An oilstone or slipstone is
used to hone or finish the
sharpening of a tool and to re-
move any burrs that are the re-

sult of grindingeecccececcccccee

Cold chisels, which are driven
with a hammer, are useful in
such work as shearing off rivet
heads, chipping grooves in
metal, cutting holes in sheet
metal, and cutting off small
rods and barSececcscscsccscssces

Goggles should always be worn
when chipping is being done
with av 001d chiselttcninnnula..

In order that a grinder may be
operated safely, the tool rest
should be set as close to the
wheel as possible without
touching it, and the operator
must always wear goggleéS.ceesss

Since the jaws of a vise are
usually rough, copper or brass
plates may be used as covers to
protect the stock being
clamped. Small pieces of metal
may also be used to protect

{4

65

65

65

65

95

g%

86

82

95

75

88

92

96

83

(continued on next page)

81l.7

81.3

81.0

81.0

8l.0

-



Table 19. (continued)

Sase

Item as Important

Per Cent of Jurors Who Checked

Items Pertaining to
Handwork

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond-
ents

(1)

)

(3)

(4)

(3)

work from the grip of pliers...

A grinder, operated either by
hand or by power, is used in
renewing edges on cutting
tools and in removing burrs
from the heads of such tools
as punches and chiselSeeevessse

A handle must always be fitted
to a file (except jeweler's)
before it is used; particles
of metal which collect in the
file teeth must be cleaned out
by brushing with a file card...

Holding work securely in a sta-
tionary position is very impor-
tant in practically all metal-
work operations--both hand and
machine. The most common de-
vice for this purpose is the

ﬁse.....Il...ll..‘.l......'...

Filing properly is one of the
most difficult operations in
the mechanical field. As in
sawing, pressure is applied on
the forward stroke and the file
is lifted slightly on the re-
turn stroke. The entire

length of the file should be

USEd.-..c...i-t-.t-.n....n.c.-;

Bench metalwork is basic to all
phases of metalworking. It in-
cludes laying out, shaping,

70

70

60

75

forming, assembling, and testing

82

86

86

77

82

88

92

83

88

(continued on mext page)

80.0

783




Table 19. (continued)

..' W { el
SEO

Items Pertaining to
Handwork

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l

Respond-
ents

(L)

(2)

(&)

(5)

21.

22,

23.

2.

25.

work at the bench, using hand
tools and instrumentSeesesssses

A soft hammer or mallet with a
head of such material as lead,
copper, leather, or wood is used
where a steel hammer would dent
or nick the surface of the metal
or where pounding a hardened
steel surface might break either
the surface or the hammer.cseees

With ordinary grinding wheels,
all grinding should be done on
the face of the wheel. Grinding
on the side of the wheel spoils
its shape and burns the tool
guickly. Cup wheels are avail-
able for grinding work that can-
not be ground on the ordinary
grinding wheelessssewnisnssassss

The machinist's hammer is used
in such operations as driving
punches, heading rivets, and
cutting with the cold chisel....

Outside screw threads are cut by
hand with a tool known as a
threading die, which is made of
hardened steel and roughly re-
sembles a threaded Nubteseceacees

To drill holes in stone, brick,
or concrete, a star drill or a
carbide tipped drill in a brace
or electric drill is used. The

60

60

60

60

35

(3)

77

86

82

82

86

(continued on next page)

92

83

79

96

76.3

76.3

75.0

737

72.3



Table 19. (continued)

T
.'_'__f(i_-t\

Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to
Handwork

General
Educa-
tors

Supervis=-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

Al
Respond—
ents

(1)

(2)

(3)

()

(5)

star drill is struck with a
hammer and is turned slightly
between blows.-.................1

The use of an improperly ground
drill results in inaccurately

drilled holes and frequently in
damage to the drillecececceececcees

Inside screw threads (e.g., the
threads in a nut) are cut by
hand with a tool called a tap.
It is made of hardened steel
and roughly resembles a SCrewWe..ed

Metal to be sawed or chiseled in
a vise should be clamped with
the line to be cut close to the
Jaws of the vise.
vent the stock from vibrating
when the cut is madCeseesescscced

When using a hand hack saw, the
worker should press down on the
forward stroke and 1lift a little
on the return stroke, making
about 4O cutting strokes per
minute and using the entire
1ength Of the saw bl&de.-.-...-.4

A reamer, a tool which has cut-
ting edges on the sides, is used
to true and smooth holes which
are purposely drilled slightly
undersize. The reamer is used
in the same manner as a tapseesss

This will pre<

60

45

35

55

55

55

73

o

86

77

73

4]

(continued on next page)

83

92

83

75

72.0

71.3

71.0

70.3

69.0



Table 19. (continued)

Per Cent of Jurors Who Checked
Item as Important

Ttems Pertaining to
Handwork

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
fetal=-
work

Teachers

A1l
Respond-
ents

(1)

(2)

3]

(L)

(5)

31«

32.

33.

3£i-o

35.

Twist drills with a straight
shank are used in a hand drill.
When used in a drill press, a
straight-shank drill usually
must be held in a chuck fitted
with a Morse taper which fits
into the drill press spindlecses

If a stud or screw, broken off
above the hole, cannot be turned
out with a pair of pliers, it
sometimes may be removed by saw-
ing a slot in the end of the ex-
tending piece and turning it out
with a screw driver. If the
screw or stud is broken off even
with or below the surface of the
part into which it is screwed,
it may be screwed out by driving
it with a prick punch or by
drilling a hole into the end and
screwing it out by means of a
screw extractorsecesscscssscssssss

A drift or pin punch is used to
drive out cotter pins and dowel

pirlS.........-...--.-.-...-.....

Thin metal may be cut with the
Jeweler's saw which is useful in
cutting out designs in metal
(PLeaPsIng ) ovesssmwsnpennnsnvesess

The cutting angle of tools

should be appropriate for the
material to be cut, i.e., the
harder the material to be cut,

the greater should be the angle

LO

55

55

50

i

82

77

82

(continued on next page)

88

67

Tk

71

68.3

68.0

67.7

67.7

A2 Ty
S0



Table 19. (continued)

e

Items Pertaining to
Handwork

Per Cent of

Jurors Who Checked
Item as Important

General
Educa=
tors

A1
Respond-
ents

General
Metal-
work
Teachers

Supervis-—
ors and
Teacher

Trainers

(1)

(2)

(3) (L) (2)

36.

37.

380

39.

LO.

L1,

of the cutting edgeecavssscccess

When it is necessary to remove a
rivet, the head may be sheared
off with a cold chisel and the
rivet driven out with a drift
punch. A hole the size of the
rivet drilled through the rivet
head will make the rivet easier
tO IremovVeesssssssscssssssscnssosns

For sawing metal with a hack
saw, a blade should be chosen
that will have at least two
teeth cutting at one timeesesces

Hand taps must be used with
great care because they are
easily broken, and, when broken
off in a hole, they are diffi-
cult to removeessceccccccccesccse

The bench shear is used to rough
cut metal up to £ inch in thick-

ness........C.O.........I.......

The cutting edges of twist
drills (lips) must be egual in
length and there must be from
12° to 15° clearance angle., The
recommended 1lip angle is 59 ...

A hole to be tapped must be no
smaller than the minor diameter
of the threads to be cut; nor
should it be larger than three
fourths the major diameter.s....

55

45

35

25

45

30

25

i 71 66.3

82 71 66.0

T 83 65.0

77 92 6L.7

68 a3 61.3

3 79 60.7

77 75 59.0

(concluded on next page)
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Table 19. (concluded)

Per Cent of Jurors Who Checked
Ttem as Important

Items Pertaining to General | Supervis—|General A1
Handwork Educa~ | ors and | Metal- |Respond-
tors [Teacher work ents
Trainers |Teachers
(1) (2) 3) (4) (5)

L42. Broken taps may be removed by
the same procedure as used in
removing a broken screw, except
that a tap must be annealed be-
fore it can be cut. Also, a
tap extractor is available.es..s | 40 3 58 57.0

L43. Rectangular and irregularly
shaped holes are made by forcing
a broach through an opening
which is slightly undersiz€.eees. | 35 68 67 56.7

Li. Hand scrapers are used to re-
move high spots on metal sur-
faces to make them smooth and
level. The operation consists
of shearing or paring off thin
flakes of metal, removing
scratches and tool marks as
well as high spotsssnssssesnsas | 50 68 50 56.0

Mean-.n.oooa-o-.-.o-..----uo. 59 & 82 7[}-3

Differences in opinions of juries.-- As in most other parts of this

investigation, industrial arts specialists more than general educators
tended to check items pertaining to handwork as important in general
education. The average of the responses of these specialists was 82

per cent, while the mean of the responses of the general educators was
only 59 per cent. This difference in degree of support for the items in

general education had little effect on the rank order of the items as



reported in Table 19, however.

Reliability of the data.-- The coefficients of reliability of the re-

sponses of the three juries averaged 0.82. The responses of the general
educators produced a coefficient of 0.86; when computed on a rank-difference
basis. The coefficient of reliability of the responses of the supervisors
and teacher trainers was 0.84, and the responses of the general metalwork
teachers produced a coefficient of 0.77.

Curriculum emphasis of items pertaining to handwork.-- It was hardly

to be expected that items pertaining to the use of hand tools should be
checked by the respondents for emphasis in courses other than industrial
arts, yet items which ranked in the first six in general education were
so checked by a substantial number of respondents in each of the three
juries. It may be that the respondents felt that the items were of suf-
ficient importance that they should be emphasized wherever possible in the
curriculum, regardless of the workshop nature of the items. Or, they may
have had in mind the fact that hand tools are sometimes used in science
laboratories, in the care of musical instruments, and in the care of ath-
letic equipment. The percentage of respondents from each jury who checked
the first six ranking items for emphasis in courses other than industrial
arts are given in Table 20 on the following page.

Twenty-seven per cent of the jurors checked the item pertaining to
the relation of good tools and good work for emphasis in out-of-school
sitvations. No other item in this section of the check list was given
significant support for out-of-school emphasis. Here again, it is diffi-

cult to determine what the respondents had in mind when they checked items



Table 20. Items Pertaining to Handwork Which Were Checked Most Frequently
for Emphasis in Courses Other than Industrial Arts

Per Cent of Jurors Who Checked

Item for Emphasis in Other Courses

Rank of
Item in Abbreviated General | Supervis—|General Al
Impor- Ttem Educa=- | ors and | Metal- |Respond=-
tance tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (4) 5) (6)
1 Relation of good tools
to gOOd work..-.......... II-S 27 25 32
2 Improper use of pliers
on nuts and SCreWSeessees | 25 27 21 2L
3 Importance of choosing
proper screw driver.ecesee. | 30 32 25 27
L Proper use of wrenches
fOI' SafetYOO-ntoa.-.-ouo. 30 32 25 27
5 Kinds of wrencheSeeeeeses | 30 32 25 27
6 Kinds of pliers and their
uses.......i....‘...I..I. 25 23 21 23

for out=of-school emphasis.

It is probable in this case, however, that

the item was so checked simply because it was thought to be important

enough to be given attention everywhere possible.

L. Machine Work

Acceptability of items in general education.-- Part F of the check

list contains thirty-one items pertaining to machines used or studied in

industrial arts metalwork.

tance in general education in Table 21 on the following pages.

These items are arranged in order of impor-

None of

the items was accepted as important in general education by all the
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Table 21. Items Pertaining to Machine Work Arranged in Order of Importance
in General Education, as Determined by 20 General Educators,
22 Industrial Arts Superv1sors and Teacher Trainers, and 2&

General Metalwork Teachers

Items Pertaining to
Machine Work

Per Cent of Jurors Who Checked

Ftem as Im

portant

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1
Respond-
ents

(1)

(2)

(3)

(&)

(5)

When they are operated properly,
machines are not dangerous to
the opera:tor.'...........‘..‘l.l

An abrasive is a very hard,
tough material which has many
sharp cutting edges or points
when crushed or Broundescececscsss

Wire is made by drawing a metal
rod through a series of dies,

the hole in each successive die
being smaller than the material
entering iteesceccccsccccccesces

Machining is the term used to
describe the cutting of metal to
shape through use of machines
such as the lathe, mill, and
shaper. Metal is removed by
cutting tools held in the ma-
chine. Machine shop work con-
sists primarily of shaping
metals by use of machineSeceeceee

The lathe is used principally
for cutting round work. The
piece to be machined is held be-
tween centers, in a chuck, or on
a face plate. As the piece is
revolved, a cutting tool is fed,
either by hand or automatically,
across the surface, removing
metal as desired by the operator

95

75

75

70

65

91

86

o1

(continued on next page)

92

88

83

a8

88

83.0

8l.3

8l.3




Table 21. (continued)

L2

_w-*—m——
Per Cent of Jurors Who Checked

Item as Important

Jtems Pertaining to
Machine Work

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A11
Respond-
ents

(L)

@)

3)

(L)

(5)

6. Grinding is the process of re-

7.

8.

9.

10.

moving metal through use of an
abrasive wheel. Grinding ma-
chines are used to machine ex-
act and finely finished sur-

faces‘...D‘-...-.l........‘..l.‘

Work being drilled must be held
securely during the operation.
If the work springs or moves
while it is being drilled, the
drill may bend or break, the
work may be thrown from the
table, and injury may result to
the operator and to the machine.
Commonly used holding devices
are: drill vise, clamps or
various kinds, V=bloCkSeeseceeses

Grinding wheels are made of
abrasive grains cemented or
bonded together to form a wheel.
Wheels are available to serve
every conceivable grinding re-
quirement..-....I....bll..ll."l

Feeding a drill into the work
too fast will cause the drill
to break or the point to burn.
The feed should be reduced when
breaking through the workessses.

A press is a powerful machine
which is used to punch holes of
different shapes or to press
flat sheets of metal into a cer-
tain shape or form, such as an

70

65

55

86

91

82

82

(continued on next page)

88

88

79

a8

81.3

?8.0

7543

75.0




Table 21. (continued)

Items Pertaining to
Machine Work

Per Cent of Jurors Who Checked

Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(&)

(5)

11.

13.

14,

automobile body. The sheet of
flat metal to be punched or
formed is placed between two
matching dies which are forced
together with enormous pressure.

The shaper is a machine tool
used for planing flat surfaces.
The work is clamped in the
shaper and the cutting tool
moves back and forth over it,
cutting on each forward stroke.

Production machine tools are
used in manufacturing on a mass
production basis. Examples are
the turret lathe and automatic
screw machine. They may be set
up to cut duplicate pieces
automatically or semi-auto-
maticalj.y.l.............l'.....

Boring is the process of ma-
chining an internal round sur-
face. It is done on a boring
mill, drill press, lathe, and
other machines. The cylinders
of an automobile engine are
bored, for exampleé.cescscscesss

The speed at which a drill is
rotated in a drill press should
be varied with the size of the
drill and the composition of
the material being drilled.

The usual practice is to use

a slow speed for hard metals

65

50

65

60

| 77

82

86

77

75

83

75

75

(continued on next page)

4.0

73.0

72.3

70.7




Table 21. (continued)

Items Pertaining to
Machine Work

Per Cent of Jurors Tho Checked
Item as Important

General
Educa-
tors

Supervis-—
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(&)

(5)

and a high speed for soft metals
the larger the drill the slower
it should revolvVeecesscessssssee

The milling machine is used to
cut all kinds of grooves such

as the keyways on shafts or the
teeth on gears. The work is
clamped in position and passed
under revolving cutters of the
desired shape. A universal mill
may be used to cut spirals and
cams as well as simpler workes..

Handles on some tools and screws
are made rough in order to pro-
vide a better hand grip. This
process is known as knurling.

It is usuvally done in a lathe
with a knurling tool, although
it may be done in other machines
or by handesescisscsssscncnnsans

The planer is used to machine
flat surfaces too large to be
planed in 4 s5h8pereccasecscccces

When a grinding tool has become
clogged it will not cut and it
will cause the work to heat un-
necessarily. To put the wheel
in good working condition it

is dressed and trued with a
dressing 100lesssssdisssenssessas

When large holes are to be
drilled, a smaller pilot hole

*

L5

LO

L5

77

86

82

82

(continued on next page)

88

83

70.0

69.7

68.7



Table 21. (continued)

v
———

Items Pertaining to
Machine Work

Per Cent of Jurors Who Checked
Item as Important

General
Educa=-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal=-
work

Teachers

A7
Respond-
ents

1)

(2)

(3)

(&)

(%)

22.

23

2L.

should be drilled first. The
pilot hole should be the size
of the web of the larger drill...

Extruding is a process in which
metal heated to a plastic con-
dition is forced through a die.
Variously shaped strips can be
made by this process. Aluminum
moldings are an example.ecescsssss

Besides its use in drilling
holes, a drill press may be used
for reaming, countersinking,
counterboring, spot facing, tap-
ping, and spot finishinge..eeceecses

Screw threads may be cut in a
lathe by using a properly shaped
tool which traverses the work a
given distance for each revolu-
tion of the Workisccsssscsssccess

Two basic motions are used in
machine tools: reciprocating
motion and rotary motion. Some
of the machines that use recip-
rocating motion are: hack saw,
shaper, planer. Some machines
that use rotary motion are:

drill press, lathe, milling
machine, grindercseccecccececsccece

If many pieces of the same kind

L5

35

55

35

45

are -to be drilled, a drill jig
may be used to hold the work in

77

91

73

77

73

(continued on next page)

79

75

71

83

71

67.0

67.0

66.3

65.0

63.0
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Table 21. (continued)

e e e A e i)
Per Cent of Jurors Who Checked

Item as Important

Items Pertaining to
Machine Work

General
Educa~-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

3)

(L)

(5)

25.

26.

27«

28.

place and to insure drilling
holes in the exact location
desiredOOU.C..l.....l-.....’.!-.

A piece of metal that is to be
turned between centers must

have small holes center drilled
in both ends which are supported
by lathe centers. If the lathe
centers are not exactly aligned,
a tapered cylinder will result.
A lathe dog clamped to the work
and inserted in the face plate
causes the work to revolvE.seeces

Grinding wheels are usually run
at a surface speed of LOOO to
6000 feet per minute. If a
wheel is run too fast it is like-
ly to break. If it is run too
slowly it will not grind ef-
fledentlysecssnssctcccscascsonss

An abrasive-coated disc or a
specially designed wheel may be
used to cut off pieces of metal.

Lapping is the fine grinding
off of small amounts of metal
from work, usually hardened
steel, that is slightly over-
size. A lapping tool, called a
lap, softer than the material
to be finished, is coated with
lapping compound and rubbed
against the surface of the

work.---......l.t....a...c--..--

40

30

35

30

30

13

77

77

T

77

(concluded on next page)

7i

75

63

67

58

63.0

60.7

58.3

58.0

55.0



Table 21. (concluded)
— ]

Y Per Cent of Jurors Who Checked
ITtem as Important

Items Pertaining to
Machine Work

General
Educa-
tors

Supervis=-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

A1
Respond-~
ents

! St

(1)

3

(2)

G

(&)

(5)

29.

30.

31.

Indexing is the procedure used
in rotating work or tools to
exact fractions of a complete
revolution. For example, as in
milling the teeth on a gear. A
divider head is used for this
purpose-.l..‘.............'......

Small, light work may be drilled
in the sensitive drill-—so=called
because the operator can feel all
the strains on the drill in the
feed handle. Larger work is
drilled in a back-geared drill
press or in a radial drill which
feeds the drill into the work
automatically.ocuoa--ooo.o.oooooo

The basic machine tools are
known as toolroom machines be-
cause they are used in making
tools, dies, jigs, and fixtures..

20

25

35

13

73

b4

71

63

58

547

5347

52.3

}liealn...II.I.O........‘.....l..

50

80

ol

69.0

respondents, but six of the items were so accepted by 80 per cent or more

of the jurors.

or more of the respondents.

Fourteen items were checked as important by 70 per cent

No item failed to be checked as important

by less than half the jurors, the lowest-ranking item being considered

important by 52 per cent.

The mean of the responses was 69.1 per cent.



Differences in opinions of juries.-- The judgment of the supervisors

and teacher trainers and of the general metalwork teachers paralleled
rather closely. The mean of the responses of the supervisors and teacher
trainers was 80 per cent; of the general metalwork teachers, 77 per cent.
The responses of the general educators, on the other hand, averaged only

50 per cent. The item given the least support by industrial arts spe-
cialists as a general education goal (item ranked last in Table 21 on

page 138) was considered important by 61 per cent of that group. Fifteen
items failed to receive the votes of half the general educators, and five
items failed to receive the votes of one-third of that group of respondents.

Reliability of the data.-- The general educators seemed to be some-

what more consistent than the industrial arts specialists in their opinions
regarding the general education importance of machine work items. By the
rank-difference method, the coefficient of reliability of the general edu-
cators'! responses was 0.89. The comparable coefficient for the responses
of the supervisors and teacher trainers was 0.68; for the responses of the
general metalwork teachers, 0.63.

