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ABSTRACT
Ten Methods Of Articulating And Intergrating Subject Matter
In The Industrial Arts Curriculum
Harvey B. Erickson

This study was conducted for the purpose of making a thorough
analysis of ten methods of articulating and integrating the subject mat¬
ter of the industrial arts curriculum*
This study was based on data collected from case studies publish¬
ed in periodicals which were listed in the Education Index and the
Readers Guide to Periodical Literature* The sources were available at
the library and the Industrial Arts Laboratory at Montana State Univer¬
sity*
The study included case studies of articulation and integration
in industrial arts programs located in v/idely separated sections of the
United States* The case studies were selected that then provided a
broad sampling of subject matter areas included in the industrial arts
curriculum* Methods used in integrated courses and in organizing inte¬
grated programs were presented.
The results of the study seemed toiindicate that more opportuni¬
ties for pupil achievement might be more enhanced in integrated programs
in industrial arts than in the more common segregated classroom organi¬
zations. Evaluation of student progress in each of the two types of
organization should, of course, now be done*
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CHAPTER I
NATURE OF THE PROBLEM

Each subject within the industrial arts curriculum should form
a part in the developmental process for the student as he studies one
problem situation after another, thus, the student should be made aware
of the interrelatedness of particular fields of study within the indus¬
trial arts curriculum*

Le Coq (11) emphasised this point by suggesting

that ’’education is the summum bonum of past experiences in the many
fields of human experiences*
limited to one subject*

V/e have to admit that education cannot be

To be meaningful and practical, education must

be universal in its scope.”
Duffy (18) points out that ’’the curriculum theorists in general
education have seen the absence of a relationship between what is done
in industries and what is taught in industrial arts programs*”
An industrial arts program is needed, then, which will reflect a
greater alignment with our nation’s new technology#

Industrial arts has

often stregthened educational programs for students by providing oppor¬
tunities for them to work with industrial raw materials and by develop¬
ing for them an industrial like, problem solving curriculum.
Too often, the skills taught and the materials used in school
industrial arts programs are not geared to. the development of conceptual
learning, learning characterized by the development and integration of a
pupil’s skills and the raw materials with which he works.
Industrial arts education, while possessing flexibility in its
scope and in its offerings and possessing a philosophy which claims that
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benefits may accrue to all students, has not achieved wide acceptance.
This growing awareness of deficiencies in industrial education, however,
may perhaps provide a rare opportunity for growth of this program.

The

fulfillment of its promise of growth may rest in a more articulated pro¬
gram in industrial education.
The purpose of this investigation was to make a thorough analysis
of ten methods of articulating and integrating the subject matter of the
industrial arts curriculum.

The methods that were analyzed were those

written for publication in periodicals by industrial arts teachers em¬
ployed in junior and senior high schools located in widly seperated sec¬
tions of the United States.

Definition Of Terms
Articulation is defined in this study as the act of joining two
or more courses together so that the student might more easily compre¬
hend the relatedness of material in one subject to provide a solution to
a particular problem in another area of study.
Integration as it was used in this study means that the relation¬
ship amoung the various subjects in the industrial arts curriculum shall
be such that many opportunities will be provided for reinforcement of
elements to be learned from one subject field to another.
In the following chapter, the responsibility of industrial arts
to general education and a plan for continued student progress are pre¬
sented
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CHAPTER II
REVIEW OF RELATED LITERATURE

The industrial arts curriculum must be organized so that students
might learn the responsibility for completing class assignments.
student must be taught to be critical of his own efforts.

The

He must be

taught a standard of acceptable conduct as his society demands and he
must be taught to work in cooperation with others and to plan his ac¬
tions in a sequential manner.
Some of the aims of the industrial arts program seem to be that
students learn these points which are exemplified in the writing of ed¬
ucators reviewed in this chapter.
This chapter is organized to include reviews of the responsibil¬
ities of industrial arts for educating students and for providing con¬
tinuity in learning for student growth.

Responsibility Of Industrial Arts For Educating Students
One of the objectives of education is that it must be able to
adapt to the changing conditions in our environment because our environ¬
ment is composed of the products of industry, and has a direct influence
on the conditions in our society.

Therefore, industrial arts, in deal¬

ing with the products of industry, and the concepts of industry, must
accept a major portion of this responsibility.
For the industrial arts curriculum to prepare our youth to accept
the adult responsibilities of our changing world, the students must be
instilled with an attitude which will enable them to contribute

something of value to the improvement of their society and to their
community.

Only when there is a planned curriculum and purposeful in¬

struction, can maximum results be achieved.
In modern terminology, ’’instruction is a means of bringing about
a better social order through developing, in each individual, the right
habits of conduct, appropriate patterns of thought, and worthy ideals
that shall serve as goals and standards of pupil achievement.” (19)
These habits of conduct, patterns of thought, and worthy ideals can
definitely be influenced and developed through the cooperative methods
of curriculum planning and teaching students to accept responsibility
and to respect the judgement of others.
Another responsibility of the industrial arts curriculum is to
teach students to think critically and creatively.

An example of cre¬

ative thinking through a process of experimental thinking is emphasised
by Wilber (22) when he states that ’’advancements in industry still con¬
tinues in a small way by experimental thinking by an unknown or abscure
workman.

Basically, his process is the same as in the great laborator¬

ies and testing departments of great corporations.

A problem is recog¬

nized, a guess is made concerning a solution and then this hypothesis
is put to a test#

If the results are in keeping with a guess, or hy¬

pothesis, a discovery is made, and civilization advances.”

This ex¬

perimental process indicates that a society’s ability to advance depends
to some extent, on the ability and willingness of its members to think
critically and creatively.

This attitude must be developed in indus¬

trial arts courses through the encouragement of individual thinking.
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Since all students do not comprehend instructional material at
the same rate, because of varied abilities and individual interest, it
is conceivable that some students will fail to receive some vital
points during the instruction.

