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THE OBJECTIVES OF THE STUDY WERE TO COMFARE EDUCATIONAL
TOYS AND THREE-DIMENSIONAL NONPRODUCIMG MOCKUFS WITH
COMMERCIAL PLASTICS PROCESSING EQUIPMENT FOR RELATIVE
EFFECTIVENESS OF TEACHING FLASTIC CONCEFTS, AND TO COMPARE
THE RELATIVE EFFECTIVENESS OF THESE TWO METHODS IN DEVELOF ING
MANUAL DEXTERITY. TREATMENT A (ECUCATIONAL TOYS AND MOCKUFS)
WAS GIVEN TO 77 BOYS AND TREATMENT B (COMMERCIAL EQUIFMENT)
WAS GIVEN TO 74 BOYS FROM TWO JUNIOR HIGH SCHOOLS. STUDENTS
IN BOTH GROUPS WERE CIVIDED INTO THREE ABILITY LEVELS ON VHE
BASIS OF THEIR SCORES ON THE IOWA TEST OF BASIC SKILLS. EACH
TREATMENT CONSISTED OF 4 HO'RS DEVOTED TO GENERAL TOPICS, 4
HOURS OF DEMONSTRATIONS, AND 12 HCURS OF STUDY AND FRACTICE
ON THE EQUIFMENT. A 116-1TEM TEST DEVELOFED TO EVALUATE
PLASTICS KNOWLEDGE, COMPREHENSICN, AND APPLICATION WAS
ADMINISTERED THREE TIMES TO DETERMINE FRIOR LEARNING, INITIAL
LEARNING, AND RETENTION. SOME OF THE CONCLUSIONS WERE-- (1)
PRIOR KNOWLEDGE OF PLASTICS WAS NOT SIGNIFICANTLY DIFFERENT
BETWEEN THE GROUFS RECEIVING DIFFERENT TREATMENTS, (2) THERE
WAS NO SIGNIFICANT DIFFERENCE IN DEVELOPING MANUAL DEXTERITY
BETWEEN TREATMENTS OR AMONG ABILITY LEVELS, (3) RETENTION OF
PLASTICS KNOWLEDGE WAS SIGNIFICANTLY DIFFERENT BETWEEN
TREATMENTS IN FAVOR OF COMMERCIAL EQUIPMENT, AND (4) ON THE
BASIS OF PRETEST AND POSTTEST SCORES THERE WAS A SIGNIFICANT
INCREASE OF PLASTICS KNOWLEDGE EXCEFT FOR THE L(wW ABILITY
GROUP IN OHE SCHOOL IN YREATMENT A. THE TOTAL FROGRAM SEEMED
EFFECTIVE, AND THE FLASTICS TEST SEEMED SUFF :CIENTLY
SENSITIVE TO MEASURE INITIAL LEARNING AND RETENTION. THE
ITEMS IN THE TEST EVALUATION PROCEDURE, INCLUDING THE
ORIGINAL TEST ITEMS, THE REVISEC TEST) A SUGGESTED EQUIFMENT
LIST, A SAMPLE COURSE OUTLINE AND UNIT, SPECIAL REFORTS ON
THE PLASTICS PROGRAMs; REFERENCES, AND LETTERS OF EVALUATION
ARE INCLURED. (EM)
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CHAPTER I

THE PROBLEM

Introduction

Recently the plastics industry has become important to our
national economy. Plastics are also becoming an imponrtant part
of many corniemporary industrial arts programs. However, until
recently the development of plastics courses has been slow.

This development has been hampered by a lack of suitable equip-
ment with which to teach the concepts of the industry. This
lack of equipment has led to the use of substitutes with which
these concepts were taught.

Because of this shortage and because funds for the purchase
of what many consider suitable plastics equipment are not always
readily available, it seemed appropr:.ate to evaluate the relative
effectiveness of substitute equipment such as educational toys,
models, mock-ups and instructor built equipment. Therefore,
this investigator proposed comparing the relative effectiveness
of two of these substitutes, educational toys and non-producing
mock-ups, in teaching plastics concepts with that of commercially
built plastics processing equipment, recognizing that other com-

parisons could also be made.
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Since the problem of tegkhing concepts with any type of \
\
equipment is a part of educatfpn in general, consideration is \
given first to these relations&%ps.
\

\
Education \ | 1

When one speaks of educatioﬂ one speaks of a process which \
\ \
\ ‘ 1
gives rise to many problems, some|of which are readily solvable \
\ A
and some which require great effort to resolve. 5

Webster's New Collegiate Dictionary (1953) describes educa-

e ———

tion as a process for developing or cultivating the organism
mentally and morally. In the process, the organism, in this cese
the human being, gathers information;‘“uowledge or skills through \

some type of experience, either formally (in school or college) \

or informally (out of school).

Formal education, the conce® of this investigator, involves
that process of education in which the learning experiences are
directed by a teacher. An educator, then directs the formal

learning experiences of his students regardless of their age.

| Formal education constitutes a systemw of instruction directed
by educators which provides students with the experiences which

are deemed necessary by those who are charged with the educational

\

responsibility. \

\
{

The experiences which the students %re exposed to in formal

i

education are designed, rather generally, to help the students

develop concepts concerning the many and varied subjects or

|




disciplines resident in the system. Often problems develop as
to what represents the best method or the best equipment to
develop certain concepts through formal education.

This study was an attempt to solve one problem of comncept
formation in industrial arts which involves the selection of
appropriate equipment as aids to effective learning. In order
to understand this problem better, one must first understand
some of the terminology. Brief explanations of the terms and
their definitions and connotations are included at this point

to facilitate the process of explanation.

Industrial Arts

The industrial arts curriculum teaches students selected
concepts which are derived from the industrial segment of our
society; it does this primarily through the use of tools, machines
and materials as instructional derices.

The Industrial Arts Policy and 2lanning Committee (IAPPC)
of the American Vocational Association has defined industrial

arts as "

. « « tne study of our technology, including industrial
tools, materials, processes, products, occupations and related
problems'" (American Vocational Association, p. 3).

Similar definitions have been advanced in official bulletins
by the American Council of Industrial Arts Supervisors (ACIAS),
a division of the American Industrial Arts Association (1963,

P. 3-6) and the staff of the Bureau of Industrial Arts Education

of the State of New York (1960, p. 11). The former also suggested
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that industrial arts forms an integral part of general education
and the latter added that this subject should reflect current

industrial and technological trends.

