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CHAPTER I
INTRODUCTION

The technological advancement which has occurred during
the past decade has revolutionized the American way of lifae.
This rapid transitional period not only has destined count-
less occupations to become obsolete, it has been the deter-
minant of numerous new and highly skilled occupations. In
relation to the rapid advancement in our economic opportunity,
cngineering drawing has emerged as one of the more critical
and warketable skills in the world of work.

The results of a recent survey of 165 reporting companies
in 27 states and parts of Canada indicate they employ 58.6
per cent more draftsmen than they employed five years ago.
In 38 per cent of the companies the ratio of draftsmen tq'
engineers is on a definite increase. In 49 per cent of the
companies the Qreference was to employ inexperienced drafts-
men, while 50 per cent of the companies preferred applicants
with some training; 1 per cent was not reported (5, p. 1ll).

The trained appiicants for drafting positions are
graduates from colleges, business colleges, and technical
high schools, while the inexperienced applicants tend ;"to be
high school graduates with an industrial arts backgroﬁnd.l
While the majority of these applicants have only a broad

overview of drafting, each applicant's success is dependent



on his knowledge of orthographic projection and his ability
with respcct to image representation. The essentiality of
this knowledge can Vivi&ly be understood in that nearly all
drafting practices and procedures evolve from the basic con-
cept of orthographic projection.

Research and scholarly literature reveal that most
people posseés, to some extent, the ability to visualize
objects spatially. Stern (13, p. 124) stated that in ordex
to develop this ability to its fullest, the person must
translate the principle into function and receive effective
instruction. In order to expand or supplement a person's
understanding of image representation, the teacher nmay
utilize various methods of instruction; howeﬁer, the litera—
ture reveals that not all researchers and writers are in
agrecment concerning which instructional methods are best
employed in the presentation of the principles of_orthO*
graphic projection. The majority of these scholars do agree
that only through proper teaching and channeled application
of this ability will the student develop to his fullest
potential. Many of the rescarchers and writers advocate
that proper instruction should be a fast, effective method
that utilizes as many of the student's sensory perceptions
as possible (2, 3, 4, 6, 10, 14).

This study incorpoiated as many of the student's SEnsory
percgptions as possible into a learning situation in a course

identified as Industrial Arts 128,which is entitled



"Engineering Drawing," at North Texas State University,
Denton, Texas. The beginning engineering drawing course
requires each student to complete a workbook that contains
approximately eighty-one drawings representative of the
material taughﬁ during the semester. Included in the re-
quired assignment are approximately nineteen drawings which
are entitled, "Orthographic Projection." The nine problem
sheets in the workbook entitled "Sectioning" are closely
related to orthographic projection because section drawings
include the three principal views of front, top, and right
side of an object. The importance of having a precise under-—
standing of orthographic projection is essential because
approximately one-~third of the beginning engineering drawing

course consists of orthographic pnrojection problems.

Statement of the Problem
The problem was a study of the effectiveness of overhead
vrojectuals and a transparent projection box in teaching

orthographic projection.

Statement of Purposes

The purposes of the study were as follows:

1. To determine the effectiveness of overhead projec-
tuals and a transparent projection box on the ability of:
students to visualize orthographic vicws.

2. To determine the effectiveness of overhead projec-

tuals and a transparent projection box on the ability of



students to visualize objects from orthographic projection
views.

3. To determine the change in the student's ability to
visualize the application of orthographic principles in
different units of engineering drawing.

4. To identify those units involving visualization that
are most affected by study through application of orthegraphic
principles in different units of engineering drawings.

Consistent with the purposes of tﬁis study, the student
population was divided into control and experimental groups.
To determine the effectiveness of the experimental wvariable

each group was administered a pre-test, post-test and retest.

Hypotheses.

The follewing working hypotheses were formulated and
tested in order to evaluate the effectiveness of instruction.

I. The control group will make a significant mean qéin
from the pre~test to the post-test on a comprehensive test
of visualization of orthographic views.

IL. The experimental group will make a significant
mean gain from the p;e~test to the post-test on a compre-
hensive test of visualization of orthographic views.

III. The experimental group will make a signifiqantly
greater mean gain than will the control group from thé pre-
test to the post-test on a comprehensive test of visualiza-

tion of orthographic views.



A, The experimental group will make a signifi-
cantly greater mean gain than will the control group as mea-
sured by a test of miséing lines.

B. The experimental group will make a signifi-
cantly greater mean gain than will the control groﬁp as mea-
sured by a test of surface identification.

C. The experimental group will make a signifi-
cantly greater mean gain than will the control group as mea—’
sured by a test of visualization of orﬁhographic views.

D. There will be no significant difference in the
mean gains of the two groups as measured by a test of visualQ
ization of surfaces.

IV. The control groupn will make a siqnificanf mean
gain from the post~test to the retest on a comprehensive
test of visualization of orthographic views.

V. Theexperimental group will make a significant mean
gain from the post-test to the retest on a comprehensive
test of wisualization of orthographic views.

VI. The experimental group will make a significantly
greater mean gain than will the control group from the post-
test to the retest on a comprehensive test of visgualization
of orthographic views.

A. There will be no significant difference in the
mean gain of the two ql;oups as measured by a test.of missing

lines.



B, There will be
mean gain of the two groups
identification,

C. There will be

mean gain of the two groups

no-

as

no

as

significant

measured by

significant

measured by

difference in the

a'test of surface

difference in the

a test of visual-~

ization of surfaces.
D, The experimental group will make a signifi-
cantly greater mean gain than will the control group as mea-

sured by a test of visualization of third angle projection.

Definition of Terms
For the purpose of this study the following definitions
were formulated.

1. Overhead projectuals.—-An instructional nmedium con-

sisting of transpavent material used to project images onto
a screen.

2. Transparent projection box.-~An instructional aid

used to illustrate the theory of orthographic projection by
the applicaticon of image planes, points, and lines that
illustrate principles of orthographic projection.

3. Orthographic projection.--A type of drawing which

itlustrates the correct front, top, and right side views of
an object.

i
4, Method A (Control}.--A method of instruction'in
2 i

orthographic drawing through the use of lecture, demonstra-

tion, discussion, textbocks, and chalkboard media.



5. Hethod B (Experimental).--A method of instruction

in orthographic drawing through the use of lecture, demonstra-
tion, discussion, textbéoks, and chalkboard media supple-
mented with overhead projectuals and a transparent projection
box. |

6. Unit Test in Engineering Drawing.--A standardized

test consisting of sixteen units which encompass all phases
of engineering drawing.

7. Presentation time.--The classroom time which is

utilized by the instructor in presenting information to the

students as a group.

Limitations of the Study

For the purpose of the study, the following limitations
were imposed.

l. This study included only students who were enrolled
in the course identified as Industrial Arts 128, at North
Texas State University, Denton, Texas, during the fall
semester of 1968,

2. Recomrendations or conclusions cannot be drawn
regarding the relative effectiveness of the projectuals or
the projection box alone; all interpretations of the data
must include both factors as related to the study.

3. It was recognized that the teaching procedure
employed in the study violated certain principles of accepted
1earning theories; however, these violations were the same in

each group and utilized as variable controls.



Assumptions

The experimental design of the study was based on these
assumptions.

1. It was assumed that neither the control nor the
experimental groups would be uniquely affected by any un-
controlled variables.

2, It was assumed the material taught during the twelve-
day interim period before the formal study began would have

no effect on the validity of the study.

Background and Significance

The authors of engineering drawing books tend to agree
that orthographic projection is the foundation on which the
entire structure of drafting is built. No matter how tech-
nical or how coﬁprehensive the drafting program becomes, the
program is only as strong as its foundation, orthographic -
projection.

The nature of orthogravhic projection makes it difficult
to teach. TIn orthographic projection, the student is required
to visualize various spatial relationships in terms of
correct view represeﬁtation. This ability to visualize in
three dimension is one of the most important reguisites of
a successful engineer. Giesecke stated that "to the designer
it is the ability to synthesize or form a mental picture
before the object exists" (8, p. 89). Once the object is
visualized, it is then the responsibility of the draftsman

Lo express this image in its correct representation through



the use of orthographic views. If the represcntation of the
views 1s incorrect or inaccurate, the best lettering or
dimensioning cannot make the drawing correct (12, p. 38).

Schilling (12) in his research to compile a standardized
drafting test, stated that research and not hearsay should
answer questions such as these: Is it better to (1) teach
sketching before shape description, (2) teach revolutions
before auxiliary views, and (3) teach drawing skills with
the assistance of visual aids.

Industrial arts draftiné teachers have long realized the
value of using visual aids in the educational process. The
use of models, posters, textbooks, bulletin boaxds, pictures,
motion pictures, slide pictures, opagque pilctures and mock-
ups, have been and are an integral part of the industrial
arts teacher's instructional media. However, for most
industrial arts teachers the question of how to consolidate
visual aids and teacher demonstrations to obtaln maximum
effect still remains unanswered.

Most drafting instructors who have taught sizable groups
admit they arc dissatisfied with their classroom demonstra-
tions. This dissatisfaction is due partially to the inability-
of the instructor to accurately illustrate oh the chalkboard
the steps and procedures involved in making a drawing. Chalk
does not lend itself to making accurate drawings due to the
varying change in line widths as the chalk is used. Also,

the instructor cannot consistently illustrate a drawing to a
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size that will be visgible to all the students and still pre-
serve the true proportions of the drawing.

The teacher who has endeavovaed to held or adjust the
chalkboard drafting machine while demonstrating knows the
difficulties iﬁvolved. The teacher must effectively and
efficiently explain the procedures as the demonstration pro-
ceeds or draw the problem on the chalkboard before the class
arrives. If the teacher uses the chalkboard drafting machiné
to draw the problem while he is explaihing the procedures,
he will, by necessity, block the view of part of the students
a large portion of the time. These interruptions tend td
result in a loss of continuity for the pupil and a lag in
interest and attention.

When the chalkboard is used to demonstrate the principles
and techniques of correctly solving a problem, there is no
chance to review each step separately without the completed
problem presenting confusion. To illustrate one particular
step without distraction or confusion, the instructor must
erase the complete problem and proceed from the start,

Earle (6, p. 24) points out that the teaching of engineering
drawing hag been hampered by the limitations imposed by the
use of the chalkboard. The advent of the overhead projector,
according to Earle (6, p. 24), has provided the drafting.
teacher with a more effective and versatile means of pre-

senting orthographic projection problems.
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The transparent projection box has been used successfully
for many years in drafting classrooms to demonstrate planes
of projection asd the placement of views in relation to each
other. In most instances the use of the transparent projec-
tion box is restricted to the demonstration of only one
particular model, due to the image being painted on each
projection plane. In other cases the transparent projection
box is used by drawing the model image on each projection
plane with a grease pencil. Time and potential are lost in
both of these methods, due to the permanency of one and the
technigue of the other.

The overhead projector and the transparent projection
box are not the answer for all the faults and shortcomings
of the drafting room demonstrations; nevertheless, the over-
head projector has been found to have certain definite ad-
vantages:

l. The instructor can demonstrate while facing the stu-
dents at all times.

2. The instructor can draw, write, or letter on the pro-
jected surface and have every stroke of the pencil projected
onto the screen in back of the instructor as the demonstra-
tion is done.

3. Much time can be saved for both, the student and the
instructor.

4. The overhead projector can be operated with the room

fully lighted.



12

5. With the exception of the pencil, the instructor
can use the same type of instruments the student uses (14,
p. 353).

The transparent projection box as used in this study
was found to have definite advantages over the various other
styles. In this study the transparent projection box utilized
the same principle as the overhead projector because the
projection box was cquipped with transparencies similar to
the problem illustrated on the overheaa projector. Each
projection plane was constructed to hold a transparency Qf
the correct model image. This method of utilization enabled
the projection box to be more versatile, due to the small
anount of time required to change each projection planc
transparency.

The importance cf improving the methods of teaching
orthographic projection is reflected in the questions raiéed
by Schilling (l2) and the statements made by Earle (6).

The implication that'research should be conducted to determine
which teaching methods are most effective in this vital area
indicates the significance of this study. The study was an
attempt to find a more effective method of teaching ortho-
graphic projection than those previously used. The new
methods that were devised for using the transparent projec-—
tion box and the uniguely designed overlays may enhance thé

study's contribution to drafting and industrial arts.
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The significance of this study may be seen in that the
study provided the students with tangible review materials
that are not possible with the present instructional methods.
The projectunals were available to the students for individual
review and for clarification of points not understood. The
transparent projection box was, also, available for students
to study in oxrder to better wvisualize the relationship of
projection planes to the problem under study. With these
instructional aids available to the students for self-study
and exploration, the instructor had more time to help those

individuals who did not understand certain principles.
Description of Instruments

Unit Tests in Engineering Drawing

The Unit Tests in BEngineering Drawing (Appendix A, p. 112)

were developed by the American Society of Engineering Educa-
tion and published by The Eduéational Testing Service. The
test battery is designed to measure aptitudes which have been
found important for success in engineering. After a close
review of the test battery, it was Ffound that only units I,
IT, and III werc related to orthographic projection; there-
fore, only these three units were administered to the stu-
dents participating in the study.