The progressive instructor will make

the most use of all the best teaching methods at his disposal in an ef¬
fort to present the necessary educational facts to his students.
The instructor who is not satisfied to rest upon his accomplish¬
ments and is striving to improve himself will most likely achieve the
quality of instruction which will promote the greatest learning for his
students.

Continuity In Learning For Student Growth
It should be the aim of every industrial arts curriculum to de¬
velop concepts which possess continuity for pupil learning.

For in¬

dustrial arts to achieve this aim, a sequence of related subject matter
is essential.
n

The best educational program has not been devised and the best

way to teach has not yet been discovered.’*

(ll)

To this respect, meth¬

ods and results must continually be questioned and we, as teachers of
industrial arts, must think critically of ourselves and be in search
for something better.
In order to develop a more critical look at our teaching methods,
Mortimer (l4) has presented ten criteria for an experimental approach.
1.

The experiment must tie in with and contribute too the basic
fundamental purpose of the course.
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2.

It must be within the maturity level and intellectual ca¬
pacities of the experimenter*

5*

It must be challenging and interesting to the student.

4.

It should contribute to the knowledge and experience of the
student in a manner which is superior to other means*

5*

It should involve reading and study of a worth-while nature
which go beyond the mere mechanics of the experiment.

6.

It must not involve any safety hazards that cannot be con¬
trolled adequately.

7*

Materials, supplies, equipment, and testing devices should
be* on hand or readily available. (Many of the testing de¬
vices can be constructed by the students and this may be as
challenging as the experiment itself. This phase of the
work should not be overlooked.)

8.

The teacher should be well enough informed to assist stu¬
dents when the need arises or he must be able <to obtain the
necessary information or assistance and still maintain pro¬
per relationships with the students.

9*

The cost must be reasonable and proper.

10.

The time required to conduct the experiment must be such
that the experimenter can complete it satisfactorily and
still maintain interest in it.

With these criteria in mind the experiment or project can be
selected.
things.

The student must prepare a report to include the following
First, a statement of the original purpose.

experiment was conducted.

Second, how the

Third, a through report on the results or

findings; and fourth, the evaluation or conclusions that can be drawn.
Occasionally, as students are developing a project, they find
that problems arise which have not been anticipated.

Many variables,

in construction techniques, enter in that must be controlled for sat¬
isfactory end results.

This of course, is one of the benefits of the

experimental approach as these things are challenging to the student.
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Class discussions are held periodically while the experiments^'
are being conducted and in this way, students have an opportunity to
discuss their experiences*

Here too, students may discuss questions

concerning the experiment.
By applying basic scientific principles to practical problems in
the school shop, a more realistic approach can be used that may give the
students distinct experiences in working with instructional materials*

Summary
Those points and ideas which contribute to fulfilling the major
objectives in industrial arts as well as providing a method for greater
progress for each student were presented in this dhapter*
The methods of organizing this study are presented in Chapter III.
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CHAPTER III
METHODS

The methods used in conducting this study of articulation and in¬
tegration of the industrial arts curriculum will be presented in this
chapter in terms of the population used, procedures used in gathering
data, and treatment of the data*

Population Of The Study
When the decision was made to study methods of articulation and
integration in industrial arts, the writer had to determine the popula¬
tion to be studied*

It was felt that the study should be concerned with

industrial arts programs located in widely separated sections of the
United States.

By obtaining a broad selection of case studies concern¬

ing integrated industrial arts programs, the ideas and programs initi¬
ated by the instructors writing the case studies might represent the
better ideas in industrial arts needed to establish a successful inte¬
grated industrial arts curriculum*
Because the writer was eager to obtain possible results from this
study which might prove to be of value in a small Montana high school,
the study was concerned with integration of high school industrial arts
courses, with the exception of one study conducted in a junior high
school*

The study was of such a nature that the findings could easily

be applied to the ninth grade in a four year high school.
The ten integrated industrial arts curricula included in this
study represent schools from nine separate states*

Two of the schools
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represented were in California, and the others were in the states of
Colorado, Iowa, Ohio, Wisconsin, Kentucky, Missouri, Michigan, and Con¬
necticut.

The following list includes the authors of each case study,

their teaching positions, and other available information about each
author.

The list of studies is presented in the order in which they

appear in the following chapter.
1. Glenn
Power
L. C.
South

H. Cambel
Mechanics Instructor
Mohr High School
Haven, Michigan

2. Robert E. Magowan
Industrial Arts Instructor
Paul G. Blazer Senior High School
Ashland, Kentucky
3*

Raymond J. Edwards
Valley Regional High School
Deep River, Connecticut

4.

Stephen E. Hansen and Jack Kirby
Muskego-Norway Consolidated School and
Industrial Education Department
University of Missouri, Columbia, respectively

5*

Stanford D. Ruggles
Barrett Senior High School
Columbus, Ohio

6. Jack Mitchie
Whittier High School
Whittier, California
7. Calvin P. Craig
Drafting Instructor
Air Academy High School
United States Air Force Academy, Colorado
8. William Plutte
De Anza High School
Richmond, California
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9*

10.

Evert V. Traylor
Junior High School
Adel, Iowa
Gerald A* Duchon
Assistant Professor
University of Wisconsin
Madison, V/isconsin

Procedures Used In Gathering Data
The first step in conducting this study was to refer to the card
catalog in the library at Montana State University to learn what material
was available on the subject of articulation and integration in indus¬
trial arts programs.

It was discovered that no references pointed to

this subject.
The next step was to consult the Educational Index and the Readers
Guide to Periodical Literature.

Some references to articulation and in¬

tegration were found, but the writer discovered that the titles listed
were not always true representations of what the article contained.

At

this stage, the writer relied on checking the table of contents of each
periodical which was refered to in the Education Index and Readers Guide
to Periodical Literature and which was on reference in the stacks of the
library.
In order to obtain other references and ideas, the writer con¬
tacted the Instructors of Industrial Arts at Montana State University
who in turn refered the writer to the sources on file in offices in the
Industrial Arts Laboratory.