Curriculum emphasis of the items.-- Every item checked by the respond-

ents as important was also checked for emphasis in industrial arts. Only
negligible support was indicated for emphasis of items in other areas of
the curriculum or out of school. One item, however (the item ranked first
in Table 21), was checked for emphasis in other courses and in out-of-
school situations by 36 per cent of the respondents. This item pertains
to the safeness of machines when they are operated properly. It seems

reasonable to assume that a substantial proportion of the respondents

o
A



believe that safe operation of machines should be emphasized everywhere
possible.
5 e Assembly and Fabrication

Acceptability of items in general education.-— In Table 22 on the

following pages are listed in order of importance the eighteen items in
Part G of the check list pertaining to assembly and fabrication. While
none of the items was checked as important by all the jurors, six items
were considered important by 85 per cent or more of the respondents.

The item concerned with the direction a screw thread is turned (item
ranked second in Table 22) was checked as important by all twenty general
educators. Four other items (ranked 1, 3, 4, and 6) concerned with bolts
and screws were checked as important by all but one of the twenty general
educators. The average acceptance of the items as general education
goals was 76.3 per cent. The lowest-ranking item was considered impor-
tant by 59.3 per cent of the respondents.

Differences in opinions of juries.-- As mentioned in the paragraph

above, more general educators than industrial arts specialists tended to
accept certain of the assembly and fabrication items as general education
goals. At the same time, more general educators than industrial arts
specialists tended to reject items which seem to be technical in nature.
Only seven of the twenty general educators checked as important items

16 and 18 which have to do with fitted bearings and pressed fits.

Reliability of the data.-- The mean of the coefficients of relia-

bility of the responses of the three juries was 0.76, a figure which would

indicate that the agreement among the jury members is significant. The
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Table 22. Items Pertaining to Assembly and Fabrication Arranged in Order
of Importance in General Education, as Determined by 20 General
Educators, 22 Industrial Arts Supervisors and Teacher Trainers,
and 24 General Metalwork Teachers

Per Cent of Jurors Who Checked
Ttem as Important

Items Pertaining to
Assembly and Fabrication

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

3)

(4)

(5)

Bolts are available in shapes
and sizes to serve various pur-
poses, €.g., stove bolts, machine
bolts, studs. Screws available
include machine screws, cap
screws, set screws. When a bolt
or screw is replaced, the proper
kind should be us€deceecscessses

Screws and bolts usually have
right-hand threads. To tighten
them they are turned in a clock-
wise direction; to loosen them
they are turned counterclock=-

mse...l......'..‘I..I.......-‘I

To prevent a bolt or screw from
becoming loose through vibra-
tion, a lock nut, lock washer,
or castelated nut may be used...

Bolts and screws are usually
used to fasten together parts
in such a manner that they may
be taken apart laterisssssssssee

Riveting is a process of fasten-
ing metal pieces together per-
manently. The rivet is placed
through a hole in the pieces

and is hammered to form a head.
Structural steel work, boilers,
and airframes are examples of
riveted construction.ceecscecsscss

95

100

95

95

20

9L

91

2L

a2

21

(continued on next page)

88

83

88

88

83

91.3

91.3

91.3

88.3

88.0

41



Table 22. (continued)

Per Cent of Jurors Who Checked
Ttem as Important

Ttems Pertaining to
Assembly and Fabrication

General
Educa=-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l

Respond-

ents

(1)

(2)

Gl

(L)

)

The common washer consists of a
flat, circular piece of metal
with a hole in the middle. The
purposes of using a washer in
connection with a bolt or screw
are to provide a smooth bearing
surface for the nut or screw
head and to serve as a shiMeeececes

The principal means of fabricat-
ing or’ assembling metal parts
are: riveting, fastening with
screws or bolts, welding, sol=-
dering, locking (as sheet metal
seams), and fitting as press or
Bhrir}k fit.....Il‘...............

Bolts and screws used in metal-
work today are usually threaded
according to national standards.
The threads are either National
Course, National Fine, or Na-

tional Specidlesecscesecsascssscces

Hardware or standard parts such
as bolts, nuts, screws, washers,
small springs, and ball or
roller bearings are usually
purchased from a specialty manu-
facturer. Machines and devices
are designed so as to.utilize
standard parts, for reasons of
economy and efficiencyescecccccess

Set screws are used to hold ob-
Jects like pulleys on shafts.
They are made with or without
heads. Headless screws are

slotted for & screwdriver or

25

75

70

70

86

86

82

77

5

13

83

83

(continued on next page)

80.0

76.7



Table 22. (continued)

L — 4

Items Pertaining to
Assembly and Fabrication

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1
Respond-
ents

(1)

(2)

(3)

(L)

(5)

13.

contain a hexagonal hole for a
wrench. Headless set screws are
safer than screws with headSese.

A bolt is used when the worker
can get at both sides of the
work with wrenches, turning a
nut on one side and holding the
bolt head on the other side. A
screw, which does not require a
nut, is used where only one
side can be reached with a
wrench or screw driverssecceccess

Keys are commonly used to keep
pulleys and gears from revolv-
ing on shafts. Part of the key
fits into a slot in the shaft;
the other part fits into a slot
in the pulley or ge@r.ccecececcscses

In metalwork, fitting means
putting parts together so that
they touch or join each other
in such a way that one will
turn inside the other, that one
will slide upon the other, or
that the parts will hold tight-
ly together so they cannot

move-...........‘...I...-..‘...C

A shim is a thin sheet of metal,
wood, or paper placed between
two surfaces to keep them a
certain distance apart or so
that the shim is a supporteececeecs

65

85

50

60

55

a2

w

77

73

77

(concluded on next page)

79

63

79

71

71

753

75.0

68.7

68.0

67.7
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Table 22. (concluded)

TG

Items Pertaining to
Assembly and Fabrication

Item as Important

General
Hduca=-
tors

Supervis=-
ors and
Teacher

Trainers

General

Metal-
work

Teachers

A1
Respond-
ents

(1)

(2)

)

(4)

(5)

15.

16.

17.

18.

A dowel pin is a metal peg used
to keep two parts in a certain
relation to each other and to
keep them from moving or slip-
ping. Sometimes tapered pins
are used to fasten a pulley,
collar, gear, or handle on a

Shaft.....“.‘.ﬂ..........’.'....

When a shaft is fitted to a
bearing, the diameter of the
shaft should be a little smaller
than the diameter of the bear-
ing, to allow space for a film
of o0il between the surfaces

and to allow the shaft to ex-
pand from heat caused by fric-

tionlﬂII....C.....I.‘I..........

For maximum efficiency of a
screwed or bolted joint, the
surface upon which the bolt
head, screw head, or nut rests
is machined to form a perfect
seat, e.g., countersunk,
counterbored, or spot facedesss.

Machine parts are often pressed

together on an arbor press—-a
pulley on a shaft, for example..

I"‘iean....C..C...........-I.I..

50

35

25

35

77

77

68

68

T

75

58

75

66.0

62.3

60.3

29.3

71

81

77

76.3




responses of the general educators produced a much higher coefficient than
the responses of the industrial arts specialists, however. The coefficient
of reliability of the responses of the general educators was 0.93; of the
supervisors and teacher trainers, 0.76; and of the general metalwork teach-
ers, only 0.58. A possible reason for this is that the general educators
tended to discriminate more critically than did the other two juries. The
industrial arts specialists tended to accept more items as important, and
the range of their responses was relatively narrow. For example, the re-
sponses of the general educators ranged from 35 per cent to 100 per cent,

a difference of 65. The comparable range in responses of the supervisors
and teacher trainers was from 68 per cent to 91 per cent, a difference of
only 23. The range in responses of the general metalwork teachers was from

58 per cent to 88 per cent, a difference of 30.

6. Sheet Metal Work

Acceptability of items in general education.-- In Table 23 on the

following pages the twenty-one items in Part H of the check list pertain-
ing to sheet metal work are shown in order of importance in general educa-
tion, as determined from the responses of the three juries. The highest-
ranking item, which is simply a description of sheet metal work, was con-
sidered important by 82 per cent of the respondents. Nine of the items
were checked as important by 75 per cent or more of the respondents. The
other twelve items were considered important by from 61.7 per cent to

73.3 per cent of the respondents. .
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Table 23. Items Pertaining to Sheet Metal UWork Arranged in Order of
Importance in General Education, as Determined by 20 General
Educators, 22 Industrial Arts Supervisors and Teacher Trainers,
and 2L General Metalwork Teachers

Per Cent of Jurors Who Checked

Ttem as Tmportant

Items Pertaining to
Sheet Metal Work

General
Educa~
tors

Supervis-
ors and
Teacher
Trainers

CGeneral
Metal-
work
Teachers

Al

Respond-

ents

(1)

(2)

(G)_

(4)

(5)

1.

L.

Sheet metal work deals with
laying out, cutting, shaping,
and assembling thin sheet stock
such as galvanized sheet steel,
tinplate, copper, black iron,
and aluminum. A person who
specializes in sheet metal work
is called a sheet metal worker,
a tinsmith, or a tin knocker...

Slivers of sheet metal along a
cut edge are sharp and danger-
ous. Such irregularities

should be filed off before the
piece is handlediesscesscseaces

Such metals as sheet copper,
brass, aluminum, and silver may
be shaped by hammering the met-
al into molds, over stakes, or
on a sand bag. The process is
knovn as raising, and the ap-
pearance of the raised article
is distinguished by the hammer

MEATKS e ewsan ses s oa e ooiwn e dseesss

Successful soldering is depend-
ent upon (1) having the pieces
of metal to be joined clean,
(2) having the pieces in me-
chanical contact with each
other, (3) using the proper
solder and flux for the metal,
(4) heating the pieces to a

90

80

91

82

(continued on next page)

83

92

(i)

88.0

8L.7

83.3



Table 23. (continued)

Per Cent of Jurors Who Checked

Ttems Pertaining to
Sheet Metal Work

Item as Important

General
HEduca-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

Al
Respond-
ents

(1)

(2)

(2)

(4)

(5)

temperature which will melt the
solder and permit it to run
freely, (5) having work placed
on a surface that will not con-
duct heat too rapidly, and (6)
heating the pieces in such a
manner as to cause the solder
to flow into the se@Meceseesces

The purpose of soldering flux
is to help clean the metal, to
prevent oxidization during sol-
dering, and to help solder

flOW-.---.----..-......-.oo--.c

The equipment needed in most
soldering is & soldering copper
and a source of heat, such as a
soldering furnace or a blow
torch. The soldering copper
must be large encugh to carry
adequate heat and small enough
so that the heat may be con-
trolled. An electric copper
may be used.sesscccaccssasvenes

Sheet metal articles such as
aluminum, copper, or pewter
trays are often shaped by spin-
ning in a lathe. A sheet metal
disc is revolved and pressed
over & mold of the desired

shape-llo.l.t...b!l.-tl...o...l

The faces on the point of a

soldering copper must be clean
and coated with solder (tinned)
before it can be used for sol-
derifigecssssssrsionsrosnssesaness

65

65

65

70

60

91

95

86

88

88

79

79

91

(continued on next page)

83

8l.3

81.3

79.7

78.3

78.0



Table 23. (continued)

Items Pertaining to
Sheet Metal Work

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher

Trainers

General
Metal-
work
Teachers

All
Respond-
ents

(1)

(2)

(3)

(4)

(5)

9.

10.

11.

12.

13.

14.

The most common means of fasten-
ing sheet metal pieces together
are seaming, soldering, and

riveting. OSometimes self-thread
ing SCTEWS are USeJecessssscssse

Sheet metal may be bent in a
vise, over the surface or edge
of variously shaped stakes, or
in a bar folder or cornice
brake. Curved parts are formed
in a forming machinG.eessccscces

The most common solder is an
alloy consisting of half lead
and half tin, 50-50 solder.ceeee

The thickness of sheet metal is
designated by gauge numbers
which range from #000 to #36.
The larger the gauge number the
thinner the metalicesceesccccesns

To make an article out of sheet
metal usually requires the mak-
ing of a pattern or templet
which indicates lines to be

cut, allowances for seams, and
places and direction metal is
to be bent. Patterns are usual-
ly drawn On pPapETecccceccesssses

To make a sheet metal pattern
requires an understanding of
geometric principleScseccescscces

1

60

55

60

60

55

60

77

82

i

86

T

68

(continued on next page)

88

83

83

71

7

75.0

72.3
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Table 23. (continued)

Items Pertaining to
Sheet Metal Work

Item as Important

Per Cent of Jurors Who Checked

General
Educa-
tors

Supervis=-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

Al
Respond-
ents

(1)

(2)

(3)

(&)

(5)

15,

16.

17.

18.

19.

Seams such as the locked seam,
grooved seam, and double seam
hold pieces together securely
without other fastening. To
be watertight, however, all
seams are usually soldered.....

To punch a hole in sheet metal
with solid or hollow punches,
the sheet is placed over a
block of lead or wood, the
punch is placed on the sheet
in the proper position, and
the punch is struck with a
hammer. Thin sheet metal may
be punched with a hand punch
similar to the kind used in
punching paperessscssccsssvsces

Sheet metal workers use several
kinds of hammers for special
purposes, €.g., & setting ham-
mer for setting down seams,
planishing hammers for smooth-
ing and shapingeecscscececccccss

To stiffen the metal and to
protect users of sheet metal
articles, edges are single or
double hemmed, bent over a
wire, or otherwise built Upe...

Operations such as grooving,
turning, beading, and crimping
are done on hand-powered ma=-
chines in most sheet metal
shops. Power machines are

50

55

55

50

(concluded on next

77

73

73

73

75

75

79

page)

68.7

67.7

67.7

67.3




Table 23. (concluded)

Per Cent of Jurors Who Checked
Item as Important

Items Pertaining to General |Supervis=|General A1
Sheet Metal Work Educa- | ors and | Metal- |Respond=-
tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (4) (5)
used for these operations in
sheet metal manufacturing
plants....................--.-. 11.5 77 75 65-7
20. Sheet metal which is 20 gauge
or thinner may be cut by hand
with snips. Heavier sheet
metal must be cut with a bench
shear, power shear, hack saw,
cold chisel, squaring shear,
or oxy-acetylene cutting torch. 50 73 71 6L.7
21. When layout lines are scratched
on sheet metal, care must be
taken to mark only the lines
that are to be cut. Scratches
mar the surface of the metal,
and, in case of coated sheets,
the base metal is likely to
become rusted where scratch-
awl marks cut through the coat-
ingt.lu-c-o-oo.ttootot-.-oo-o.. 1{-5 73 67 61-7
Mean...-.................... 61 81 80 71{,.0

Differences in opinions of juries.-- In regard to the items pertain-

ing to sheet metal work, the three juries seemed to be in fair agreement.

No items seem to stand out as being significantly more important to one

Jjury than to another jury.

Reliability of the data.-- As shown in Table 2 on page 31, the




coefficients of reliability of the responses of the three juries, when
computed by the rank-difference method, were significant. The coefficient
for responses of the general educators was 0.75; of the supervisors and
teacher trainers, 0.74; and of the general metalwork teachers, 0.82. The

mean of the coefficients was 0.77.

Curriculum emphasis of sheet metal work items.-- The checking for
emphasis in industrial arts was identical with the checking for importance
in general education. Thus the order of items in Table 23 represents the
order of emphasis in industrial arts as well as the order of importance
in general education.

The data revealed no tendency on the part of the respondents to
want any of the items emphasized (or left to be learned) outside the in-
fluence of the school. Two items, however, were checked by a substantial
number of jurors for emphasis in other courses. These items (ranked 1
and 14) were a general description of sheet metal work and a statement to
the effect that geometry is applied in sheet metal work. The description
of a major area of employment is undoubtedly Appropriate for consideration
in courses dealing with occupations. The relationship between sheet metal
work and geometry presents an opportunity for teachers to reinforce each
othert's work.

7. Foundry Work

Acceptability of items in general education.-- The ten items in Part

I of the check list pertaining to foundry work are given in order of
importance in general education in Table 24 on the following pages.

Aside from the highest-ranking item, which is simply a general description



Table 2. Ttems Pertaining to Foundry Work Arranged in Order of Importance

in General Education, as Determined by 20 General Educators,
22 Industrial Arts Supervisors and Teacher Trainers, and 24
General Metalwork Teachers

e
— e

Per Cent of Jurors Who Checked
Jtem as Important

Items Pertaining to General |Supervis-| General Al
Foundry Work Educa=- ors and Metal- | Respond-
tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (4) (5)

2.

L.

Metals which flow freely when
molten may be cast into desired
shapes by pouring the molten
metal into molds. The process
is known as casting or founding.
It is done in a foundry, e€.g.,
iron foundry, brass foundry.esees 85 100 92 92.3

The mold into which the metal
is poured must be made from a
sample or full-scale model known
as a pattern. Patterns are made
of wood, metal, wax, or plaster.. 60 91 83 78.0

Molds for casting metal are com-—
monly made of sand or plaster.
When many castings are to be
made from one mold, as in die
casting, the mold is made of
MR o w8 AR R R AR AR R RS ee 65 86 79 76.7

Metals such as bronze and white
metal are often shaped by a proc-
ess known as die casting. The
metal is in either a fluid or
plastic state and it is forced
into a die under high pressure.
Die gast articles have a smooth
surface and require no finishing '
unless they are to be plated.ece.. 50 91 79 73.3

In order to allow the molten
metal to flow into all parts of
the mold, the mold must be vented

(continued on next page)



Table 24. (continued)

Items Pertaining to
Foundry Work

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(4)

(5)

7.

10.

to permit air, gas, and steam
tO escape............ll-.......

Molds must be free from mois-
ture when the metal is poured
in; otherwise steam will form
and cause an imperfect casting
and possibly cause the mold to
e@lode..l.....'.‘....‘........

Cast iron and most other metals
take up more space when hot
than they do when cold. For
this reason, patterns must be
made larger than the finished
article to allow for shrinkage.

When an article to be molded
contains holes or hollow parts,
a core is placed in the mold so
the metal will flow around it.
Cores are usually made of sand
and oil. They are molded in a
core box and baked in an oven
prior to insertion in the mold.

In order that a pattern may be
lifted from a mold, the sides

of the pattern must be tapered.
The taper is called draftecesee

When castings have solidified

and cooled, they are taken from
the mold and placed in an ir-

regularly-shaped barrel (called)
a rattler) to clean off molding
sand and to shake out cores. A
cold chisel is used to chip off
burrs and irregularitieS.ccecss

Mean.....'.i.......‘l....—I.

55

50

35

40

35

25

4

73

77

73

7

68

79

79

79

75

75

67

70.3

67.3

6307

62.7

62 03

53.3
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79
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of foundry work, none of the items was considered important by as many as
80 per cent of the respondents. The first five ranking items were checked
as important by 70 per cent or more of the jurors. The remaining items
were considered important by from 53.3 per cent to 67.3 per cent of the
respondents.

Differences in opinions of juries.-- The industrial arts specialists

more frequently than the general educators checked foundry work items as
important in general education. Nevertheless, there is good agreement
between the rank order of items as determined by the responses of the
separate juries. As explained on page 31, the coefficient of correlation
betﬁeen the responses of the general educators and those of the super-
visors and teacher trainers was 0.82. The coefficient indicating the
relationship of the responses of the two industrial arts specialist
juries was 0.85.

Curriculum emphasis of foundry work items.-- The ten items pertain-

ing to foundry work appear to be almost entirely the province of indus-
trial arts. Each item that was checked as important by a respondent was
also checked by that respondent for emphasis in industrial arts courses.
As in the case of the responses to the list of sheet metal work items
reported in the preceding section, the data revealed no tendency on the
part of the jurors to want any of the items emphasized (or left to be
learned) outside the influence of the school. Fifty-five per cent of
the general educators and 41 per cent of the supervisors and teacher
trainers indicated that the highest-ranking item--the one concerned with

the general nature of foundry work--should be emphasized in other
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courses. Only five of the twenty-four teachers, on the other hand (21

per cent), checked this item for emphasis in other courses.

8. Forge Work

Acceptability of items in general education.—— The fourteen items in

Part J of the check list pertaining to forge work are given in order of
importance in general education in Table 25 on the following pages. Only
the first-ranking item, which has to do with the general nature of forge
work, was checked as important by more than 90 per cent of the respond-
ents. No other item was checked by as many as 70 per cent, but even the
lowest=ranking item apparently was considered important by more than half
the respondents. The mean of thé responses of all juries combined was

6L per cent, the lowest figure for any section of fhe entire check list.
It seems reasonable to conclude that forge work, as characterized by the
fourteen items in the check list, is of less importance in general educa-
tion than other aspects of metalwork.

Differences in opinions of juries.-- The mean per cent of the general
educators?! responses was 39; of the supervisors and teacher trainers! 79;
and of the general metalwork teachers!' 74L. Thus the three juries reacted
to the items pertaining to forge work about as they did to all other sec-
tions of thé check list. That is, the per cent of general educators who
checked items as important was significantly less than the per cent of
industrial arts specialists who checked items as important. Only four of
the twenty general educators checked the technical item concerned with

upsetting stock (item ranked 13) as important, and the last six ranking



Table 25. Items Pertaining to Forge Work Arranged in Order of Importance
in General Education, as Determined by 20 @eneral Educators,
22 Industrial Arts Supervisors and Teacher Trainers, and 24

General Metalwork Teachers

Items Pertaining to

Per Cent of Jurors Who Checked
Item as Important

Forge Work

General
Educa=-
tors

Supervis=
ors and
Teacher
Trainers

General

Metal=
work

Teachers

A1
le spond-
ents

(1)

(2)

()

(L)

NE

1.