The format of each of the units is similar. 'The ques-
tion or probhlem has five possible solutions. The student

gelects the solukion he believes is the most correct and
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marks the answer on the separate answer sheet that is pro=-
vided with each test unit.

Unit I, part I, measures the student's ability to
identify and locate positions for missing lines. One of the
three views i3 incomplete because of one missing line. The
missing line may be visible or invisible and may belong in
the front, town, or side view of the object. Five possible
vositions for the one missing line are indicated in each
drawing. The student selects the proper location of the
missing line by choosing one of the five indicated positions.

In the second part of unit I, there are five ortho-
graphic views of one object. The visible surfaces are
indicated by lettexs. Numbers are used to identify the sur-
faccs where they appear as lines. The student is required
to select the numbers which identify the given surfaces in
the other views. |

Unit II measures the stu&ent‘s.ability to visualize
visible and invisible surfaces. Statements are given con-
cerning each of the indicated surfaces. The student must
study the given views and choose the correct statement.

Unit IIT measures the student's ability to visualize
the correct orthographic views of an object. 1In the first
part of unit ITIIL, the student is given a pictorial view of
an object and is asked.to select the correct orthbgraphic
views from six possible choices. In the second part of

unit IIT, the student is given two orthographic views and
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asked to select the third correct view from six possible
choices. In the third part of unit III, the student is given
a pictorial view of the.object and three different sets of
orthographic views. The student is asked to mark the correct
response to five statements concerning the orthographic views

given.

Organization of the Disgertation

The body of this study is composed of five chapters.
The first chapter identifies the problem and the purposes of
the study. In chapter II, a review of research, related
literature, and previous studies is presented. Chapter III
presents a detailed report of the research design and the
practices and procedures employed in conducting the study.
Chapter IV includes a presentation of the data obtained in
the study and the statistical treatment of the data is pre-
sented through the use of tables. Chapter V presents a
summarxy of the study, the findings of the study, and the
conclusions and recommendations that were made from an analy-

sis of the findings.

Value of the Study
Orthographic projection knowledge is conéidered an
essential element in all arcas of drafting. Because drafting
is an integral part oflthe high school industrial arts pro-
gram and the college industrial arts curriculum, this study
may contribute to education and industrial arts in the follow-

ing ways:
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1. The information gained through this study could
culminate in an effective method of teaching orthographic
projection principles,

2. This study should reveal those areas of orthographic
projection that can be taught most successfully with overhead
projectuals and a transparent projection box.

3. The results of this study may provide information
that will influence progressive administrators to consider
creation of a visual aids program for industrial arts depart-
ments,

4, This study could lecad to othgr research and further
contributions to education and industyrial arts in that

recommendations are made for future study.
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CiHAPTER IT
SURVEY OF RELATED LITERATURE

Visualization is the medium through which shape informa-
tion on a drawing is translated to give the reader an under-
standing of the object represented. The ability to visualize
is often said to be a "gift" that is innate in some pecople
but not in others. According to Dember (9, pp. 98-102) and
El Koussy (13, pp. 4-8), this appears not to be true. Psy-
chology indicates that all people of educable intelligence
have a visual memory as can be seen from the ability to recall
and describe certain events which have occurred previously
(19, pp. 261-268). Stout stated as follows:

The apprehension of a spacial ordexr in the
way of position, distance, direction and shape
arises through a progressive union of extensity
with motion--experiences and motor-experiences.
Thus, human beings have to learn by a gradual
process to discern shape, situation, distance,
etc., of objects (46, p. 475).

Mcbougall maintains a similar point of view in that he

states:

The acceptable theory of spatial perception
must be nativistic and of the psychic stimulus
type, that is to say; (1) It must recognize that
spatial perception is an extremely complex func-
tion, the capacity for which is not built by
each of us de novo, but is laid down in our innate
constitution, its spontaneous development during
the life of the individual being promoted and
furthered by exercise: (2} It must admit that
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their position, distance, size, shape and pattern,

is achieved only by & mental activity, to which

the sense stimulations and qualities of sensory

experience that ilmnediately follow upon them are

but the provocations (29, p. 243).

Stern stated that by the end of the first year the child
tends to have the spadework in the mastery of space éccom—
plished, in short, "he has roughly a perceplion of space
which certainly is capable of many misconceptions and will
need in years to come to be refined, and made clearer and
developed” (45, p. 124},

A drawing is made by visualizing units or shapes, one
at a time, and mentally orienting and combining these details
to interpret the whole object (16, p. 120}. The form taken
in this visualization may not be the same for all people..
The ability to visualize a shape in a drawing is almost
completely governed by a person's knowledge of the principles
of orthographic projection (16, p. 93). The common adage.
that "the best way to learn to read a drawing is to learn to
make one" appears to be correct, because in learning to make
a drawing a person is forced to study and apply the principles
of orthographic projection (16, p. 119).

Schamehorn (34) studied the opinions of educators and
engineers on the importance of engineering graphics topics.
He surveyed practicing enginecers, engineering graphic%
instructors, and engilneering instructors to determinejwhat
engineering drafting topics are the most important to the

beginning engineer. The practicing engineexs stated that
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the beginning course in engineering drawing 1s the most
important of the six primary areas of study. These sanme
engineers indicated that Lhe most Important areas of this
basic course are silze representation {dimensions) and ortho-
graphic projection. Working drawings are considered important
to these engineers, while the area of pictorial drawing is
considered to be of limited importance.

The engineering graphics educators have stressed the
importance of four basic skills. They have indicated that
orthographic projection is by far the most important skill
followed by surface visualization, size representation, and
techniques. The area of working drawings was considered to
be of limited importance.

The engincering educators from englneering degree grant-
ing institutes considered orthographic projection and basic
skills to be the most important areas of drafting. These
same educators considered surface and pictorial drawings to
be of limited importance, while working drawings and size
representation are of small importance.

Schamehorn concluded that orthographic projection is
the core of drafting and visualization. However, one of the
primary problems of teaching drafting is how Lo convey the
concepts of orthographic projection to the student. There
are many methods of teaching orthographic projection,}but
there is no one method that the leading educators in engineer-

inag will acrem as hoina +he Aok smalha AT~ -
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and inquiry when decisions are to be made regarding content,
methods, and equipment to be utilized in the drafting class-

rOOon.

Methéds of Teaching Industrial Arts Drafting

Spence (43) categoriéed all the known research completed
in industrial arts between the years 1892-1933 and 1933-196l.
The findings indicated that between the years 1892-1933
drafting was the most researched area of industrial arts.
Between the years 1933-1961 the amount of research completed
in the area of drafting, as compared to the total research
in industrial arts, had declined and ranked fourth. The
majority of this early research was directed toward comparing
methods of teaching. Spence's research prompted him to con-
clude that "future research should be oriented toward the
technical aspects of industrial arts rather than toward
teaching methods" (43, p. 58). However, most of the research
that has been reported since Spence's recommendations were
made has continued to be directed toward the method aspects.

Several studies have been conducted to determine which
method of instruction employed by the teacher is the most
effective in presenting orthographic projection. However,
most of these studies are outdated and need restudy. Arthur
Twogood (56), 1931, Edwin Digby (10), 1933, and Edwin Shoemaker
(40}, 1939, were somc of the earlier researchers in the methods

of téaching drafting.
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McSpadden (BDL 1950, investigated the relative effective-
ness of two methods of teaching mechanical drawing. The
sample was divided into‘two groups. The control group was
taught by using prqblem workbooks, while the experimental
group was taught by using model blocks. McSpadden éoncluded
that neither method was superior to the other for teaching
seventh grade mechanical drawing. However, the students
taught through the use of model blocks achieved more in
visualization than the students taught by using the problem
workkooks,

Helper (20), 1957, conducted an experimental study to
determine the relative effectiveness of teaching orthographic
projection followed by pictorial representaﬁion as.compared
with teaching pictorial representation followed by ortho-
graphic projection.

In his conclusions, Helper sta@ed that teaching ortho~
graphic projection followed bf pictorial representation
appears superior to or more effective than teaching victorial
representation followed by orthographic projection in the
development of informational achievement, drawing skills, and
ability to visualize. |

In a similar study in 1960, Hoskins (22).studied the
effect of teaching multi-view drawings with pictorial sketch-
ing being the experimeﬁtal variable. The purpose-of the
study was to determine if previous knowledge of pictorial

drawing has any effect on the acquisition of knowledge related
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to multi~view drawings. The findings indicated that students
who had some knowledge of pictorial sketching showed greater
.growth in multi-view drawing than those students who did not
have knowledge of pictorial sketching. These findings were
in direct contrast to the conclusions drawn by Helper in his
1957 study. Further investigation of pictorial drawings and
orthographic projection was done by Fonesca.

Fonesca (15}, 1963, developed an experimental investiga-
tidn to determine the relative effectiﬁeness of two methods
of teaching grade nine drafting. The two groups were studied
with particular feference to {a) the student's ability to
express himself through the use of orthographic projection
and pictorial drawing, and (b) his ability to read mechanical
drawings.

The control group was taught to work from prepared
drawings and to use instruments while the experimental group
was taught to work from models and to use the sketch method.

The primary conclusion drawn from this study was that
those students in the experimental group were superior to the
control group at the .05 level of significance in ability to
read mechanical drawings and to express themselves through
the use of orthographic projection and pictorial drawing.

Rowlett (33), 1960, conducted an experimental comﬁarison
of direct detailed and direct discovery methods of teiching

orthographic projection principles and skills. The directed



"hints" was contuasted with a direct detailed proccdure in-
volving highly specitfic instructions. The pﬁrpose of Rowlett's
study was to test the effectiveness of tiie two methods of
instruction as measured by (a) initial learning, (b) retention,
and (c) transfer.

Orthographic projection principles and skills were used
as the learning task. These principles were illustrated and
applied as the subjects studied the three-dimensional objects
provided them and as they solved the problems in their work-
books.

Rowlett concluded that there was no significance of
difference between the direct detailed and the directed dis-
covery methods in regard to initial learning of orthographic
projection principles. However, the direct discovery method
appears to be superior to the direct detailed method in
regard to retention and transfer of orthographic projecticn
principles and skills,

In a similar experimental study Suess (48), 1962, studied
the effectiveness of varying degrees of manipulation on the
direct discovery method of presenting principles of ortho-
graphic projection. . The primary purpcse of the study was to
securce evidence on the type and sequence of manipulation in
the directed discovery method of teaching orthograpﬁic pro-

|
jection. A secondary purpose of the study was to repiicate
the experimental directed discovery method developed by

Rowlett in 1960 at the University of Tllincis, Urbana.
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The method and content of the instructional material
were identical in all groups with the order and amount of
manipulation varied. Manipulation was varied in two ways.
Groups II and III utilized three scale model blocks with the
first three workbook problems. Subjects in groups I and IV
were not provided scale models for the same problems but were
urged to "visualize" pictorial drawings of the objects. The
remaining problems in the workbook were keyed to the prin-
ciples taught in the first three probléms.

A treatment-X-level analysis of variance was used to
test the research hypotheses. Suess concluded from the data
there was nonsignificant difference in achievemenl between
the treatment groups on a test of initial learning or a test
of retention. There was nonsignifiéant difference in achieve-
ment between the treatment groups on tests of initial trans-
fer or retention transfer.

In a 1964 study conducted by Sullivan (49), the effective-
ness of two methods of teaching orthographic projection in
terms of retention and transfer was studied. The purpose of
the experimental study was to determine the effectiveness of
the traditional method utilizing instruction in orthographic
projection followed by isometric drawing as compared with the
experimental method of "Eckhard Axonometry." The expe#imental
method utilized isomet:ric problems correlated with thfee

multi-view projections. The methods, media, and content of



27

instruction, with the exception of the projective system,
were the same for both groups.

Sullivan's concluéion was that the "Eckhard Axonometry"
appearcd to be more effective in terms of initial learning
and retention. The study indicated that the experimental
group of students could transfer to another system of draw-
ing with greater ease than could those students in the
traditional method. Also, the experimental group of students
understood the principles of orthographic projection better
than the control group of students.

Tn 1966, Ellis (14) conducted a study to compare the
effectiveness of the construction method of teaching draft-
ing with the workbook method of teaching dréftinq.. The
study involved a rotation group type of experiment with the
method of teaching drawing being the experimental variable.

The primary conclusions drawn by £l11lis in his study were
that the construction method and the workbook method are
equal.ly effective in regard to the students' informational
achievement and the two methods are equally effective in
regard to the students' understanding of spatial relation-
ships. lHowever, it appears that the workbook method is some-
what more effective than the construction method with respect
to the development of drafting skills.

Wilkes (59), 1966; conducted a study to compére the
effectiveness of two methods of teaching engineering drawing.

The two methods utilized in the study were film slides and
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the conventional method. Film zlides were used in the study
to present instruction to the exverimental group, while the
control group was taught by the conventional approach of
sketching on the chalkboard. Students were individually
matched and assigned to groups by randomization.