Here other references were obtained.

The

Encyclopedia of Science and Technology was consulted as an aid to exemp¬
lify various points of each case study.
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Treatment Of Data
After completing the study in which numerous books and periodi¬
cals concerning industrial, vocational, and general education were
consulted, the material gathered about each case study was organized in
preparation for presentation in this study•
Each case study contained information about the organization of
the class activities*

Some . of the studies also explained how the In¬

dustrial Arts Laboratory was organized, and the courses that were artic
ulated and integrated in each particular study were listed.
Each class project in each study was described so that the dif¬
ferent operations necessary to complete the projects could be analyzed*
This procedure was used in an effort to shov/ the ways in which related
information was used in solving each of the problems.
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CHAPTER IV
CASE STUDIES OF TEN EXPERIMENTAL INDUSTRIAL ARTS PROGRAMS

Some of the purposes which industrial arts teachers seek are the
development of proper interests for learning on the part of students,
desirable attitudes toward work and toward their fellow students, and
the ability to live successfully in their own environments.

These out¬

comes usually are not taught specifically, but are often involved in
other learnings within the courses of study in the industrial arts cur¬
riculum.
The courses of study which are the most widely recognized are
those courses in woodworking, metalworking, electricity,and electronics,
graphic arts, all phases of drafting, automotive mechanics, power me¬
chanics, and crafts.
ceramics and textiles.

Crafts include such things as plastics, leather,
Other courses of study, courses which have re¬

ceived less emphasis, are communication, construction, and manufacturing,
each of which are studied in a broad sense.
In those courses of study that have been mentioned in the above
paragraph, the writer feels that a greater emphasis should be placed on
the application of research, design, and various problem solving tech/

niques.

It is because of this belief that the particular case studies

in this chapter have been selected.
The material to follow are case studies of ten experiments con¬
cerned with articulating and integrating courses in the industrial arts
curriculum.

Information which was available concerning each of the

authors is presented at the beginning of each case study.

The term

13
,,

experimeIlt,, will be used occasionally in the presentations of the case

studies, due to the nature of each case study.

Ten Case Studies
Case Study No, 1,

This article was written by Glenn H, Cambel,

a power mechanics instructor at L, C, Mohr High School, located in South
Haven, Michigan,

This article was entitled

u

An Integrated Shop Program

Set Up To Teach Industrial Methods11 and appeared in the June, 19&3 issue
of Industrial Arts And Vocational Education Magazine,
Three criteria were established to organize this integrated shop
program.

First, an attempt was made to teach industrial methods.

The

way in which industry organizes its labor force indicates that the most
economical method of performing any activity is to standardize the act¬
ivity by training the person to perform the job in a specified way and
to develop a time standard.

It may be warranted to study the motions

which are used to complete a job assignment in order that we might find
the best method for performing the task.
The second criteria was to adequately present the hand and machine
skills practiced in the modern shop.

This would include such things as

accuracy in detail drawing and measuring precision machined parts on the
metal lathe.

The third aim was to stimulate the most disinterested

student.
When this integrated program was introduced, the first considera¬
tion was to adapt a project that would involve the various shop courses.
The project selected must be of a type that would introduce students to
engineering practices, production standards, tooling, scheduling, and

14
job orders.

These are some of the procedures which are difficult to

demonstrate in single classes.

The project which was decided upon to

fulfill these procedural requirements was a sturdy garden tractor.
The method used for organizing the project procedures was for
each instructor, with his appointed shop foreman and helpers, to work out
their particular phase of the manufacturing process.
department was made up of the drafting classes.

The engineering

The manufacturing and

assembly areas were composed of the metal shop, woodshop, and powermechanics classes.
Under the direction of the instructor, the drafting students, who
intended to pursue an engineering career, drew detail drawings, drawings
which show a scaled size of each inclusive piece, and assembly drav/ings
of the experimental model.

As the project developed, drawings which

needed revision were returned to the draftsmen for correction.
The project had a considerable degree of flexibility and as
students discovered parts v/hich could receive design changes, they were
eager to tpy their own ideas.
When the drav/ings were complete, they were checked by the head
draftsman and then approved by the instructor.

From this first stage,

the drawings were sent to the power-mechanics department which acted as
T

the receiving and assembly area.

At this stage of development, the

plans were carefully studied by an assembly foremen who sent job-order
tickets and working drawings to the various departments where the parts
were to be produced.
The metal-shop foreman received the orders for the parts that

i
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needed to be machined*

He also issued the materials and was to give the

orders that were to be followed by the various class members working on
the project*

Each student was responsible for the accuracy of the par¬

ticular piece he was constructing, but the shop foreman still had the re¬
sponsibility of supervising the machining df parts and checking toler¬
ances to ensure that the parts met required specifications*
Some students become involved in making jigs to hold parts in
place for the frame and axle assemblies*
As parts were completed in the various areas and the necessary
parts, such as bearings, were purchased, they were delivered to the
power mechanics area for final assembly*
It was concluded from this experiment of integrating industrial
arts courses that the student should become aware of the interdependence
of the courses taught as they were related to every day industrial use*
Other learning from this experience was that students were re¬
sponsible, not only to themselves as in an individual student project,
but to the class to complete their phase of operation as accurately and
as quickly as possible.

Students also had an opportunity to share ideas

for making the project more functionable and for developing group organi¬
zation*

Case Study No* 2*

This artical was written by Robert E. Magowan,

an industrial arts instructor at Paul G. Blazer Senior High School lo¬
cated at Ashland, Kentucky*

The article was entitled ’’General Shop For

A Senior High School” and appeared in the March, 1963 issue of Industrial
Arts And Vocational Education Magazine*
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In this experiment for integration of subject matter, there were
four courses of study which were integrated.

They were drawing or plan¬

ning, electricity, woodworking and metalworking with the major portion
of the shop being devoted to woodworking and metalworking.
The electricity and planning units were enclosed in a separate
room and v/ere so arranged that the students in the planning room could
work with a minimum of confusion.