Historically the first metal-
working process was forging,
which means beating metal into
shape. The process is important
today, but most of it is done by
machine (drop forge) instead of
by hand, although hand forging
is still done by ornmamental
iron workers and by maintenance
mechanicSssisssssnwsssnusnnsnis

Scrolls are used in ornamental
iron work to lessen the monotony
of straight lines. Scrolls are
usually formed cold, through

use of a variety of devices such
as bending forks, jigs, and
bending machineSsecsscescsissssns

The process of forging refines
the grain of metal in such a
way that forgings are tougher
than castings or machined
pieces. Tor this reason such
parts as crankshafts are usually
forged to shape before they are
machined to finished dimensions.

The principal equipment for
hand forging is a coal or gas
forge, an anvil, tongs for
holding the heated metal, and
hammers, chisels, forming
tools, and punchesS...cecacesccees

c
O

L5

50

95

82

82

77

(continued on next page)
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Table 25. (continued)
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Items Pertaining to
Forge Work

Item as Important

At

T . T S e e e e

Per Cent of Jurors Who Checked

General
Educa-
tors

Supervi s—
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(4)

(5)

5

In most ornamental iron work
the appearance is improved by
shaping or marking the ends of
metal pieces. This is commonly
done by forging, filing, grind-
ing, or hammer markingeeceseecsess

A drop hammer is a large, power-
ful machine which has a heavy
weight that acts as a hammer.
The weight has a die fastened

to its bottom. The hot metal is
laid upon another die which is
fastened on-the base or anvil.
The weight then drops on the
metal and hammers it into both
dies. The object thus formed

is called a drop forgingeessecess

Wrought iron and mild steel up
to and including one-fourth
inch in thickness can be bent
cold. Thicker pieces must be
red hot or hotterisssscscssonnsn

When a metal bar is to be bent
at an angle, an allowance must
be made to compensate for the

shrinkage in the length of the
piece. The rule for allowance
is to add an amount equal to

one=half the thickness of the

metal for each right-angle bend.

Circular bends may be made over
an anvil or around some cylin-
drical piece such as a rod or

pipe. A common procedure when

L0

50

L0

35

86

73

77

7

(continued on next page)
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Table 25. (continued)

ITtems Pertaining to
Forge Work

)

.
e
LZJ

Per Cent of Jurors Who Checked
Item as Important

General
Educa=-
tors

Supervis=-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(L)

(2)

10.

11.

13.

bending metal bars cold is to
use a pipe or rod with a slot
in one end, inserting the end
of the bar in the slot and
slowly bending around iteesesecss

In forging iron or steel, the
metal should be hammered only
when it is bright red hot or
hotter. The work can be damaged
if it is hammered at an improper

heat-.‘-------..--.o.-..-.--.u--o

Metal bars are often twisted to
give them additional stiffness,
to alter their position for
fastening purposes, and for
ornamental reasons. Mild steel
square bars up to 4 inch and
strap iron up to  inch in
thickness and 1% inches in
width usually can be bent cold.
To prevent stock from twisting
out of line, it may be twisted
inside a section of pipe of
the proper SiZ€sesessscccccscsss

To stretch or draw out an iron
or steel rod or bar, it may be
heated white hot and then ham-
mered over the horn of the

anvilo-l-.l.o......-.l'll.la.lo.

To thicken or upset the end of
an iron or steel rod or bar,

the end to be upset is heated
white hot, placed on an anvil,

30

25

30

25

i

77

73

73

(concluded onrext page)

79

79

71

75

60.7

60.3

58.0

57.7




Table 25. (concluded)

Per Cent of Jurors Who Checked

Ttems Pertaining to Item as Important
Forge Work General [Supervis- |General Al
Educa- | ors and | Metal- |Respond-
tors Teacher work ents
Trainers |Teachers _
(1) (2) (3) (&) (3)

and the other end struck with a
hammer or the heated end rammed
ag&inst the anﬁl............... 20 73 71 511—07

14. Wrought iron or steel may be
welded by heating the pieces to
welding heat, placing the pieces
together, fluxing the joint, and
hammering the pieces together.
This process, which requires
much skill, has been almost en-
tirely replaced by gas and elec=-
tric weldingeeesccssscoccccnsesss | 30 82 50 54.0

Mean......................... 39 79 7!.]. 6}4,.0

items were checked as important by 30 per cent or fewer of the general

educatorse.

Reliability of the data.-- When computed by the rank-difference

method, the responses to the fourteen items pertaining to forge work
proved to be the least consistent of all the groups of items studied.
The coefficients of reliability were as follows: general educators, 0.60;
supervisors and teacher trainers, 0.65; general metalwork teachers, 0..43.
The mean of the coefficients was 0.56. Aside from the first-ranking
item, which was checked as important by 91.3 per cent of all respond-

ents, the range in the per cent of jurors who checked the other items

L g T

2



as important was so small that the rank-order seems to have little sig-
nificance. The responses of the supervisors and teacher trainers, for
example, ranged narrowly from 73 per cent to 86 per cent.

Curriculum emphasis of forge work items.-- Those respondents who

checked forge work items as important also checked the items for emphasis
in industrial arts. Only the first-ranking item was checked for emphasis
in other courses by a significant number of respondents. Forty-five per
cent of the general educators, 41 per cent of the supervisors and teacher
trainers, and 42 per cent of the general metalwork teachers so checked

the item. None of the items was checked by more than eleven of the sixty-
six respondents for‘learning in out-of-school situations, 17 per cent, and
only one item (ranked first in Table 26) was checked by that many jurors.
Except for general understanding of the forging process, forge work seems

to be appropriate for emphasis only in industrial arts.

9. Welding

Acceptability of items in general education.-- In Table 26 which fol-

lows, the seventeen items pertaining to welding contained in Part K of the
check list are arranged in order of importance in general education. The
first-ranking item, which is a general description of the welding process,
was considered important in general education by all but two of the sixty=-
six respondents. The items ranked in the first six were checked as impor-
tant by from 81.7 per cent to 97.0 per cent of the jurors. The lowest-
ranking item was considered important by 59.0 per cent of the respondents,

and the mean of the responses for all seventeen items was 73.0 per cent.

Except for the most technical items, in the opinion of most of the
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Table 26. Items Pertaining to Welding Arranged in Order of Importance in
General Education, as Determined by 20 General Educators, 22
Industrial Arts Supervisors and Teacher Trainers, and 24 Gen-

eral Metalwork Teachers

Items Pertaining to
Welding

Per Cent of Jurors Who Checked
Item as Important

General
Educa=
tors

Supervis-
ors and
Teacher

Trainers

General

Metal-
work

Teachers

Al
Respond-
ents

(1)

(2)

3)

(4)

(3)

1.

G

Welding is the process of fus-
ing metals together. Oxy=-
acetylene and electric arc are
the two principal kinds of weld-
ing, both processes supplying
intense and concentrated heat
which melts the metal and the
filler rod which fills the

space in the jointeecescecccsssss

Shipbuilding, automobile and
farm implement manufacture, and
the refining and transportation
of oil and gas are major indus-
tries which employ many welding
operators. In cities and even
rural communities there is work
for welders in the repair and
maintenance of machinery.eeeecss

The infra-red and ultra-violet
rays from the welding flame or
arc are injurious to the eyes;
therefore the welders! goggles
or helmet must be in place be-
fore an arc is struck or a
torch lighted-—whether you are
watching or weldingeeecececeecene

The hazards of welding--from
the electric current, from the
hot metal, from flying scale,
and from injurious light rays—-

95

90

70

100

95

95

(continued on next page)

96

92

92

97.0

92.3

85-7




Table 26. (continued)

Items Pertaining to
Welding

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-—
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1

Respond=-

ents

(1)

(2)

(3)

)]

(5)

require rigid adherence to all
safely precaulionS.ececesvececsssas

Sheet steel articles such as

children's toys, lockers, and
office furniture are frequently
fabricated by a process known
as spot welding. The pieces of
metal are placed between two
electrodes and pressed together.
The current passing through the
pieces produces sufficient heat
to fuse them together at that

spOt....‘..C...IC'I.II.I.I.....‘

Because of the strength of
welded joints, welded construc-
tion makes it possible to save
much weight in many manufac-
tured products and consequently
decrease costs and sometimes
improve performance and appear-—
ance of the products. Welded
ships are an exampleessseassssses

Steel may be "eut" with an oxy-
acetylene cutting torch. The
oxy-acetylene flame heats the
metal to a temperature at which
it will oxidize quickly and
then a stream of oxygen, di-
rected toward the place to be
cut, burns through the metal.
The process is called flame
cutting or burningeecescesessccees

70

70

80

60

86

95

82

85

(continued on next page)

96

83

83

83

8L4.0

82.7

81.7

76.0



Table 26. (continued)

Items Pertaining to
Welding

Per Cent of Jurors Who Checked
Item as Tmportant

General
Educa-
tors

Supervis-
ors and
Teacher
Tra;ners

General

Metal-
work

Teachers

A1l
Respond-
ents

D

(2)

(3)

)]

(5)

By the welding process it is
possible to add a coating of
extremely hard metal on sur-
faces which are subjected to
excessive wear--for example,
a hard-surfaced plow shar€......

In oxy-acetylene welding, acety-
lene and oxygen gases are sup-
plied to a welding torch where
they are mixed and burnedeecceces

Bronze welding (brazing) is
similar to welding except that
brass (known as spelterg is used
as the filler rod, and the base
metal is not melted. The proc-
ess is sometimes called hard
S0lderinZesssessssasessesasincns

In arc welding, a heavy current
is required, often as great as
LOO amperes for a single weld-
ing machin€.isessscsessvensvssees

Both edges of the base metal
and the end of the filler rod
must be molten simultaneously
if a weld is to be soUNdecececss

Defective welds are indicated
when the pattern of the weave
is irregular, when blow holes
are present, and when fine
cracks are visible..ccececsceccns

60

35

LO

L0

30

4O

82

86

86

77

82

88

79

83

82

73

(doncluded on next page)

75

69.7

68.3

66.7

65.0

62.7



Table 26. (concluded)

Items Pertaining to

?ér éent of Jurors Who Checked

Ttem as Important

Welding

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond-
ents

(1)

(2)

G)

(&)

(5)

14.

15.

lél

17.

A flux is used to increase flu-
idity of the molten metal and
to prevent the heated metal
from becoming oxidized. In arc
welding, the filler rod (elec-
trode) is usually coated with

£
J..l.llx...l.............'..l.!I.....

Welding in a flat position
(downhand) is relatively simple;
vertical and overhead welding
are difficult skills. About 200
clock hours of intensive train-
ing is required to develop mini-
mum employable skills to arc weld|
steel in all positions. The
skills are lost if not used regu-
la.rly......-.--.......-.....o.---

Stock to be welded must be clean,
and the space between the pieces
must be such that the weld metal
can flow freely and make a sound

jOith-.-n-c.--.-.....-.-c.....--a.

Both AC and DC machines are used,
but the DC machine is generally
considered superior for most
work. With either machine, the
work is connected to one side

of the circuit and the electrode
to the other. When the electrode
touches the work a hot arc re-

sultstocuoooc..-..a..uc...-..n..a

30

30

25

25

77

7

77

™

75

T

75

75

60.7

59.3

59.0

59.0

Mea-n-.-.-.l.ln...o.-t--......!

52

8L

3

73.0
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respondents, welding seems to be appropriate in a program of general edu-

cation.

Differences in opinions of juries.-— A smaller per cent of the general

educators than of the industrial arts specialists checked welding items as
important. The mean of their responses was only 52 per cent, while the
mean of the responses of the other two juries were 84 per cent and 83 per
cent, respectively. In regard to items ranked 1, 2, and 6, however, the
three juries seemed to be in good agreement. These items, it should be
pointed out, are non-technical in nature. As im all parts of the check
list, the general educators tended to reject technical or specific items.

Reliability of the data.-- The mean of the coefficients of reliabili-

ty of the responses of the three juries, as computed by the rank-difference
method, was 0.77. The responses of the general educatdrs and general metal-
work teachers seemed to be somewhat more consistent than the responses of
the supervisors and teacher trainers, the coefficients of reliability be-
ing as follows: geﬂeral educators, 0.86; supervisors and teacher trainers,
0.62; general metalwork teachers, 0.84. Nevertheless, the rank order of
items as shown in Table 26 seems to be based on significantly reliable

data.

Curriculum emphasis of welding items.-- All respondents who checked

items pertaining to welding as important in general education checked
the items also for emphasis in industrial arts. Only an occasional re-
spondent checked welding items for emphasis out of school; but 50 per
cent of the jurors checked the second-ranking item, which is concerned

with the kind of industries employing welders, for emphasis in courses



other than industrial arts. The first-ranking item was checked for empha-

sis in other courses by 36 per cent of the respondents.

10. Pipe Work

Acceptability of items in general education.-- In Table 27 on the

following pages, the twelve items pertaining to pipe work contained in

Part L of the check list are arranged in order of importance in general
education. Only three respondents, two teachers and one general educator,
failed to check the first-ranking item as important. The item which ranked
last was checked as important by 57 per cent of the respondents. The mean
of the responses was 74.6 per cent. As in other parts of the check list,
the items which were checked as important by the greatest number of re-
spondents were non-technical and general in nature.

Differences in opinions of juries.—— More supervisors and teacher

trainers tended-tp accept items as important than did the teachers. The
teachers, on the other hand, tended to accept more items than did the
general educators. This is characteristic of all sections of the check
list. As in most other sections; too, all three juries were in substan-
tial agreement regarding the top-ranking items, with the support of the
general educators dropping off rather sharply when the items were techni-
cal in nature.

Reliability of the data.-- The coefficients of reliability of the

responses, as computed by the rank-difference method, were higher for
this section of the study than they were for any other section. The
mean of the coefficients was 0.84. For the separate juries the coef-

ficients were as follows: general educators, 0.93; supervisors and teacher
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Table 27. Items Pertaining to Pipe Work Arranged in Order of Importance
in General Education, as Determined by 20 General Educators,
22 Industrial Arts Supervisors and Teacher Trainers, and 24
General Metalwork Teachers

Per Cent of Jurors "ho Checked
Item as Important

Items Pertaining to

Pipe Work General |Supervis—|General A1l
Educa~ | ors and | Metal- |Respond-
tors Teacher work ents
Trainers | Teachers
(1) 2) (3) (4) (5)

1. Pipes made of wrought iron or
steel are used in the home to
run water, steam, gas, and elec-
tric wires. Copper pipe is con-
sidered superior to steel pipe
for water linesiessescccacessnse | 95 100 92 95.7

2. Pipe fitting means measuring,
cutting, threading, and putting
pipes and fittings together. A
plumber installs water pipes: a
steam fitter, steam pipes: a
gas fitter, gas pipes: and an
electrician, conduit--the name
given to pipes that carry elec-~
tPica], WireSssswessivasveevasds s 25 91 88 91.3

3. The size of a pipe is designated
by its internal diameter. The
hole is usually somewhat larger
than the nominal SiZ€esescsscsss 80 82 88 83.7

L, Pipes are most often connected
by means of threaded fittings
such as elbows, tees, couplings,
plugs, and caps. Copper pipes,
however, may be soldered to the
PRI an e nss cvsanmsanesamnee | 8D 86 a3 78.0

5. Pipes made of thin metal—-
chiefly brass, copper, alumi-
num--are called tubing. Tubing
is fitted similarly to pipeSe.... | 65 86 79 76.7

(continued on next page)
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Table 27. (continued)

Items Pertaining to
Pipe Work

Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1
Respond-
ents

(1)

(2)

G)

(&)

(5)

6.

8.

10.

Because pipe is usually round,
it must be held in a special
vise (called a pipe vise) when
it is being cut or threaded.
Also, a special wrench (pipe
wrench) is used to screw pipes
and fittings togethereiecececees

Pipes may be cut with a hack
saw. The general practice, how-
ever, is to use a pipe cutter
which is fastened over the pipe
and revolved around it. The
cutter is tightened with each
revolution until the pipe is

cut off. After cutting, the
rough edge of the hole is
reamed so it is smootheecececce.

Pipe threads are almost always
right hand. When the ends of
two pipes in a fixed position
are joined, a fitting called a
union is US€deeesscssscssanssss

Pipe threads are tapered so as
to make the joints tight. Red
lead is smeared on pipe threads
before pipe and fittings are
screwed together, so as to make
the joints gastight and to keep
the metal from corrodingecscess

In machines, pipes are used to
carry oil, gasoline, and a
variety of fluids. They are
installed and maintained by
appropriate mechanics, e.g.,

60

60

55

L5

86

86

82

82

(concluded on next page)

75

75

79

83

7.7

737

72.0

70.0
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Table 27. (concluded)

Items Pertaining to

Per Cent of Jurors Who Checked
Item as Important

Pipe Work General |Supervis- |General A1
Educa=- | ors and | Metal- |[Respond-
tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (&) (5)
hydraulic lines in an airplane
by an airplane mechaniCeeececass 60 68 67 65.0
11. When a pipe or tube is bent,
the outer part is stretched
while the inner part is squeezed
together. For this reason the
pipe or tube tends to flatten
when bent. To prevent this,
the pipe may be tightly packed
with fine, dry sand during the
bending........................ 35 82 67 61.3
12. There are two main classifica-
tions of pipe: welded and seam-
less. The shaping and welding
of pipe is usually done by a
rolling process; seamless pipe
is made from a solid rod of
metal which is rolled and
pushed over a long mandrel..... L5 68 58 57.0
MeBNeessessscsscsssccssnsssns 63 83 78 Tha7

trainers, 0.85; general metalwork teachers, 0.75.

Curriculum emphasis of pipe work items.-- No respondent who checked

an item as important in general education failed to check the item again

for emphasis in industrial arts.

fore, is the order of emphasis in industrial arts courses.

The order of items in Table 27, there-

The highest-

ranking item, concerned with the use of pipes in homes, was checked for

-~
@



emphasis in other courses by 60 per cent of the general educators, by
50 per cent of the supervisors and teacher trainers, and by 29 per cent
of the general metalwork teachers. No other item was given more than
an occasional vote for emphasis in courses other than industrial arts or

for learning outside the school curriculum.

11. Metal Finishing, Ornamentation, and Preservation

Acceptability of items in general education.-- In Table 28 on the fol-

lowing pages, the twenty-one items pertaining to metal finishing, ornamen-
tation, and preservation contained in Part M of the check list are arranged
in order of importance in general education. All twenty-one items were
checked as important by 60 per cent or more of the respondents, and nine

of the items received the votes of 80 per cent or more of the jurors.

Next to the group of iteﬁs pertaining to assembly and fabrication, this
group of items pertaining to metal finishing, ornamentation, and preserva=-
tion received the greatest percentage of votes of the shop work areas.

Differences in opinions of juries.-- In regard to the items pertain-

ing to metal finishing, ornamentation, and preservation the juries seemed
to be in essential agreement. With the exception of just one item (ranked
last) one-half or more of the members of each jury checked all the items
as important.

Reliability of the data.-= The mean of the coefficients or correla-

tion of the responses of the three juries, as computed by the rank-differ-
ence method, was 0.77. The coefficients for the separate juries were as

follows: general educators, 0.68; supervisors and teacher trainers, 0.77;



Table 28. Items Pertaining to Metal Finishing, Ornamentation, and Preser-
vation Arranged in Order of Importance in General Education,

as Determined by 20 General Educators, 22 Industrial Arts Super-
visors and Teacher Trainers, and 24 General Metalwork Teachers

Items Pertaining to

Metal Finishing, Ornamentation,

and Preservation

Per Cent of Jurors Who Checked
Item as Important

General
Educa~
tors

Supervis-
ors and
Teacher

Trainers

General

Metal-
work

Teachers

A1
Respond-
ents

€

(2)

(3)

(L)

(5)

LI-:

5.

Metal must be clean, dry, and
free from rust and grease be-
fore it can be painted or plated
successfullyeseesssasccsesccsnas

Metal articles are finished in
various ways for the purpose of
protecting the surface from be--
coming tarnished or corroded
and for the purpose of improv-
ing the appearanCé....-.........

Etching is done by coating the
metal surface with melted wax
or asphaltum, scratching through
this coating the marks to be
etched, and then applying an
acid which eats out the design..

Rust and dirt may be removed
with a wire brush, either by
hand or with a brush on a
grinder. If a grinder is used,
goggles must be worn and the
work should be held against the
lower edge of the brusheceeeseces

Clear lacquer or wax provides a
transparent protective covering
for metal. This finish is often
used on brass to keep its ap-
pearance bright and on steel
when it is desired to retain

the coloration of the oxides
resulting from heatingescesceeces

90

80

80

80

65

100

100

91

86

91

(continued on next page)
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Table 28. (continued)

Items Pertaining to

Metal Finishing, Ornamentation,

and Preservation

Per Cent of Jurors Who Checked
Item as Important

General
Educa=-
tors

Supervis=-
ors and
Teacher
Trainers

General
Metal-
work
Teachers

A1l
Respond-
ents

(1)

(2)

(3)

(&)

(2)

9.

10.

1ls

Hand polishing means to rub the
surface of the metal by hand
with an abrasive cloth or with
steel wool, beginning with
coarse abrasive and continuing
with finer grades successively
until using the finest grade....