When the two groups were administered the post-test,
the achievement level of the experimental group was signifi-
cantly greater than the achievement level of the control
group. The experimental group alsc ranked ahead of the
control group on the visualization test. In both instances,
the difference in the amount of achievement between the two
groups was significant beyond the ,01 level. The quality of
work completed by the experimental group was significant at
the .01 level above the control group. However, there was
nonsignificant difference in the amount of work completed by
the two groups.

From the gathered data, Wilkes drew the following con-—
clusions:

1. The teaching of engineering drawing using

the comprehensive film slides appears to

be a more effective means of teaching than
the conventional chalkboard approach in
terms of instructional information, ability
to visualize, quality of work completed,
student attitude, and time required for
presenting instyructional information,

2. The two approaches appear to be equally

effective in terms of quantity of work

completed by the students (59, p. 205).

. Bjorkquist (2) in 1965 studied the discrimination trans-—

-
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orthographic projection. “The primary purpose of his study
was to determine the relative cffectiveness of scale models
and pictorial drawings.in helping beginning students learn
vrinciples of orthographic projection.

The study was conducted with subjects under three
experimental treatments in a learning situation followed by
a transfer task which was the same for all subjects. Models,
pictorial drawings, and no aid treatments were used in the
learning task. Subjects in the model Qroup were shown a
full size model of the object involved in each problem.
Isometric drawings were shown with the problem in the pic-
torial drawing group, while the no ald group solved the
problems without the use of visual aids. In both the learn-
ing and transfer task the number of responses required by
the subjects to complete the task was recorded. Two way
analysis of variance was used to test the effects of the
treatments.

In the learning and transfer task the achievement of
the pictorial drawing group was greater than the model
group's and the difference was significant at the .01 level.
The achievement of the model group in both the learning and
transfer task was greater than the no aid group's and the
difference was significant at the .0l level., It was con-
cluded that pictorial drawings appear to be more éffective

than scale models and no aids in helping beginning students

1 e - . - -
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Schilling (35) stated that research should determine
which method of instruciion employed by the teacher best
illustrates to the studént the principles of orthographic
projection and whether certain visual aids actually aid in

the learning of drawing skills.

Visual Aids in Teaching Industrial Arts

The past decade of rapid technological advancement has
provided a vast array of instructional. teaching media. A
review of professional literature indicated that for a pericd
of time there has been a demand for research in all teaching -
fields to determine better methods of teaching. In response
to this demand there has been an increasing number of research
studies undertaken in all teaching areas. An increasing
number of these recent studies reflect a growing interest in
the use of wvisual aids in industrial arts.

Industrial arts has perhaps the greatest wealth of
illustrative material directly applicgble to visual aids
because of the many sequences and step-by-step procedures
utilized in the learning process. Unfortunately, not all
areas of industrial érts have utilized the materials and
visual equipment that are available to them.

Glazner (18) completed a study in 1958 that emphasized
the value of visual aids in teaching industrial arts draft-
ing. Reported in the section entitled "Conclusions" was

the following:
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1. Certain results tend to support the hypoth-
eses that the achicvement of students in
selected units of beginning mechanical draw-—
ing is greater when selected visual aids
are utilized in addition to traditional
methods.

2. There appears to be more interest, more
attention, more general comprechension and -
understanding, less noise and more participa-
tion and motivation by students in the
experimental group than in the control
group (18, p. 129}.

Glazner's conclusions prompted study in other areas of in-
dustrial arts to determine the effectiveness of specific
visual aids.

In the past five years more interest has been directed
toward the overhead projector than any other of the numerous
visval aids available to educators. However, experimental
research in industrial arts on the use of the overhead pro-
jector in the teaching of drafting has not been formalized
even though there are four major companies producing
commercial transparencies for use in the area of drafting.

One of the more important requirements for student
success in the industrial arts curriculum is the ability to
identify materials of industry. Trautwein (53) used the
overhead projector in 1962 to conduct an experimental study
to compare three methods of testing the student's recognition
of industrial materials. The "traditional" method'placed
numbered samples about the laboratory and asked for individual

identification of each material. The response was recorded

on a checklist provided for the test. Students using the
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"traditional” method could make use of all five senses in
their attempt to identify the nuebered sample. A second
method, referred to as the “museum“ method involved using
sight alone in the attempt to jidentify the sample. The third
method, referred to as the "stereo" method, consisted of a
three~dimensional color transparency viewing system. The
system made use of sight but in combination with a photo-
graphic representation rather than with the real material.

Each of 300 college students took.the three tests in
varying order or scquences as determined by random selection.
Since identification ability was being tested students marked
only those materials they felt they knew positively. Thus,
the scores on each test represented the individual's ability
to identify by each of the three methods.

The F-test and the t test indicated that all methods
tested differed significantly at the .05 level. The findings
indicated that the traditionai method was superior, the
museum method was not as effective as the traditional method,
and the three-dimensional transparency system (stereo)} was
considerably inferior.

Chance (7)), 1963, evaluated the effectiveness of 200
colored transparencies for the teaching of engineering
descriptive geometry. In the findings, using a 100-point
grading system, the grade average of the experimental group

was 4.4 points higher than the control group. Students re-

"= n

13 .
P T Tk I S N



33

predominant in the experimental group, while 75 per cent of
the students receiving a semester grade of "F" werxe in the
control group. In Chance's findings he stated that the
experimental group was superior in that
1. Formal lecture time was reduced by 20 per
cent in the experimental group.
2. The experimental method allowed a more
professional appearance in lectures and
demonstrations.
3. The experimental method was advantageous
because it (1) allowed a larger viewing
image (2} had addition of colors (3) stu-
dent attention improved (4) allowed time
for more student questions and (5) was
easily reviewed by turning the overlays
(7, p- 84).
Brooks (3), 1964, tested the effectiveness of overhead
transparencies on learning and retention of selected units
in beginning woodworking. The five most difficult instruc-
tional areas of beginning woodworking were selected by a
panel of jurors. Those units rated most difficult to teach
were (a) elements of design, (b} plan of procedure, (c) bill
of material, (d) joints, and (3} measuring. A comprehensive
test was developed to be used as a pre- and post-experimental
test while five short tests consisting of matching or five-
response multiple choice type questions were designed to be
administered at the conclusion of the appropriate unit. FEach
of the tests was validated by the panel of jurors. When the
validity was established, reliability coefficients were

determined on cach test.
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Identical procedures were uscd for both experimental
and control groups with the exception of instruction being
supplemented with overhead projectuals in the experimental
classes. A total of 2,240 samples was taken from the 320
students used in the study. Factor analysis of variance was
used in arriving at the conclusions.

There were several significant conclusions drawn from
the analysis of the data. Brooks stated from the findings
that

1. The statistical analysis in the investiga-

tion supports the hypothesis that achieve-
ment of students in selected units of
woodworking is significantly greater when
special overhead transparencies are used to
supplement conventional methods of instruc-
tion.

2. The experimental groups' overall retention
of the sclected units was significantly
greater than that of the control groups.

3. Teachers favored overhead transparencies
because of increcased student interest,
logical presentation of materials, reduced
lecture time and favorable review techniques
(3, p. 178).

Tn a similar study in 1965, Yeager (61} studied the
value of projectuals in teaching selected units of basic
electricity. The purpose of this investigation was to
determine the effectiveness of an experimental method used
in teaching electricity, whereby the normal teaching time
was reduced by one~third. Compared to control methods of
lecture, discussion, and demonstration, the experimental
method included the aforementioned, supplemented with pro-

jectuals. The basic objective was to determine the effective-

ness of projectuals upon increasing initial learning,
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increasing overall retention, and facilitating review
procedures.
Yeager, in his findings, stated the following:
1. As compared to teaching time required by
control methods of lecture, discussion and
demonstration, teaching time required by
the same items supplemented with projectuals
can be successfully reduced by one third;
whereas, resulting initial learning and
overall retention are equal between methods.
2. Final test scores indicate not only that
review time for such tests can be favorably
reduced by one third; the experimental method

is superior to the control method at the 0.0l

level of confidence is also indicated (61, p.
110).

Gallentine (17) conducted a similar study in 1965 on
the effects of overhead projection on achievement in the
biological sciences. The two-part study atfempted-to
evaluate the effectiveness of instruction utilizing the
overhead projector in college science classes. The study
included large lecture groups and small laboratory groups.

The first part of the stﬁdy was conducted with large
lecture groups in general botany. The conventional method
was used in the fall semester of 1963, while the experimental
method was used in the fall semester of 1964. Both conven-
tional and experimental methods involved fifty-minute lectures
and were taught by the same instructor, in the same c¢lassroom,
and at the same hour of the day. The instructional period
for both groups was four weeks. 'The conventionallgroup had
lectures illustrated by the use of chalkboard drawings while

the experimental group had the same lecture content
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illustrated by the use of cverhead projectuals. As a result
of a 2 x 3 factor analysis of variance, it was concluded
there was no significanee of difrerence between the conven-
tional and experimental groups at the .03 level of confidence,

The second part of the study evaluated the efféctiveness
of overhead projection in small classes of students enrolled
in embryology laboratory sections. The students in the
laboratories were taught in the same manner except the con-
ventional method used the chalkboard for illustrations, while
the experimental group used the overhead projectuals.

It was concluded from the analysis of data that there
was nonsignificant difference between the conventiconal and
experimental groups. The results, although.not éignificant,
indicated that the experimental method of instruction may
increase the students' ability to think critically as com-

pared to the conventional method.

A review of the Dissertation Abstracts {57), the Phi

Delta Kappan (12), and the leading industrial arts research

magazines, Abstracts of Research and Related Materxials in

Vocational and Technical Education (50, 51, 52), and Review

and Synthesis of Research in Industrial Arts Education (25,

47, 54) indicate there has not been any reported research in
drafting since 1966.
In summary, the rescarch of literature and studies

indicate there are numerous methods used in teaching orxrtho-
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concerning which instructional method is the bhest. The over-
head projector has prcvan bencfivizl in many areas of instruc-
tion but the projector's efiectiveness has yet to be tested

in the area of drafting instruction.
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. CHAPTER IIX
METHODS AND PROCEDURES

The methods and procedures employed for the purpose of
testing the research hypotheses of the study necessitated
two major considerations. The first major consideration was
the development of the instructional design. The second
major consideration was the development of the experimental

design.

Instructional Design
In the development of the instructional desigh, several
important factors were considered. These factors were the
(a) development and design of the instruction period, (b)
development of the lesson plans, (¢) development of the over-
head projectuals and the tranSparen£ projection box, and (d)
application of the two teaching aids used in combination for

teaching orthographic projection,

Instructional Period
In the study the effectiveness of a teaching method was
under scrutiny. The length of the instructional périod was
not being tested but was very crucial to the study. In order
to evaluate method A and method B in relation to time used

for class lectures and demonstrations, each presentation was



45

scheduled on a time basis. The time schedule 1s presented

in Figure 1,

Method A [XXXXXXXfF##,&xkkdxxwrxxadsdxd]  ¥y¥~-Chalkboard
preparation

Method B N-#:######Ek*****:’r*:‘c***-}c**:’f'}:*‘k‘kv‘:l ###_.-Organiza-tional

***—-Presentation
time

Minutes

0 10 20 30 40 50

Fig. l--Time schedule for instructional design

Figure 1 shows that the control group taught by method A
was presented material that was scheduled to consume a maxi-
mum of forty minutes. This amount of time was chosen because
the instructors in the control group were reguired to draw
the example problems on the chalkboard. Each problem had to
be of correct proportion and drawn in a correct procedure.
The chalkboard drafting machine was utilized to meet these
requirements. It was arbitrarily decided that ten minutes
would be consumed by the instructor when drawing the problems
on the chalkbeard.

The ten minutes that were consumed in drawing the prob-
lems on the chalkboard were scheduled at the beginning of
the class period. During this time, the students prepared
for the day's assignment or finished any previous assignment.
The final thirty minutes of the instructional period %ere

devoted to actual presentation of the lesson.
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The experimental group taught by method B was scheduled
to be presented material for a maximum of thirty minutes,
This block of time was‘a 25 per cent reduction when compared
to the method A or_controlled instruction time. The first
ten minutes of the class period were spent checkiné the class
roll, making assignments, or in other routine work. The
following thirty minutes were scheduled as the presentation
period. This schedule enabled the thirty-minute experimental
presentation time to correspond with the thirty-minute control
presentation time.

This procedure was chosen to eliminate the ten additionél
minutes the experimental group could utilize during the
laboratory period. Through the use of this.design.both
experimental and control sections completed the assigned
presentation at approximately the same time. This gave both
groups approximately the same amount of laboratory time to
- translate the observed princiﬁles of orthographic projecticn
in solving the related assignments in their workbooks,

Bach presentation and demonstration was not scheduled
to consume the maximum time allotted for instruction. The
amount of instruction time varied in regard to the principles
and practices taught in the planned lesson. The same ratio
of instruction time prevailed between the two groups in that
the experimental, or méthod B, was shorter by 25 éer cent.
However, the.actual presentation time for both groups was

scheduled to begin and conclude simultaneously.
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Zach instructor involved in the study was provided
lesson plans which were identical with the exception of the
amount of time utilized in drawing the problems on the chalk=-
board., In order to insure correct length of presentation
time each instructor utilized a timer clock. It was recog-
nized that the time used in each presentation would not be
concluded simultancously but with the aid of the timer clock

the variation of time was held to a minimum.