Content of Industrial Arts. Traditionally industrial arts

CIPm, AV AN M Ride T 10 DAGY T Al s AR TRt

has been divided into several sub-areas which are generally de-

rived from the major materials or processes of industry. The

LR S8

sub-areas vary somewhat in different geographical areas of the
United States.

In this study the investigator recognized seven selected
material or process oriented sub-areas which currently seem to
be the most universally taught at the secondary level. These
are automotive or power mechanics, drafting,electricity-elec-

tronics, graphic arts, metalworking, plastics and woodworking.

Several seemingly valid reasons for changing the structure

of industrial arts as advanced recently were recognized, but
none of these new structures has enjoyed widespread use or
acceptance to date. Therefore, the present study has limited
the selection of content areas to those which are most widely
accepted, although the results of this study may fit well into
some of the newly proposed structures.

Nine sub-areas of the field have been listed by the IAPPC
in a late issue of Industrial Arts Education (American Vocational
Association, p. 4), as 'ceramics, drafting, electricity-
electronics, graphic arts, metalworking, plastics, power mechanics,

textiles and woodworking." The ACIAS list included all the above
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except ceramics and textiles while the Bureau of Industrial Arts
Education for the State of New York included ceramics and textiles.

Schmitt arid Pelley (196¢), in Industrial Arts Education, found

sixteen categories of industrial arts courses, some of which
were overlapping. %
The tools, materials and machines which are utilized in
industrial arts to teach the concepts of industry are used
physicaily by the studeuts to produrz products or articles. ;
These projects are the means or vehicles employed to teach the g
industrial concepts.

Tn an article entitled Industyial Arts Education,

William J. Micheels (pages 1 and 2) wrote that

* Working with tools and materials has always been a
part of the educational process -- even long before
schools were invented . . . . The distinctive
features of the industrial arts shop are the tools,
materials and machines.

The association of the hand, the tool and the mind has long

been accepted as one underlying concept of industrial arts.

John Dewey, with whom 'learning by doing"has been associated,

and early educators like Pestalozzi, Fellenberg and Herbart,

advocated the concept of working with tools and materials to
learn their use and relationship to life. In industrial arts
this association should result in the learning of concepts in-
volving tools, machines and materials. A more complete treatment
of the historical aspects of this subject has been included in

Chapter II.

|
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Concepts

Concepts, according to Face and others in Approaches and

Procedures in Industrial Arts (Wall, 1965, p. 65), ". . . are

' As used in this

the materials and tools of thought processes.'
study, they are the commonly identifiable understandings about
a process, a material or a tool and their relationship to each
other as they are used in industry. To understand the term

"concept" better, this investigator turned to the explanations

offered by several psychologists and educators.

In a paper entitled "The Concept of the Concept," found

in Categories of Human Learning edited by Arthur W. Melton

(1964, p. 226), Kendler described a concept as:

A complicated phenomenon . . . . As a first approxi-
mation, concepts have three conceptual properties;

they are associations, they function as cues (stimuli),
and they are responses.

Archer (Melton, 1964, p. 233), in his comments on Professor
Kendler's paper, believed there was a fourth property of concepts.
de believed that "words" subsume the other three properties and
of them he wrote, ". . . these words are associations, they are
cues and they are responses.' Further Archer stated that
"Concepts are not just words -- they are meaningful words used

as class labels -- and the acquisition of the meaning is surely

a continuous and variable process."”

Gagne (1965, p. 58), in The Conditions of Learning summarized
concept learning when he wrote that "The learner acquires a

capability of making a common response to a class of stimuli that
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may differ from each other widely in physical appearance. He is
able to make a response that identifies an entire class of
objects or events."

Face and others have defined a concept as ". . . a

psychological construct resulting from a variety of experiences

ey . .
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. . . fixed by a word or idea, and having functional value to

the individual in his thinking and behaviour" and that concepts
", . . may be grasped at all levels of understanding fron con-
crete to abstract; from vague to clear, from inexact to definite.” i

Concepts in Industrial Arts. The concepts of industry have

WS e

been taught under a material or process oriented structure for
a number of years as was indicated earlier in this chapter.

Several different structures for teaching industrial arts con-
3

cepts have been proposed. Two of these. because of their

reference to concept attainment in industrial arts, are briefly

reviewed here.

Face and others have advanced the American Industry or

Conceptual Approach to teaching industrial arts. They have

proposed presenting the common concepts of industry as a substi-

s

R N

LR

tute framework or, as Bruner (1963) called it, a structure.

They include essentially the same types of material now presented

% 3 Y e 3 Y ol
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under the traditional process oriented structure and some

materials which are not.




S e e i i i A A R A St e S o A el il At

Another proposed approach to industrial arts has been
suggested by Lux, Ray and Towers of Ohio State University
and Stern of the University of Iilinois (1966). These in-
vestigators have promotad the praxiological structure for the
conceptual development of industrial arts and they have labeled
their project "The Industrial Arts Curriculum Project.'" Their
framework, which has been based on the structure of technology,
recognizes and limits the study of industry to three dimensions:
industrial management practices, industrial production practices
and industrial material goods.

Both the Stout American Industry and the Onio State
Industrial Arts Curriculuin programs for teaching the concepts
of industry were initially designed to be conducted in existing
or modified industrial arts shops. The final form that shops
for these approaches take is yet to be determined. The present
investigator believes that regardiess of which of these struc-
tures is used to present industrial concepts, many cf them may
be transferred from one material area to another or may have
similar applications in other situations. More importantly,
however, the major emphasis on concept attainment characterizes
each structure.

Adhesion, for example, may be used in many situations which
require the bonding together of two materials. In discussing tie
learning of this or any concept, Face and others were quick to

point out that ". . . it is necessary to take an active part in
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the process . . .' of concept formation and that '"Basic to

concept formation is the role played by the senses in perceiving
objects, events and attributes."

Many examples of concepts which have been taught in in-
dustrial arts can be found. Each concept relates to one or
more of the sub-areas of industry forming the structure of the
industrial arts program. Students may learn the concept of
plastics molding, a method of forming plastic materials.
Students may also learn a specific type of plastic molding
called compression molding. This concept has been defined by
The Society of the Plastics Industry, Inc. (1966, p. 34) as,
". . . the squeezing of a material into a desired shape by
application of heat and pressure to the material in a mold."
Compression molding has been called a concept because this pro-
cess has been done with materials, molds and processing equip-
ment which differed widely in properties and appearance, but
represents a common class of obiects or events. Heat and pres-
sure on a molding material in a closed mold are the commonali-

ties required.