Iron and steel articles such as
lawvn furniture and ornamental
iron work may be painted,
enameled, or lacquered. Cast
iron parts, however, should be
filled before painting, if a
smooth surface is desiredeeececes

Red lead and zinc chromate
paints are used to keep iron,
steel, and other metals from
becoming rusted. For example,
red lead on structural steel....

Through use of hard, sharp en-
graving tools, designs may be
incised on metal surfaces.

This process is known as en=-
EravVingecessssoscecssssecscsscee

To polish is to change a rough,
uneven, dull surface with ir-
regular scratches to a surface
with very fine, uniform, paral-
lel cuts or grooves which can-
not be seen with the naked eye..

Grains of abrasive glued to
cloth makes an abrasive cloth,
CeZe, EmEry Clothiceccsccesssnes

80

75

15

70

60

86

82

95

i

91

(continued on next page)

79

i

83

75

79

83

81.7

80.0

80.0

78.7

78.0




Table 28. (continued)

Items Pertaining to

Metal Finishing, Ornamentation,

and Preservation

Per Cent of Jurors Who Checked
Item as Important

General
Bduca-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

All
Respond-
ents

(1)

(2)

)

(4)

(5)

12.

Metals are elctroplated with
another metal to improve appear-
ance or to increase wearing
properties of the article. The
process consists of separately
suspending in an electrolytic
solution the article to be
plated and an anode of the
plating metal and causing a
direct current to flow through
the solution from the anode
onto the articlecsceccescccsscscs

Rusty metal, covered with

grease or paint, may be cleaned
by boiling it in a solution of
caustic soda and watereeeesecsee

Machine buffing consists of
holding the work against a
cloth buffing wheel to which
has been applied a buffing
compound such as lime, tripoli,
or rouge. The process is also
done by hand rubbinge.cceecececcse

Metal articles may be given an
antique finish by applying
various chemicalS.sceecessnssss

Identifying marks are placed on
tools and machine parts by
stamping, stenciling, and etch-
ing, or, in the case of cast
articles, by molding the marks
as part of the patterneeececees.

65

60

70

60

1

77

68

73

(concluded on next page)

88

67

75

7L

75

70.7

6?.7

69.3




Table 28. (concluded)

Ttems Pertaining to
Metal Finishing, Ornamentation,
and Preservation

Per Cent of Jurors Who Checked
Item as Important

General
Educa-
tors

Supervis-
ors and
Teacher
Trainers

General

Metal-
work

Teachers

A1l
Respond-
ents

(L)

(2)

(3)

(4)

(5)

17.

18.

19

20.

21.

Ornamental iron work can be
given a distinctive appearance
by hammer marking the surface
with a ball-peen or cross-peen
hammer or with punches of various

kinds..--.-l..-!.......t.l...-..-

Crackle lacquer, used on commer-—
cial products such as radios and
typewriters, provides an attrac-
tive appearance and effectively
conceals small irregularities

on the surface. It is applied
just as ordinary paint and the
article is then baked..scccieacas

Spot finishing may be done by
applying emery flour to the sur=
face and then rubbing the spots
lightly with the end of a re-
volving dowel held in a drill

preSSna-.tl.Ctlo.-..lt-lool..l.-.

Burnishing is a process of mak-
ing a surface shiny by rubbing
it with a hard, smooth tool and
pressing out minute high spots...

Relief designs may be placed on
sheet metal articles by a proc-
ess called chasing or repousse.
The design to be embossed is
traced with tools of various
shapes which are tapped lightly
with a hammer.scsesesssssssssanes

Mean........-..................o.

50

55

55

55

LO

77

73

77

73

77

79

75

Sk

58

67

68.7

67.7

62.0

62.0

61.3

66

8L

77

757




general metalwork teachers, 0.86.

Curriculum emphasis of the items.-- All of the items considered impor-

tant in general education were checked by the same number of respondents
for emphasis in industrial arts. None of the items was given more than

scattered support for emphasis in other curriculum areas.

12. Summary

1. The items discussed in this chapter are essentially industrial arts
in nature. Relatively few items were checked by respondents for emphasis
in any other learning situation than industrial arts.

2. Items pertaining to assembly and fabrication were checked as
important by the largest percentage of respondents. The average of the
responses to the different groups of items in the field of shop work are
shown in Table 29 on the next page.

3. Shopwork items which were non-technical in nature were more accepta-
ble as general education goals than were technical items.

L. As seen in Table 29, the percentage of general educators who checked
shop work items as important was substantially smaller than the percentage
of industrial arts specialists who checked items as important.

5. Relatively few shop work items suggest possibilities for curriculum
correlation. Those general items which are concerned with occupational

information probably offer the greatest possibilities.



Table 29. Average Percentage of Jurors Who Checked Shop Work Items as
Important in General Education

Average Percentage of Jurors Who
Checked Items as Important

Area of Shop Work Ceneral |Supervis- [General M1
Educa=- | ors and | Metal- |Respond-
tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (L) (5)
Assembly and FabricationNeeecsecceecececes | 71 81 77 76.3
lMetal Finishing, Ornamentation, and
PreservatioNescsccssscccossscscecs | 66 8l i 7547
Pipe WO TIE i o 63 83 78 71!4,.6
Hand Wotlevevessanewossnnvseas v sos 59 £2 382 The3
Sheet Metal Worksseeesssswssvaaasies | BL 81 20 74L.0
Weldingesesscesssinscnassnsessssnsos 52 al 83 73.0
Foundry Workeessssssssessssssessssns 50 8l 79 70.0
Machine Works«ssureseswiessvswennses | 50 80 77 62.0
Layout and Measuringe.seececccsesscsses 50 74 75 7.0
FOI‘gE‘ T‘fOl"l—i.-........-....-..o....... Bq 70 7!.;. 6!.4.-0
WMEB s o0 vt s tnmsmiasnms I mp——— 81 78 71T




CHAPTER VI

CONCLUSIONS

1. Introduction
In the preceding chapters a detailed report of the results of this

study is given. In this chapter will be presented a summary of the find-
ings, suggestions for their possible use, and recommendations for other
studies the need for which seems to be indicated by the present investi-
gation. As stated in Chapter I, one of the purposes of this study is to
draw from the findings implications for all areas of industrial arts
rather than to limit considerations to the field of industrial arts metal-

work. That purpose will be incorporated in the paragraphs that follow.

2. Summary of the Data

Importance of items.-- As shown in Table 30 at the top of the next

page, general information items were checked more frequently as impor-

tant in general education than were items concerned with other phases of
metalwork. The general educators in particular indicated that these

items serve general education aims. The items which were accepted by

the greatest number of jurors were, in the main, items which represent
information commonly known by the average well-educated adult. In other
words, the respondents seemed to consider knowledge which they themselves
possess to be important enough that everyone, by some means or another,
should have the opportunity to acquire. All thirty-two geheral information

g =g
17'¢
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Table 30. Average Percentage of Jurors Who Checked Industrial Arts Metal-
work Items as Important in General Education

—w
Average Percentage of Jurors Who
Areas of Checked Items as Important
Industrial Arts Metalwork General |Supervis-|General A1l
Educa~ | ors and | Metal- |Respond-
tors Teacher work ents
Trainers |Teachers
(1) (2) (3) (4) (5)
General InformatioNeeessscecsssaseas 92 85 85 87
Technical InformatioNecececccecesces | 63 83 80 75
Shop Tlﬂfork......d.‘.l....‘l-.l-..-.. 56 8:1. 78 72

items were checked as important by 66 per cent or more of the respondents.

Technical information items, on the whole, were considered important
by fewer general educators than industrial arts specialists, as shown in
Table 30. Shop work items were supported less frequently than items in
the other two categories.

By the nature of items checked as important, it is reasonable to
assume that respondents tended to consider as important technical infor-
mation with which they theﬁselves are familiar--items which have the most
frequent possibilities for application in everyday life.

Generalized items were checked more frequently as important than
specific items.

Respondents tended to check applications of technical principles as
important more frequently than they checked the principles themselves.

Each of the foregoing statements applies in the same way to the re-

sponses of the jurors with regard to the shop work items in the check list.



Table 31. Average Percentage of Jurors Who Checked Industrial Arts Metal-
work Items for Emphasis in Industrial Arts Courses

Average Percentage of Jurors Who
Checked Items for Emphasis

Areas of
Industrial Arts Metalwork General |Supervis- |General A1l
Educa- | ors and | Metal- |Respond-
tors Teacher work ents
Trainers |Teachers
@D) 2 ) ) (5)
Genera-l Infomationco-o. S8 P e e SR een 66 72 62 67
Technical InformatioNecesscecscscss 57 78 75 70
Shop E'.Jork.......C.C............-.-. 56 81 78 ?2

Appropriateness of items in industrial arts courses.-—— While the

thirty-two items of general information were checked as important more

frequently, on the whole, than the items in other categories of this

study, they were checked less frequently for emphasis in industrial arts

COUrsesS.

As shown in Table 31, above, and in Table 30 on page 178, only

67 per cent of the respondents checked the items, on the average, for

industrial arts emphasis, as compared with 87 per cent for importance in

general education.

Seventy-eight per cent of the respondents checked

the items, on the average, for emphasis in courses other than industrial

arts.

Industrial arts teachers tended to reject general information items

as being less suitable, on the whole, for emphasis in industrial arts

than items in other categories. This may mean that teachers of industrial

arts, while recognizing the general information items as important, do

not feel responsible for planning definite curriculum experiences for



the purpose of bringing about the implied learning. The average percen-—
tage of general educators who checked general information items for
emphasis in industrial arts was slightly greater than for items in other
categories. This may mean that general educators feel that industrial
arts teachers should plan as definitely to help learners acquire general
information as they do to help learners acquire technical information
and ability in shop work. Industrial arts supervisors and teacher train-
ers tend to share the general educators! point of view.

In each of the juries, respondents who checked technical information
items as important generally checked the items for emphasis in industrial
arts. Certain kinds of technical information, then, seem to be appropri-
ate for consideration by teachers in planning learning experiences in
industrial arts.

Shop work, of course, is the prime nature of industrial arts. Every
item which was considered important by a juror was also checked by that
juror for emphasis in industrial arts.

Curriculum correlation.-- General information goals related to in-
dustrial arts work frequently were checked for emphasis in courses other
than industrial arts. The same is true of many items of a technical na-
ture. The fact that such items have been checked by general educators,
industrial arts supervisors and teacher trainers, and industrial arts
teachers alike for emphasis in both industrial arts and in other courses
suggests that industrial arts work can often reinforce and supplement
work in other curriculum areas and vice versa. This also suggests the

need for school-wide curriculum planning so that teachers of all subjects

|'.I }
o
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will be aware of the possibilities for integration and correlation.

3. Method of the Investigation

Criticisms from industrial arts teacher trainers.-— General educators
1] T Y T T T L I Y

and general metalwork teachers for the most part seemed to accept without
question the methods used in this study. The same is true of the indus-
trial arts supervisors. A few of the industrial arts teacher trainers,
on the other hand, took issue over the approach used. For example, one
respondent wrote:

I personally feel that this study is being approached from
the wrong angle. I do not believe that any items which you have
listed are either important or unimportant per se. I am sure,
and I think you will agree with me, that the activities and items
of information which you have indicated are of importance only if
they are reflected in changes in the behavior of students who are
exposed to them. Would it not be more valuable, therefore, to
attempt to determine what behavior changes are needed rather than
to concentrate on a rather extensive and minute analysis of in-
formation and operations?

And, along the same line, another teacher trainer said:
Personally I think deriving ideas from courses of study,
state bulletins, textbooks, and the like, a poor approach to ob-
taining a better answer than is now available concerning the nature
of general metalwork in a program of general education. It would
seem that we would thus be trying to solve our perennial problems
by age-old methods which have failed. It is a matter of holding
to traditional subject-matter ideals when we should be thinking
about child development.
From these and other similar comments from industrial arts teacher train-
ers, it is obvious that this type of investigation, which has been used
with good results in other general education areas, is not commonly used
in the industrial arts field.

Adequacy of instructions.-- The fact that some industrial arts

teacher trainers were critical of the approach used in this investigation



suggests that the instructions for use of the check list may not have
been thoroughly understood by all. The two statements which provoked
controversy were: (1) the definition of general education, and (2) the
answer to the question, What is the nature of the items in the check
list? While more adequate instructions might have prevented controver-
sy, it is not likely that the final results of the study would have been
materially different.

Adeguacy of the check list.-- While the respondents reacted to the

check list in a manner which produced data suited to the purposes of this
study, it now seems likely that a three-point scale might have resulted
in greater discrimination between items. In the dichotomous situation
imposed by the present check list, many respondents tended to check all
the items as important and none as unimportant. Again, it is not likely
that the final results of the study would have been materially different
if a three-point scale had been used. Nevertheless, in effect the results
of this study are based on the reactions of only those respondents who

checked items discriminately.

L. Suggested Use of the Findings

Improvement of teaching materials.-- In the body of this report, the

various items from instructional materials are arranged in rank order of
importance in general education. It is likely that those items which rank
high offer richer possibilities for general education experiences than
low=ranking items. To writers of instructional materials and to all
people concerned with industrial arts teaching, then, these lists should

be a useful guide in planning industrial arts experiences.



Use of items in planning.-- The purpose of industrial arts is to

change behavior of learners in keeping with certain broad aims. The items
classified and ranked in this study should suggest possible teachert's
objectives for units of instruction which contribute to the achievement
of each of these broad aims. The selected teacher's objectives in turn
should suggest core learning activities as well as additional activities
for enrichment and individual differences in pupils. The selected objec-
tives should also suggest evaluative activities.

Iooking beyond the present status.-- The items ranked in this study

were derived from present-day materials. If teachers limited their
source of goals to these and similar lists, teaching would become static.
The high-ranking items presented here, then, do not represent the ulti-
mate. Instead, they might well suggest the general nature of new items

designed to keep teaching materials fresh and up~-to-date.

5. Need for Further Study

Other industrial arts areas.-- This study was concerned only with

industrial arts metalwork. Similar studies might be made to determine
the relative importance in general education of teachers' objectives in
woodwork, electricity, graphic arts, and other industrial arts areas.

Analysis of objectives.—— In curriculum building proper use of the

items set forth in each area of this study would require: (1) considera

tion of the nature of capacities for pupil behavior implied by each ob-
jective; (2) development of suggested activities and experiences likely
to promote the pupils! growth in the implied capacities for behavior;

and (3) evaluative procedures for determining the extent and nature of



1/
the growth made.

Ttems neglected.-- Several respondents indicated that items pertain-

ing to the history of metalworking and to the story of famous people
whose lives were associated with metalworking were important in general
education, although such items were not revealed ih the analysis of
teaching materials. A search for such items would undoubtedly be prof-
itable.

Teaching facilities.—— Industrial arts programs should have facili-

ties appropriate for providing experiences which will contribute to high-
ranking goals. An analysis of facilities in relation to the findings of
this study should be useful.

General information.-- The general information items in this study

ranked higher, on the whole, than any other type of item, yet industrial
arts specialists tended to reject many such items for emphasis in indus-
trial arts courses. The need for a study to disclose means of implement-
ing general information through industrial arts seems to be indicated.

Technical information.-- The comments above regarding general infor-

matioen apply also to technical information.

1/See page g.
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APPENDIX A

QUESTIONS AND ANSWERS CONCERNING THE CHECK LIST

QUESTION: What is the purpose of this study?

ANSWER: To obtain a better answer than is now available concerning
the essential nature of general metalwork instruction in a program
of general education.

QUESTION: What is the meaning of general education, so far as this study
is concerned?

ANSWER: General education consists of those abilities, attitudes,
and concepts everyone should have an opportunity to learn, regard-
less of vocation, social or economic status, or other specialized
considerations.

QUESTION: What is the meaning of general metalwork, so far as this study
is concerned? :

ANSWER: "Industrial arts is a phase of general education that con-
cerns itself with the materials, processes, and products of manu-
facture, and with the contributions of those engaged in industry.m
General metalwork is that aspect of industrial arts which is con-
cerned with metals, metalworking processes, metal products, and
with the relations of the metalworking industries to social and
economic life.

QUESTION: What is the basis for the items included in the check list?

ANSWER: The items have been derived from courses of study, state
bulletins, textbooks, and articles in professional journals. Only
such items are included as have been discovered in several sources:
infrequently mentioned items have been omitted.

QUESTION: Does the check list represent a complete list of possible
learnings through instruction in general metalwork in an industrial arts
program?

Obviocusly such a check list camnot be complete. Respondents are
invited to add any items they feel are significant. Blank pages
are provided for that purpose.



JUESTION: Vhat is the nature of the items in the check list?

AlNSTER: The statements of things to be learned are potential
teacher's objectives; they are not materials io be presented di-
rectly to pupils. They are specific clues to the kinds of experi-
ences that should be provided pupils.

QUESTION: 'ho is to use the check list?

ANSWER:; The list will be checked by twenty-five general educators,
twenty-five industrial arts teacher trainers and supervisors, and

twenty-Tive general metalwork teachers. The respondents have been
carefully selected so as to give representative leading opinions in

each classification.

QUESTICN: T7hat are the respondents reguested to do with the check list?

ANSWER: Respondents are to evaluate the items for purposes of de-
termining (1) relative importance in general education, and (2) in
what curriculum area or areas the items should be emphasized.

QUESTION: What is meant by relative importance in general education?

ANSWER: The term importance refers to how important it is that
everybody have a chance to acquire the particular knowledge or
ability. It is not a question as to where it will be acquired.

The items are to be thought of in terms of such questions as: How
frequently is this useful? How many people will have use for it?
Will it help people to have a better understanding of modern indus-
try and our industrial society? ¥Will it help people to become
better citizmens? Better consumers? Will it help a person perform
common jobs as '"man of the house’? Will it help a young person
plan his future education? Will it provide a useful background for
other learnings such as scientific, mathematical, and social?

QUESTICON: What is meant by emphasis?

ANSWER: Emphasize in industrial arts or in some other course means
that learning experiences (laboratory, discussion, reading, etc.)
should be planned specifically for the purpose of bringing about
the learning.

QUESTION: What point of view should the respondent have while checking
the 1ist?

ANSWER: The respondents! reactions should be in terms of ideals

rather than existing curriculum status, i.e., what should be done
in a valid program of studies which recognizes modern objectives

of industrial arts teaching.
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QUESTION: What grade level should the respondent have in mind?

ANSWER: This study is not concerned in any way with grade levels,
Some of the items may very appropriately suggest elementary school
experiences; others may more appropriately suggest senior high
school or adult education experiences.

QUESTION: How much time will it take to check the list?

ANSWER: This depends upon how the respondent attacks the problem.
For those familiar with the subject, it will probably take longer
than for respondents not familiar in the field of general metalwork.
If a respondent will record his first reactions to each item and
then quickly pass to the next item, he should be able to complete
the list in about two hours. To expedite checking the list it is
suggested that the respondent first read the instructions and then
glance through the entire check list, reading items at random.

QUESTION: What will be done with findings from the study?
ANSWER: A summary of the responses will be sent to each of the

respondents. The complete findings will be available to any person
who wishes to consider them in curriculum work.
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10.

13.

APPENDIX B

TEACHING MATERIALS ANALYZED

Dewey F. Barich and Leonard C. Smith, Metalwork for Industrial Arts
Shops. American Technical Society, Chicago, 1952.

Alexander Frederick Bick, Artistic Metalwork. Bruce Publishing Com-
pany, Milwaukee, 1940.

A. We Dragoo and H. O. Reed, General Shop Metalwork, Third Edition.
McKnight and McKnight, Bloomlngton I1linois, 1947.

John Lewis Feirer, General Metals. McGraw-Hill Book Company, 1952.

John Lewis Feirer, Modern Metalcraft. The Manual Arts Press, Peoria,
I1linois, 1946.

Je W. Giachino and John L. Feirer, Basic Bench-Metal Practice and
Precision Measuring. The Manual Arts Press, Peoria, IlllHOlS

1943.

A fred B. Grayshon, General Metalwork, Second Edition. D. Van
Nostrand Company, Inc., New York, 1946.

Chris Harold Groneman, QOrnamental Tin Craft. Bruce Publishing Com-
pany, Milwaukee, 1949.

William H. Johnson and Louis V. Newkirk, The Metal Crafts. The
Macmillan Company, New York, 1942.

Emil Fritjoff Kronquist, Art Metalwork. McGraw-Hill Book Company,
New York, 1942.

Oswald A. Ludwig, Metalwork Technology and Practice. McKnight and
McKnight Publishing Company, Bloomington, Illinois, 1943.

Yorris J. Ruley, Projects in General Metalwork. DMcKnight and
McKnight Publishing Comnany, Bloomlngton I1linois, 1951.

Robert Ernest Smith, Machining of Metal, Revised Edition. McKnight
and McKnight Publishing Company, Bloomington, Illinois, 1949.



_ILndustr:’Lal Arts Professional Journals

American Vocational Journal, American Vocational Association, 1010 Ver=-
mont Avenue, N.W., Washington 5, D.C. ’

Industrial Arts and Vocational Education, Bruce Publishing Company,
Milwaukee, Wisconsine

Industrial Arts Teacher, American Industrial Arts Association, 123 East
Ninth Street Cinecinnati, Ohio.