Development of Lesson Plans

Lesson plans {Appendix B, pp. 125-172) were constructed
to control information presented to the control and experi-
mental groups. They also directed the use of the overhead
projectuals and the transparent projection box. The lesson
plans were developed from the course outline used in Indus-
trial Arts 128,

After the lesson plans were written, they were submitted
to a jury composed of three regular staff members teaching
in the area of drawing at North Texas State University,“
Denton, Texas. The jury evaluated the lesson plans for
course content and the validity of the content. The lessoﬁ
plans that were judged to be incomplete or invalid were re-
written and returned to the jury for another evaluation.
This procedure was followed until all eleven lesson plané

were approved for this study.
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The lesson plans were identical for both the control
and the experimental groups, with the exception of the nota-
tion as to when the supplementary visual aids were to be
presented to the experimental group. When the use of a pro-
jectual or the projection box was recommended within a lesson
plan, the word "overlay” or "projection box" appeared and
was enclosed in parentheses. Each of the thirty-five over-
lays was numbered in succession, beginning with the first
overlay utilized in the first lesson. ‘The overlays required
for each lesson were identified in the lesson plans by a
corresponding number. This procedure was followed to dif-~
ferentiate the visual aid from the main body of the lesson
plan.

Development of the.Overhead Projectuals
and the Transparent Projection Box

The pre-developed lesson plans were studied to determine
those areas of orthographic projection that could be best
presented by émploying an overhead projectual. It was
determined that thirty~five projectuals could be included in
the lesson plans to supplement instruction. Each projectual
frame was numbered to provide easy organizational procedures
with reference to the lesson plans. Fourteen of the projec-
tuals were single film transparencies, while the remaining
twenty-one projectuals were characterized by one or mére

overlays. The overlays were designed to as to involve
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successive steps to either build a concept or analyze a
concepf through problem solving.

Commercially prepared transparencies may be purchased
from several leading digtributcors of industrial arts and
educational teachiﬁg media (Appendix C, pp. 173-~175). From
a close analysis of the leading sets of engineering drawing
transparencies, it was determined that none of the projectual
sets utilized the reference plane method of teaching ortho-
graphic projection. However, the sel of transparencies
developed by Keuffel and Esser Company, Hoboken, New Jersey,
appeared to present the best problems for teaching ortho-
graphic projection. The set of tranéparencies contained
nineteen frames related to orthographic projection} of which
sixteen were chosen to be used in the study. To wmeet the
requirements of the lesson plans, the commercially developed
transparencies had to be revised. The manufacturer stated,
"the use of the overlay with the pfojection lines is optional
since some teachers may prefer to use dividers or transparent
scales to indicate the transference of depth dimensions" (4}.
Each of the sslected transparcncies was revised by removing
the forty-five degree projection film and inserting a film
utilizing the reference plane method of projection. The new
film contained two reference plane lines which reéresented
the edg%Aview of the piane necessary to complete an ortho-

graphic drawing. The Keuffel and Esser transparency film
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number 125 was used for the inserted film on each commercially
prepared set of overlays.

The beginning segment of plane representation was not
illustrated in any of the commercially prepared projectuals.
In order to iliustrate this important segment of drawing,
original projectuals had to be developed. Drafting textbooks
and other commercial materials were surveyed to determine
how authorities in the area of drafting illustrate these
concepts. Nineteen original overlays were developed to
illustrate those concepts identified in the survey. The
original overlays were presented for evaluation to the same
jury which evaluated the lesson plans. The projectuals that
were of questionable validity wexe revised until all nineteen
projectuals were approved.

The original projectuals were assembled and utilized
color film because "there is an advantage, in some cases,'in
using different colors for different parts of the drawing"
(8, p. 353). All of the original projectuals were developed
on Thermo-Fax color film number 888. In the original pro-
jectuals, the frontal plane was represented by a red color,
the horizontal plane by a yellow color, and the profile plane
by a blue color. The utilization of different colors to
represent each plane enabled the students to visualize the
relationshig of each plane to the orthographic view. The
complete orthographic view was in one color which differed

from the coleors used to represent the projection planes.
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The comparable parts of the problem presented on the
chalkboard in the control group were illustrated with colored
chalk that corresponded to the colors utilized on the pro-
jectuals and the projection box.

The transparent projection box has been used for several
years to aid in the development of visualization of abstract
principles. However, the construction of most projection
boxes has limited the number of principles that can be suc-
cessfully illustrated. The projectionlbox designed and
built by most instructors has the object image painted or
taped on the reference planes. This feature limits the
instructor to the utilization of only one particular block
in the projection box.

The projection box utilized in this study had several
original features which were incorporated solely for this
study. The projection box was designed in such a manner as
to enable a wide variety of block models to be studied. The
thirty-five overhead projectuals and the projection box were
usad in combination to teach the same principles of ortho-
graphic projection. To enable the projection box to illus-—
trate the same number of principles as were illustrated in
the projectuals, eleven wooden blocks were constructed: one
block for each problem presented in the projectuals. !Each

|
model block_yas painted a color that was in contrast with
the three colors used to represent projection planes on the

prejectuals and the projection box. The blocks were painted
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different colors because "various colors can be used for
emphasis" (7, p. 277).

Instead of paintiﬂg or taping the model image on the
projection box, a set of three full-scale orthographic views
was developed for each of the eleven wooden blocks; Each
orthographic view in the eleven sets was developed on a
five and one-half by eight and one-half inch c¢lear trans-
parency film., The film used was Thermo-Fax 125. The black
line transparencies of the threce views were inserted into
the clear plastic pockets that were provided cn each plane
of the projection box. This procedure enabled the projectioﬁ
box to be as versatile as the thirty-~five projectuals. When-
ever the model block was changed in the projection.box, the
model image was changed on the projection planes by removing
the preceding image film and inserting the film which
illustrated the image of the new block. This method of
presentation enabled each klock in the study to be presented
in the projection box with the correct image being shown on
the projection planes.

The edges of the clear plexiglass projection planes on
the projection box were covered with colored plastic tape.
The edges of the frontal plane were covered with red tape,
the horizontal plane cdges with yellow tape, and the profile
plane e@ges with blue ﬁape. The color of each prbjection
plane was tﬁé same color as the film used to represent that

plane on the overhead projectuals. The colors enabled the



student to associate each plane on the three-dimensional
transparent projection box with the planes oﬁ the two-
.dimensional overhead projectuals.

To enable each student to view the projection box per-
pendicularly, a swivel caster was attached to the bottom of
the base. The swivel base allowed the instructor to revolve
the projection box, and thus give each student a clear view
of the projection planes.

Use of the Overhead Projectuals and the
Transparent Projection Box

The methodology for presenting technical information
in this study was developed from an analysis of the lesson
plans. Each participating instructor presented information
following the guideline prescribed in the lesson plans., The
lesson plans were identical for both the control and the
experimental groups with the exception of the notation as to
when the supplementary visual aids were to be presented to
the experimental group.

The overhead projectuals and the transparent projection
box were used in a combination to form one basic instructional
medium. The overhead projectuals were used to illustrate
the two-dimenstional method of making an orthographic drawing,
while the transparent projection box was used to iliuftrate
three—dimen;ional abstract principles. !

The overhead projecctuals, projection box, model block,

and projection box transparencies were assembled before Lhe
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students arrived for class. The model block was placed

inside the projection box and the correct projection plane
transparencies were inserted into the plastic pockets on the
vrojection planes. When these materials were inserted, the
projection box was.equipped to demonstrate the same principles
as the overhead projectuals. When the projection box was
prepared, it was covered with a cloth to eliminate any dis-
traction of the students' attention during the presentation

of the overhead projectuals.

The overhead projectuals were used to introduce the
problem being studied. The projectuals were a two-dimensional
description of how to obtain measurements from reference
planes. Through the use of the problem illustrated on the
projectuals, the instructor taught the principles of projec-
tion by using dividers to measure from the reference plane
to the object line. In this method, students were taught the
abstract principles of reference plénes and orthdgraphic
projection. At the conclusion of the demonstration involving
the projectuals, the transparent projection box was uncovered
and used to illustrate in a three-dimensional review the pro-
cedure involved in solving the problem,

The edges of the three projection planes on the projec-
tion box corresponded in color to the reference plénes on
the overhead projectuals. This enabled the student to relate
the priﬂgipiés of the p;ojection box to the problem that was

presented abstractly in the overhead projectuals. The



projection box illustrated how the problem block was
positioned in regard to the horizontal, fronﬁal, and profile
planes. This observation reinforced the necessary procedure
of measuring, with dividers, the distance from the reference
plane to the object.

This method of teaching was employed in cach lecture
and demonstration presented to the experimental group. The
control group was presented the same information but with
only the chalkboard being employed to illustrate the prin-
ciples of projection.

At the conclusion of each instruction period, the stu-
dents in both the control and experimental groups translated
the observed principles into function and attempted to solve
the assigned problems in their workbooks. The problem pre-
sented in each demonstration was not identical to the one
assigned in the student's workbook; however, the principles

required for solving the problem were always the same.

Experimental Deéign
In the development of the experimental design, there
were.three important factors to be considered. These factors
were the (a) selection of the sample, (b) procedure for
collecting the data, and (c) statistical analysis of the data.

;
. Selection of the Sample /

Eight sections of engineering drawing (Industrial Arts

128) were listed on the schedule of classes in the Industrial
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Arts Department, North Texas State University for the fall
semester of the 1968-69 school year. The sample used in the
study consisted of 173 students enrolled in the eight sections.
The students who participated in this study were permitted to
register for the course sections on an Individual choice
basis. No effort was made to match the sections or students
during this period. Upon the completion of registration and
the beginning of classes, each student completed a student
information sheet (Appendix D, p. 176). The information
sheets were used to identify those students to be excluded
from the study. The students selected to participate in.the
study were required to meet the limitations set forth in the
research design. Information concerning previous experience
in drafting, and pre-test scores of students were not in-
cluded in the study if the students had completed five semesters
or more of high school drafting or were over twenty-two years
of age. Ten of the students had five or more semesters of
high school drafting and eleven were over twenty-two years
of age. These twenty-one studeﬁts remained in their respec-
tive sections, but the data collected on these students were
not included in the study. When the data received from the
21 ineligible stndents were removed from the-prospective
sample, a total of 152 students were eligible to participate
in the study.

Duringwéhe first three weeks of the 1968 fall semester,

all eight sections of Industrial Arts 128 were taught as
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nearly identical as possible. ' The regular course outline
for the course was followed by all instructofs. During this
three~week period, data secured from the student information
sheet were gathered and summarized. At the conclusion of

the three-weck period, the pre-test, Unit Tests in Engineer-

ing Drawing (1}, was administered to each student in ecach

section involved in the study.

Procedure for Collebting Data

The instructional staff was composed of one full-time
staff member whose instructional field is engineering graphics,
and three half-time staff members who werc working toward
the doctoral degree. IEach of the half-time staff members had
three or more years teaching experience in industrial arts.
Bach instructor taught one ekperimental and one control
section of Industrial Arts 128. The effect of time variables
was eliminated in that one experimental group and one con£r01
group received instruction at the same time in adjacent
classrooms.

The four instructors were paired together to help
eliminate the effect of personality traits and any other un-
controllable variabies related to the time or presentation.
Instructor A and instructor B taught classes at the same time
on Monday, Wednesday, and Friday mornings and at the éame
time on'%uesday and Thursday mornings. Instructor C énd

instructor D taught classes at the same time on Monday,
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Wednesday, and Friday mornings and afternoons. A schedule

of the class assignments is presented in Table T,

TABLE I

SUMMARY OF THE SCHEDULE OF INSTRUCTION, INCLUDING THE
INSTRUCTORS OF THE CONTROL AND THE EXPLRIMENTAL

SECTIONS
Day mmmTime Control Experimental
M-W-F 8:00--10:00 Instructor A Instructor B
M-W-F 10:00~12:00 Instructor C Instructor D
Q—WﬂF 1:00-~ 3:00 Instructor D Instructor C
Tueé«Thur 8:00-11:00 Instructor B Instructor A

The assignments of éontrol and experimental sections
were determined by the flip of a coin. As indicated in
Table I, instructors A and B flipped the coin to determine
which instructor would teach the experimental section on
Monday, Wednesday, and Friday mornings. The reversal of the
assignment was made on Tuesday and Thursday mornings.
Instructor C and D flipped the éoin to determine which
instructor would teach the experimental section on Monday,
Wednesday, and Friday mornings with the reversed teaching
assignment being made for the afterncon clagses.