This was accomplished by a wall of

glass which also allowed the instructor to observe the students who were
engaged in planning while he was in the main shop.
Throughout the duration of the course, students were allowed to
draw and plan in correlation with their shopwork or to use the planning
room for a unit course in electricity.

This was accomplished by obtain¬

ing benches that could be used for erle'ctricity as well as for drafting.
Each course in industrial arts is based on two things.

First,

a design which developes a plan for action, and second, a method for
solving problems which have been assigned by the instructor.

The student

selects a problem to be solved with raw materials and works with the pro¬
blem until it has been completed, using the various equipment, materials
available to the shop, and instruction available to the student.
When the student has his problem in the design stages, he is free
to include in his project plans, as much metalworking, woodworking, and
electricity as is required to satisfactorily complete the plans.

If the

student wishes to use materials available from any of the other depart¬
ments in the shop to obtain the best possible solution to a problem, he
may move from one work station to another until the problem is completed.
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In this type of learning process a student is not required to remain in
any one department for a specified period of time.
This experiment varies from the first one presented in that it
involved students working individually in the many courses of study in
industrial arts.

It was concluded, however, that the student still is

able to determine the interrelatedness of the different courses and is
working with related materials, but, he does not have the opportunity to
discuss the project problems with the other students.

Sharing ideas and

discussing problems related to the course material can be a very import¬
ant learning device.
The success of this method of articulation seems to rely heavily
upon the organization of the building and the ability of the instructor
to have satisfactorily oriented the students in project planning.
Case Study No. 3*

This article was written by Raymond J. Edwards,

an industrial arts instructor at Valley Regional High School, located at
Deep River, Connecticut.

The article was entitled, “Four Units Equal

One Unit”, and appeared in the May, 1964 issue of Industrial Arts And
Vocational Education Magazine.
This experiment in the integration of the industrial arts courses
was conducted because of the determination of the instructor to find a
common ground, so to speak, to develop what was described as a ’’general
unit shop experience”.
The industrial arts department in this study included courses in
woodv/orking, drafting, metalworking and electricity, and up to the time
of this experiment, the department was rigidly unitized with little, if
any, carryover from one course of study to the other.
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When the decision was made to conduct a general unit program, it
was developed as a course for the freshmen class.

For the instructors

to find a central theme that would justify changing the course of study,
it was decided that electricity would be the "core" and the contributing
units of study would revolve and use the study in electricity as the
axis.
Now that the central theme for the course had been decided, it
seemed clear to the instructors that the ideal way to study drafting
would be through electrical drawing.

One phase of electrical drawing

which would be especially pertinent at this level of drawing would be
circuit diagrams.
The aim established for the electrical drafting phase of the
course was that it would be an introductory experience in drawing de¬
signed to bridge the gap of the students work in electricity and power,
and that this unit would give a basic overview of drafting fundamentals
and electrical nomenclature.
At the beginning of the course, students were retained in a large
group for orientation purposes.

It was here that the instructors made

a thorough explanation of the program and a review of the departmental
standards.

After the orientation, the students went into separate sections

for individual instruction as each instructor taught his special unit.
As work progressed, students from one section were encouraged to seek
help from any of the instructors at such times as his work required as¬
sistance in that course of study.
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One of the brightest aspects of electrical drawing, as the author
of this experiment saw it, was the interest showh by future students.
It has been demonstrated a practical aspect in the field of drafting for
the students prior to their being introduced into the world of projec¬
tion drawing.
It was concluded that a very important part of integrating courses
is to make a thorough examination of objectives for the course.

It was

further concluded that organization, although very important in all
courses of study, is especially important in integrated courses because
students are expected to be more self directed than in a segregated
class situation.
This experiment did not give a complete overview of the entire
program as it was primarily concerned with the central theme of electri¬
city.

Woodworking and me.talworking did not share any apparent signifi¬

cant part in the integration of this industrial arts curriculum.

Case Study No. 4.

This article was written by Stephen E. Hansen

and Jack Kirby, instructors of industrial arts at Muskego-Norway Con¬
solidated School and Industrial Education Department, University of
Missouri, Columbia, respectively.

This article was entitled, ’’An Indus¬

trial Type Group Project Bridging The Class And The Shop”, and appeared
in the June, 1964 issue of School Shop Magazine.
The objective which is stated in some form in every industrial
arts departmental philosophy is that one of the prime objectives in indus¬
trial arts courses is to interpret industry to the students.

To narrow

this philosophy down, there are many phases of industry which can be
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interpreted.

These are in terms of materials used, including both rav;

materials and manufactured materials, shop organization procedures, prcrr.1
duction methods and working conditions.
The intention of this experiment was to interpret industry to the
students, particularly the advanced students who xvere getting ready to
enter the world of work after graduation from high school.

In an attempt

to pcoperly make this interpretation, the plan for this experiment was to
attempt a production-type situation involving the advanced general draft¬
ing class.

The use of advanced classes provided a situation in which a

product of sufficient complexity could be designed that would enable all
students to participate without duplication of activity.
The primary orientation which would prepare the classes to design
a product of sufficient complexity was to assign outside readings to the
students.

These readings would prepare them to return to the classroom

for a discussion providing a general idea about shop organization and the
procedure for v/orking in both the metal shop and the drafting room.
During the discussions, the different types of workers with regard to
types of occupation were considered, the qualifications needed to pre¬
pare the workers for their particular jobs were pointed out, the necessary
training was noted, and the duties v/hile on the job were described.
The training each student needed to carry out a particular job in
this experiment had already been acquired from the work they had done in
the classroom.
In order to decide what product was going to be manufactured by
the group in this experiment, a committee composed of members of both
classes and an instructor was organized.

Other functions of this
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committee was to insure that the product chosen was within the abilities
of the students and that all operations for building the project selected
could be performed in the school shop.