School Shop Magazine, 330 South State Street, Ann Arbor, Michigan.

Bulletins
U. S. Office of Education:

Industrial Arts: Its Interpretation in American Schools. U. S.
Office of Education, Bulletin 1937, No. 34. 125 p.

American Vocational Association:

Improving Instruction in Industrial Arts. American Vocational
Association, Industrial Arts Division, 1948. 96 p.

A Guide to Improving Instruction in Industrial Arts, A Revision of

tandards of Attainment in Industrial Arts and Improving Tnstruc-
tion in Industrial Arts. American Vocational Association, 1010
Vermont Avenue, N.W., Washington 5, D.D. 120 p.

Connecticut:

The Redirection, Reorganization, and Retooling of Secondary Educa-
tion. Hartford: Connecticut State Department of Education,
Bulletin 37, Revised March 1948. 56 p.

A Handbook in Tndustrial Arts for Connecticut Secondary Schools,
Part I, Guiding Principles, 76 pe; “Part IT, Curriculum Guides.
Hartford: Connecticut State Department of Educatlon Curriculum
Laboratery Bulletin 15, July 1945.

Delaware:

Industrial Arts for Junior and Senior High Schools. Dover: State
of Delaware, Department of Public Instruction, 4942. Mimeographed,
reprinted and revised. 5L p.
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District of Columbia:

Manual Arts Courses of Study for Junior High Schools, Grades 7-9.
Washington: Public Schools of the District of Columbia, 1945.
Mimeographed.

Florida:

A Brief Guide to Teaching TIndustrial Arts in the Secondary Schools.
Tallahasee: State Department of Education, “Bulletin No. 12, Second
Edition, 1948. 117 p.

Georgia:

The General Industrial Arts Laboratory and General Shop: A suggested
program for industrial arts in the public schools of Georgia.
Atlanta: State Department of Education, Bulletin No. 2, April, 1939.
97 p.

Idaho:

Tentatlve Course of Study in Industrial Arts for Junior and Senlor
High Schools. Boise: State Board of Education, 1933. 90 p.

Illinois:

Industrial Arts in the Modern chpol: Its Epncpion and Organization.
Springfield: State of Illinois, Board for Vocational Education,
Series B, Bulletin No. 94, March 1949. 51 p.

Indiana:

Instructional Aids in Industrial Arts. Indianapolis: Department of
Public Instruction, Bulletin No. 100-95, 1939. 164 p.

General Shop Metalwork: Bench Metal, Forging, Sheet Metal--Objectives,
Content, Enrichment. Indianapolis: Indiana Industrial Education
Association. 24 pe.

Iowa:
Industrial Arts for Secondary Schools. Des Moines: Towa Secondary
School Cooperative Curriculum Program, Volume III, Department of
Public Instruction, 1948. 190 p.

Kansas:

Manual of Guides, Part IX: Tndustrial Arts Subjects. Topeka:
Department of Education, 1940.
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Kentucky:

Industrial Arts for Kentucly High Schools. TFrankfort: Department
of Education.

Louisiana:
Industrial Arts in louisiana: A Hendbook for Secondary Schools.
Baton Rouge: State Department of Education, Bulletin No. 327,
January 1948. 140 p.

Minnesota:

The Secondary School Curriculum, Bulletin C-5, Industrial Arts.
St. Paul: Department of Education, 1935. 212 p.

Missouri:

Industrial Arts Handbook. Jefferson City: State Department of Edu-
cation, Curriculum Committee, Bulletin 7-B, Revised 1945. 153 p.

Nebraska:

Industrial Arts in High School. ILincoln: Department of Public In-
struction, Nebraska High School Improvement Progress Bulletin
No. 8, 1942. Mimeographed.

New Hampshire:

Program of Studies, Part VII, Practical Arts, Industrial Arts, and
General Industrial Work. Concord: State Board of Education.

New Jersey:

Recommended Activities for Industrial Arts Classes in the Secondary
Schools. Trenton: State Department of Education, 1947. 27 p.

New Mexico:

Rural Industrial Arts for New Mexico. Santa Fe: State Department
of Education. Mimeographed, 28 p.

New York:

Industrial Arts: Tentative Syllabus in Comprehensive General Shop
for Grades 7, 8, and 9. Albany: State Department of Education,
1940. Mimeographed, 105 p.

Tentative Syllebus in General Metalwork. Albany: The State Educa-
tion Department, 1941 Revision. Mimeographed, 61 p.
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North Dakota:

A Course of Study for North Dakota Schools: Industrial Arts. Bis-
mark: Department of Public Instruction, 1938. Mimeographed, 57 p.

Ohio:

A Prospectus for Industrial Arts in Ohio. Columbus: Ohio Education
Association and State Department of Education, 1934. 101 p.

Industrial Arts Education for Junior and Senior High Schools.
Columbus: State Department of Education, 1949. 37 pe

Oregon:

State Course of Study for Industrial Arts for Oregon Secondary
Schools. Salem: Oregon State Board of Education, 1939. 150 p.

Pennsylvania:

Industrial Arts for Secondary Schools. Harrisburg: Commonwealth of
Pennsylvania, Department of Public Instructlon 1939. 175 p.

Industrial Arts. Harrisburg: Commonwealth of Pennsylvania, Depart-
ment of Public Instruction, Bulletin 331, 1951.

South Dakota:

An Introductory General Shop Course for Small High Schools. Pierre:
Department of Public Instruction, Bulletin No. 31, 1941. 29 p.

Texas:

Industrial Arts Programs in Junior and Senior High Schools in Texas.
Austin: State Department of Education, 1938. 125 p.

Utah:

Industrial Arts in Utah, Volumes I and II. Salt Lake City: Depart-
ment of Public Instruction, 1942. Mimeographed.

Washington:
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APPENDIX D i 8
KENYON S. FLETCHER 18 GAY COURT NEWTONVILLE 60, MASS.
DIRECTIONS

A. In the parentheses at the left of each item, place
the letters I, N, or U according to the following scale:

I means that the respondent, feels the item represents
something which is important that everyone have a
chance to learn.

N means that the respondent feels that he is not suffi-
ciently informed to have an opinion one way or
the other.

U means that the respondent feels the item represents
something which is unimportant that everyone have
a chance to learn (although it might be very im-
portant to a few people).

B. In columns (2), (3), and (4) indicate where in
the curriculum whatever is represented by the item should

If you think it should be emphasized in industrial arts
courses, place an X in column (2%

If you think it should be emphasized in some course
or courses other than industrial arts (e.g., science, social
studies, etc.) place an X in column (3).

If you think the item represents something which
should be emphasized in out-of-school situations (e.g.,
church, labor union, etc.) place an X in column (4).

X’s should be placed in both columns (2) and (3) to
indicate that the item should be emphasized both in indus-
trial arts and in some other subject or subjects. Likewise,
an X should be.placed in column (4) as well as in column
(2) and/or (3) to indicate that the item should be empha-
sized out of school as well as in school.

Do not place any X's at the right of items judged by

be emphasized: you as unimportant.
Emphasize
Scatements of Things to Be Learned
(To be rated ding to relative imp ) In Ind. In Other Out of
Arts Courses School
(1) @ | @ (4)
PART A :
( ) 1. Man's ability to utilize metals of various kinds has been a major factor in the de-
velopment of our present industrial civilization.

) 2.

More than 10 Eer cent of the peo?;le in the nation’s labor force are directly or in-
directly engaged in some phase of metalworking, and the proportionate number is
likely to increase.

S
e

The range of employment opportunities in metalworking is from common labor to
mechané;al and other phases of engineering; and every job is dependent upon every
other job.

. Approximately 10 per cent of the people employed in metalworking are classified as

mechanics or technicians—ijobs that require two or more years of specialized training.
The other 90 per cent work as operatives or semiskilled workers—in jobs that can be
learned in six months or less, usually on the job.

. The hours of employment in metalworking jobs are in general eight hours a day,

five days a week.

. Wages change from time to time and may vary in different parts of the country.

. Highest skilled workers usually get the highest pay.

. When times are hard, workers in all industries are affected.

—— _—
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. Skilled workers, however, are seldom without work because they are among the last

to be laid off when business is slack.

. A trade is a manual or mechanical job or work at which a person earns his living.

) 11,

From two to five years is required to learn the skills and technical information of a
skilled mechnical trade.

A journeyman is one who has learned a skilled trade; an apprentice is one who is
learning a trade systematically through work experience and related training.

. A machine hand earns his living by running only one machine, but he knows all

about that machine. He sets up the machine as well as operates it.

. A machine o§e:atox runs onl

one machine, doing repetitive work. The machine is

set up and adjusted for him by a machine setter. a skilled mechanic,

. Metal-trades workers—especially skilled tradesmen—are employed in practically every

industry as maintenance and repair men.

) 16.

A person to succeed in the better paid and more responsible jobs in metalworking
must have aptitude in mathematics and science.




Emphasize

Statememts of Things to Be Learned

(To be rated according to relative importance) In Ind. In Other Out of
Arts Courses School
&5 | @ | ® (4)

17.

Because many metalworking jobs are hazardous, rules for general conduct in shops
as well as safety rules for each shop job must be understood and consistently prac-
ticed by every metalworker.

18.

There are two principal types of labor organizations in metalworking industries: the
CIO which usually represents all labor in large concentrated industries, and the A. F.
of L. which represents labor cn a craft basis.

19.

—
In a factory in which the employees belong to a labor union, certain individuals are
designated by the union as shop stewards to watch out for the interests of employees |
and to see that terms of the contract between the union and the employer are carried
out.

20.

When a worker in a union shop has a grievance, he carries it to the steward who in |
turn carries it to a representative of the company assigned to handle labor relations. |

. Mass production usually requires such a tremendous investment in plants and machines

that it must be financed by large gro fs of private individuals who buy stock in a
corporation which assumes the entity of owner and operator.

22,

|
When the business is profitable, the stockholders are paid dividends; when the busi-
ness is unprofitable, the stockholders do not receive anything for the use of their
money and sometimes the value of the stock decreases.

S PR
¥ Memm—

. The management of large corporations is planned by a board of directors which is |

elected by the stockholders.

. The board may elect officers, including vice presidents, to take charge of the various |

divisions such as engineering, legal, industrial relations, finance, public relations, dis- |

tribution, and sales. {

. Manufacturing is usua]ly done under the direct control of a plant superintendent, with ‘

assistant superintendents or foremen directing the work in the various departments.

26. Metal manufacturing industries are usually located geographically close to the source

of raw materials, to fuel or power supply, to a transportation or distribution center,
and to an adequate labor supply.

. Sometimes parts of the product are made in many different factories and then trans-

28. For the consumer to beneft optimally from mass production, it is necessary for the

manufacturing facilitics and labor force to be used steadily, sometimes continuously

|
|
|
]
|
ported to another plant for assembly and distribution. |
!
. ; l
with shutdowns only for needed repairs. |

Ll
. Production and the demand for products must be kept in careful balance if manu- |

.:acturing is to be dove economically. ]

e 1

4 Machmes make work easier to do and at the same timme increase pn)ductwn

. Both capital and labor are entitled to share in the profits from increased production.

|

. o '

. The general economic welfare of our country is closely related to productivity of the |
I

metal industries. For ezample, good bus.ness in "heavy steel” means good business
and good employment generally.

PART B

S |

. Nietals that may be lammered or rolled into sheets are said to be malleable.

(]
. Malleability is the preperty that permits metals to be shaped by forging. [
. Tenacity is the property of a material which enables it to withstand external forces |l

|

without breakmg

36.

The tenacity of any material, or its tensile strength, is r'easured by the force needed |
to break a rod or wire of that material whose cross-sectional area is unity—one square |
inch, for example

[e7]
~4

. Metals may suffer from fati gue For e*:'tmpl{. if a load is held by a cable for a long |

time, the cable may eventually break.

. Metals such as copper, aluminum, and steel, which may be drawn into a wire, are

said to be ductile. |

39.

% N
Elasticity is the property of a substance which enables it to resume its original shape
after having been stressed by outside forces—an automobile spring, for example.
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Statements of Things to Be Learned

Emphasize

(To be rated according to relative importance) Iﬂﬂi’:j‘ I&Other g;t of
urges ool
@ | @ | @ )
) 40. Most metals are fusible; that is, they can be melted. | | |
|
) 41. Various metals melt at different temperatures, an important consideration when '
selecting metals for certain jobs, For example, babbit melts at too low a temperature
to be used in bearings that are likely to run at higher temperatures. |
I 1
L} L} 1
} 42. We call a substance hard if it cannot be easily scratched or abraded. I] ]
) 43. The term hard is only relative. When two substances of unequal hardness are rubbed | ri
together, the harder wears away the softer more rapidly, unless the soft substance is | |
driven at a high velocity. }
) 44. Hard substances like sand, emory, corundum, and diamond dust are used extensively I[
for cutting, grinding, and polishing. |
i
)} 45. Generally, a metal that is hard is also brittle. |
) 46. Brittleness in many metals may be lessened by heat treatment. i
) 47. Metals vary widely in density. That is, some metals are much heavier than others.
For example, lead is heavy; magnesium is light.
) 48. Most metals expand when heated and shrink when cooled. For example, a piece of |
steel one foot long when cold will measure about 1214 inches when red hot. |
| I
) 49. Expansion and contraction must be taken into consideration when machining metals r F
to exact sizes when making patterns for an article that is to be cast, when welding,
and when doing precise measuring.
) 50. Friction results in wasted work, and the energy from such wasted work is changed
into heat energy. ;'
) 51. The heat resulting from cutting metal may change the degree of hardness of the
cutting tool.
) 52. A lubricant is oil, grease, or other material that is put on metal surfaces that rub
against each other to reduce the heat, wear, and vibration caused by the rubbing.
) 53. There are several kinds of oil, in various degrees of viscosity.
) 54. In lubricating machines, correct lubricants must be used. For example, in an auto-
mobile engine thin oil in winter, heavier oil in summer.
) 55. All rubbing surfaces, called bearings, should be lubricated regularly according to |
manufacturer’s specifications. I
) 56. A machine should be stopped when it is oiled. | o
) 57. A drop or two of oil in each oil hele is usually enough; too much oil is wasteful, will |
spatter, and may even damage the machine—particularly electric motors. |
) 58. Oily rags should be kept in 2 closed metal container until they can be disposed of by I'
burning. i left Iying a2round the shop there is danger of fire. }
} 59. A cutting oil is usually a heavy oil which is put on a cutting tool to make it cut ) I[
easier and faster. [t carries away some of the heat, washes away the chips, and re- |
duces friction between the cutting tocl and the work. |I
| |
) 60. Different lubricants are used when cutting different metals and for different cutting [
operations. |
) 61. An oil used mainly to keep the tool and work cool is called a coolant. It is pumped | '
to the surface being machined where it absorbs some of the heat. |
1 1
) 62. In some particularly precise manufacturing, the coolant is kept at a constant tem- ||
perature through refrigeration, !
| | |
) 63. Overheating can ruin the usefulness of machines through unequal expansion of parts, |
the melting of bearings, the setting up of strains and stresses, the changing of mo- |
lecular structure, and the drawing of temper of heat-treated parts. |
! |
) 64, Improper lubrication or lack of lubrication is a common cause of overheating. For |
erxample, an automabile engine operated with too little oil or with improper oil.
| | |
} 65. Belts are used on machines for three reasons: to carry power from one pulley to | |

another, to change the speed and power of pulleys, and to change the running direction
direction of pulleys,

66.

A V-belt is less likely to slip than a flat belt.




it is seldom used because the iron content is relatively low; it is used in Europe, |

Emphasize
Statements of Things to Be Learned
(To be rated according to relative importance) I"Ai‘:d' Ig&b” Out of
s ourses School
(1) [ @) (4)
( ) 67. When the driver pulley is larger than the driven pulley, the driven pulley turns faster ’
than the driver but with less power, and vice versa.
| | !
{ ) 68. Gears are used in machines to transmit power or motion and to change direction or |
rate of motion. |I
f———
{ ) 69. When the driven gear is larger than the driver, the driver gear turns more slowly but [ )
with greater power; when the driven gear is smaller than the driver, the driver gear ‘
turns faster but with less power.
A = = = | e R
( ) 70. There are four basic types of gearing: spur, helical, mitre, and worm. | | |
: : : : ” I | |
( ) 71. A cam or eccentric is used to change a rotary motion to reciprocationg motion or vice | |
versa, or as a locking device. An example of the use of cams is in the automobile ‘
engine for timing valves.
()} 72. A clutch is a device used for engaging and disen,iaging the driving mechanism of a i
machine from certain other parts that do the work, The clutch on an automobile is
an example. |
|
() 73. Most metals are good conductors of heat; thus, if a piece of metal is heated in one | | [I
place the heat is transferred throughout the piece. l l |
( ) 74. Small cross sections of the piece will increase in temfperature more quickly than large [ [ i
sections. For example, heat will "run” to the end of a pointed tool. ; ’
1 1l 1
( ) 75. Less effort is required to pull or push a load up an inclined surface than to lift it |
vertically. Examples are such common devices as the screw, gib, and taper. |
—— | | |
{ ) 76. The smaller the pitch of the inclined surface, the greater the mechanicdl advantage J
(a small taper, for example}; the greater the pitch, the faster the motion but the less
force (a lead screw on a lathe, for example). t i
( ) 77. The mechanical advantage gained through the use of levers is applied in numerous ll I
ways in metalwork—in the use of hand tools and in the functioning of machine tools. |
5 —— I 1} !
{ ) 78. To reduce friction, bearings are polished smoothly, anti-friction metals such as babbit | ‘
are used, ball or roller bearings are used, and the i:earing is properly lubricated. ]I ]
== |
( ) 79. A wheel, to run at a uniform speed and without vibration, must be of equal weight at II
every point on the perimeter. A wheel may be balanced by adding or removing metal |
at points that are light or heavy. For example, automobile wheels are balanced by |
attaching lead lugs. ||
f— I_____.._
() 80. When designing tools and machines, engineers always plan to use materials heavy |
enough to carry several times the load that is likely to be put on them. This gives |
a factor of safety, for it provides for possible flaws in materials and for temporary |
overloading. | | ’
{( ) 21. A machine or hand tool should not be used for work over its rated capacity. I. ] | B
( ) 82. As the force of a machine is increased by any mechanical device, the distance and |r I o
speed of the load is diminished correspondingly. For example, when back gears are |
used in a lathe, what is gained in cutting force is lost in speed of cutting. |
—|— | |
() 8. When a wheel is revolved (a grinding wheel, for example), centrifugal force tends
to stress the wheel from its axle.
—._i_ —
PART C
e —|— | |
() 84. Iron does not exist in nature in a pure state but is combined chemically with oxygen,
carbon, or sulphur and with other minerals such as phosphorous and manganese. The
corabination is calied iron ore.
S BN ST TSN W TS S — g | : :
( ) 85. Any mineral body from which metal can be obtained profitably is known as ore. | |
— | _I E
( ) 86. Pure iron is not used in industry because it is too soft. |I }
( ) 87. Hematite, which is a red oxide of iron, is the most important iron ore because of its | ‘
high iron content and ease of smelting. |
i e e R e I ™ Ky | ‘I I
( ) 88. Hematite and other oxide ores are found in the Lake Superior region, particularly in |
Minnesota, Michigan, and Wisconsin. |
| ! !
() 89. Limonite, a yellow oxide of iron, is found in various parts of the United States bur | (

however, where hematite is less plentiful. \




or furnace gases do not touch the metal and in which it is possible to control the
content of the steel very accurately.