Concepts Taught with Equipment. Industrial arts uses tools,

materials and equipment in addition to forms of communication
such as words, drawings and pictures to teach concepts. These
are taught with the use of equipment which present those con-

cepts of industry associated with similar industrial equipment.

ok
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A hand operated laboratory type compression molder provides
an example of tiic type of equipment which may be used for teach-
ing the compression molding concept. Such compression molders
closely resemble industrial production equipment except for
their size and hydraulic system. A hand operated hydraulic

sy:“em may be substituted for the power driven system.

Realism

In order to effectively teach the industrial concepts in-
volved the items used to teach them should be realistic, have a
high degree of realism, be anchored in reality or be as real as
possible. These items should have the above qualities without
undue cost to the school or not be so highly automated as co
cause confusion.

The Random House Dictionary of the English Language
(Stein, 1966) defined real as being ". . . genuine, not arti-
ficial, counterfeit or imagination . . . being an actual thing;
having objective existence; not imaginary."” It also defined
reality as a ". . . state or quality of being real . . . a real
thing or fact . . . something that is real" and realism as
", . . interest in or concern for the actual or real, as dis-
tinguished from the abstract . . . the tendency to view or repre-
sent things as they really are."

Realism in Industrial Arts. Contemporary industrial arts

teaches students concepts which are derived from the industrial

segment of our society. Students learn these concepts by

ARSI A LA MRS e 30 o I o T A e R %
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11
working with the real tools, machines and materials of industry,
by working with realistic, n-¢ artificial, things or with ideas
alone. Tﬁey work with real woods, metals, plastics and machines
to build or construct real projects, instead of participating in
artificial exercises.

Items of equipment used to teach the concepts of industry
have varying degrees of realism, however. Some items of equip-
ment resemble the real thing in industry more than other items;
hence, the items of equipment may have varying degrees of realism.

Realism in Equipment. For the purposes of this study a

realistic piece of equipment labels one which accurately presents
the industrial concept and accurately resembles in appearance

and operation the industrial production equipment of that con-
cept. Realism in equipment specifies how well the equipment
meets that requirement. The degree of realism, then, means the
degree to which the equipment accurately presents the industrial
concept and accurately resembles the appearance and operation of
the industrial production equipment.

The most realistic equipment, by this definition, would be
the actual industrial production machines with which the in-
dustrial concept was concerned. That equipment which presents
the same ccacept and resembles the appearance and operation of,
but which was designed for other than industrial production,
would be rated less realistic than the industrial production
equipment. The industriat production equipment then, would be

the 'real thing'".
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Realistic industrial arts equipment was characterized as
that equipment thch accurately presents the concept and re-
sembles in appearance and operation the industrial production
equipment, but which had been designed for industrial arts or
some non-production use. At the same time, it was not a toy.
Generally, it would be less realistic than industrial production
equipment.

Two criteria ior the selection of realistic industrial
arts equipment seem obvious: (1) the equipment must accurately
present the industrial concept and (2) the equipment must
accurately resemble the industrial production equipment in
appearance and operation. The degree to which the equipment
satisfies these criteria determines the degree of realism satis-
fied.

Selection of the proper equipment to satisfy these criteria
and to teach the concepts in the most effective manner without
undue cost to the school, has always been a problem which this
investigator felt needed investigation. In order to determine
which equipment was most effective, a comparison between the use
of equipment of different degrees of realism was proposed by the
writer.

Before examining this proposal further, a review of the

problem of equipment selection for the school seems appropriate.
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Equipment Selection

General Problem

School districts of all sizes and types are constantly
faced with the problem of buying capital equipment as new
equipment has to be purchased and old equipment replaced. New
types of equipment are becoming available at an ever increasing
rate and new course offerings often require these new types.
Guides for the selection of such equipment, more often than not,
are lacking. The responsbility for the selection of capital
equipment falls on the personnel of the school district. Recom-
mendations by the teacher inveclved are usually sought by school
administrators. When consulted, however, the teacher may not
have a clear conception of which equipment would be best for the
situation. The teacher may turn to published equipment guides
i3 ~“hey are available. Often these are written in general terms

or are entirely lacking.

The Problem in Industrial Arts

The problem of equipment selection has always been acute in
industrial arté, a major user of expensive capital equipment.
Shops and laboratories must be equipped initially and additional
equipment added regularly in order to provide students with
safe, well maintained and up-to-date facilities.

Schmitt and Pelley (1966) found that the annual national

average expenditure for capital industrial arts equipment per
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school in 1962-63 was $1,063. Schools which enrolled between f
500 and 749 students spent a little over $1,200 while schools 1
of over 2,500 students spent over $2,500 for equipment per year. %
A total expenditure for equipment for the 1962-63 school year
in the United States was reported to have exceeded twenty
million dollars. ?
Equipment for teaching the concepts of industry have been
classified by this writer into four broad general categories:
(Type 1) heavy duty industrial production equipment with auto- '
matic controls or feeds, (Type 2) medium or light duty single
purpose industrial or laboratory equipment or heavy duty single ,
purpose home shop equipment with or without automatic feeds

which closely resemble the equipment used in industry and which

present the industrial concept of the similar heavy duty indus-

trial production equipment, (Type 3) small, light duty multi-

o

purpose home shop equipment, and (Type 4) improvised equipment,

educational toys and non-producing three dimensional mock-ups

and models which present the industrial processes or concepts.
A precedent seems to have been established by industrial

educators who have recommended the use of single purpose opera-

; tional Type 2 equipment which, although somewhat lighter, closely

< > we——

resembles that used in industry.

Concerning the selection of equipment for use in industrial

arts shops, Scherer, in the 1959 edition of the ACIATE Yearbook,

Planninpg Industrial Arts Facilities (Nair, Ed., 1959), wrote that:
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Any method or procedure in teaching can be efficiently
carried on if machines are of standard design, small
or medium in size, and typical of the type used in
some area in local industry . . . . Selection of
equipment should reflect objectives in the development
of attitudes and applications of basic knowledge under
varying conditions . . . . It is essential that the
equipment be capable of producing fine quality work

(p. 67).