The project which the committee

decided upon was to design and produce a screwdriver with two inter¬
changeable blades of different sizes.
The organization for the project in this experiment, was similar
to that of other projects studied, however, more students received offical supervisory capacities.
job title.

Each member of both classes was given a

In the drafting class they had the engineer, the chief drafts¬

men* a junior and senior draftsmen, the checker, the blueprinter and the
assembly draftsmen.

The foreman, supervisors, inspectors and v/orkers

were members of the metalworking class.
The first stage of development was to present the project ideas
which the committee had decided upon to the engineer for preliminary
sketches and design.

Rough sketches were based on the basic requirements

as set up by the committee.

As the engineer was preparing these sketches*

he also had an opportunity to inject his own ideas.
Succeeding stages of development for the project were as follows:
The rough sketches were presented and explained to the chief draftsman
by the engineer, who in turn assigned the various drawings to the members
of his drafting department.

When the drawings were completed, blueprints

were produced and checked by the checker and the engineer.

After the

blueprints had been approved they were sent to the metal shop so that a
pilot model could be constructed.
At this point in the experiment an assessment of the project was
made and four major decisions were brought; to light.

First, a decision
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must be made as to the best and fastest way to make each component part
and still represent an industrial process.

Second, planning was needed

for making jigs and special tools to enable a faster and more uniform
way to complete some operations.

The third item was concerned with cor¬

rect procedures for doing as many operations on the project at one time
as were possible.
The equipment in the industrial arts shop was to be used by more
than one class during the day, making it important not to have a set-up
on more than one lathe which could not be removed at the end of each
class hour.
Producing the "pilot model" stimulated a fourth concern.

Some

alterations were necessary on the original blueprints and design to
facilitate easier methods of producing the screw driver.
The initiative and thought processes of each student were brought
to a focal point again after the pilot model was completed and a discus¬
sion of corrections and changes was necessary.

The corrections that

were made on the plans in the shop by the metal working class would have
to be explained and, of course, understood.

By sending the plans back

to the drafting room with the foreman and supervisor, it became their
job to explain what corrections had been made and why the corrections
were necessary to facilitate completion of a satisfactory product.
Now that the plans were returned to the drafting room, the stu¬
dents in metal working began to organize the shop area for production
of the screw driver.

Forms had to be constructed to do the necessary

casting of metal and a plan for shop organization was developed.
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This phase was concerned with producing necessary tools for fabrica¬
tion of the project and a systematic procedure for all necessary opera¬
tions*
The master plan of the project was developed for the students to
use while they were working on the product.

This plan listed the opera¬

tions to be performed, the workers responsible for each operation, the
inspectors, the number of parts required at each work station, and ad¬
ditional spaces were left to list the number of parts accepted after
inspection and the date for starting each operation and for finishing
each operation of the project.
In addition to the master plan, an operation breakdown sheet was
given to each individual worker as he began a new operation.

This break¬

down sheet gave such information as what part for the project was to be
produced, operations to be done, machines and tools to be used, and the
number of seperate parts ordered.

This breakdown helped each worker

complete his assigned work more successfully.
After the necessary operations were complete to produce each part,
a card was made for identification of each part.

This card listed the

name of the part that was produced, the number of the part, and the op¬
eration involved to produce the part.
After all components were completed, inspected and assembled, the
class spent some time in reviewing what had been done, and made a list
of the operations that were performed satisfactorily during the manufac¬
turing process.

A second list was prepared, which included those things

that needed revision
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It was concluded that the strong points of this experiment which
provided learning situations, not so readily achieved in a segregated
class, v/as that it represented experiences similar to those provided in
industry by representing the many stages of operation necessary to com¬
plete a manufactured product.

This integrated experience also had pos¬

sibilities of teaching students to accept authority from those who were
assigned responsibility*

One additional learning situation which was

possible was that students were made aware of the cooperation necessary
in working with groups*

Case Study No. 5*

This article was written by Standford D. Ruggles,

an instructor of industrial arts at Barrett Senior High School, located
at Columbus, Ohio.

This artical was entitled, “Teaching Developments'1,

and appeared in the December, 1961 issue of School Shop Magazine.
Designing and building space vehicles can be an interesting way
of making drafting and metal shop more realistic*

Learning how to develop

various shapes such as cubes, cylinders and cones is fundamental to these
courses.
When students are first introduced to courses such as drafting or
metal shop, and the methods of developing a drawing have been thoroughly
explained, the students may still not be interested.

An assigned problem

may become only another problem to be completed for the instructor, and
may not have any practical significances.

The problem is, apparently,

that the student can see no immediate use for drawing some pattern such
as rectangular pyramids or truncated cones.
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People often do the best job and are the most interested when they
are working with things which are familiar.

For instance, designing a

space vehicle and making developments of the various shaped pieces which
are part of its appearance, may become a real and exciting experience for
the students.

This space vehicle was to be the project for the integrated

class experiment.
As part of the orientation for the project, the instructor gave
the class an opportunity to discuss space vehicles and assigned additional
study of related material which influenced various factors of space ve¬
hicle design.

Each student was assigned to submit ten different sketches

of various types of space vehicles, and from this sampling one drawing
was selected for the purpose of a formal drawing showing the top and
front views.
As a result of the guidance which the instructor had given each
student, the ability of the student was considered by guiding the selec¬
tion of the one drawing from the first ten original sketched designs.
After the basic orthographic projections of the front and top
views were completed, a set of drawings were done, each comprising one
basic part of the space vehicle.

These drawings, in addition to being

shop drawings, allowed for tabs on the drawings which were used to fasten
the separate pieces together#

When the drawings were completev, the

vehicles could be constructed in the classroom using ordingry drawing
paper, glue, tape and soda straws, as well as being designed for construc¬
tion in the metal shop as a metalworking project.
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The instructor pointed out that at this point in the project, the
student saw the necessity for learning how to make the development and
the necessity to have a drawing which was accurately drawn.