Emphasize
Statements of Things to Be Learned
(To be rated according to relative importance) In Ind. In Other Qut of
Arts Courses School
) @ | @ | @
) 90. Most iron ore is mined by the open-pit process in which huge shovels are used to |
strip off the upper layers of earth and, zfter the ore is loosened by blasting, the shovels |
are again used to scoop up the ore and load it into railroad cars. E
} 91. Iron ore is transported largely by boat from the Lake Superior region to Chicago, ‘ ' '
Gary, Detroit, Cleveland, and other cities along the Great Lakes where blast furnaces
and steel mills are located, | |
] i
)} 92. Iron ore becomes pig iron when the impurities are burned out in a blast furnace. |I | |
) 93. Pig iron contains about 93 per cent pure iron, 3 to 5 percent carbon, and from 5 to 7 i [ '
per cent silicon, sulphur, phosphorus, and manganese. | i
1 I
) 94. Fig iron, which is hard and brittle, is used in making cast iron, wrought iron, and | ‘
steel. |
) 95. It takes about 2 tons of ore, 1 ton of coke, 15 ton of limestone, and 4 tons of air |
to make 1 ton of pig iron. ]
) 96. One of the cheapest metals, cast iron is used to make such things as large pipes, stoves, | |
radiators, and frames for machines which must be large and heavy but in which | [
strength is not very important. | ‘ s
1 1
) 97. Cast iron is usually gray in color and crystalline in appearance. |I | i'
A : | |
) 98. Cast iron contains from 1.50 to 6.00 per cent carbon.
) 99. Malleable iron is cast iron which has been made soft, tough, strong, and malleable by
baking in an oven from six to eight days, thus burning out some of the carbon, and
then cooling slowly. ’
) 100. Wrought iron is useful for parts which must withstand shock, blows, and jerks—
such as railroad equipment and farm tools.
) 101. Wrought iron, which is purified pig iron, contains almost no carbon and is very |I
tough and malleable and bends easily, cold or hot.
) 102. When molten, iron is very fluid—flows freely; steel is less fluid and is sticky. Con- [ '
sequently, iron is frequently cast into desired shapes; steel is more often forged, |
stamped, or machined, although it is sometimes cast.
) 103. Steel is iron combined with from .05 per cent to 1.7 per cent of carbon. |
) 104. Because it is ductile and malleable, stee! can be drawn into wire and rolled into ‘[ =i
sheets, bars, rods, and various commercial shapes such as I-beams and railroad rails. | |
== - |
) 105. Depending on its carbon content, steel may be soft enough to bend readily, hard i |
enough to cut glass, or resilient enough to be used for springs. | |
D i ; 8
2 = PO e | |
} 106. Steel can be made in an open hearth furnace from 100 per cent pig iron, from 100 i | |
per cent scrap, or from a mixture of new pigs and scrap. i | ]
) 107. Steel made from well selected scrap is just as high in quality as steel made from | ‘i ]
new pig iron, and the use of scrap conserves the ore supply. i | |
I 1
_ ; ! ! ~
} 108. In the steel-making process, carbon is removed from the molten metal through com- | | |
bining with oxygen in the hot air which is blown across the surface; and limestone | |
added to the charge acts as a scavenger, removing impurities through chemical |
reactions. |I j
= : - - -‘ | ' |
) 109. The metal may be sampled during the refining process, and additional ingredients | ll
may be added to the charge to produce the type of steel desired. i \
1 . 1
) 110. Steel comes from the furnace in the form of large ingots which, after reheating, are I:-. l| |
passed through huge steel rolls in a rolling mill and rolled into various shapes. | | |
| | |
} 111. The rolling of steel refines its grain and increases its tensile strength. | |r |'
I |
) 112. Cold rolled and cold drawn stesl are made from hot rolled steel by removing the | [
scale in acid and then rolling or drawing the steel cold. I
| | I
) 113. Cold rolled and cold drawn steel have a smooth, bright finish, are very exact in size, !
and may be used without further machining or finishing. |
SE—_— | | |
) 114. The highest grades of steel are made in a crucible or electric furnace in which air ’I
|
|
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Statements of Things to Be Learned
{To be rated according to relative importance)

In Other

Courses

Out of

(1)

(4)

115,

To identify steels in specifications, the S.A.E. steel numbering system is used. For
example, 1020 means plain carbon steel containing .20 per cent carbon,

116.

When being ground, different kinds of steel give off different appearing sparks which
provide a means of roughly dtermining what kind of steel it is. For example, high-
carbon steel gives off white sparks which explode into bright stars.

117.

Many shop products are of little use unless they are properly heat treated, i.e.,
hardened, tempered, annealed, or case hardened.

118.

When high carbon steel is heated red hot and quickly cooled it is hardened. When,
after hardening, it is heated to between 400 and 600 degrees Fahrenheit and quickly
cooled, it becomes toughened (tempered). When it is heated red hot and allowed to
cool slowly, it loses its hardness, i.e., it is annealed.

119.

While machines are used in laboratories for the precise testing of materials for hard-
ness, a rough test can be made in the shop with a file. If the file cuts the steel, it is
soft; if the file slips over the steel, it is hard.

120.

By adding other ingredients while it is molten, steel may may given additional
physical properties. For example, tungsten increases hardness; chromium makes
steel stainless. These are known as alloy steels.

S P—

121.

When wrought iron or low carbon steel in contact with carboniferous material such
as leather scrap is heated to a bright red heat, the surface of the metal absorbs carbon
and thus gains the properties of high-carbon steel. This process is called case
hardening.

122,

Various colored oxides form on steel at different tempering heats, ie., yellow at
430 degrees, blue at 570 degrees. These colors serve to guide the worker in drawing
temper to the desired degree.

123.

When a steel tool (a knife, for example) is heated, by irinding or by other means,
until it appears blue, its hardness has been lost. To make the tool usable again, it
should be rehardened and tempered.

124.

Zinc is a hard, brittle, bluish-white metal used as a coating for iron and steel for pro-
tection against rust. Zinc-coated steel, the surface of which appears flaky or spangled
and which is known as galvanized iron, is used for wire fences, eaves troughs, metal
roofing, etc.

. Pure silver, which is the best known electrical conductor, is a relatively soft metal.

It is alloyed with copper to make it usably hard.

. Aluminum is very light in weight, is relatively noncorrosive, and is a good con-

ductor of heat. It is used for cooking utensils because of its conductivity; for auto
mobile and aircraft parts, when light weight is essential.

. Eight per cent of the earth's crust contains aluminum, but the refining of bauxite,

the most important ore, is an expensive process which requires much electrical energy.

. Copper is a relatively pure metal refined from copper ore which is mined exten-

sively in Arizona, Michigan, Montana, and Utah. It is very ductile and malleable
and its most important property, industrially, is its conductivity of electricity.

. Lead is a heavy, soft metal, useful industrially because water and air have little effect

on it; however, workers with lead must use precautions to avoid lead poisoning.

. Tin plate is sheet iron or steel coated with tin to prevent rusting.

. Nickel does nct rust and it takes a high polish. It is used for plating iron and brass.

. An alloy is a mixture of two or more metals melted together to form a new metal

which is different from the original metals. For example, copper and zinc melted
together make brass.

133.

Bronze is an alloy of copper and tin and is harder than brass.

134.

Pewter is a silvery-white alloy of tin, antimony, and copper used for table ware and
ornamental work.

—

135,

Babbit is an alloy of antimony, cepper, and tin which is used for bearings for ma-
chines and engines.

—

136.

A machinist's handbook contains most of the technical information regarding char-
acteristics and working properties of metals, as well as machine operation formulas
and information concerning fastening devices and ather useful data for the metal
worker.

i
|
|
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137.

A working drawing contains all the information needed to make an object. It is
prepared in the language of all mechanical operations, the shop, the drafting room,
and the industrial world. It shows (1) the shape of every part of the object, (2)
sizes of all parts, (3) kinds of material, (4) kind of finish, and (5) how many pieces
of each part are wanted.

e ————

138.

Greater ability is needed to lay out work than to run a machine. A small mistake
in layout means that work may be cut incorrectly afterward.

139.

For accurate measurements with the steel scale, the scale must be held on its edge
so the graduations are in contract with the surface being measured.

140.

The common layout instruments are the scriber, a sharp-pointed tool which incises a
fine line when it is drawn across a metal surface; dividers, for drawing arcs and
circles; hermaphrodite caliper for scribing lines parallel to an edge and for locatin
centers of round stock; trammel points, for scribing large arcs and circles, an
surface and height gauges, for scriging lines on vertical surfaces.

141,

A divider may be used to lay off or measure distances. This procedure is particularly
useful in measuring along irregular lines.

142.

To set a divider, one point is placed into one of the scribed lines on the rule and
the other point is moved until it exactly splits the other line at which the divider
is to be set.

| I— p——

143,

If metal bluing or copper sulphate is applied to a bright metal surface before a
layout is made on it, the scribed lines will be more legible. Rough surfaces may be
covered with white chalk.

144.

Centers where holes are to be drilled should be punched with a center punch.

145.

Work to be layed out with the greatcst precision is placed on a surface plate, which
has an extremely flat surface and serves as a true foundation upon which the work
and gauges may rest.

146.

An angle plate is a device used in layout work to which an object may be clamped at
a right angle to a surface plate.

147.

The combination metal square may be used as a tool to test the squareness of stock,
as a inarking gauge to lay off lines parailel to a straight edge, as a plumb or level,
as a tool to test or lay off 45-degree angles from a straight edge, and as a height or
depth gauge.

148.

Layouts are made in reference to centerlines or to a baseline.

149.

Centers for holes must be layed off in reference to at least two points.

150.

To lay off a line perpendicular to a line on 2 surface, the work may be placed on an
angle plate so that the surface line is perpendicular to the surface plate, and the
desired perpendicular line scribed with a2 surface gauge.

151.

Measurement for precision work is expressed in decimal parts of an inch.

152.

A templet is a pattern, usually made of sheet steel, for marking the shape of pieces
of work or for marking the location of holes and irregularly shaped parts of the
work.

153.

Manufactured articles usually are rigidly inspected for materials, ﬁerformance, finish,
measurements, and interchangeability. Inspection may be done by both the manu-
facturer and the purchaser at any stage in the manufacturing process,

154,

In quantity manufacturing, every piece may be inspected or pieces may be inspected
only periodically or at random. One hundred per cent inspection insures greatest
possible uniformity of product.

. Welds are tested by the following tests: guided bend, free bend, tensile, visual in-

spection, magnafiuxing, and X-raying. Because most of the tests destroy the work
or are expensive and time consuming, the skill of the operator is tested periodically
and he is depended upon to do goed work.

156.

The dimensions of finished articles can be only as accurate as the measuring instru-
ments used. Accurate measuring tools and ability to use them are essential to all
precision work.
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157.

An outside caliper is used to measure the diameter of round stock; an inside caliper
is used to measure inside dimensions. The caliper is adjusted to a given dimension
and then slipped over the work, or it is slipped over the work first and the distance
between points is then measured.

158.

A micrometer caliper measures in thousandths of an inch. |

159.

Since measurement with a micrometer depends to an extent upon the touch or feel
of the mechanic and since the touch of different mechanics varies, a micrometer
should be set by the person who is to use it.

169.

All micromdeters read alike: The screw has 40 threads per inch: thus each turn
of the screw equals one fortieth of an inch (.025), and one twenty-fifth of a turn

equals one thousandths of an inch (.001). Graduations on the barrel and thimble

germit the user to determine how many turns and parts of turns of the screw have
een made.

161,

A vernier scale on such instruments as the caliper and height gauge permits measure-
ing in thousandths of an inch. On the micrometer, which already permits measuring
in thousandths, the vernier makes possible readings in ten thousandths of an inch.

i GauEe blocks are used for the accurate setting of gauges and measuring instruments,

the blocks themselves being accurate to within two millionths of an inch.

. No two manufactured pieces can be exactly the same size. For this reason, dimensicn

limits—minimum and maximum—are usually given for precision-made pieces. The
difference between the largest and lowest limit is known as the tolerance.

164,

Fixed gauges of the go-not-go type are used to determine whether metal parts are
correctly made within specihed dimension limits.

e ——— e

165.

- . . . - '
Thickness or feeler gauges consist of a series of blades of varying thickness. This |
gauge is used to check the clearance between two surfaces.

166.

Because precision manufacturing is costly and time consuming, it is wasteful to |
specify closer tolerances than necessary.

—

PART E

167.

Bench metalwork is basic to all phases of metalworking. It includes laying out,
shaping, forming, assembling, and testing work at the bench, using hand tools and
instruments.

|
!;
|
|
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{
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|
|
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168.

For the best work, tools should be in first-class condition and they should be used
only for the purpose for which they were designed.

-

169.

|
|
]I
;
g

Holding work securely in a stationary position is very important in practically all |
metalwork operations—both hand and machine. The most common device for this |
purpose is the machinists’ vise. |

170.

Since the jaws of a vise ara usually rough, copper or brass plates may be used as
covers to protect the stock being clamped. Siail pieces of mictal also may be used
to protect work from the grip of pliers, i

. Metal to be sawed or chiseled in a vise should be clamped with the line to be cut

close to the vise jaws. This will prevent the stock from vibrating when the cut is
made.

. The machinist's hammer is used in such operations as driving punches, heading

rivets, and cutting with the cold chisel.

. A soft hammer or mallet with a head of material such as lead, copper, leather, or

woond is used where a steel hammer would dent or nick the surface of the metal or
where pounding a hardened steel surface might break either the surface or the
hammer.

174.

To tighten or loosen a nut or similar part with a wrench, the proper wrench should
be selected. Besides the common monkey wrench, which is a general purpose tool,
there are other wrenches designed to grip nuts securely, conveniently, and without
damage or danger.

. The wrench must fit the part to be turned and it must be used in a proper manner;

otherwise the wrench may slip, causing damage to the part and possibly injuring
the worker.

176.

In order to avoid damage to a screw head and in order to drive a screw properly
and safely, the screw driver must fit the slot of the screw. The blade of a screw
driver should have 2 square end and the taper should not run to the end.




Statements of Things to Be Learned
{To be rated according to relative importance)

Emphasize

In Ind.

Lo Other

Qut of
School

(1)

()

(3)

(4)

) 177.

When a screw ‘is being driven in a small piece, the work must be held securely in
a vise or laid on a bench. It is dangerous to use a screw driver on work held in
the hands.

) 178.

Pliers are used for firmly gripping small metal pieces for purposes of pulling,
twisting, and pushing. Some pliers, such as side-cutting pliers, can also be used
to cut small sizes of wire.

. Pliers should not be used ordinarily for turning nuts and screws because such use

usually results in scarring the nut or screw head.

. Cold chisels, which are driven with a hammer, are useful in such work as shearing

off rivet heads, chipping grooves in metal, cutting holes in sheet metal, and cutting
off small rods and bars,

L S S S

181.

Goggles should always be worn when chipping with a cold chisel.

—_— -

182.

A drift or pin punch is used to drive out cotter pins and dowel pins.

185.

The hack saw is used for cutting all metals except hardened steel.

) | |~

et | e | e |

184.

When using a hand hack saw, the worker should press down on the forward stroke
and lift a little on the return stroke, making about 40 cutting strokes per minute and
using the entire length of the saw blade.

|

) 185.

A blade should be used that will have at least two teeth cutting at one time.

) 186.

Thin metal may be cut with the jeweler's saw which is useful in cutting out designs
in metal (piercing).

. A handle must always be fitted to a file before using it, and the particles of metal

which collect in the hle teeth must be cleaned out by brushing the file with a file card.

. Filing properly dis one of the most diffcult operations in the mechanical field. As

in sawing, pressure is applied on the forward stroke and the file is lifted slightly on
the return stroke. The entire length of the file should be used.

F
|
I

) 189.

Twist drills with a straight shank are used in a hand drill; when used in a drill
press, straight-shank drills must be held in a drill chuck fitted with a Morse taper
which fits into the drill press spindle.

1
|
|
J—-—
|
|
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) 190.

The use of an improperly ground drill results in inaccurately drilled holes and fre-
quently in damage to the drill.

) 191

The cutting edges, known as lips, must be equal in length and there must be from
12 to 15 degrees clearance angle. The iciuminended lip angle is 59 degrees.

in

) 192.

A rearzer, a tool which has cutting edges on the sides, is used to true and smooth
holes which purposely are drilled slightly undersize. The reamer is used in the same
manner as a tap.

) 193,

To drill holes in stone, brick, or concrete, a star drill or carbide tipped drill in a
hrace or electric drill is used. The star drill is struck with a hammer and is turned
slightly between blows.

) 194,

Rectangular and irregularly shaped holes are made by forcing a broach through an
opening which is slightly undersize.

) 195,

The bench shear is used to cut to rough metal up to 1 inch in thickness.

) 196.

Outside screw threzds are cut by hend with ¢ tool known as a threading die, which
is made of hardened steel and roughly resembles a threaded nut.

) 197.

Inside screw threads, as the threads in a nut, are cut with a tool called a tap, which
is made of hardened steel and roughly resembles a screw,

) 198,

Hand taps must be used with great care because they are easily broken and when
broken ofi in a hole they are difficuli to remove,

) 199.

The hele to be tapped must be no smaller than the minor diameter of the threads to
ba cut; nor shouid it be larger then thice fourth the major diameter.

) 200.

Portable tools, such as electric drills and grinders, are useful because they may be
breught to woik that is too large to be placed in a vise or in a machine.

) 201,

A grinder, operated either by hand or by power, is used in renewing edges on cutting
tools and in removing burrs from the heads of such tools as punches and chisels.

PR ISSI— G
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) 202

To operate a grinder safely, the tool rest of the grinder should be set as closely to
the wheel as possible without touching it, and the operator must always wear goggles.

) 203.

The cutting angle of tools should be appropriate for the material to be cut, i.e., the
harder the materdial to be cut, the larger should be the angle of the cutting edge.

) 204,

All grinding should be done on the face of the wheel. Grinding on the side of the
wheel spoils its shape and burns the tool quickly. Cup wheels are made for such
grinding.

) 205.

An oilstone or slipstone is used to hone or finish the sharpening of a tool and to
remove any burrs that are the result of grinding.

S [ [P [ —
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) 206.

When it is necessary to remove a rivet the head may be sheared off with a cold
chisel and hammer and the rivet driven out with a drift punch. A hole the size
of the rivet drilled through the rivet head will make the rivet easy to remove.

. A nut or screw that has become rusted often cannot be turned by means of a wrench

or screwdriver. Soaking the threads with penetrating oil sometimes will remedy the
trouble. If it does not, or if penetrating oil is not available, the nut or screw may
be turned by driving it with a punch or hammer. Expanding a nut through heating
it is another way to loosen it.

. If a stud or screw, broken off above the hole, cannot be turned out with a pair of

pliers, it sometimes may be removed by sawing a slot in the end of the extending
piece and turning it out with a screw driver. If the screw or stud is broken off even
with, or below, the surface of the part into which it is screwed, it may be screwed out
by driving it with a prick punch or drilling a hole into the screw and screwing
it out by means of a screw extractor.

I NS I a—

) 209.

Broken taps may be removed by the same procedures as listed above, except that
a tap must be annealed before it can be cut. Also a tap extractor is available.

. Hand scrapers are used to remove high spots on metal surfaces to make them smooth

and level. The operation consists of shearing or paring off thin flakes of metal, re-
moving scratches and tool marks as well as high spots.

PART F

. Machining is the term used to describe the cutting of metal to shape through use

of machines such as the lathe, mill, and shaper. Metal is removed by cutting tools
held in the machine. Machine-shop work consists primarily of shaping metal by use
of machines.

) 212,

Two basic motions are used in machine tools—reciprocating motion and rotary
motion. Some of the machines that use reciprocating motion are: hack saw, shaper,
planer. Some machines that use rotary motion are: drill press, lathe, milling machine,
grinder.

) 213,

The machines menticned above are known as tool-room machines because they are
used in making tools, dies, jigs, and fixtures.

) 214.

Operated properly, machines are not dangerous to the operator.

) 215.

Small, light work may be driiled in the sensitive drill—so-called because the operator
can feel all the strains on the drill in the feed handle. Larger work is drilled in a
back-geared drill press or in a radial drill which feeds the drill into the work auto-
matically.

) 216.

Work being drilled must be held securely during the operation. If the work springs
or moves while it is being drilled, the drill may bend and break, the work may be
thrown from the table, and injury may result to the operator and to the machine,
Commonly used holding devices are: drill vise, clamps of various kinds, V-blocks.

) 217,

The speed at which the drill rotates should be varied with the size of the drill and
the composition of the material being drilled. The usual practice is to use a low
speed for hard metals and a high speed for soft metals; the larger the drill the
slower it should be revolved,

. Feeding the drill into the work too fast will cause the drill to break or the point to

burn. The feed should be reduced when breaking through the work.

) 219.

When lzrge holes are to be drilled, a smaller pilot hole should be drilled first. The
pilot hole should be the size of the web of the larger drill.

) 220.

Besides drilling holes, a drill press may be used for reaming, countersinking, counter-
boring, spot facing, tapping, and spot finishing.

I
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221,

If many pieces of the same kind are to be drilled, a drill jig may be used to hold
the work in place and to insure drilling holes in the exact location desired.

222,

The lathe is used principally for cutting round work. The piece to be machined is
held between centers, in a chuck, or on a face plate. As the piece is revolved a
cutting tool is fed, either by hand or automatically, across the surface, removing
metal as desired by the operator.

. Screw threads may be cut in a lathe by using a properly shaped cutting tool which

traverses the work a given distance for each revolution of the work.

4. A picce of metal that is to be turned between centers must have small holes center

drilled in both ends which are supported by the lathe centers. If the lathe centers
are not exactly aligned, a tapered cylinder will result. A lathe dog clamped to the
work and inserted in the face plate causes the work to revolve.

———— e —— —_—

——e —_—

. Handles cn some tools and screws are made wough in order to provide a better hand

grip. ThEs process of roughening is known as knurling. It is usually done in a lathe
with a knurling tool, although it may be done in other machines or by hand.

. The milling machine is used to cut all kinds of grooves such as the keyways on shafts

or the teeth on gears. The work is clamped in position and passed under revolving
cutters of the desired shape, A universal mill may be used to cut spirals and cams
as well as simpler work.

. Indexing is the procedure used in rotating work or tools to exact fractions of a

complete revolution. For example, as in milling the teeth on a gear. A divider head
is used for this purpose.

228.

The shaper is a machine tool used for planing flat surfaces. The work is clamped
in the shaper and the cutting tool moves back and forth over it, cutting on each
forward stroke,

229.

The planer is used to machine flat surfaces too large to be planed in a shaper.

230,

Grinding is the process of removing metal through use of an abrasive wheel. Grind-
ing machines are used to machine exact and hnely finished surfaces.

231.

Grinding wheels are made of abrasive grains cemented or bonded together to form
a wheel. Wheels are available to serve every conceivable grinding requirement.