Gordon O. Wilber (1954), in Industrial Arts in General

Education, Chapter XVIII, 'School Shop Equipment," stated that

The type, amount, and characteristics of equipment in

a school shop will have a significant effect on the
program which can be developed. If the equipment is
adequate and well suited to the requirements of the
teacher and students, meeting the objectives of the
course will be greatly facilitated. If, on the other
hand, the equipment is inadequate or of a type not
suited to the needs of the program, the achievement of
desired purposes becomes difficult -- if not impossible
« « « o« Machine tools should be purchased on the basis
of the purpose for which they are to be used. For
example, a unit shop may require heavy production type
machines, whereas a general shop will probatly require
only a machine of medium or even light weight . . . .
Some important factors to be considered in the choice
of machine tool equipment have been developed under the
leadership of Elroy W. Bollinger. The group recommenda-
tions are as follows:

"Each tool, each machine, each bench and each piece
of apparatus must provide for a maximum of pupil
participation in its use . . . . In addition to this,
each item of equipment must reprzsent a basic industrial
process." . . . Buy tools which fit the students. This
: éoes not mean to purchase toys.

Roy W. Roberts (1965, p. 444) advised industrial arts
educators to purchase machines

designed for a single purpose or type of work rather

than multipurpose machines . . . . Equipment designed
for industrial arts rather than heavy, production type
equipment should be installed in the industrial arts
general shop. The machines should be equipped with
either ball or roller bearings and should have sufficient
capacity tc handle the work of the shop.
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The capital equipment described in the above three statements

by these leaders generally specified Type 2 equipment for the

L T vy

general shop and Type 1 equipment for the unit shop. Both were

v e

more costly than the lighter, Type 4 equipment which may have

also required more repairs and upkeep and caused more down-time

in the shop.

Industrial educators might well argue that the investment

in educational toys, non-producing three dimensional mock-ups

and mndels for school use would be poor because of their short

life, the increased probability of repairs due to the design of

the toys for more limited use, the replacement costs, and the

generally slower rate of production of usable parts from the :

educational toys. Additional factors may be cited as reasons

for not purchasing Type 4 equipment. The time lost from down-
time may be costly in terms of educational value to the student.

The additional time required of the instructor to build non-

producing mock-ups and models might better be spent preparing
other course and lesson materials. Also, duplication of educa-
tional toys would be necessary in order to allow each student
sufficient time to operate each type of equipment due to the
slower production rate of the toys. These factors may, in them-
selves, justify the purchase of more costly Type 2 equinment.
However, consideration should also be given to the relative

effectiveness of the equipment in the teaching of concepts.
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The investigator felt that the Type 4 equipment had a lower
degree of realism than Type 2 equipment for teaching industrial
concepts. Type 4 equipment rasembled Type 1 equipment less
than Type 2 equipment because, in addition to a great difference
in physical appearance, the Type 4 equipment was more simplified
and in some cases oversimplified. In the writer's experience,
the educational toys did not give a true impression of the con-
cept of industry to the student. Production of parts on educa-
tional toys was much slower and much less accurate or dependable
than on Type 2 equipment. Students often become discouraged
when using some of the educational toys due to the lack of
speed, accuracy and dependability.

Three dimensional non-producing mock-ups and models resembled
Type 1 production equipment even less than educational toys.
The mock-ups were often an abstract representation of a machine
or process which did not allow the student first hand productive
manipulation and "feel" of the equipment in operation. The
student often had to imagine what was happening as the mock-up
was explained and it only showed "how' the process or concept
worked.

Type 2 equipment, in the investigator's experience, provided
the student with a different impression of industriel production,
its speed, accuracy, economy, and production of interchangeable

parts than educational toys and mock-ups.
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educational toys and non-producing mock-ups in industrial arts.
The first concerns simplicity of design and operation as opposed

to realism in equipment. Another involves the teaching of con-
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cepts rather than specific cechniques. The third concerns

teaching the relationshipys within the concepts (Gestalt theory)

R W Y

instead of the association of identical elements (Association

ey e

18
On the other hand four reasons may be enumerated for utilizing :
J
)
1

theory). A fourth reason might be the lower cost of the educa-
tional toys and non-producing mock-ups.

In some cases the process or concept being dealt with may be
so complicated, difficult to observe or inaccessible for study :
through the normal direct experiences that simplified substitutes
such as educational toys and mock-ups might provide a more effec-
tive means of presenting them. "Such substitutes for confusing

or unmanageable or inaccessible first-hand experiences are

easier to study than the originals that they represent", accord-
ing to Dale (1954, p. 46). Recause of their simplicity, educa-
tional toys or three dimensional mock-ups may be more effective
than commercial equipment which, although more realistic, may
tend to be more complicated and restrict the process from view.
The elimination of extraneous stimuli in the toys and mock-ups
might provide an increased focus on the operating principles.
Another possible justification for educational toys and

mock-ups might be that more emphasis would be placed on the
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concept involved rather than the technique of operation. Since
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they are simplif_.ed versions of the commercial equipment, the
toys are designed for simple operation with easy-to-fcllow
directions. Such ease of operation developed for the young per-
son might allow greater emphasis on the concept than the technique
or product. Because mock-ups often require little or no menipu-
lation, instructional emphasis might also be centered around the
concept. The operation of commercial equipment, however, might
demand a higher degree of concentration on the operating
technique resulting in neglect of the concept.

A third possible justification for toys arnd mock-ups involves
whole ideas rather than specific elements within them. This
general Field or Gestalt theory of learning involves the relation-
ships between the various elements of a concept or the "acquisi-
tion of cognitive structures" (Kingsley and Garry, p. 89). Under
it students concentrate on the whole concept rather than
individual elements of the concept as it relates to equipment.
Thus, the type of equipment utilized would be immaterial. Be-
cause this theory deals with the universal elements within the
concept and their relationships rather than specific details re-
lating to equipment, it allows for changing equipment over time
without the necessity for retraining. Proponents of the Gestalt
theory, such as Bruner (1963, p. 25), claim that a greater degree
of transfer of knowledge may result from its application. The
association or Thorndikian "Connectionism" viewpoint, which is

in coutrast to the Gestalt theory, concerns itself with the
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learning of the elements within the concept or the 'acquisition
of habits" (Kingsley and Garry, p. 89). It assumes that mastery
of these elements will lad to an understanding of the whole con-
cept, as Kingsley and Garry pointed out. According to them,
"This conception of learning involves the point of view that
wholes are developed by compounding parts. Learning is a process
of putting together units to form total experiences and complex
forms of behavior." Here an understanding of the present
equipment becomes emphasized. The elements of the concepts are
associated directly with the elements of the equipment.