When the control and experimental sections were deter-
mined, it was possible to match the control and experimental
groups. Thé two groups were matched by group mean scores of

nonsignificant difference in terms of (a) age of the students,
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(b} previous drafting experience as determined by semesters
completed in classroom study, and (¢) degree of initial
familiarization with the technical information to be presented
in the study as measured by the pre-test on units I, II, and

IIL of the Unit Tests in Engineering Drawing (l1). In order

to match the two groups in terms of drafting experience and
surface visualization ability as measured by Unit II, it was
necessary to exclude data from six students enrolled in the
experimental sections. These students remained in their
respective sections, but data from them were not included in
the study.

To be matched groups, according to Garrett {3, pp. 212-
213), it was not necessary for each group to have the same\
number of students. Therefore, no effort was made to equalize
the number of students in the two groups. When the two
groups were matched, the control group had a total of seventy-
four students, while the experimental group had a total of
seventy-two students.

The first three weeks of tﬁe semester were utilized as
an interim period to match and determine experimental and
control groups. The formal study began at the beginning of
the fourth week and -was concluded at the end of the eleventh
week,

When the formal study began, the control sections were
vresented cébtent using method A of instruction for a period

of four weeks. A post-test was administered to each control
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section at the conclusion of the four-week instruction period
to determine, as indicated by the test scores, if a change
in visualization had occurred. The post-test consisted of

the same three units from the Unit Tests in Engineering

Drawing (1) that were administcered as the pre-test.

when the formal study began, the experimental sections
taught by method B were presented course content in the
same manner as the control sections taught by method A except
that method B was supplemented with overhead projectuals and
a transparent projection box. At the conclusion of the foﬁrn'
week instructional period, each experimental section was
aduinistered the same post-test that was administered to the
control classes.

This concluded all formal instruction as outlined for
the control methed A and the experimental method B lesson
plans. The eight sections of Industrial Arts 128 continued
to the next units of the course as prescribed by the course
outline. Some of the basic principles of orthographic pro-
jection were used in the "sectioning” and "auxiliary" units,
but the principles of orthographic projection were not re-
taught., The cooperating instructors were not provided lesson
plans upon the conclusion of the formal four-week instruction
period. Each instructor utilized his own method tolteach
the succegeding units; however, the instructor utilizeé the

same method in both the control and the experimental sections.



61

At the conclusion of a second four-week periocd, each
section was administered a retest to determine if a change
in visualization had occurred due to the translation of ortho-
graphic projection principles in certain areas of drawing.
If a change in visualization had occurred, the change was
indicated by the tesﬁ scores. The retest consisted of the

sameé three units from Unit Tests in Engineering Drawing (1)

that were administered as the pre-test and the post-test.
The pre-test, post-test, and retest scores were added

to each student's personal information sheet.

Procedures for Treating Data

Each student's pre~test, post-test, and retest scores
were entered on IBM punch cards; computations were made by
the Data Processing Center at Noxrth Texas State University,
Denton, Texas.

The data used in making comparisons between the two
groups were obtained from the standardized test administered
to the students during the study. The test was described in
Chapter I.

1

The mean score of the pre~test and the mean score of

the post-test were computed using the raw score formula for
the Fisher L program at the Data Processing Center. The

calculated mean scores were used to test Hypothesis I and

i

Hypothesis IT.
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The Fisher t technique was employed for the test of
significance for each of the mean gain factors. The formula
employed in the Fisher t program computed by the Data

Processing Center is:

M ,
E:Dz £D

S
My /NZD - (D) ?
N < 1

The derivation of this formula is from McNemar (6,

pp. 102-103).

A test of significance was calculated for the stated
hypotheses identified as ITI, III-A, III-B, III~C, and III-D,
using the Fisher t technique for the test of significant
difference between matched groups. The formula employed in
the Fisher t program computed by the Data Processing Center

is a derivation from McNemar (6, pp. 102-103).

XC - XE XC - XE
t = =
within variance (;n + L—) N.S.> + N_S_ 2
’ N N cC EE 1 1
C B 5 R {ﬁ_ + ﬁ_)
C E C 5

The tests of significant difference were interpreted
using the tables of Fisher's t (6, p. 430). The comparisons
that were made are presented in Figure 2.

Figure 2 shows the comparisons that were made in test-
ing Hypotheses I, II, III, III-A, IfI-B, III~C, and'I¥I—D.
Tﬁe mean, score of the control pre-test and the mean séore of
the control post-test were compared in testing lUypothesis I.

The mean score of the experimental pre—~test and the mean
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Fig. 2--A summary of the comparison of the pre-test and
the post-test mean scores, mean gain scores, and unit mean
gain scores of the Control and Experimental groups.
score of the experimental posti-test were compared in testing
Hypothesis IX.

The mean gain score of the control group and the mean
gain score of the experimental group were compared in test-—
ing Hypothesis III,

Each unit of the comprehensgive test was compared
separately in testing Hypotheses IITI-A, III-B, III?C, and

ITI-D. In testing Hypothesis III-A, the mean gaih scores of

o

each group on unit I, part I, were compared. In testing

Hypothesis I1I-B, the mean gain scores of each group on
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unit I, part II, were compared. In testing Hypothesis III-C,
the mean gain scores of each group on unit II were compared.
The mean gain scores of each group on unit IIT were compared
in testing Hypothesis III--D.

The mean score of the post-test and the mean score of
the retest were calculated for the experimental and the
control group to test lypothesis IV and Hypothesis V. The
Fishef t technique was employed for the test of significance
for each of the mean.gain factors. -

A test of significance was calculated for Hypotheses
VI, VI-A, VI-B, VI-C, and VI-D using the Fisher t technique
for the test of significant difference between matched
gronps.

The tests of significant difference were interpreted
using the tables of Tisher's t (6, p. 430). The comparisons
that were made are presented in Figure 3.

Figure 3 shows the comparisons that were made in test-
ing Hypotheses IV, V; vIi, VI-A, VI-B, VI-C, and VI-~D. The
mean score of the control post-test and mean score of the
control retest were compared in testing Hypothesis IV. The
mean score of the experimental post-test and the mean score
of the eXperimental‘retest were compared in testing Hypoth-
esis V.,

The' mean gain scoré of the control group and the mean
gain score of the experimental group were compared in testing

Hypothesis VI.
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Fig. 3--A summary of the comparison of the post-test
and the retest mean scores, mean gain scores, and unit mean
gain scores of the Control and Experimental groups.

Fach unit of the comprehensive test was coméared
separately in testing lypotheses VI-A, VI-B, VI-C, and VI-D.
In testing Hypothesis VI-A, the mean galn scores of each
group on unit I, part I, were compared. In testing Hypoth-
esis VI-B, the mean gain scores of each group on unit I,
part II, were compared. In testing Hypothesis VI-C, the
mean gain scores of each group on unit II were com@ared.

The mean gain scores of each group on unit III were compared

in testing Hypothesis VI-D.
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The findings and conclusions drawn from this study were
determined by the acceptance or rejection of‘the null hypoth-
esis. When the t value reached the .05 level, the null
hypothesis was rejected and the research hypothesis was
accepted. The .05 level was considered significant, while

the .01 level was considered highly significant.

Sunmary of the Experimental Design
The experimental design of the investigation involved
matched groups. This selection was based on the following
rationale:

1. It will insure that the observed treatment
cffects are unbilased estimates of the true
affects.

2. It will permit a quantitative description
of the precision of the observed treatment
effects regarded as estimates of the "true"
effects.

3. It will insure that the observed treatment
efifects will have whatever degree of pre-
cision is required by the broader purposes
of the experiment.

4. It will make possible an objective test of a
specific hypothesis concerning the true
effects. :

5. It will be efficient (5, p. 462).

Before this investigation could be conducted satis-~
factorily, the control of many decisive factors was necessary.
If certain contingen£ factors were not properly controlled,
the experimental effects might have been altered. There-~
fore, it was mandatory that necessary controls be emp}oyed
throughdﬁt the experiment.

In order to select.drafting laboratories for the experi-

ment, the four drafting rooms in the Industrxial Arts Building
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were studied to determine if any similarities existed between
the rooms. The physical facilities, academic atmospheres,
and the availability of essential equipment were observed.

It was determined that the following items were identical in
two of the classrooms.

1. The rooms were uniformly organized.

2. The physical facilities, eqguipment, and classroom
layout were identical.

3. Projection screens_and overhead projectors of equal
quality were availabie in each classroon.

4, All teachers involved in the study viewed the study
as being vital and as a worthwhile contribution to industrial
arts.

The following definite controls were employed throughout
the experiment:

1. Four experienced teachers participated in the
experiment. Each teacher taught two classes, of which one
was selected by chance as a control class, and one was
designed as an experimental claés.

2. The students comprising the intact classes were
enrolled in their first drafting course at college level.

3. Lesson plans were used to control the identical
information presented the control and experimental groups.
The ijdentical information was presented to each group at

the same time in identical adjacent classrcoms.
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4, Student performances were measured on identical
forms of the same test. The measuring instruments were
administercd at the same time to each group in adjacent
identical classrooms with the length of testing time being
identical.

Even though many variables were carefully controlled,
there were certain variables that could not be eliminated.
The study habits, home life, health, and other classroom
experiences of the two groups could not be matched. In
discussing this problem, Best stated, ". . . most experiments
must be conducted using intact existing class groups, trust—l
ing that the variables not controlled are irrelevant, or

would not seriously alter the results obtained" (2, p. 129).
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CHAPTER 1V
PRESENTATION AND ANALYSIS OF THE DATA

An analysis of the data was conducted to determine the
effectiveness of overhead projectuals and a transparent
projection box on teaching orthographic projection., 1In
ordexr to test the proposed variablés, one experimental and
one control group were established from the 146 students who
participated in the study. The control group consisted of
74 students, while the experimental group consisted of 72
students. Both groups were taught, as nearly as possible,
the same material. The method of instruction was the same
for both groups except that the experimental group's instruc-
tion was supplemented with overhead projectuals and a transg-
parent projection box.

The tenability of the hypotheses of the study as pre-
sented in Chapter I was determined by a statistical analysis
of the collected data. The data obtained from the students
were recorded on punch cards and computations were made by
the Data Processing Center at North Texas State University,
Denton, Texas. In order to determine the tenability of the
hypothesgs, the Fisher t technique as outlined by McNémar (2)
was emplgyedvto test for significant differences between the

two groups and within the groups. The research hypotheses
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were restated as null hypotheses and were rejected at the
.05 level,
Comparisons of the Pre-Experimental
Data of sStudents in the Control
and Experimental Groups

The initial step in the analysis of data was to deter-
mine if there were any significant differences between the
control and experimental groups before the formal study
began. The specific areas tested were the (a) age of the
students, (b) previous draf£inq experience as determined by
semesters completed in classroom study, and (c) degree of
initial femiliarization with the technical information to be
presented in the study as measured by the pre-test on units

I, IT, and III of the Unit Tests in Engineering Drawing (1).

A comparison of the means, standard deviations, and level of
significance of the three variables is presented in Table II.
As shown in Table ITI, the mean age of the students in
the control group was 18.88 yecars with a standard. deviation
of 1.21, and the mean age of stﬁdents in the experimental
group was 19.1% years with a standard deviation of 1.44.
A t-value with 144 degrces of freedom must reach 1.96
to be significant at the .05 level. As showh in Table ITI,
a value of £t = 1.43 was obtained. Using N ~ 2 degrees of
freedom the t-value indicated a nonsignificant difference.

Thus, the difference in the mean age of the two groups was
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TABLE IT

MEANS, STANDARD DEVIATIONS, & VALUE, AND LEVEL OF
SIGNIFICANCE OF THE VARTABLES USED TO MATCH THE
CONTROL AND EXPERIMENTAL GROUPS

Experimental
Control Group Group Level of
Signifi-
Variable Mean |S.D.** [Mean S.D. t-Value cance
Age 18.881 1.21 19,191 1.44 ~1.43 NS***
Drafting :
Experience .861 1.34 .92 1.23 - .24 NS
Comprehensive
Pre~Test 24.,91(10.93 25.65( 9.28 - .44 NS
Sub~Test
Unit I, : :
Part I 5.42] 3.05 5.721 3,12 ~ .59 NS
Unit T, :
Part II 2.14| 2.82 2,241 2.76 - .22 NS
Unit II 8.43] 4.57 8.541 3.91 - .15 NS
Unit III 8.92}1 2.92 | 9,15 2.70 - .50 NS
*df = 144,

**S.D.~~Standard Deviation.

**¥NS--Nonsignificant.

The previous drafting experience of each student, in texms
of semesters completed in classroom study, was obtained from
data gathered from the students through the aid ofhinformation
sheets., As shown in Table II, the mean number of semesters
of instf;ctibn in drafting study for the students in the

control group was .86 with a standard deviation of 1.34, and
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the mean number of semesters of instruction in drafting
study for students in the experimental group was .92 with a
standard deviation of 1.23,

As shown in Table II, a value of L = .24 was obtained.
Using N - 2 degrees of freedom, the t value indicated no
significance of difference. Thus, the difference in semesters
of classroom instruction in drafting between the control and
experimental groups was nonsignificant as measured by mean
scores. |

To determine if there was a significant difference
between the control group and the experimental group in terms
of initial familiarization of the technical information to
be presented in the study, the pre~-test of each group was
analyzed first for the test in its éntirety and then for
ecach of the sub-~tests. The comprehensive pre~test mean score
of the control group was 24.91 with a standard deviation of
10.93, and the comprehensive pre-test mean score of the ex-
perimental group was 25.65 with a standard deviation of 9.28.