232.

An abrasive is a very hard, tough material which has many sharp cutting edges or
points when crushed or ground.

|
|

233.

Grinding wheels are usually run at a surface speed of 4000 to 6000 feet per minute.
If a wheel is run too fast it is likely to break. If it is run too slowly it will not
grind efficiently.

work to heat unnecessarily. To put the wheel in good working condition it is
dressed and trued with a dressing tool.

|
|
|

l
|.

. When a grinding wheel has become clogged it will not cut and it will cause the

|
|
|
|
L

. An abrasive coated disc or a specially designed wheel may be used to cut off pieces

of metal.

. Boring is the process of machining an internal round surface. It is done on a boring

mill, drill press, lathe, and other machines. The cylinders of an automobile engine
are bored, for example.

e e

V Lapc{)ing is the fine grinding off of small amounts of metal from work, usually

hardened steel that is slightly oversize. A lapping tool, called a lap, softer than the
material to be finished, is coated with lapping compound and ruibed against the
surface of the work,

!.
!
|
|

238.

A press is a powerful machine which is used to punch holes of different shapes or
to press flat sheets of metal into a certain shape or form, such as an automobile body.
The sheet of metal to be punched or formed is placed between matching dies which
are forced together with enormous pressure.

239.

Extruding is a process in which metal heated to a plastic condition is forced through
a die. Variously shaped stvips can be made by this process. Aluminum moldings
are an example.

|
|
|
11
|

240,

Wire is made by drawing a metal rod through a series of dies, the hole in each
successive die being smaller than the material entering it.
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241.

Production machine tools are used in manufacturing on a mass production basis.
Examples are the turret lathe and the automatic screw machine. They may be set
up to cut duplicate pieces automatically or semiautomatically.

PART G

242,

The principal means of fabricating or assembling metal parts are: riveting, fastening
with sarews or bolts, welding, soldering, locking (as sheet metal seams), and fitting
as press or shrink fit).

243,

Hardware or standard parts such as bolts, nuts, screws, washers, small springs, and
ball bearings are usually purchased from a specialty manufacturer rather than made
by each manufacturer. Machines and devices are designed so as to utilize standard
parts for reascns of economy and efficiency.

—

244,

Bolts and screws are wsually used to fasten together parts in such a manner that
they may be taken apart later.

245,

A bolt is used when the worker can get at both sides of the work with wrenches,
turning a nut on one side and holding the bolt head on the other side. A screw,
which does not require a nut, is used where only one side can be reached with a
wrench or screw driver.

246.

Bolts are available in shapes and sizes to serve various purposes, e.g., stove bolts,
machine bolts, studs. Screws available include machine screws, cap screws, set
screws. When a bolt or screw is replaced, the proper kind should be used.

247.

Bolts and screws used in metalwork today are usually threaded according to national
standards. The threads are either National Coarse, National Fine, or National
Special.

248.

Screws and bolts usually have right-hand threads. To tighten them they are turned
in a clockwise direction; to loosen them they are turned in a counterclockwise
direction.

. The common washer consists of a flat circular piece of metal with a hole in the

middle. The purposes of using a washer in connection with a bolt or screw are to
provide a smooth bearing surface for the nut or screw head and to serve as a shim.

. To prevent a bolt or screw from becoming loose through vibration, a lock nut,

lock washer, or castelated nut may be used.

. For maximum efficiency of a screwed or bolted joint, the surface upon which the

bolt head, screw head, or nut rests is machined to form a perfect seat, e.g., counter-
sunk, counterbored, or spot faced.

. Set screws are used to hold objects like pulleys on shafts. They are made with or

without heads, The headless screws are slotted for a screw driver or contain a
hexagonal hole for a wrench. Headless set screws are safer thon screws with heads.

. Keys are commonly used to keep pulleys and gears from re&)ﬁring on shafts, Part

of the key fits into a slot in the shaft; the other part fits into a slot in the pulley
or gear.

254,

A dowel pin is a metal pin used to keep two parts in a certain relation to each other
and to keep them from moving or slipping. Somctimes tapered pins are used to
fasten a pulley, collar, gear, or handle on a shaft.

255.

In metalwork, fitting means putting parts together so that they touch or join each
other in such a way that one will turn inside the other, that one will slide upon the
other, or else that the parts will hold tightly together so that they cannot move.

256.

When a shaft is fitted to a bearing, the diameter of the shaft should be a little
smaller than the diameter of the bearing to allow space for a film of oil between
the surfaces and to allow the shaft to cxpand from heat caused by rubbing.

257.

A shim is a thin sheet of metal, wood, or paper placed between two surfaces to keep
them a certain distance apart or so that the shim is a support.

258.

Parts of machinery are often pressed together—a pulley pressed on a shaft, for
example. This is done on an arbor press.

259.

Riveting is a process of fastening metal pieces together permanently. The rivet is
placed through a hole in the pieces to be g;stened together permanently. The rivet is
hammered into the form of a head. Structural steel work, boilers, and airframes are
examples of riveted construction.
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260. Sheet metal work deals with laying out, cutting, shaping, and assembling thin sheet |
stock such as galvanized sheet steel, tinplate, copper, black iron, and aluminum. A |
person who specializes in sheet metal work is called a sheet metal worker. J |

261. The thickness of sheet metal is designated by gauge numbers which range from 000 | |
to 36. The larger the gauge number the thinner the metal.

templet which indicates lines to be cut, allowances for seams, and places and direc-
tion metal is to be bent. Patterns are usually drawn on paper.

|
i
262. To make an article out of sheet metal usually requires the making of a pattern or |
|

263. To make a sheet metal pattern requires an understanding of geometric principles.

264, When scratching layout lines on sheet metal, care must be taken to mark only the |
lines to be cut, because scratches mar the surface of the metal and, in the case of
coated sheets, the base metal is likely to become rusted where scratch-awl marks cut J
through the coating. |I

265. Sheet metal 20 gauge and thinner is usually cut by hand with snips. Heavier sheet f
metal is cut with a bench shear, power shear, hack saw, cold chisel, squaring shear,
or oxy-acetylene cutting torch.

|
266. Slivers of sheet metal along a cut edge are sharp and dangerous; such irregularities I
should be filed off before the piece is handled. I l
267. To punch a hole in sheet metal with solid or hollow punches, the sheet is placed over ’ |
a block of lead or wood, the punch is placed on the sheet, and the punch is struck ‘
with a hammer. Thin sheet metal may be punched with a hand punch similar to |
the kind used in punching paper. l I

268. Sheet metal may be bent in a vise, over the surface or edge of variously shaped
stakes, or in a bar folder or cornice brake. Curved parts are formed in a forming
machine.

269. To stiffen the metal and to protect users, the edges of many sheet metal articles are
single or double hemmed, bent over a wire, or otherwise built up.

270. Such metals as sheet copper, brass, aluminum, monel metal, and silver may be shaped
by hammering the metal into molds, over stakes, or on a sand bag. The process is
known as raising, and the appearance of the raised article is distinguished by the
hammer marks. |

271. Sheet metal articles such as aluminum, copper, or pewter trays are often shaped by
spinning in a lathe. A sheet metal disc is revolved and pressed over a mold of the |
desired shape. I

272. Sheet metal workers use several kinds of hammers for special purposes, e.g., a setting |
hammer for setting down scams, planishing hammers tor smothing and shaping. | |

273. Operations such as grooving, turning, beading, and crimping are done on hand- | '
powered bench machines in most sheet-metal shops. Power machines are used for |
these operations in sheet-metal manufacturing plants. | l

- |
274, The most common means of fastening sheet-metal pieces together are seaming, solder- | |
ing, and riveting. Sometimes self-threading screws are used. | |

| 1

|
275, Seams such as the locked seam, grooved seam, and double seam hold the pieces |
together securely without other fastening. To be watertight, however, all seams |
are usually soldered.

276. Successful soldering is dependent upon (1) having the pieces of metal to be joined |
clean, (2) having the pieces in mechanical contact with each other, (3) using the |
proper kind of solder and flux for the particular metal, (4) heating the pieces to |
be joined to a temperature which will melt the solder and permit it to run freely, |
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(6) heating the pieces in such a manner as to cause the solder to flow into the seam. |I

(5) having work placed on a surface that will not conduct heat too rapidly, and ’
|
|

277, The equipment needed in most soldering is a soldering copper and a source of heat, |
such a5 a soldering furnace or blow torch. The soldering copper must be large | |
enough to carry adequate heat and small enough so that the heat may be controlled.
An electric copper may be used.

|

|f
) 278. The faces on the point of the soldering copper must be clean and coated with solder
(tinned) before it can be used for soldering.
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279.

The most common solder is an alloy consisting of half lead and half tin,

280.

The purpose of flux in soldering is to help clean the metal, to keep the metal from
oxidizing during the sotdering process, and to help the solder to flow.

PART 1

. Metals which flow freely when molten may be cast into desired shapes by pouring

the molten metal into molds. The process is known as casting or founding. It is
done in a foundry, e.g., iron foundry, brass foundry.

. Moids for casting metal are commonly made of sand or plaster. When many castings

are to be made from one nold, as in die casting, the mold is made of metal.

283.

Molds must be free fromn moisture when the metal is poured in; otherwise steam
will form and cause an imperfect casting and possibly cause an explosion.

284.

In order to allow the molten metal to flow into all parts of a mold, the mold must
be vented to permit air, gas, and steam to escape.

. The mold into which the metal is poured must be made from a sample or full-scale

model known as a pattern. Patterns are made of wood, metal, wax, or plaster.

286.

In order that a pattern may be lifted from a mold, the sides of the pattern must be
tapered. The taper is called draft.

287.

Cast iron and most other metals take up more space when hot than they do when
cold. For this reason, patterns must be made larger than the finished article to
allow for shrinkage.

288.

When molding articles that have holes or holiows, a core is placed in the mold so
the metal will flow around it. Cores are usually made of sand and oil. They are
molded in a core box and baked in an oven prior to insertion in the mold.

289.

When castings have solidified and cooled they are taken from the mold and placed
in an irregularly shaped barrel (called a rattler) to clean off molding sand and to
shake out cores. A cold chisel is used to chip off burrs and irregularities.

290.

Metals such as bronze and white metal are often shaped by a process known as die
casting. The metal is in either a fluid or plastic state and it is forced into a die under
high pressure. Die-cast articles have a smooth surface and require no finishing unless
they are to be plated.

—

291,

Historically the first metalworking process was forging, which means beating metal
into shape. The process is important teday, but most of it is done by machine
{drop forg=) instead of by hand, although hand forging is still done by ornamental
ircn workers and maintenance mechanics.

. The process of forging refines the grain of metal in such a way that forgings are

tougher than castings or machined picces. TFor this reason such parts as crankshafts
are usually forged to shape before machining to finished dimensions.

293.

The principal equipment for hand forging is a coal or gas forge, an anvil, tongs for
holding the heated metal, and hammers, chisels, forming tools, and punches.

. A drop hammer is a large, powerful machine which hss a heavy weight that acts as

a baraper  The weight has a die fasiened to its bottom. The hot metal is laid
upon another die which is fastened on the base or anvil. The weight then drops on
the metal and hammers it into both dies. The object thus formed is a drop forging.

. In forging ircn or steel, the metal should be hammered only when it is bright red

kot or hotter. The work can be damaged if it is hammered at an improper heat.

. To stretch or draw out an iron or steel rod or bar, it may be heated white hot and

then hammered over the horn of an anvil,

. To thicken or upset the end of an iron or steel rod or bar, the end to be upset is

heated white hot, placed on an anvil, and the other end struck with a hammer or
the heated end rammied against the anvil.

208,

Wrought iron and mild steel up to and including %4 inch in thickness can be bent |

cold. Thicker pieces must be red hot or hotter.

299,

When bending a metel bar at an angle, an allowance must be made to compensate
for the shrinkage in the length of the piece. The rule for allowance is to add an
amount equal to one half the thickness of the metal for each right-angle bend made.
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) 300.

Circular bends may be made over an anvil or around some cylindrical piece such as
a rod or pipe. A common procedure when bending metal bars cold is to use a pipe
or rod with a slot in ¢ne end, inserting the end of the bar in the slot and slowly
bending around it.

) 301,

Metal bars are often twisted to give them additional stiffness, to alter their position
for fastening purposes, and for ornamental reasons. Mild steel square bars up to
L5 inch and strap iron up to 4 inch in thickness and 1Y% inches in width usually
can be bent cold. To prevent stock from bending out of line when twisting, it may
be twisted inside a section of pipe of the proper size.

) 302

Scrolls are used in ornamental iron work to lessen the monotony of straight lines.
Scrolls are usually formed cold, using a variety of devices such as bending forks,
jigs, and bending machines.

) 303.

In most ornamental iron work the appearance is improved by shaping or marking
the ends of metal pieces. This is commonly done by forging, filing, grinding, or
hammer marking.

) 304.

W rought iron or steel may be welded by heating the pieces to welding heat, placing
the pieces together, fluxing the joint, and hammering. This process, which requires
much skill, has been almost entirely replaced by gas and electric welding.

PART K

) 305.

Welding is the process of fusing metals together. Oxy-acetylene and electric arc
are the two principal kinds of welding, both processes supplying entense and con-
centrated hcat which melts the metal and the filler rod which fills the space in the
joint.

. Both edges of the base metal and the end of the filler rod must be molten simul-

taneously if a weld is to be sound.

. Shipbuilding, automobile and farm equipment manufacture, and the refining and

transportation of oil and gas are major industries which require employment of many
welding operators. In cities and even rural communities there is work for welders
in the repair and maintenance of machinery.

) 308.

Stock to be welded must be clean, and the space between the pieces must be such
that the weld metal can flow freely and mzke a sound joint.

) 309.

A flux is used to increase fluidity of the molten metal and to prevent the heated
metal from becoming oxidized. In arc welding, the filler rod (electrode) is usually
coated with flux.

) 310.

In oxy-acetylene welding, acetylene and oxygen are supplied to a welding torch

where they are nvixed and burned.

. In arc welding, a heavy current is required, often as great as 400 amperes for a

single welding machine.

_

. Beth AC and DDC rmachines are used, but the DC rmachine is generally considered

superior to the AC for most work. With either machine, the work is connected to
one side of the electrical circuit and the electrode to the other. When the electrode
is brought in contact with the work a hot arc is created.

. Becruse of the strength of welded joints, welded construction makes it possible to

save much weight in many mznufactured products and consequently decrease costs
and sometimes improve performance and appearance of the product. Welded ships
are an example.

|
[

. The infra-red and ultra-viclet rays from the welding flame or arc are injurious to

the eyes; therefore. the welders” geggles or helmet must be in place before an arc
is struck or a torch lighted—whether you are watching or welding.

. The hazards of welding—from the electric current, from the hot metal, from flying

scale, and from injurious light rays

require rigid adherence to all safety precautions.

. Welding in a flat position (dowrhand) is relatively simple; vertical and overhead

welding are difficult sk’lls. About 200 clock hours of intensive training is required
to develop minimum employable skills to arc weld steel in all positions. The skills
are lost if not used regularly.

Defective welds are indicated when the pattern of the weave is irregular, when blow
holes are present, and when fine cracks are visible.

L P PUN— [PE—— A




Statememts of Things to Be Learned

Emphasize

(To be rated according to relative imp ) InInd. | In Other | Out of
Arts Courses School
) | @ 3) 4)

. Bronze welding (brazing) is similar to welding except that brass (known as spelter)

is used as the filler rod and the base metal is not melted. The process is sometimes
called hard soldering.

. Sheet steel articles such as children's toys, lockers, and office furniture are frequently

fabricated by a process known as spot welding. The pieces of metal are placed
between two electrodes and pressed together, The current passing through the
pieces produces sufficint heat to fuse them at that spot.

320.

Steel may be 'cut” with an oxy-acetylene cutting torch. The oxy-acetylene flame heats
the metzl to a temperature at which is will oxidize quickly and then a stream of
oxygen, directed toward the place to be cut, burns through the metal. The process
is called flame cutting or burning.

321.

By welding it is possible to add a coating of extremely hard metal on surfaces which
are subjected to excessive wear. For e<ample, a hard-surfaced plow share.

PART L

. Wnought iron or steel pipe is used in the home to run water, steam, gas, and

electric wires. Copper pipe is considered superior to steel pipe for water lines.

. Pipe fitting means measuring, cutting, threading, and putting pipes and fittings to-

gether. A plumber installs water pipes; a steam fitter, steam pipes; a gas fitter, gas
pipes; and an electrician, conduit—the name given to pipes that carry electrical wires.

. In machines, pipes are used to carry oil, gasoline, and a variety of fluids. They are

installed and maintained by appropriate mechanics, e.g., hydraulic lines in an airplane
by an azirplane mechanic,

. There are two main classifications of pipe: welded and seamless. The shaping and

welding of welded pipe is usually done by a rolling process; seamless pipe is made
from a solid rod of metal which is rolled and pushed over a long mandrel.

. Pipes made of thin metal—chiefly brass, copper, aluminum—are called tubing. Tub-

ing is fitted similarly to pipes.

. The size of pipe is denoted by its internal diameter. The hole is usually somewhat

larger than the nominal size,

. Because pipe is round, it must be held in a special vise (called a pipe vise) when

it is being cut or threaded. Also a special wrench (pipe wrench) is used to screw
pipes and httings together.

. Pipe may be cut with a hack saw. The gencral practice, however, is to use a pipe

cutter which is fastened over the pipe and revolved around it. The cutter is
tightened with each revolution until the pipe is cut off and, after cutting, the rough
edge of the inside hole is reamed so it 15 smocth.
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. When a pipe or tube is bent the outer port is stwetched while the irner part is

squeezed togetner. For this reason the pipe or tube tends to flatten when bent. To
prevent this, the pipe may be tightly packed with fine, dry sand during the bending.

£

. Pipes are most often connected by means of threaded fittinzs such as eibows, tees
L ¥ ; 4

couplings, plugs, and caps. Copper pipes, however, may be soldered to the fittings.

. Pipe threads are tapered so as to make the -j(:ints tight. Red lead is smeared on pipe

threads before pipe and fittings are screwed together, so as to make the joints gas-
tight and to keep the metal from corroding.

position are to be joined, 2 ftting called a union is used.

- — e

-—

. Pipe threads are almost always night-hand. When the ends of two pipes in a fixed

e e —— e e

PART M

. Metal articles are finished in various wavs for the purpose of protecting the surfaces

from becoming tarnished or corroded and for the purpose of improving appearance.

. Rusty metal, covered with grease or paint, may be cleaned by boiling it in a solution

of caustic soda and water.

——t— L

. Metal must be clean, dry, and free from rust and grease before it can be painted or

plated.

. Rust and dirt may be removed with a wire brush, either by hand or with a brush on

a grinder. If a grinder is used, goggles must be worn and the work should be held
aaainst the lower edge of the brush.
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338,

Red lead and zinc chromate paints are used to keep iron, steel, and other metals from
becoming rusted. For example, red lead on structural steel.

—

339.

Iron and steel articles such as lawn furniture and ornamental iron work may be
painted, enameled, or lacquered. Cast iron parts, however, should be filled before
painting if a smooth surface is desired.

340.

Metal articles may be given an antique appearance by applying different chemicals.

341,

Metals are electroplated with ancther metal to improve appearance or to increase
wear. The process consists of separately suspending in an electrolytic solution the
article to be plated and an anode of the plating metal and causing a direct current to
flow through the solution from the anode to the article.

. Crackle lacquer, used on commercial products such as radio panels and typewriters,

provides an attractive appearance and effectively conceals many small irregularities
in the surface, The lacquer is applied just as ordinary paint and the article is then
baked in an oven.

. Clear lacquer or wax provides a transparent protective covering for metal. This

finish is often used on brass to keep its appearance bright and on steel whea it is
desired to retain the coloration of the oxides resulting from heating.

. Ornamental iron work can be given a distinctive appearance by hammer marking the

surface with a ball-peen or cross-peen hammer or with punches of various kinds.
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. To polish is to change a rough, uneven, dull surface with irregular scratches to a

surface with very fine, uniform, parallel cuts or grooves which cannot be seen with
the naked eye.

346.

Hand polishing means to rub the surface ¢f the metal by hand with an abrasive cloth
or with steel wool, beginning with coarse abrasive and continuing with finer grades
successively until using the finest grade.

-

—

. Grains of abrasive giued to cloth makes an abrasive cloth—emery cloth, for example.

. Machine buffing consists of holding the work against a cloth buffing wheel to which

has been applied a buﬁinﬁ compound such as lime, tripoli, or rouge. The process
is also done by hand rubbing.

. Spot finishing may be done by applying emery flour to the surface and then rubbing

the spots lightly with the end of a revolving dowel held in a drill press.

. Burnishing is a process of mzking o surface shiny by rubbing it with a hard, smooth

tool and pressing out minute high spots.

. Relief designs may be placed on sheet metal articles by a process called chasing or

repousse. The design to be embossed is traced with tools of various shapes which
are tapped lightly with a hammer.

. ldentifying marks are placed on tools and machine parts bK stamping, stenciling, and

etching or, in the case of cast articles, by molding the marks as a part of the pattern.

. Etching is done by coating the metal surface with melted wax or asphaltum, scratching

through this coating the marks to be etched, and then applying an acid which eats
out the design.