The cost factor may aiso become a valid reason for in-
stalling educational toys and building non-producing mock-ups.
The Mattel Vac-U-Form toy costs $12.00 while the lowest priced
commercial vacuum former with a vacuum source listed at $160.00.
A greater price differential exists between the Kenner Injection
Molder toy ($10.00) and the lowest priced commercial injection
molder ($300.00). Mock-ups are inexpensive to build, but time
consuming.

Certain educational administrators and the general public
nave opposed the purchase of more costly and specialized Type 2
equipment for some phases of industrial arts. Theyhave argued
that the same educational goals could have been realized regard-

less of the type of equipment used.
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Problem in Plastics

WAN st T W e

Plastics, one of the newer subject areas, has had little
organization and course planning prior to about 1960. Before

that time, few if any industrial arts courses or units in

T eerteun @

plastics at the high school and college levels, reflected the

.

major processes of the plastics industry. Most of the plastics
operations being taught in industrial arts were cutting, shaping,
filing, sanding, drilling, cementing and finishing of acrylic
plastic sheet.

Three studies (Cantor, 1952; Golomb, 1962; and Runnalls,

e i

1966) have shown rather conclusively that this has been true.
Runnalls found that college industrial arts departments have

only recently begun to teach industrial plastics process con-

cepts actively.

Consequently, little thought has been given prior to about

1960 to the establishment of precedents for the purchase of
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capital equipment for teaching plastics in the secondary schools
or colleges.

Equipment has not been generally available for teaching
plastics courses or units until vei, cecently and suitable
equipment for use in the schools has not yet become available
for teaching some plastics concepts. §

A study of the concepts of the plastics industry, methods

of teaching these concepts and the equipment available for use
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in schools to teach them was made by the Bureau of Industrial
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Arts, Department of Education, The University of the State of
New York, Albanv, during the summer of 1964 at the State Univer-
sity College, Oswego, New York. This investigator was a member

of the ten man team which conducted the study.

The result of this study was the recent publication of An

Experimental Resource Unit in Plastics for Industrial Arts (1966)
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to be used in the secondary schoels. This resource unit includes
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lesson plans for teaching each of the industrial plastics con-
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cepts and has a suggested capital equipment list. This study
was checked for accuracy and technical content by members of

the plastics industry as listed in the Resource Unit.

The American Industrial Arts Association has undertaken a

project to develop a Guide for Equipping Industrial Arts Educa-

tion Facilities (1967). This investigator also participated in

the preparation of the plastics equipment section of that document.

A survey by the writer showed that equipment for teaching

most of the plastics concepts was available in three of the

T =

previously mentioned categories. Industrial production equipment

(Type 1) was available for all the processes of the plastics ?
industry. Reasonably priced medium or light duty industrial or %
laboratory equipment (Type 2) was available for most plastics %
concepts. Exccptions to this were rotational molders, reinforced §
plastics spray-up equipment, thermofusion equipment, vacuum %
metalizers and vinyl dispersion molding equipment. Multipurpose %
¥§
home shop type equipment (Type 3) was not available for plastics 4
g
¢
%
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3
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processes. Educational toys (Type 4) were available for thermo-
forming, injection molding, vinyl dispersion molding and extru-
sion. However, mock-ups and models (Type 4) were nonexistant and

needed to be constructed by the instructor as required.

Concern of the Study

Based on the concern of educators who want to have the
correct equipment without exccssive cost to teach the concepts
in question, the investigator felt that a study should be con-
ducted which compared the relative effectiveness of equipment for
industrial arts which exhibited two different degrees of realism.

Thie writer was also concerned with whether the degree of
realism represented by the educational toys and non-producing
mock-ups and models (Type 4) was significantly different than
the degree of realism represented by the commercially available
operative plastics processing equipment (Type 2) in teaching a
beginning plastics course.

This study was designed to determine if the concepts of the
plastics processing industry could be more effectively taught to
junior high school students in a beginning plastics course by
using the commercially designed and produced operative plastics
processing equipment or by using educational toys and non-pro-
ducing three dimensional mock-ups, such as an instructor might
make. The eighth grade level was selected because a minimum of

prior learning of industrial concepts would be expected while

the students would be familiar with industrial arts shop proce-
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dures. The eighth grade also provided the most convenlient
schedule for inclusion of such a unit in the schools involved.

Both types of equipment were chosen to provide a vehicle
for teaching the concepts of the plastics industry.. The com-
mercial equipment {(Type 2) was chosen to represent the higher
degree of realism as it more closely resembled the industrial
production equipment (Type 1).

The difference in the development of manual dexterity
through the use of each of the types of plastics equipment was
also studied to determine if students developed more manual

dexterity from the use of one type than from the other.

Objectives

General Questions

This study was designed to answer two questions.

1. Is there a significant difference in the relative effective-
ness of teaching plastics concepts with educational toys and
three dimensional non-producing mock-ups (Treatment A) and
teaching plastics concepts with commercially designed and
produced plastics processing equipment (Treatment B)?

2. 1Is there a significant difference in the relative effective-
ness of these two types of plastics equipment in developing

manual dexterity in the students?

The main variable was the degree of realism presented by

each of the two types of plastics equipment and its effect on
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concept attainment and on manual dexterity. Secondary variables
were the effects of the different types of equipment on three
levels of student ability within each of the groups when separated

into high, middle and low ability groups.

Specific Hypotheses

In order to determine the relative effectiveness of the
two types of equipment the following specific hypotheses were
advanced concerning this study.

1. TFor the prior learning of concepts measure (a pretest
administered one day prior to the treatment), there is no differ-
ence:

a. between the means of the treatment populations

b. Among the means of the three ability level populations

c. in the patterns of ability means within the two treat-

ment populations (interaction).

2. For the initial learning of concepts measure (a post-
test administered one day after the treatment), there is no
difference:

a. between the means of the treatment populations

b. among the means of the three ability level populations

c. in the patterns of ability means within the two

treatment populations (interaction).