As shown in Table II, a value of t = .44 was obtained.
Using N - 2 degrees of freedom, the t value indicated no
significance of différence in the mecan scores of the control
group and of the experimental gfoup. Thus, the difference
in the kneowledge of the technical information being tested
was nonsignificant as measured by mean scores. |

Although'ﬁhere was nonsignificant difference between the

mean scores of the control and experimental groups on the
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comprehensive pre-test, a test of significance was computed
for each of the sub-tests. This analysis was to determine
if there was a significant difference between the two groups
in the specific areas of (a) missing line visualization,

(b} surface identification, {(¢) surface visualization, and
(d) wvisualization of third-angle projection. In order to
test the sub-hypotheses under Hypothesis III and Hypothesis
VI, the control and experimental groups were matched on both
the comprehensive and sub-test parts of the pre-test,

The first part of unit I measured the student's ability
to visualize missing lines. As shown in Table II, the pre-
test mean score of the control group on unit I, part I, was
5.42 with a standard deviation of 3.05. The pre-test mean
score of the experimental group on unit I, part I, was 5.72
with a standard deviation of 3.12.

As shown in Table II, a value of t = .59 was obtained.
Using 144 degrees of freedom, the t value indicated no sig-
nificance of difference in the mean scores of the-contral
and experimental groups on unit I, part I. Thus, the small
difference in the mean scores of the two groups on unit I,
part I, indicates that the difference in the two groups to
visualize missing lines was nonsignificant.

The second part of unit I measured the student's ability
to locate and identify surfaces on orthographic views. The
pre-test mean score of £hé control group on unit I, part II,

was 2,14 with a standard deviation of 2.82, and the pre-test
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mean score of the experimental group on unit I, part II, was
2.24 with a standard deyiation of 2.76.

As shown in Table II, a value of £ = .22 was obtained.
Using N - 2 degrees of freedom, the t value indicated no sig-
nificance of difference in the mean scores of the control
group and the experimental group on unit I, part II. Thus,
the small difference in the mean scores of the two groups on
unit I, part II, indicates that the difference in the two
group to identify surfaces was nonsignificant.

Unit I1 of the pre-test measured the student's ability
to visualize visible and invisible surfaces on orthographic
views. The pre~test mean score of the control group on
unit IT was 8.43 with a standard deviation of 4.57, and the
pre-test mean score of the experimental group on unit II was
3.54 with a standard deviation of 3.91.

As shown in Table II, a value of t = .15 was obtained.
Using N ~ 2 degrees of freedom} the t value indicated no sig-
nificance df difference in the mean scores of the control
group and the experimental group on unit IT. Thus, the small
difference in the mean scores of the two groups on unit II
indicates that the difference with respect to surface visualiza-
tion was nonsignificant.

Unit III of the pre-test measured the student's ability
to visualize&third-angle projection. The pre-test mean score
of the control group on unit IIT was 8.92 with a standard

deviation of 2.92, and the pre~test mean score of the
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experimental group on unit III was 9.15 with a standard
deviation of 2.70.

As shown in Table II, a value of t = .50 was obtained.
Using 144 degrees of freedom, the t value indicated no sig-
nificance of difference in the mean scores of the control
group and the experimental group on unit III. Thus, the
small difference in the mean scores of the two groups on
unit IIT indicates that the difference in the two groups to
visualize third-angle projection was nonsignificant.

In summary, the Fisher L technique was employed as a
test of significance of the difference between the means of
the three variables which were used to match the two groups.
The results cénfirmed the assumption that the control group
and the experimentai group were nonsignificantly different
in terms of age of students, previcus classroom drafting
experience, and degree of familiarization with the technical
information before starting the formal experimental unit of
instruction; however, the advantage of the small nonsignifi-
cant difference appeared to be in the direction of the
experimental group.

Comparisons of the Mean Gain Scores.éf the
Control Group and the Experimental Group
from the Pre-Test to the Post-Test

Theﬁinitial query.on which data were analyzed involved
a comparison“of the individual mean gain scores of the control

group and the experimental group from the pre-test to the
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post—~test. This comparison ncecessitated the. calculation of
post-test mean scores of bouth tha control and experimental
groups. The mean scores of the pre-test had previously been
calculated in order to match the two groups. The mean gain
HSCoré for the control and the experimental groups was the
difference between the groups' mean score on the pre-test

and mean score on the post-test. A summary of the mean
scores, standard deviation, mean géin scores, t value, and
level of significance for the mean gain scores of the control
and the experimental groups is presented in Table IIX,.

Table IIT presents the comprehensive and unit pre-test
and post-test mean scores, standard deviations, mean gain
scores, degrees of freedom, t value and level of significance
for both the control and expérimental groups. The compre-
hensive pre-test mean score of the control group was 24.91
with a standard deviation of 10.93, and the comprehensive-
post-test mean score was 37.37 with a standard deviation of
12.38. The difference between the £w0 mean scores, which is
the comprehensive mean gain for the control group, was 12.46
with a standard deviation of 8.27.

The first hypotﬁesis was, "the control group will make
a significant mean gain from the pre-test to the post-test on

a comprehensive test of visualization of orthographic;views.“

The criterion for this hypothesis was the mean gain score.

The t value required_for significance with 73 degrees

of freedom is 2.00 at the .05 level. As shown in Table ITT,



COMPREHENSIVE TEST AND UNIT TEST MEAN SCORES,

TABLE 1IX

DEVIATIONS, MEAN GAIN SCORES, t
LEVEL OF SIGNIPFICANCE OF THE PRE-TEST AND

POST-TEST FOR THE CONTROL
EXPERIMENTAL

78

STANDARD

FISHER t VALUE, AND

GROUP ON UNIT
TESTS IN ENGINEERING
DRAWING (1)

AND

Degrees Level of
Pre~ |[Post-|Mean of Signifi-
Variable Test [Test [Gain |Freedom|t-Value| cance
Comprechensive Test
Contrel Group
Mean 24,91 (37.37{12.46
SD* % 10.93]12.38] 8.27{ '3 12.88 3 .001
Experimental
Group
Mean 25.65(38.82113.17
sp 9.28{12.58| 7.73| 't 14.36 -001
Unit Test
Control Group
Unit I, Part I:
Mean 5.42| 8,741 3.32 * * *
SD 3.05§ 3.347 3.23
Unit I, Part II:
Mean 2.141 5.15) 3.01 " % *
SD 2.82| 3.95| 3.38
Unit IIX:
Mean §.43111.80] 3.37 * * *
SD 4.57) 4.92) 3.78
Unit IITI:
Mean 8.92{11.68| 2.76 . . .
SD 2,92 2.97( 2.99
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TABLE III--Continued

Degrees Level of
Pre—- |Post-|Mean of Signifi-
Variable Test {Test |Gain [Freedom|t-Value| cance
Unit Test
Experimental
Group
Unit I, Part I:
SD 3.121 3.52( 2.66 :
Unit I, Part II:
Mean 2.24) 5.68f 3.44 % * *
SD 2.76| 3.741 3,32
Unit IX:
Mean 8.54(12.61) 4.07 % * *
Sh 3.91} 4.96| 4.26
Unit III:
Mean 9.15111.57} 2.42 * * *
SD 2,70 3.11) 2.90

*Computations not necessary in study.

**SD-~Standard Deviation.

a value of t = 12.88 was obtained. Using N - 1 degrees of
freedom, the t value was found to be significant at better
than the .001 level. Thus, the null hypothesis, the control
group will not make a significant mean gain from the pre-test
to the post-test on a comprehensive test of visualization of
orthographic views, was rejected and the research hfpothesis

|
was accepted, ‘
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Since the mean gain difference was significant, it can
be inferred that there was a significant gain in the control
group's ability to visualize orthographic views.,

As shown in Table III, the comprehensive.premtest mean
score of the experimental group was 25.65 with a standard
deviation of 9,28, and the comprehengive post-test mean score
was 38.82 with a standard deviation of 12.58. The difference
between the two mean scores, which.was.the comprehensive mean
gain for the experimental group, was 13.17 with a standard
deviation of 7.73.

The second hypothesis was, "the experimental group will
make a significant mean gain from the pre~test to the post-
test on a comprehensive test of visualization of orthographic
views." The criterion for tﬁis hypothesis was the mean gain
score,

The t value required for significance with 71 degreeé
of freedom is 2.00 at the .05 level. As shown in Table III,
a value of t = 14.36 was obtained. Using N -~ 1 degrees of
freedom, the t value was found to be significant at better
than the .00l level. Thus, the null hypothesis, the experi-
mental group will not make a significant mean gain from the
pre~test to the post~test on a comprehensive test of Yisual—
ization of orthographic views was rejected and the re%earch
hypotheszé was accepted. Since the mean gain difference was

Significantr it can be inferred that there wac a aimrnificants
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gain in the experimental group's ability to visualize ortho-
graphic projection views.
Table III presents the pre-test and post-test mean

scores, standard deviations, and mean gain scores on unitsI,

ITI, and III of Unit Tests in Fngineering Drawing (1) which

were administered at the beginning and the end of the experi-
mental unit of instruction to students in the control and
experimental groups.

The pre-test mean score of the control group on unit I,
part I, was 5.42 with a standard deviation of 3.05, and the
post-test mean score was 8.74 with a standard deviation of
3.34, The difference between the two mean scores was the
mean gain score of the control group on unit I, part I, The
mean gain score was 3.32 with a standard deviation of 2.75.

The pre-test mean score of the control group on unit I,
part II, was 2.14 with a standard deviation of 2.82, and the
post-test mean score.was 5.15 with a standard deviation of
3.95. The difference between the two mean scores was the
mean gain score of the control group on unit I, part II,
which was 3.01 with a standard deviation of 3,38,

The pre-test mean score of the control group on unit II
was 8.43 with a standard deviation of 4.57, and the post-test
mean score was 11.80 with a standard deviation of 4.92. The
differen;e between the two mean scores was the mean gain
score of the control group on unit II, which was 3.37 with a

standard deviation of 3.78.
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The pre-test mean score of the control group on unit
IIT was 8.92 with a standard deviation of 2.92, and the post-
test mean score was 11.68 with a standard deviation of 2.97,
The difference between the two mean scores was the mean gain
score of the control group on unit III, which was 2.76 with
a standard deviation of 2.99.

The pre-test mean score of the experimental group on
unit I, part I, was 5.72 with a standard deviation of 3.12,
and the post-test mean scorec was 8.96 with a standard devia-
tion of 3.52. The difference between the two mean scores
was the mean gain score of the experimental group on unit I,
part I, which was 3.24 with a standard deviation of 2.66.

The pre-test mean score of the experimental group on
unit I, part II, waé 2.24 with a standard deviation of 2.76,
and the post-test mean score was 5.68 with a standafd devia-
tion of 3.74. The difference between the two mean scores
was the mean gain score of the experimental group on unit I,
part II, which was 3.44 with a standard deviation of 3.32.

The pre-test mean score of the experimental group on
unit IT was 8.54 with a standard deviation of 3.91, and the
post-test mean score was 12.61 with a standard deviation of
4.96. The difference between the two mean scores was the
mean gain score of the experimental group on unit II, which

was 4.07"with a standard deviation of 4.26.
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The pre-test mean score of the experimental group on
unit ILI was 9.15 with a standard deviation of 2.70, and the
post—~test mean score was 11.57 with a standard deviation of
3.11, The difference between the two mean scores was the
mean gain score of the experimental group on unit III, which
was 2.42 with a standard deviation of 2,90.

Hypotheses III, III-A, III-B, III-C, and III-D were
tested in regard to the greater mean gain score between the
control and the experimental groups fr&m the pre~test to the
vost—-test., The greater mean galin score was the difference
between the mean galin score of the control group and the mean
gain score of the experimental group. A summary of the mean
gain scores, mean difference score, t value, and level of
significance for the greater mean géin score between the
control group and the experimental group is presented in
Table IV.

As shown in Table IV, the mean gain scores on the compre-
hensive test ahd each sub~test for the control and the ex-
perimental groups were tested for significant difference.

The third hypothesis was, "the experimental group will
make a significantly greater mean gain than will the control
group from the pre-test to the post-test on a comprehensive
test of visualization of orthographic views." The criterion

|
for this+hypothesis was the greater mean gain score.
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TABLE IV

SUMMARY OF FISHER t COMPARING MEAN GAIN SCORES OF THE
CONTROL AND THE EXPRRIMENTAL GROUPS FROM THE PRE-
TEST TO THE POST-TEST ON UNIT TESTS IN

ENGINBEERING DRAWING (1) T

Mean Gain
Mean Level of
Control {Experimental{Differ- Signifi-
Test Group Group ence t Value|cance
Comprehensive :

Test 12.46 13.17 -.71 - .53 NG**
Unit I, Part I| 3.32 3.23 .09 .20 NS
Unit I,

Part IIX 3.01 3.44 ~.43 - .77 NS
Unit III 2.76 2.42 .34 .69 NS
Unit II 3.36 4.07 -.71 -1.05 NS

*df = 144. '
**Nonsignificant.