If the pat¬

tern was not drawn accurately, the space vehicle did not fit together.
The pupil realized too, the use of patterns in industry, and he saw an
immediate use of the actual development he was constructing.
The complexity of the design which had been geared to the ability
of each student had determined the developments needed in actually draw¬
ing the problem.

This selection achieved two aims.

First, the slower

student was given a chance to succeed by working with a problem which was
not to difficult, and at the same time the better student was challenged.
It was concluded from this experiment that a problem such as this
space vehicle could further stimulate a student’s interest in science and
encourage additional learning outside of the classroom in the form of
individual research.
In addition, all the students would be challenged in this study
because the complexity of each space vehicle designed was selected ac¬
cording to the ability of the student.

This however, could occur in

choosing many types of drafting problems.
One phase of this study which was peculiar to an integrated
course in industrial arts, was that this project was also designed for
the express purpose of being constructed in the metalworking shop also.
This would give additional meaning to the problem because the student
could then see the necessity for accurate drawings in sheet metal work
and associate work in the metals laboratory with something besides
producing a funnel
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Case Study No. 6>

This article was written by Jack Mitchie, an

industrial arts instructor at Whittier High School, located at Whittier,
California.

This article was entitled,

n

Hi Fi Analyzer”, and appeared in

the November, 1959 issue of School Shop Magazine.
The project method is one accepted method of
arts.
obtain

teaching industrial

The project is not always easy to select and it is difficult to
a project that will include all the necessary operations to ful¬

fill the necessary objectives of a course of study in industrial arts.
Two criteria have been pointed out in this experiment which are
necessary for a wise selection of a project.

The first is that the pro¬

ject should give the student a useful item when completed.

Secondly, the

project should afford the student the maximum number of learning exper¬
iences in the particular course of study.
The project selected in this experiment was a high fidelity ana¬
lyzer.

The purpose of this instrument was to provide a single instrument

that would perform necessary tests to determine the effectiveness of a
high-fidelity amplifier.

The unique feature of this instrument is its

electronic switch which permits the operator to observe the Input and
output signals of the amphifier at the same time.
The learning experiences which were incorporated in this project
are as follows.

First, general -circuit design and sheet metal layout.

Care must be taken in layout and design because various components or
units will interact and cause signal difficulties that are hard to locate.
As an example, power transformers should be isolated from components which
might be affected by the magnetic field of the transformer and care should
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be taken to assume minimum lead strength in the connections of the high
frequency circuits.
Succeeding learning experiences were welding, front panel design,
experience gained in nonferrous sand casting, pattern making, and machin¬
ing by having the students make their own knobs for the front panel.

Ad¬

ditional experiences which the student will become acquainted v/ith are
electrical circuit layout, testing procedures and use of circuit testing
instruments, and experience and practice in soldering and using hand
tools, such as drafting insturments, soldering guns, and such tools as
are used in electrical circuit repair and testing.

An effort should be

made to have the student fabricate everything possible in order to broaden
the student’s industrial experience.
The minimum industrial type experience for this integrated cur¬
riculum should include schematic drafting and chassis layout, sheet metal
fabrication of the chassis pan including mechanical layout of the component
parts of the analyzer, drilling holes and mounting parts on the chassis,
wiring and soldering the electrical circuits, connecting cables, theory
of circuit design involved in the project, and the operation of testing
electronic equipment.
Other projects of this nature could be used, depending on the
availability of materials used in the project, class size, and student
abilities, and equipment available in the industrial arts laboratory.
It was concluded from this experiment in integration that many
possibilities for encouraging student self study may be evident.

Students

have an opportunity to draw sheet metal drawings for construction of the
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chassis pan and to construct the pan*

Involved in this learning process

can be related information regarding types of metal used and the manu¬
facturing process involved to produce the metal.
Additional learning may be encouraged in electronics too.

For a

high school electronics may find it difficult to keep up with the rapid
pace set in industry concerning new electrical apparatus, but the students
may become interested enough to keep themselves better versed in the ways
of modern technology by reading technical publications.

Case Study No. 7«

This article was written by Calvin P. Craig,

drafting instructor at the Air Academy High School located at the United
States Air Force Academy, Colorado.

This article was entitled,

u

To

Integrate Desceiptive Geometry With High School Drafting11, and appeared
in the May, 1962 issue of Industrial Arts And Vocational Education Maga¬
zine.
Descriptive geometry is a mathematical-graphical procedure that has
the ability to represent structural formations in drav/ings, in their exact
form, just as they could be visualized with the human eye if they were to
be constructed.
In practical engineering much use is made of the graphic language
which related the shape of objects by lines, areas, or curves.

This

graphic language plays an important role in understanding any type of
building or construction drawings which require careful and extensive
planning.
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Industries involving building and constructing various consumer
products require that the people they employ as engineers have the
ability to think in three dimension and have the technical knowledge to
find solutions to problems which are represented on paper in only two
dimensions.

Descriptive geometry enables the student to solve construc¬

tion problems by graphic methods which can be more readily understood by
those people actually involved in constructing the product.
Orthographic projection, on the other hand, is a method of repre¬
senting an object in three separate views, usually a front view, a top
view, and a right or left side view#

It is the universal graphic language

and is essential to maintain efficiency in industry.
The instructor of this experiment points out that emphasis in the
beginning of the course, should be placed on the direct articulation of
orthographic projection and descriptive geometry.

This is especially

important for solving problems dealing with true length of lines and
true shapes of planes.

Problems in points, lines and planes are import¬

ant in the investigation of objects not parallel to the plane of pro¬
jection.

The plane of projection is a plane which is positioned so that

it is represented perpendicular to the viewer.
By integrating the two courses of descriptive geometry and draft¬
ing, no attempt was made in this experiment to substitute for college
courses, but rather to supplement them and to give the student a better
background in drawing and provide more advanced preparation for further
study in the study of drafting.
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For a student to participate in this class, he must be a better
than average student, and he will be made to realize his capabilities and
limitations in-so-far as his visual perception is concerned.