3. For the retention of plastics concepts measure (a

retention test administered two weeks after the treatment), there

is no difference:
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a. between the means of the treatment populations
| b. among the means of the three ability level populations
c. in the patterns of ability means within the two treat-
ﬁént populations (interaction).

4. For the two manual dexterity measures, placing and turning,
(manual dexterity tests administered as pretests one day before
the treatment and post-tests one day following the treatment),
there is no difference:

a. between the means of the treatment popuiation

b. among the means of the three ability level populations

c. in the patterns of ability means within the twe treat-
ment populations (interaction).

5. For the prior learning and initial learning of concepts
measures, there is no difference between the means at each ability
level for each treatment.

6. For each pair of criterion méasures within each treatment
at each school, there is no linear relationship between the
measures.

Transfer of knowledge items were|to be included in the test

shich was used as a pretest, post-test and retention test for
plastics concepts. The content of each of these tests was to re-

flect the transfer of knowledge as well as the understanding and

retention of knowledge about plastics.
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Each of the criterion measures were to be analyzed separately

for each school.

Limitations

Two general limitations were placed on this study to keep it

manageable.

Specific Manipuiative Skills

Specific manipulative skills were not important at the
eighth grade level so were not considered. It was recognized
that the students were not presumed to develop specific manipu-
lative skills because of the exploratory nature of this level of
industrial arts study. Specific manipulative skills would not
transfer to industrial types of equipment upon graduation be-
cause of the long period of time between eighth grade and high

school graduation, the skills required in industry could well

change in that span of time and skills need constant practice
to be maintained over a period of years. Manual dexterity, how-

ever, was considered important and was taken into account.

Other Industrial Arts Outcomes

There are other industrial arts outcomes or objectives which
one treatment might satisfy, such as nhealth and safety, pre-

vocational experience and interest in industry, but which the

St ettt et e ot e it i el o e S

other treatment might not. These, however, were not considered

s a part of this study.
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Definition of Terms

A number of terms need specific definition for the purposes

of this study. The following, which have not been previously

defined, are explained specifically for this study. ;

Introductory First Course in Plastics

The introductory first course in plastics was designed to §

3

introduce the study of plastics to ;tudents in the junior high §
school who had no previous courses or units in this area. The
course was offered at the eighth grade level for twenty clock

horrs with appropriate content selected from An Experimental

Resource Unit in Plastics for Industrial Arts. ;

Industrial Production Equipment

Industrial production equipment (Type 1) includes 2quipment

which usually comes large, heavy and primarily designed for

automated, mass production of plastics parts in industry.

Operational Commercial Plastics Equipment

Operational commercial plastics equipment or commercial
plastics equipment refers to that equipment (Type 2) which has
bezn commer:iilly designed and manufactured for light, non-
automated, commercial production, for laboratory use or for
industrial arts use. This equipment has the capacity for limited,
small scale, non-automated mass production of plastics parts,

yet economical in cost for school purchase. The machines are
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easy and economical to operate and capable of demonstrating
effectively the concept under study. This equipment actually

uses plastics raw materials common to the concept.

Educational Toys

Educational toys (Type 4) are those toys which are operative
and designed to present a plastics concept. Some of the toys
process actual plastics materials common to the concept while
others do not. They do, however, process some type of material
similar to the material common to the concept. They may illustrate

only part of a concept.

Non-Producing Three Dimensional Mock-ups

Non-producing three dimensional mock-ups (Type 4) refers to
three dimensional visual aid devices which are instructor built
specifically to illustrate the plastics concept, but which do
not actually produce sample parts from the materials common to

the concept. Some have moving parts while others do not.

Two Dimensicnal Teaching Aids

Two dimensional teaching ails include films, filmstrips,
wall charts, blackboard diagrams, pictures, diagrams and drawings

from books, magazines and brochures and other similar items.
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Overview of the Study

Subjects

Sixty-one eighth grade industrial arts students (boys)
from Susan B. Anthony Junior High School, Minneapolis, Minnesota
and one hundred-two eighth grade students (boys) from Como Park
Junior High School, St. Paul, Minnesota, for whom Iowa Test of
Basic Skills Grade Equivalent Scores, Eighth Grade, Form 1 were

available, were used during the 1965-66 school year.

Procedure

One half of each school group was subjected to Treatment
A, Educational Toys and Three Dimeasional Non-Producing Mock-Ups
and the other half of each school group was subjected to Treat-
ment B, Commercial Plastics Equipment. Each group was divided
by level of ability according to the Iowa Test of Basic Skills
(ITBS) grade equiva’ent scores into three sub-groups which were
high, middle and low ability levels.

Test measures were taken on prior learning, initial learning,

retention and manual dexterity.

Analysis

Analysis was by two-way analysis of variance to determine
the significance, if any, in the differences in means of the
plastics test scores attained by Treatments A and B for prior
learning, initial learning and retention at the three ability

levels. The differences in means for the manual dexterity tests
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were analyzed by two-way analysis of variance and covariance
techniques. Probability levels of .05 and .0l were calculated.
In each case where analysis of variance or covariance or correla-
tional techniques were used in this study, the five percent
level of significance has been used for the rejection of the

null hypothesis.

Summary
A number of topics in the field of e ’ucation and the dis-
cipline of industrial arts education have been introduced and
defined in Chapter I, some of which have been sufficie..tly
developed while others require further consideration for broadar
understanding. Chapter II has been written to report the review
of the literature concerning concept formation in education as

well as equipment selection criteria and plastics instruction

in industrial arts.
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CHAPTER II1

REVIEW OF THE LITERATURE

Introduction
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The literature reviewed in this chapter has been grouped

into four categories: studies concerned with the attainment of

Lt

concepts, the historical development of realism in industrial
arts, studies and books concerned with equipment and equipment
selection in industrial arts and other disciplines and studies,
and articles and books concerned with the development of plas-
tics instructional programs in schools and colleges. This

review has included books, journals, periodicals, and Master's

and Doctoral theses.
The areas of review have been limited to research or

writings that are relevant to this study. Less pertinent re- -

search and writings were excluded by delimitation of this review

to the four categories mentioned above.

Concepts

Concept formation involves a complicated process which does
not seem to be completely understood by mary of the best minds who
have studied it. A number of experiments on the subject have
been recordad in the literature, some of which are concerned only

- 32 -
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with a minute detail of the concept formation process. Several
experiments which seemed very general in nature, yet relevant
to the problem of this study are reviewed here.