As shown in Table IV, the mean gain score of the control
group was 12.46, and the mean gain score of the experimental
group was 13.17. The difference between these two mean gain
scores was .71 in the direction of the experimental group.
The obtained value of t = ,53 indicated that there was non-
significant difference in the mean gain scores. Thus, the
null hypothesis (the experimental group will not make sig-
nificantly greater mean gain than will the control gr%up from
the pre-test. to the post-test on a comprehensive test!of

visualization of orthographic views) could not be rejected;
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Since the mean gain difference was small and indicated
nonsignificant difference, it may be inferred that instruction
method A and instruction method B were of reasonably equal
value when utilized to teach orthographic projection. Even
though the difference was nonsignificant, it appears that
the experimental method was in some degree superior to the
control method in that the experimental group scored a greater
mean gain and a smaller deviation than the control group.

lHypothesis III~A was, "the experimental group will make
a significantly greater mean gain than will the control group
as measured by a test of missing lines.” The criterion for
this hypothesis was the greater mean gain score on unit I,
part I.

As shown in Table IV, the mean gain score of the control
~group was 3.32, and the mean gain score of the experimental
group was 3,23. The difference between the two mean gain
scores was .09 in the direction of the control group. The
obtained value of t - .20 indicated there was nonéignificant
difference in the mean gain scores. Thus, the null hypoth—
esis (the experimental group will not make a significantly.
greater mean gain than will the control group as measured by
a test of missing lines) could not be rejected; therefore,
the research hypothesis was rejected.

Since the mean gain difference was small and indicated
nonsignificant differenée; it may be inferred that instruction

method A and instruction method B were equally effective in
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presenting missing line visualization as measured by the
mean gain scores.

Hypothesis III-B was, "the experimental group will make
a significantly greater mean gain than will the céntrol group
as measured by a test of surface identification.”™ The
criterion for this hypothesis was the greater mean gain
score on unit I, part IT,

As shown in Table IV, the mean gain score of the control
group was 3.01, and the mean gain scoré of the experimental
group was 3.44. The difference between the two mean gain
scores was .43 in the direction of the experimental group.
The obtained value of t = .77 indicated there was no signifi—
cance of difference in the mean gain scores. Thus, the null
hypothesis (the expérimental group will not make a signifi-
cantly greater mean gain than will the control groué as mea-
sured by a test of surface identification) could ndt be
rejected; therefore, the reseérch hypothesis was rejected.

Since the mean gain difference was small and indicated
nonsignificant difference, it may be inferred that instruc-
tion method A and instruction method B were egually effective
in presenting surface identification as measured by the mean
gain scores.

Hypothesis IT1I-C was, "the experimental group will make
a significantly greater mean gain than will the control

group as measured by a test of visualization of orthographic
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views." The criterion for this hypothesis was the greater
mean gain score on unit III.

As shown in Table IV, the mean gain score of the control

~group was 2.76, and the mean gain score of the experimental

group was 2,42, The difference between the two mean gain
scores was .34 in the direction of the control group. The
obtained value of t = .69 indicated there was no significance
of difference in the mean gain scores. Thus, the null
hypothesis (the experimental group wili not make a signifi-
cantly greater mean gain than will the control group as mea-
sured by a test of visualization of orthographic views} could
not be rejected; therefore, the research hypothesis was
rejected,

Since the mean gain differencé was small and indicated
nonsignificant difference, it may be inferred that instruc-
tion method A and instruction method B were equally effective
in presenting orthographic projection as measured by the
mean gain scores.

Uypothesis III-D was, "there will be no significant
difference in the mean gain scores of the two groups as mea-
sured by a test of visualization of surfaces." The c¢riterion
for this hypothesis was the greater mean gain score on unit

IT.

|=
As shown in Table IV, the mean gain score of the control
group was 3.36, and the mean gain score of the experimental

group was 4.07. The difference between the two mean gain
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scores was .71 in the direction of the experimental group.
The obtained value of t = 1.05 indicated there was nonsig-
nificant difference in the mean gain scores. Thus,.the
rescarch hypothesis was accepted.

Since the mean gain difference was small and indicated
no significant difference, it may be inferred that instruc-
tion method A and instruction method B were equally effective
in presenting visualization of orthographic surfaces as
neasured by the mean gain scores. o

Comparisons of the Mean Gain Scores Following
the Translation of Orthographic Principles
into Function

The second guery on which data were analyzed involved
a comparison of the individual mean gain scores of the
control group and the experimental group from the post-test
to the retest. This comparison necessitated the calculation
of retest mean scores of both the control and experimental
groups. The mean gain score for the control and experimental
groups was the difference between the group's mean score on
the post-test and mean score on the retest. A summary of
the mean scores, standard deviations, mean gain scores, t
value, and level of significance for the mean gain scores of

the control and the experimental groups is presented in

Table V.,

.



COMPREHENSTIVE TEST AND UNIT TEST MEAN SCORES,
DEVIATIONS,

RETEST FOR THE CONTROL

TABLE V

MEAN GAIN SCORIS, t
LEVEL OF SIGNIFICANCE OF THE POST-TEST AND
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STANDARD

FISHER t VALUE AND

AND EXPHRIMENTAL

GROUP ON UNIT TESTS IN ENGINEERING

" DRAWING (T}

Degrees Level of
Post=| Re- |Mean of Signifi-
Variable Test |[test |[Gain |Freedom t Value| cance
Comprehensive Test
Control Group
Mean 37.36141.82} 4.46
Sp* 12.38112.29] s5.91| 73 6.48 - 001
§§Qerimen3§£
Group
Mean 38.82(43.85| 5.03
SD 12.58(12.80] 6.321 /1 6.70 -001
Unit Test
Control Group
Unit I, Part I:
Mean 8.74] 9.80| 1.05 * % *
SD 3.341 2.66] 2,04
Unit I, Part II:
Mean 5.15¢ 6.50t 1.35 2 % "
SD 3.951 3.80) 2.94
Unit II:
Mean 11.80{13.11} 1.31 % % %
SD 4.92| 5.09( 3.19
Unit TII:
Mean 11.6812.42 .74 * 2 *
SD 2.97) 3.07] 2.75 :
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TABLE V--Continued

Degrees Level of
Post—-| Re- [Mean of Signifi-
Variable Test |[test |Gain {Freedom|t Value| cance
Unit Test
Exverimental
Group
Unit I, Part I1:
Mean 8.96 9.51 .55 * * %
SD 3.52| 3.3612.35
Unit I, Part II: ,
Mean 5.68}1 7.3311.65 % * *
SD 3.74| 3.5912.86
Unit II:
Mean 12.61[13.99)1.38 * * %
SD 4.96] 4,80(2.60
Unit IIX:
Mean 11.57113.01(1.44 % % *
SD 3.11¢ 3.2112.74

*Computations not necessary 1in study.

**SpD~-Standard Deviation.

Table V presents the comprehensive and unit_post—test
and retest mean scores, standard deviations, mean gain scores,
degrees of freedom, t value, and level of significance for
both the control and experimental groups. The comprehensive
post-test score of the control group was 37.36 with a
standard deviation of 12.38, and the comprehensive retest
mean score was 41.82 with a standard deviation of 12.29. The
differen;e between the two scores, which is the comprehensive
mean gain for the control group, was 4.46 with a standard

deviation of 5.91.



91

The fourth hypothesis was, "the control group will make
a significant mean gain from the post-test to the retest on
a comprehensive test of visualization of orxrthographic views."
The criterion for this hypothesis was the mean gain score.

As shown in Table V, a value of t = 6.45 was ébtained.
Using 73 degrees of freedom, the t value was found to be
significant at better than the .00l level. Thus, the null
hypothesis (the control group will not make a significant
mean gain from the post-~test to the refest on a comprehensive
test of visualization of orthographic views) was rejccted
and the research hypothesis was accepted.

Since the mean gain difference was significant, it can
be inferred that there was a significant gain in the control
group's ability to visualize orthographic views.

As shown in Table V, the comprehensive post-test mean
score of the experimental group was 38.82 with a standaxd
deviation of 12.58, and the cémprehensive retegst score was
43,85 with a standard deviation of 12.80. The difference
between the two scores, which is the comprehensive mean gain
score for the experimental group, was 5.03 with a standard
deviation of 6,32.

The fifth hypothesis was, "the experimental group will
make a significant mean gain from the post-test to the
retest on a comprehensive test of visualization of ortho-
graphic views." The criterion for this hypothesis was the

mean gain score,
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As shown in Table V, a value of ¢ = 6.70 was obtained.
Using 71 degrees of freedom, the t value was found to bhe
significant at better than the .001 level. Thus, the null
hypothesis (the experimental group will not make a signifi-
cant mean gain from the post-test to the retest on a compre-
hensive test of visualization of orthographic views) was
rejected and the research hypothesis was accepted.

Since the mean gain difference was significant, it can
be inferred that there was ‘a significant gain in the experi-
mental group's ability to visualize orthographic projection
views.

Table V presents the post-test and retest mean scores,
standard deviations, and mean gain scores on unit I, II, and

III of the Unit Tests in Engineering Drawing (1) which were

administered at the beginning and at the end of the transla-
tion period to students in the control and experimental
groups.
The post-test mean gain score of the controi grouﬁ'on
unit I, part I, was 8.74 with a standard deviation of 3.34,
and the retest mean score was 9.80 with a standard deviatibn
of 2.66., The difference between the two mean scores was the
mean gain score of 1.05 with a standard deviation of 2.04.
The post-~test mean score of the control group on unit_I,
part II:twas 5.15 with a standard deviation of 3.95, and
the retest mean score ﬁaé 6.50 with a standard deviation of

3.80. The difference beltween the mean scores was the mean
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gain of the control group on unit I, part II, which was 1.35
with a standard deviation of 2.94.

The post-test mean score of the control group on unit
II was 11,80 with a standard deviation of 4,92, and the
retest mean score was 13.11 with a standard deviation of 5.09.
The difference between the two mean scores was the mean gain
score of the control group on unit II, which was 1.31 with
a standard deviation of 3.109.

The post-test mean score of the cbntrol group on unit
I1I was 11.68 with a standard deviation of 2;97, and the
retest mecan score was 12.42 with a standard deviation of
3.07. The difference between the two mean scores was the
mean gain score of the control group on unit III, which was
.74 with a standard deviation of 2.75.

The post-test mean score of the experimental group on
unit T, part I, was 8.96 with a standard deviation of 3.52,
and the retest mean score was 9.51 with a standard deviation
of 3.36. The difference between the two mean scores was
the mean gain score of the experimental group on unit I,
part I, which was .55 with a standard deviation of 2.35.

The post-test mean score of the experimental group on
unit I, part IT, was 5.68 with a standard deviation of 3.74,
and the retest mean score was 7.33 with a standard deviation
of 3.59 The difference betwecen the two mean scores was tﬁe
mean gain score of the experimental group on unit I, part IT,

which was 1.65 with a standard deviation of 2.86.
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The post—test mean score of the exporimental group on
unit II was 12.61 with a standard deviation of 4.96, and the
retest mean score was 13.99 with 'a standard deviation of 4.80.
The difference between the two mean scores was the mean gain
score of the experimental group on unit II, which Qas 1.38
with a standard deviation of 2.60,

The post-test mean score of the experimental group on
unit IIT was 11.57 with a standard deviation of 3.11, and
the retest mean score was 13.01 with a standard deviation
of 3.21. The difference between the two mean scores was the
mean gain score of the experimental group on unit IIT, which
was 1.44 with a standard deviation of 2.74,

Ilypotheses VI, VI-A, VI-B, VI-C, and ViI-D wefe tested
in regard to the greater mean gain score between the control
group and the experimental group from the post-test to the
retest. The grcecater mean gain score was the difference
between the mean gain score of the control group and the
mean gain score of the experimental group. A summary of the
Mmean gain scores, mean difference score, t value, and level
of significance for the greater mean gain score between the
control group and the experimental group is presented in
Table VI,

As shown in Table VI, the mean gain scores on the
comprehensiye test and each sub~test for the confrol group
and the experimental group were tested for significance of

difference,
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TABLE VI

SUMMARY OF FISHER t COMPARING MEAN GAIN SCORES OF THE
CONTROL AND THE EXPERIMENTAL GROUPS FROM THE POST-
TEST TO THE RETEST ON UNIT TESTS IN

ENGINEERING DRAWING (1) T

Mean Gain
Mean Level of
Control [Experimental {Differ- Signifi-
Test Group Group ence t Value| cance
Comprehensive

Test 4.46 5.03 ~.57 - .58 NS**
Unit I, Part T| 1.05 . 56 .49 1.36 NS
Unit I,

Part IT 1.35 1.65 —=.30 - .62 NS
Unit IT - 1.31 1.38 -.07 - .13 NS
Unit III .74 1.44 -.70 -1.53 NS

*df = 144,

**Nonsignificant.

The sixth hypothesis was, "the experimental group will
make a significantly greater mean gain than will the control
group from the post-test to the retest on a comprehensive
test of visualization of orthographic views." The criterion
for this hypothesis was the greater mean gain score.