354.

Through the use of hard, sharp engraving tools, designs may be encised on metal
surfaces. This process is known as engraving.

1]
!
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APPENDIX E

TYPICAL LETTER REQUESTING HELP IN CHECKING LIST

November 1, 1950

Dear Professor Blank:

As is usual in the preparation of a thesis, I have come to the
point where I need help.

Under the auspices of Boston University, I am attempting to dis-
cover just what content of general metalwork measures up to criteria
of general education. From textbooks, bulletins, courses of study,
and journal articles I have derived a list of statements which seem
to represent the general education content of general metalwork. At
present the list includes 295 such statements, prepared in the form
of a check list.

In order that the final report will represent broader judgment
than mine alone, I am writing to see if you would be willing to pool
your thoughtful opinions with those of other leaders in industrial
arts.

It would be unfair to ask you for a yes-or-no answer until you
know the size of the undertaking. However, would you go so far now
as to say whether you would be willing to look at the check list and
then let me know if you are willing to cooperate in the study? The
enclosed card will facilitate your reply.

Sincerely yours,

Kenyon S. Fletcher



APPENDIX F

DETAILED SUMMARY OF PERCENTAGE REACTIONS OF EACH AND ALL JURIES TO

are

EACH ITEM IN THE CHECK LIST

In columm (l) of the following table, the Items of the check list
given by number,

In column (2) 1s glven the rank order of the Item In Importance iIn

general educatlon, as determlned by the combined responses of all jurors
who participated In the study.

the

and

who

who

who

who

who

In column (3) 1s glven the per cent of general educators who checked
item as Important.

In column (4) 1s given the per cent of Industrial arts supervisors
teacher tralners who checked the Item as Important.

In column (5) 1s given the per cent of general metalwork teachers
checked the item as Important.

In column (6) 1s glven the per cent of all sixty-six respondents
checked the 1tem as Important.

In column (7) 1is given the per cent of all sixty-six respondents
checked the i1tem for emphasis In Industrial arts courses,

In column (8) 1s gilven the per cent of all sixty-six respondents
checked the Item for emphasis In courses other than Industrial arts.

In column (9) is gilven the per cent of all sixty-six respondents
checked ‘the Item for emphasis out of school (or left to be learned

outside the influence of the school),
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t | See page 224 for explanation t | See page 224 for explanation
e of data In each column, e of data iIn each column.
m m
(1)](2)1(3)1 () (5)i(6) I{7) I(8)1(9) | (1)} (2) [(3)[{#)[(5)](6)[(7)[(8) [(9)
Part A, General Information 36| 49| 55| 64| 67| 62| 57| k0| 9
37| 25: 80| 73| 88| 80| T9f L9 | 1k
1| 1(100{100| 96| 99| 91| 84| 29| 38} 21| 75| 86| 88| 83| 81| k7| 9
2] 10| 85) 91} 96| 91) 85} 69| 19| 39| 2k 75| 86| 83| 81| 74| 53 | 10
3| 15| 90! 91| 88| 90| 85} 64| 24 | kol 22! 75| 91| 83| 83| 81| 54 | 10
b1 18| 75, 91| 92| 86| 80| 61| 22| L1} 29 65| 82| 88] 78] 75| k5 |11
5| 31 65, 73| 79| 72| 63| 43| 26| 42; 30! 70; 82| 79| 77| 69| b9 | 9
6! 32; 65 59 75! 66| 56| h7| 26| 43} 28 75! 77| 83| 78I 69! W7 | 12
71 19 85 77| 96| 86| 77| 66f b1 | k| 20! 65! 95{ 92| 84| 82| 35| 9
8 22/ 95 82| 75! 84| 67} Th| 32| 5| 31| 65, 82| 83 77| Th| W1 |13
9| 12/ 95 TT;100! 91| 78| 66| 39| 46| 36| 55! 82| 79| T2{ 73| 34|10
10| 20! 90! 73! 88! 86| 71| 65; 19| L7! 1k 80! 95| 83| 86 78{ 59| 9
11 3 95i 95, 92 94| 83 69| 22| 48] 7! 80!100| 88| 89| 86| 6h |12
12 7. 95 95 88 93|82 70! 24| k9| 38| 50! 77| 83 70| 68| 21 |12
13| 28 80 82| 75! 79| 72! 38| 22| 50| 17! 80, 91| 83| 85| 74| 70 |15
1k} 26! 85 91| 71 82| 76 38| 22| 51| k2! 55 73! 75| 68 64| 16| 9
15| 16, 80| 86| 96| 87| 80| 59| 22| 52| 5| 85/100] 96| 94| 91| 58 | 22
16f 11! 90| 86| 961 91|85 77| 24| 53} 16; 8 91| 79/ 85! 80! 54 |18
17{ 17/ 70{ 95| 961 87| 87| 26| 33| sk| k! 90,100! 92| 9k 88| 60 | 36
18] 20 95/ 95| 961 95|75 83| b7| 55| 3[100) 86| 96| 9k! 8B{ L7 | 30
19| 23 90| 82| 79| 84| 63| 68| 39| 56| 9| 85! 91 88| 89| 83| 28 | 3k
20| 29 80| 73| 79| 77| 55| 65| 38| 57| 10| 85} 91| 88| 89| 85} 31 | 30
21, 1k 100| 86| 83, 90| 50| 84} 39| 58] 2! 95/100| 92| 96 92| 68 | k9
22| 5/100( 95| 83| 93| ko| 91| k2| 59| 39| 60| 77! 71| 69| 66| 6|11
2%, 2hi100| 73| 751 83| 31! 82| 35| 60| b5 50 68| 75| 64| 61| 3|10
ki 30; 90! 73| 67 77| 29| 76| 29| 61 W7: u5| 77| 67| 63 60] 6| 8
25 27, 80| 95| 63| 79| 61| 60| 29| 62| 51| 25| u5! k2| 37! 33! 5 6
261 6| 95| 91| 92193 70| 87| 18| 63| 15! 75| 95| 88| 86| 80| k1 | 26
271 131100| 82 88| 90| 73! 70{ 22| 64| 1/100{100| 96| 99| 91} 61 | 35
281 21 95| 86| 7L 84 | k9| 81| 33| 65) 34| 65| 86! 71| Th| 71| 36 |11
291 25| 95| 73| 79| 82| 37| 79| 36| 66| 35; k5| 86 88| 73| 70| 27 |13
30 L4i 95/ 95| 88193|75| 85| 35| 67| 37| 55| 82| 75| 71| 65| 52| 8
311 8/100| 77| 96,91 (50| 88] k7| 68| 18} 75{100| 79| 85| 79 68 |15
32| 91 85| 95 92| 91 162} 87| 33| 69| 41| 50| 82| 75| 69| 621 56 | 8
70| 50{ 30| 77| 6T| 58] 47 27| 7
Part B. Mechanical Knowledge 71| 43{ 50| 77| 15| 67| 57! k2| 6
72| 8| 85| 951 88| 89| 80! 58 |20
331 23 75| 86| 831818133 9| 73] 6] 90| 86| 96| 91| 83! 70 |15
341 27) 75| 82| 791 79 |80{ 32| 9| 7| k6| 50| 73| 67| 63| 571 29| T
351 33 75| 73| 751 TR | 761 b1| 7| 75| 12| 85| 91| 83! 861 60! 76 |12

(continued on next page)
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(1) [(2) J(3) [(B) [(5) [(6) 1(7) [(S) j{9) ] (1) 1{2) [(3) (&) I{5) {{6) I(7) I{S) 1(9)

76| ho| 55| 82| 71| 69| 511 59| 8|113| 37| 35| 77| 83| 65| 64| 18] 15
77111 85| 95[ 83| 88| 75] 70| 121 11k | 38| 3582 75| 64| 61 26| 12
781 19| 70| 91{ 92| 84| 77| 45| 18] 115| k8| 25| 64| 7L | 53{ 50! 9|10
791 26| 65| 95| 79| 80| 71| k9| 15} 116| 39| 35| 77| 79| 6k | 64! 10| 10
8o Lkl 60| 73| 67| 67|59 35|12 117| 16| 6091192 81| 81 26} 12
81] 13| 8| 91| 83| 86| 82 37| 26] 118| 25| 5586 83| 75| 75, 22| 12
82| 48| U5| 77| 67| 63| 54| 33| 9| 119| 19| 60} 86|92 79| 78| 20| 1k
831 321 601 861 791 751 691 511151120 23| 60{86! 791 75| 75 k1| 12
121 | k1| ko 73| 751 63| 63| 21§ 12
Part C. Metals and Metallurgy 122| k6| 20| 73 79| 57| 57! 13| 9
1235| 4| 90195(96 |9k 91} 29} 20
8] 11) 8 77|92] 835}69] 70| 23] 12k| 7| B0[95|835|86]|86! ko 15
85| 5195( 77| 96| 89| 69| 75| 23] 125| 20({ 80| 82| 75| 79| T} 55| 1k
86| 26| 70| 82| Ta| Th| 65| k8| 1| 126 2| 90100| 96| 95| 9| 69 | 2k
87| 4| 5| 55| 75| 58| k9| 36| T|127| 30| 55| 77| 83| 12| 64} 53| 10
88| 321 50| 68| 83| 67|57 51|11 128| 6| 80}95({ 88| 88| 81| 67 12
89|52| 50| 32) 54| 5| 3kf3h] 8]129 3| 95[95(92| 9| 92| 69| 18
90| 18| 70| 82| 88| 80| 73| 64| 16| 130| 10| 70| 95| 88| 84| &+ | k6| 15
771921 83| 69| 67| 18} 131| 8| 75191| 88| 85| 83| k| 15
92| 15| 70| 86| 88| 81| 78| 52| 18] 132 1| 95100 | 92| 96| 91| 76| 18
931 50| 30| 55| 63| k9| k| 33| 6| 133| 9|/ 80|95]|79|85|83)51] 1k
oh | 21| 60| 86| 85| 76| 76| 38| 12| 13| 14| 80| 91| 75| 82| 79 51| 1k
os | ko | 30) 64| 63| 52| k6| 27| 9| 135| 31| 50| 82| 71| 68| 68| 29| 12
961131 85| 731 88| 82 79| k3| 18] 1361 291 &0 { 771 79| 721 71} 181} 19
97| 28| 50! 82! 88| 72{ 70| 30| 16
50! 5h| bo| 38| 14| 5 Part D. Assenbly and Fabricatlon
9l33| kof 82 79| 67| 66| 2k | 12
100 |2k | 55| 861 83| 75| 75| 27| 15| Note: In this part and In following
101 | 35| 451 77| 75| 66| 66| 24| 16| parts of the check 1list, data apply
21 63| 67| 63| 23| 10| to industrisl arts and not to other
105 b5 351 68! 711 58| 56| 36| 13| areas of learning. Data are not
10h}17]| 70| 82 88! 80| 78| 38| 18| needed in columns (7), (8), and (9).
105 | 22]) 60|77 88| 75| 75| 35| 16 ,
106 | b7( 35| 73] 63| 57| 52| 21| 13| 137| 2| 7095} 92| 86 !
107| 27| 70| 73! 791 7| 65| b1 | 16| 138| .| 85| 77| 83| 87 i
821 75| 61| 56| 33| 15| 139| 16| 45| 77| 75| 66
10951 25| 68] 54| ho| k6| 22| 12| 1ko| 22| 30| 73| 75| 59
110 | 36| 45| 73| 79| 66| 63| 311 12| 1h1| 7| 60} TT| 88| 75
121 | k2| 5| 77| 63} 62| 58| 27| 11| 12| 15| 50| 77| 751 67
112 kol 35§ 82f 71! 631 611 211 9l 1k3]| 201 ko 73| 75| 63
(continued on next page)
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m 3 m '
@y [(2) [ ) (5) 106) 1(7) [8) )| (W) 1T2) T03) [{R) 157 }6) 1(7) [(8) [(2)
ik | 8| 55| 8288 75 i 180 12| 65] 86192 81
ibs | 21| bs| 731 671 62 ; 181| 13| 65] 82| 96| 81
1k6| 29| 25| 64 67152 182 33| 55| 771 71! 68 |
1471 12| 50| 82! 791 70 : 183 8| 65| 9588 83
k8| 10| 55| 77 83 72 ; 18k| 291 55| 73| 83| 70
149 [ 11} 55| 821 75.; T1| | 185| 37| 35| T7183!65
150| 30| 25| 6b: 63 51 ; 1861 34| 50| 82} 71| €8 |
151| 1| 85| 91192; 89| ; 187| 17| 60} 86192 79 | |
152| 9| 45| 82: 92! 73| | 188| 19| 65| 82188 78 |
1535| 5| 70| 91! T 7T | 189| 31 ho| 77188 68
ask | ak| 65| 731 67 68| . | 190| 26| b5 771921 T1 |
155| 28| 30| 73{58i581 | | |191]| ko| 30| 737961
156| 3| 80| 8288 83| L 192| 35| 55| 17175 69|
157| 18| k0| 77| 791 65 ! g 1935| 25| 60} 73|83 72!
158 | 13| bo| 77|92 70 | || 298| k3| 35! 68| 67| 57
159 | 2k | ko| 64| 67 57! 195| 39 5| 68| 71| 61 |
160 | 27| 35| 59| 67 54 | 196 2k 35! 86| 96| T2 |
161 | 26| 35| 64| 67 55| 197| 27] 35 86|92 71|
162 23| 35| 64| 75| 58 | 198| 38| 25| 77|92 65
163| 6| T0| 86| TL | T6| 199| b1 25, 77{ 75| 59
16k | 25| 35| 681 67|57/ 200{ 9} 75 82|88 82
165 | 19| k5| 77| 70 | B | 201| 16} 70 86| 83| 80
1661 17| 651 77| 5% | 65 | 202| 1k| 65 95| 83| 81
203! 351 55| 73| TL| 66
Part E. Metal Finishing, Ornamenta-| 20k| 22} 60 82| 83| 7
tlon, and Preservation 205 11| 65 91|88 8L
206| 36| b5 82| 71| 66
167| 20| 60} 77192 76 207| 10| 75| 95| 75| &2
168| 1| 95| 95|92/ 9k 208| 32| 55| 82| 67| 68
169 18| 75| 77183 | 18| 200 | bo| ko| 73| 58] 57
170 15| 70| 82| 88| &0 | o100l uh | 50| 68| 50| 56
171 28| 55| 77179701
1721 23| 60) 82{ 79 7h | Part F, Pipe Work
173 21| 60| 86| 83| 76 :
174 | 5|85 95| 88| 89 211 L] 70| 86| 88| 81
175 4|90 91: 88 %0 212| 23| 65| 73| 71| 63 ’
176| 3| 85| 95192|91 215} 31| 55 6l | 58| 52
177| 71| 80| 88885 21h! 1| 95| 82|92 90 |
1781 6| 90| 95| 79 88 215 30| 25| 73| 63| 54 ;
1794 21901 91| 96| 92 2161 71551 91| 88| 78
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Appvendix F, (continued)

T | T
t | See page 224 for explanation t | See page 224 for explanation
= of dats In each column, e of data In each column,
m m
(1) 1(2) TBTW(h);(BT”T6)1(”T'(8) (9)] (1) 1(2) 1(3) 1(4) 1(5) 1(6) 1(7) [(8) 1(9)
217 1k} b5 77[ 83| 70, osh| 15| 50| 77| 71| 66
218| 9| 55! 82} 88 "5‘ 255| 13| 60 | 731 71| 68
219| 19| b51 77| 79 671 256| 16| 35 | 77| 75| 62
220 | 21| 55! 73! 71| 66 | 257 14| 55| 771 71| 68
201 | 24| bo{ 73 71| 63 | 258( 18| 35 | 68| 75| 59
222| 5| 65/91 88| 81! 2591 5({90|91|85] 88
2231 22} 35| T7. 83! 651
22k | 251 30| 771 75| 61 Part H, Sheet Metal Work
225 | 16( 55| 77 75| 69
2061 15| ho! 86 83| 70 260 1]90191183] 88
227|291 20| 73! 71| 55 | 261 12| 60| 86| 71! T2 !
228| 11| 50| 86 | 85 73 | 262 13| 55 (771 79! 70 !
229 | 17| 50| 82 75| 69 263| 1k| 60 | 68| 83| 70 i
230| 6| 70185 88| 81 26| 21| b5 | 73| 671 62 }
231{ 8| 6518279175 265| 20| 50 | 73| 71| 65 |
232| 2| 75191|88| 85 266 2| 80 |82(92 85 ;
233| 26| 35| 77| 63| 58 267| 16| 55 [ 73| 75| 68 :
2341 18| 45| 82| 79| 69 268| 10| 55 |82 83! 73 |
235| 27| 30| 77| 67| 58 269| 18| 50 | 73| 19| 67
236| 13| 60| 77| 75| T* 270 3| 80|91 |79 83
237| 28| 30| 77| 58] 55 27| 7| 7018 | 79| 78 ﬂ
238| 10| 65|82 | 75| T4 212| 17| 55 | 73| 75| €8 !
239 | 20| 35| 91| 75| 67 273| 19| b5 | 77| 75| 66 i
2ho| 3] 75191831 83 etk 9| 60 (77|88 75
ekit 12l 65| 77| 75| 72 275| 15| 50 | 77| 12| 69
276 4| 65 (91|88 &1
Part G. Hand Work 2771 6| 65195 79| 80
278| 8| 60 (91| 83| 78
oho|l 7] 75186179} 80 279 11| 60 | 771 83| 73
abz |l 9| 70| 771 83| 77 2801 5| 65 (91|88 81
ohlh| L o5| 82) 88| 88
ehs P11 85| 77163175 Part I, Welding
2h6] 11951918891
2h7| 8| 7082 83| 78 281| 1| 8 poo 92| 92
248| 2(100(91| 83| 91 282 3| 65186 79| 77
eho| 6( 95|86 75|65 283} 6| 50|73 TQ “Ti
250| 3(95|91|88|91 28L| 5| 55|77
251 | 17| 55| 68| 58| 60 285| 2| 60|91 8% 78
252 10| 65182 79|75 286 9|35 |TT| 75| 62
2531121 50| 771 191 69 | 2871 7135 |77| 791 61}

(coneluded on next page



Appendix F, (concluded)

T i
t See page 22k for explanation t See page 22& for explanation
a of data In each column, e of data iIn each column,
m m

1) [(2) [(3) () 105) 106) [(T) 1(B)T ()] (3) T(2) 1(3) 1(:) [(5) [{&) [(7) [(8) ()

288| 8 ho| 731 75| 63 Part L, Layout and Measuring

289 | 10 25’ 68| 67| 53

2901 Lls0|91| 79|73 %221 1| 95(100]| 92| 96

3231 2195|901 88| 91
Part J. Foundry Work 32k | 10| 60| 68| 67| 65 ! 4
325| 12| 45| 68| 58! 57 !

2911 1| 8095|9691 326| 5|65|86| 79 77!

292 3|45 (82| 75| 67 327| 3| 8| 82| 88| 8s! ;

293 | W| 50| 771 75| 67 328| 6| 60|86 75! Th i

20k | 6150|731 75| 66 329| 7| 60|86\ 75! 7hi |

295110251771 79| 60 3%0| 11| 35| 82| 67| 61 =

206|12|25{ 73| 75| 58 331 L| 65)86|83|78 |

2971320 | 73| 7L | 55 332| 9| k5| 82| 83| 70 ]

298| 7|0 |77 TL]| 63 3331 8155|821 79[72 |

209 8|35 | 77| T1|61

300| 9130 | 73| 79|61 Part M. Forge Work

301 11|30 | 73| 71|58

302| 2|50(82| 75|69 334 | 2| 801009291 |

303| 5|40 ]86| 75|67 335 13| 65| 91| 67| 7k -

30k | 14| 30 | 82| 50| 5% 336| 1| 90[100]| 92 | 9k
337| 4| 80| 86| 83|83

Part K. Machine Work 338 8| 75| 82| 83| 80

339 T{75(91]| 75| 80

205| 1|95 p00| 96|97 3h0 15| 70| 68| 71| 70

306 12| 30| 82| 82| 65 3h1 12| 50| 91| 88| 76

07| 2]90{95|92|92 342 18| 55| 73| 75| 68

308| 16| 25| 77| 75| 59 343 5)65| 91|92 83

309 14| 30| 77| 75| 61 384 17| 50| 77| 79| 69 |

310 935|86|88[ 70 34510 80| 77! 79| 79 f

311 11! ko | 77| 83 67 36 68879 82 |

21 L7125 7T 15| 59 3h7111|60{ 91} 83| 78 !

313| 6{80|82]|83|82 348 1k | 60| 771 75| T1 :

34| 3] 70(95(92]|86 3491 19| 55| 77| 5k | 62|

%15 L| 7086|968k 350 | 20| 55| 73| 58| 62

316| 15 30| 771 71 | 59 351 21| bo| 77| 67| 61|

37113 %0 | 73|75 | 63 3521 16| 60| 73| 75| 69

318| 10| ko | 86| 79| 68 3535] 3{80)91|83|85

319| 5/ 70[95|83]|83 354 9| 70({95| 75| 80 :

320| 7|60|85|83|76 . |

321 | 8| 60|82 79| Tk : ‘