An early experiment which seemed to have set the stage for
later works in this field was conducted by Smoke (1932) in 1931.
He discarded the earlier '"common elements" appr;ach to concept
formation and advanced a theory of concept formation as,

". . . a response to relationships common to two or more stimulus

patterns." His definition of concept formation, . . . the pro-
cess whereby an organism develops a symbolic response (usually,
but not necessarily, linguistic) which is made to the members

' seemed

of a class of stimulus patterns but not to other stimuli,'
to be compatible with more recent definitions as stated in
Chapter I.

Smoke's experiment involved systematic viewing of two-inch
square cards containing drawings of concepts which were assigned
nonsense syllable riames. Confusion drawings of the concepts
which violated, ". . . at least one of the conditions essential
to the concept in question' were randomly interspcrsed among the
concept drawings during some of the experiments. The correct
concept drawings differed greatly, but still truly represented
the concept. The subject viewed the cards, which changed at a
uniform rate, until he felt he knew the concept. The time spent

acquiring the concept was considered a measure of the difficulty

of the concept and speed of learning. The subject was then

P
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tested on what he conceived the concept to be by three methods;
by a completion test, by drawing the concept, by picking out the
correct and incorrect concepts on a sixteen item identification
test. A series of four variations of the experiment were con-
ducted following these same general guidelines. Positive and
negative instances were used together and separately as variations
of the basic study.

Some of the conclusions arrived at by Smoke were that (a)
some individuals cannot give accurate verbal formulations of the
concepts learned, (b) some subjects learn from negative instances
while others do not, (c) speed of concept formation is not
affected by the variation in the number of negative conditions
imposed, (d) "The process of concept formation appears to involve
grouping." (e) insight seems present at times, (f) concept
formation involves hypothesis testing, (g) wide individual dif-
ferences in concept formation were found and (h) rapidity of
concept formation is probably correlated positively with the
ability to make a high intelligence test score.

Heidbreder (1945, 1946, 1946b, 1947) investigated concept
attainment in a manner similar to Smoke except that three types
of concepts were identified and employed; concrete objects such
as face, building and tree, spatial forms such as 0, O and # and
numerical quantities such as 2, 5 and 6. She defined a concept
as ". . . a logical construct which, through signs or symbols

or both, is transferable from situation to situation and com-

municable from person to person.'
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Heidbreder used three examples of each of the three types
of concepts, as shown above, on the Spindler-Hayer exposure
apparatus. Each variation of the nine individual concepts had
nonsense syllables assigned to them as names. The hypotheses
she presented were, "That in human beings, . . . the perception
of concrete objects is the dominant mode of cognitive reaction
. . . " and "That the attainment of concepts may be treated as
an extension and refinement of the mode of reaction involved in
the perception of concrete objects." She further wrote that,
"According to this hypothesis, human beings, in attaining and
using concepts, are performing a function closely analogous to
the one they perform in perceiving concrete objects.

The assumption was made by Heidbreder (1946b), ". . . that
cognitive reactions can be arranged in an order of dominance
which is determined by their function in the guidance and control
of behaviour." She conducted three experiments, all of which
supported her hypothesis that the three types of concepts were
attained, ". . . in a regular order: concepts of concrete objects
first, concepts of spatial forms next, and concepts of numbers
last." The difference in speed of learning the three types was

statistically significant. '"The indicated order," according to

Heidbreder, "

. is from concrete to abstract and everyone
knows that concepts become increasingly difficult to attain as

they become more and more abstract."
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Her definition of a concrete object was, ". . . a material
body in the external world, typically visable, tangible, and
manipulable." Spatial forms included any shape which could be
represented in at least two dimensions and which was essentially
a nonsense figure. A number was described as g'direct expression
of a quantity.

Other researchers have performed similar experiments since

the original ones conducted by Heidbreder. According to Wenzel

and Flurry in The Order of Concept Attainment (1948), Overstreet

detected that concepts were attained in the following order, con-
cepts of objects first, spatial concepts second and color con-
cepts in no particular order. They also stated that Bensley
found that concepts of concrete objects were formed first, color
concepts second and number concepts last and that Ivy reported the
same order of concept attainment as Bensley.

Venzel and Flurry then reported that, "The results (of
their experiment) revealed the same general tendency as other
similar experiments in regard to the sequence of attainment of
the three types of concepts tested." They added that, "Concepts
of concrete objects were attained first, spatial forms next, and
numbers last, forming three clearcut categories.”

In all, sixteen experiments were performed which tended to
confirm this hypothesis. Only one was conducted by Dattman and
Israel (1951), which rejected the hypothesis of the order of

attainment. In the opinion of this researcher it did so because
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the subjects were confused Ly irrelevant factors which were in-
troduced into the study.

Several experiments have been conducted which were concerned
with concrete and abstract concepts. These, however, did not
attempt to place them in order of attainment as did the later
Heidbreder experiments and those that followed her pattern.

W. Edgar Vinacke (1951) summed up a number of them in his article,
'The Investigation of Concept Formation', which appeared in the

Psychological Bulletin. Of these experiments, he wrote, "Weigel

found that individuals characteristically displayed contrasting
concrete and 'categorical' (or more conceptual) approaches."

", . . these

Vinacke descr_bed Bolles as further analyzing,
approaches, suggesting that concrete performance is primarily
determined by sensory impressions whereas the more conceptual

or abstract performance is a response to objects as representa-
tive of a class or category.'" He described Hanfmann and Kasanin
(Vinacke, 1951) as having, ". . . developed a standardized
procedure for testing conceptual performance with the Vigotsky
sorting test.'" Vinacke stated that they ". . . have distinguished
three levels of performance, namely, a primitive,'concrete'
performance, an intermediate performance showing some aspects

of conceptual thinking but not others, and an advanced conceptual
performance."

Hanfmann, who made a preliminary report on the Vigotsky

test, according to Vinacke, described ". . . the 'perceptual'

< g
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(concrete) approach', as one in which "the individual keeps in |

close touch with the material and gets his ideas from looking at

|
|
|
|
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1
or handling the blocks (the blocks used in hi: *ests)." Hanfmann's
description of the "thinking" or conceptual (absiract) approach | |
was one in which ". . . the subject develops hypotheses without f %
paying much attention to the blocks, which are utilized to check / §
the hypotheses; all of this may be accomplished without actually/ i
touching the blocks," according to the account given by Vinacke.‘ i
He concluded his discussion of concrete and abstract con- ‘ i
cept research by relating the Goldstein and Scheerer card surting
experiments, of which he wrote, '"They define the concrete atti-
i
:

tude as realistic -- that is, dependent upon immediate sensory

impressions -- whereas the abstract attitude is characterized by

detachment from immediate reality and includes more than the

'real' stimulus."