This is

important if the student should be anticipating a career in engineering
or other occupations where visual interpretation of problems are concerned.
It was concluded from this experiment that descriptive geometry
and drafting are more naturally integrated than are many other courses
of study because the basic principals of drawing are fundamental to both.
Descriptive geometry is in itself a college level course, but its prin¬
ciples of application provide excellent related information for up¬
grading a standard curriculum course such as drafting.
It is the impression of the writer that many drafting courses in¬
volve the methods and theory of descriptive geometry but instructors
have not thought of it in terms of articulating or integrating subject
matter.

Case Study No. 8.

This article was written by William Plutte,

instructor of industrial arts at De Anza High School, located at Richmond,
CaJLifornia.

This article was entitled,

H

A Three Way Project’1, and ap¬

peared in the September, 1953 issue of Industrial Arts and Vocational
Education Magazine.
This experiment is of a different nature than the others studied,
in that it involved a learning experience outside of scheduled school
hours
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A project, irregardless of what grade level it represents, can
be an end in itself, or it can be an integral part of a larger project*
A great deal of extensive planning is required to co-ordinate a program,
but the results achieved are usually well worth the time*
This experiment concerned an industrial arts club, which for all
practical purposes was a project club*

In deciding their next project,

the club decided to set their goal on an item which would be inexpensive,
highly desirable to students and faculty members, and easily produced.
The project decided upon was a bent-iron book rack*
After the type of project was decided upon, the drafting students
were given the task of drawing a number of different types and styles
of book racks and the club members would then decide on one design to use
as a project design*
After the club members had decided on a project design, the felub
further decided that one hundred racks would be made for the purpose of
sale.
to buy

The next problem that the club encountered was how to raise money
materials to build the project*

The club members decided to be¬

gin a corporation to raise the necessary funds.

A meeting was held and

a decision was made to sell stocks to the student body with the control¬
ling interest of

51 percent maintained by the club.

Sample stocks were drawn up for the club and were printed by the
printing class for production.

Individual shares with a par value of

twenty five cents were purchased by the students of the school with no
student owning more than one share.
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The club made enough money to build the book racks and sold them
for fifty cents each*

The club members voted to issue a dividend of ten

cents a share or to repurchase the students shares at fifty cents each*
To protect the investment of the remaining share holders, any additional
shares would be sold for fifty cents each.
It was concluded from this experdmejtt that any project which is
thought out by the instructor and the students in a cooperative

effort,

and which is well organized, should represent a learning experience.
The project in this experiment was not as important a learning tool
as was the activities which were stimulated because of the project.
It was felt that this project had unlimited opportunities, not
only for the industrial arts curriculum, but also for courses of study
such as business education courses and mathematics.
The value of this project as a device for integrating subject mat¬
ter pointed out the inseparability of the various learning tools and
also provided a general understanding of the financial aspect of industry.

Case Study No. 9»

This article was written by Everett V. Traylor,

instructor of industrial arts at the Junior High School located at Adel,
Iowa.

This article was entitled, "Concho Belt And Buckle", and appeared

in the December, 1938 issue of School Shop Magazine.
For an instructor to choose a project that will meet the satis¬
faction of every student is in itself difficult.

The project defined

here has stimulated the interest of each student because the finished
product was a result of their own design#
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The project chosen for this experiment in integrating industrial
arts courses of study, was designed to include the subjects of metal¬
working, leathercraft, and design*

It incorporated the advantages of

learning many metalworking processes such as filing and chasing, cutting
and finishing leather and original design construction*
The project, which the instructor called a concho belt, included
the two processes of beading and chasing*

These processes are accomp¬

lished with a hammer and punches shaped on their face to produce any
shape, design, or effect on the surface of the metal*

For each piece of

metal the student cut out for the purpose of design, the student was
required to do his own filing, hole punching and drilling.

Emery cloth

and steel wool were used to smooth the metal and the polishing was done
on a buffer*
Before the student actually recieved the leather and metal mat¬
erials which he would use for construction of the belt, the instructor
taught an orientation class.

During the orientation class, the students

studidd those things which were concerned with the history of metal
working and leatherworking*

Together with the orientation period, the

student studied the procedures necessary for tooling a piece of leather
and those things necessary for completing the procedural operations in
metal tooling.

Each student was encouraged to design his own belt, as

well, as designing each of the conchos which he would later rivet on
the belt.

Drawing an original design may become frustrating to the

pupil if it is not properly handled*

To prevent the student from be¬

coming frustrated as well as becoming discouraged, the design must
remain simple.
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In the designing process, it will be necessary to have a number
of designs which the student can look at and from which he can get ideas*
It will be necessary that the student be instructed in such things as
proper balance of a design.
When the designing is completed and the student has entered the
metal shop, it is then necessary to properly instruct the student in metal
working procedures.

A teacher demonstration on the use of the file in

shaping the design, marking the design on the metal v/ith a chisel, bead¬
ing, center punching and smoothing the metal to a final finish.

V/ith

these demonstrations complete, most mistakes in the work order will tend
to be eliminated when the student performs each operation.
After the ornaments are smoothed and polished, they are ready to
be riveted onto the leather belt.

If this is done carefully, the rivets

will add to the appearence of the belt.

When the student reaches the

stage of buckle construction, this work will also be completed in the
metal shop and again he will be oriented in working with a heavier gauge
piece of metal which is to be used because of the strain it will receive.
For final assembly, the student will return to the crafts department to
complete the project.
It was concluded from this experiment that although the experience
of integrating metal working and leather was very basic, in the operations
involved, it may have stimulated enough enthusiasm to pursue further work
in the crafts courses or in a course of metalworking.

It was felt, that

a great deal of opportunity was presented to pursue related information
in both courses studied
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The writer felt that original design of the metal ornaments was a
good method of student expression, but where this operation may fail, is
that the designing operation was not absolutely required.

Because of thus,

some students may reject an opportunity which may have proven to be a
valuable experience.

Case Study No. 10.