Edgar Dale (1954), in his book, Audio-Visual Methods in

Teaching based much of the logic of the methods he advocated on

concepts, of which he stated that, "Education involves the making

of suitable classifications of our experiences -- that is, the
building of concepts.'" He called these classifications of
experiences ''words', as did Archer (1964) in his comments on ;
Kendler's paper. Dale wrote that they can be of "real-life

learning" or "the bookish, unreal, abstract substitutes for real

life situations.”" To explain his classification of the different

types of experiences according to their relative degree of abstract-
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ness or concreteness he presented his continuum of ". . . the
process of making experiences usable . . ." in the form of a
cone -- "A Cone of Experience.”" This cone of experience was
best described in his own words when he wrote, '"The broad base
is 'direct experience'; the pinnacle is the kind of experience
that is as far removed as possible from direct contact with
objects." Figure 1 shows a reproduction of Dale's cone of
experience which seemed to be a direct extension of the Heidbreder
theory of the order of concept attainment. Dale stated that
"When a concrete object is involved there is little difficulty.
But when we attach a name to an idea, a concept, an abstraction,
the problem becomes complicated.”" This appeared to agree with
Heidbreder's theory.

As Dale described it, "The base of the cone represents
direct reality itself as we experience it firsthand." He sug-
gested that the "direct, purposeful experiences" are concrete

experiences. "If you move upward from the base,"

according to
Dale, '"you move in the order of decreasing directness." He
equated the pinnacle of his cone with abstractness or abstract
experiences. Thus, one moves from the concrete (direct, pur-
poseful) experiences at the base to abstract (verbal, symbol)
experiences at the top.

The direct, purposeful experiences were further described

"

by Dale as, ". . . the bedrock of all education . . . something

you can get your hands on, . . . direct participation, with re-

sponsibility for the outcome."
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Figure 1

Dale's Cone of Experience
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Contrived experiences, the second step on the cone, have
been defined as being more ¢bstract experiences which are substi-
tutes for unmanageable or iraccessible firsthand experiences.
They differ from the original or direct, purposeful experiences
in size and complexity or both. In some situations these
imitation situations may be better for teaching purposes than
the real thing. Contrived experiences may be easier to understand
due to their size or complexity, a condition which was also re-
ported by Miller and others (1957).

At the pinnacle of the cone are verbal symbols which,

", . . may be a word for a concretion (horse), an idea (beauty),

ey v v e ST i E—
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. . . a philosophic aphorism (honesty is the best policy),
or any other representation of experience that has beea classi-
fied in some verbal symbolism."

He did not list the direct, purposeful experiences of
industrial arts, but scated that most of the concept learning in
this field falls in this category. Therefore, it has been
assumed that most tools, machines and materials used in industrial
arts contribute to direct, purposeful experiences, the base
division of his cone. B

Models and mock-ups, and he classifies all small toys as
models, should be used only when the real thing or real experience
cannot be brought into the classroom or when students may be able
to understand the concept better through the use of the model or
toy because of its lesser complexity. He called models, mock-ups,

objects and specimens 'contrived experiences,"

the second step
on his cone.

The use of commercial plastics equipment (Type 2), the in-
vestigator believed, falls within the lower band of Dale's cone
(direct, purposeful experiences) and the educational toys and
three dimensional mock-ups (Type 4) into the second band of the
cone (contrived experiences). This has been graphically illus-
trated in Figure 1 on page 40.

Dale further explained that, ". . . we can move to the
abstraction only through the concrete.'" If this is correct, his

direct, purposeful experiences are direct contact with concrete

objects and if concepts of concrete objects are learned before

JArunr Provided by ERIC
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spatial forms and numbers as Heidbreder and others concluded,

then the use of the most concrete or realistic examples of equip-

ment from industry, which are not overly complicated nor unduly

e

large in size, might be the most effective media for teaching

L

concepts involving industrial equipment and processes.
"Increasing abstractness'", in Dale's words, "does not mean
increasing difficulty," but as Heidbreder concluded, less abstract

concepts are learned first. The plea, then, would be to present

——

concepts in the most concrete manner with the most concrete or

least abstract equipment. To state it another way, the concepts

should be presented by the most realistic method for more efficient
learning. This implied that the more realistic commercial
equipemnt (Type 2) should be used to effect this increased

efficiency.

Bjcrkquist (1965), who applied Dale's cone of experience to
his experiment in teaching orthographic drawing, stated that,
""Dale encouraged teachers to make learning experiences more
meaningful and realistic for students by moving them away from the
abstract and toward the concrete." He concluded that orthographic
projection problems presented with more concr-ete teaching aids

(scale models) was a more efficient method of teaching ortho-

graphic drawing than those presented without these aids.
John Dewey once wrote, ''Nuw, all principles by themselves are
abstract. They become concrete only in the consequences which

result from their application' (Dewey, 1939). Regarding learning
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through experience, Curti (1959, Encyclopedia of Educational
Research) wrote:

We greatly need a more realistic and humanistic kind of
education which will determinedly avoid more verbal
teaching and seek to equip our children with serviceable
growing ideas, thoughtfully acquired out of their
experience.

In his book, Dale (1954) frequently quoted Dewey and his

views on realism in education.

Realism in Industrial Arts

Historically, the development of industrial arts seemed
to foster the development of a more realistic method of education
which made the use of tools, materials, processes and machines a
basis for this new method of teaching. A brief review of this
history of education and industrial arts reveal repeated refer-
ences to the use of tools, materials and processes. When analyzed,
these references tend to show a trend toward a more rezlistic
approach to teaching. Industrial arts, then, grew out of efforts
to make learning more realistic to better meet the needs of the

students.

Early Philosophy

A number of early educational leaders and philosophers advo-
cated methods which were practical application approaches to
education. Working with things while they were studied rather
than just studying them became a methcd which suggested a more

realistic approach to study -- more realistic because the students

e
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werked with the real thing rather than just studying it. This
early broad practical approach to education was at first an
attempt to help thouse students w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>