This article was written by Gerald A. Duchon,

a professor at the University of V/isconsin, located at Madison, Wisconsin.
This article was entitled, ’’Core Project For A General-Shop Course,t, and
appeared in the February, 1964 issue of School Shop Magazine.
A project that involves many courses of study, will also require
a considerable amount of related information and will usually stimulate
student interest.
The learning in this experiment involved many hand and machine
operations in the following courses of metal working, machine shop, weld¬
ing, plastics, electricity, drawing and woodworking.
The project which was chosen for this experiment was a lighted
magnifier.

This project was useful to the craftsman, the laboratory

worker, and the hobbyist for such things as examination of cutting
tool edges, and for studying biological specimens such as leaves, wood
fibers and insects.
The parts of the reflector and their construction will be described
briefly in the following paragraphs.
The first and most appropriate place to begin this project is on
the drawing board in the drafting department, by making drawings of each
component part.

Such drawing as sheet metal drawings have to be developed
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for the rectangular ballast box*
fabrication of the reflector*

A mold and clamp form were designed for

Electrical circuits for wiring the reflect¬

or light have to be drawn and the type of circuit will depend on the type
of ballast used, which may be a rapid-start ballast, or a regular-start
ballast*
The design of the working base is left up to the decision of the
student and will be determined by the projects intended use*

For example,

if transparent specimens are to be examined, the base should be a box
with a built in light*

An overhead, lighted lens reflector will be made

of plastic and will be formed in the crafts room with the aid of the
wooden mold*

To prevent pressure streaks on the plastic, from varied

pore structure of the wood, it is best that the mold be made of white
pine or mahogany*
The lens for the project is not to be made in the shop, but can
be obtained from any scientific equipment supplier*
Related information topics that could be covered in presenting
this project may include such things as the manufacturing and sizing of
screws, the sizing of pipes, tubes, washers, lumber and plastics*

It

may also include the science of optics and the theory of light*
It was concluded from this experiment that the students could gain
a greater relization of the interdependence of teachings in the industrial
arts curriculum*

Secondly, it was concluded that the student could de¬

termine a greater value from the things taught by applying them to various
raw materials used and by relating them to use in everyday life.
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Thirdly, the student might have an opportunity to determine his
varied interests by working with the many constructional operations and
fabrication processesiinvolved in an experiment of this nature.

And

fourth, the student could be stimulated to do additional research and to
study related information, determined by individual interests in his
class work, and also individual study outside of class.

Summary
Those things which seemed evident in this study was that the class
should be organized in a manner that wdll promote the greatest freedom of
expression so that the student will explore and develop his interests by
becoming accustomed to self study and self exploration.

The student

should also develop his abilities to be used in a constructive way.
It is to be expected that the classes will be more informal than
in specified subject areas.

For this reason, careful planning is more

important so that there will be sufficient constructive work for all
students participating and sufficient tools and materials with which to
work.
It is assumed that the students have sufficient freedom so they
can move around and discuss problems as the need arises, but it does not
mean that unnecessary conversation or disorderliness will be condoned.
This is to say, that the class atmosphere should be one which is condu¬
cive to getting things done and should be one of freedom with the student
exercising self-control.
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The fact that students are allowed to participate in the class
organization was certainly expressed in some of the studies.

If the

student is going to get a correct impression of the relationship of
personnel in organized groups of society, he should then be given ex¬
perience in being responsible to his classmates, as a leader and as a
member of a group.
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CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
The students who study under an industrial arts curriculum must,
in addition to many other tasks, be taught the responsibilities of com¬
pleting a specific class assignment*

The students must also develop

standards of acceptable conduct, cooperative effort, sequence of plan¬
ning, and self criticism.

The fulfillment of these student goals may

rest in a more acticulated program in industrial education, which is the
topic of this investigation*
The purpose of this investigation was to make a thorough analysis
of ten methods of articulating and integrating the subject matter of the
industrial arts curriculum*

These case studies were published in per¬

iodicals listed in the Education Index and the Readers Guide to Periodical
Literature*

Many such case studies were reported in the literature, but

only those materials which were available at the Library and the Indust¬
rial Arts Department at Montana State University were used in this study*
The studies each of which was concerned v/ith integrating different
types of subjects, were presented individually in the previous

chapter*

Conclusions
It was concluded from this study that the students may progress
further in their learnings if they are encouraged to explore how courses
of study in the industrial arts curriculum relate to one another*

Stu¬

dents must also learn how the content of these courses relate to every

day. life
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Secondly, students might gain valuable experience if they are en¬
couraged to develop an industrial arts project with a variety of raw
materials.
Thirdly, students might gain greater value if they are allowed to
work together on a project by discussing various possibilities of pro¬
ject design and by sharing ideas in construction techniques with other
students.

One other point which was not specifically indicated, but

which the writer feels has great potential in integrated courses, is that
it may stimulate individual study techniques by working with problems
that could be solved in a variety of ways.
It was further concluded that some of the learning which results
in an integrated industrial arts curriculum will also take place in seg¬
regated courses of study if students are allowed to satisfy their indi¬
vidual needs for expression.
Students may develop techniques in solving a variety of problems
with the help of available instruction and they could have an opportunity
to develop individual abilities, gain valuable experience if they were
encouraged to design and develop a variety of industrial arts projects.

Recommendations
From this study it is recommended that a form of drawing or de¬
sign should be included in every integrated program in the industrial arts
curriculum.

This will teach students to become aware of the necessity

for planning and it will encourage them to visualize their procedures for
completing a problem.

Secondly, integration will be most successfully

achieved if subjects are integrated which show some natural association,
such as descriptive geometry and

drafting.

Another example of

42
integration might be auto-mechanicwelding, metal lathe, and metalwork¬
ing.

It is further recommended that additional studies should be con¬

ducted to determine an appropriate student evaluation procedure for an
integrated program.

Finally, additional studies should be conducted re¬

garding integration of various courses of study within the whole school
curriculum
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