As shown in Table VI, the mean gain score of the control
group was 4,46, and the mean gain score of the experimental
group was 5,03, The difference between the two mean gain
scores was .57 in the direction of the exXperimental group.
The obtained value of E': .56 indicated there was nonsignifi-

cant difference in the mean gain scores. Thus, the null
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hypothesis (the experiwmental group will not make a signifi-
cantly greater mean gain than will the control group from
the post-test to the retest on a comprehensive test of
visualization of orthographic views) could not be rejected;
therefore, the research hypothesis was rejected,

Since the mean gain difference was small and indicated
nonsignificant differcnce, it may be inferred that instruc-
tion method A and instruction method B were equally effective
when utilized to teach orthographic prgjection as measured
by the mean gain scores.

Hypothesis VI-A was, "there will be no significant
difference in the mean gain of the two groups as measured by
a test of missing lines." The criterion for this hypothesis
was the greater mean gain score on unit I, part I.

As shown in Table VI, the mean gain score of the control
group was 1.05, and the mean gain score of the experimental
group was .56. The difference between the two mean gain
scores was .49 in the direction of the control group. The
obtained value of t = 1.36 indicated that there was no sig-
nificance of difference in the mean gain scores. Thus, the
research hypothesis was accepted,

Since the mean gain difference was small and-indicated
nonsignificant difference, it may be inferred that instruc=-
tion method A and instruction method B were equally effective
in presenting missing line visualizalion as measured by the

mean gain scores,
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Hypothesis VI-B was, "there will be no significant
difference in the mean gain of the two groupé as measured by
a test of surface identification."™ The criterion for this
hypothesis was the greater mean gain score on unit I, part II.

As shown in Table VI, the mean gain score of the control
group was l.35,Iand the mean gain score of the experimental
group was 1.65. The difference between the two mean gain
scores was .30 in the direction of the experimental group.
The obtained value of t = .62 indicatea there was nonsignifi-
cant difference in the mean gain scores. Thus, the research
hypothesis was accepted.

Since the mean gain difference was small and indicated
nonsignificant difference, it may be inferred that instruc-
tion method A and instruction method B were equally effective
in presenting surface identification as measured by the mean
gain scores.

Hypothesis VI-C was, "there will be no significant
difference in the mean gain of the two groups as measured
by a test of visualization of surfaces." The criterion for
this hypothesis was the greater mean gain score on unit II.

As shown in Table VI, the mean gain score of the control
group was 1.31, and the mean gain score of the experimental
group was 1.38. The difference between the two mean @ain
scores was ,07 in the direction of the experimental ;roup.
The obtained value of t = .13 indicated there was no signifi-
cance of difference in the mean gain scores. Thus, the

regearch hypothesis was accepted.
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Since the mean gain difference was small and indicated
nonsignificant difference, it may be inferred that instruc-
tion method A and instruction method B were equally effective
in presenting visualization of surfaces as measured by the
mean gain scores.

Hypothesis VI-D was, "the experimental group will make
a significantly greater mean gain than will the control
group as measured by a test of visualization of third-angle
projection.” The criterion for thié h?pothesis was the
greater mean gain score on unit IIIX,

As shown in Table VI, the mean gain score of the control
group was .74, and the mean gain score of the experimental
group was l.44, The difference between the two mean gain
scores was .70 in the direction of the experimental group.
The obtained value of t = 1.53 indicated there was no sig-
nificance of difference in the mean gain scores. Thus, the
null hypothesis (the experimental group will not make a
significantly qreatef mean gain than will the control group
as measured by a test of visualization of third-angle pro-
jection) could not be rejected; therefore, the research
hypothesis was rejected,

Since the mean‘gain difference was small and indicated
nonsignificant difference, it may be inferred that instruc-
tion method A and instruction method B were equally effective
in presenting visualization of third-angle projection as

measured by the mean gain scores.
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Sunmaxry
A resume of the data obtained in the study is presented

in Table VIT.

TABLE VII

SUMMARY OF THE ANALYSIS OF DATA OBTAINED IN THE STUDY

Degrees of Hypothesis
Hypothesis Freedom t Value Accepted or Rejected

I 73 -12.88 Accepted
T 71 -14.36 Accepted
III 144 - .53 Rejected
ITI~A 144 .20 Rejected
Iir-B 144 - .77 Rejected
III-C 144 .59 Rejected
III-D 144 - 1.05 Rejected
IV 73 - 6.45 Accepted
Vv 71 - 6.70 Accepted
vl 144 - .56 Rejected
VI-A 144 1.36 Accepted
VI-B 144 ~ .62 Accepted
VI-C ' 144 - .13 Accepted
VI-D 144 - 1.53 Rejected
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CIIAPTER V

SUMMARY, FINDINGS, CONCLUSIONS,

AND RECOMMENDATIONS

The problem was a study of the effectiveness of ovex-
head projectuals and a transparent projection box in teach-
ing orthographic projection. The experimental design of the
investigation involved two groups that were matched by mean
scores of nonsignificant difference in terms of (a) age of
students, (b) previous classroom drafting experience, and
(c) degree of familiarization with the technical information
to be presented in the study.

After a three-week interim period, the experimental
group was presented course content using the same method as
the control group with the exception that the experimental
method was supplemented with the overhead projectuals and a
transparent projection box. Identical post-tests were |
administered to each group at the conclusion of the four-
week instruction period to determine, as indicated by the
test scores, if a change in visualization had occurred. At
the conclusion of a second four-week period, the identical
retest was administeved to each group. The retest was |
adminisgére& to determine if an increase in visualization

had occurred after the students had translated the principles

TNt
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of orthographic projection into function, If change had
cccurred, it would bhe indicated by the tast scores.

The Fisher t technique for correlated groups was
employed to determine whether significant difference existed
between the mean scores of the pre-test, post-test, and
retest for each group. In order to determine whether a sig-
nificant difference existed between the mean gain scores of
the control group and the experimental group, the Fisher t
technique for matched groups was utilized.

To test the stated hypotheses, the data were analyzed
for the comprehensive test and each of the three unit tests.
The comprehensive test score was analyzed to determine the
overall ability of the student to visualize problems involv-
ing orthographic préjection. The unit tests scores were
analyzed to determine if there was a significant difference
in the mean scores of the two‘groups on missing line visual-
ization, surface identification, orthographic view identifi=-
cation, and surface visualization.

The purposes of the study were stated as follows:

1. To determine the effectiveness of overhead projec-
tuals and a transparent projection box on the ability of
students to visualize orthographic views.

2, To determine the effectiveness of overhead projec-
tuals and a transparent projection box on the ability of

students to visualize objects from orthographic projection

views,
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3. To determine the change in the student's ability to
visualize the application of orthographic principles in
different units of engineering drawing.

4. To identify those units involving visualization
that are most affected by study through applicatioﬁ of ortho-
graphic principles in different units of engineering drawing.

The collected data were analyzed with respect to test-
ing the following hypotheses:

I. The control group will make a'significant mean gain
from the pre~test to the post-test on a comprehensive test
of visualization of orthographic views.

IT. The experimental group will make a significant
mean gain from the pre-test to the post-test on a compre-
hengive test of visualization of orthographic views.

ITI. The experimental group will make a significantly
greater mean gain than will the contrel group from the pre-
test to the post-test on a coﬁprehensive test of visualiza-
tion of orthographic views:

A. The experimental group will make a signifi-
cantly greater mean gain than will the control group as mea-
sured by a test of missing lines.

B, The experimental group will make a signifi-
cantly greater mean gain than will the control group as mea-
sured by.a test of surface identification. |

C. The experimental group will make a signifi-
cantly greater mean gain than will the control group as mea-

sured by a test of wvisualization of orthographic views.
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D. ‘fhere wiill be no significant difference in
the mean gains of the two groups as measured-by a test of
“visualization of surfaces.

IV. The control group will make a significant mean
gain from the post-test to the retest on a comprehensive
test of wvisualization of orthographic views.

V. The experimental group will make a significant
ean galn from the post-test to the retest on a comprehensive
test of visualization of orthographic views.

VI. The experimental group will make a significantly
greater mean gain than will the control group from the post-
test to the retest on a comprehensive test of wvisualization
of orthographic views:

A. There will be no significant difference in the
mean gain of the two groups as measured by a test of missing
lines.

B. There will be no significant difference in the:
mean gain of the two groups as measured by a test of surface
identification.

C. There will be no significant difference in the
mean gain of the two groups as measured by a test of visual-
ization of surfaces.

D. The experimental group will make a siénﬁfi~
cantly greater mean gain than will the control group %s

measuvred by a test of visualizaition of third-angle projection,
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Pindings

The findings of this study were determined by an analy-
sis of the collected data. The research hypotheses were re-
stated and tested as null hypotheses. When the obtained
t value reached the .05 level the null hypothesis was
rejected and the research hypothesis was accepted. The .05
level was considered significant, while the .01 level was
considered highly significant.

1. The first hypothesis stated.that the control group
would make a significant mean gain from the pre-test to the
post-test on a comprehensive test of visualization of ortho-
graphic views. An analysis of the data indicated that the
computed mean gain difference was highly significant at
better than the .001 level; therefcre, the null hypothesis
was rejected,

2., The second hypothesis stated that the experimen£al
group would make a significant mean gain from the pre-test
to the post-test on a comprehensive test of visualization of
orthographic views. When an analysis of the data indicated
that the computed mean gain difference was highly significant
at better than the .001 level, the null hypothesis was
rejected.

3. The third hypothesis stated that the experimental
group would make a significantly greater mean gain than wduld
the control group from the pre-test to the post-test on a

comprehensive test of visualization of orthographic views.
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An analysis of the data indicated that the computed mean
gains of the two groups were of nonsignificant difference;
therefore, the null hyﬁothesis could not be rejected.

4. The sub-hypothesis III-A theorized that the experi-
mental group would make a significantly greater meén gain
than would the control group as measured by a test of missing
lines. However, an analysis of the data indicated that the
computed mean gain scores of the two groups were of no sig-
nificance of difference; therefore, the null hypothesis could
not be rejected.

5. The sub-hypothesis III-B indicated that the experi~-
mental group would make a significantly greater mean gain
than would the control group as measured by a test.of surface
identification. An analysis of the data indicated that the
computed mean gain scores of the two groups were of nonsig-
nificant differcence; therefore, the null hypothesis could
not be rejected.

6. The sub-hypothesis III-C stated that the experi-
mental group would make a significantly greater mean gain
than would the control group as measured by a test of visual-
ization of orthographic views; however, an analysis of the
data indicated that there was no significance of difference
in the computed mean gain scores of the two groups. There-
fore, the null hypotheéis could not be rejected.'

. 7. According to sub-hypothesis III-D, there would be

no significant difference in the mean gain of the two groups
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as measured by a test of visualization of surfaces. When an
analysis of the data indicated there was nonsignificant
difference in the computed mean gain scores of the two groups,
the research hypothesis was accepted.

8. The fourth hypothesis stated that the control group
would make a significant mean gain from the post-test to the
retest on a comprehensive test of visualization of ortho-
graphic views. When an analysis of the data indicated that
the computed mean gain difference was highly significant at
better than the .001 level, the null hypothesis was rejected.

9. The fifth hypothesis indicated that the experimental
group would make a significant mean gain from the post-test
to the retest on a comprehensive test of orthographic views.
An analysis of the data indicated that the computed mean gain
difference was highlf significant at better than the .00l
level; therefore, the null hypothesis was rejected.

10, The sixth hypothesis theorized that the experimental
group would make a significantly gréater mean gain than would
the control group from the post-test to the retest on a
comprehensive test of visualization of orthographic views.

An analysis of the data indicated that the computed mean
gains of the two groups were of nonsignificant differcnce;

therefore, the null hypothesis could not be rejected.f

f
11. "'The sub-hypothesis VI-A stated that there would be
no significant difference in the mean gain of the two groups

as measured by a test of missing lines. When an analysis of
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the data indicated that there was no significance of dif-
ference in the computed mean gain scores of the two groups,
the research hypothesis was accepted.

12. The sub-~hypothesis VI-B stated that there would be
no significant difference in the mean gain of the two groups
as measured by a test of surface identification. An analysis
of the data indicated that the computed mean gains of the
two groups were of nonsignificant difference; therefore, the
research hypothesis was accepted.

13. The sub—hy?othesis VI~C theorized that there would
be no significant difference in the mean gain of the two-
groups as measured by a test of visualization of surfaces,
When an analysis of the data indicated that there was non-
significant difference in the computed mean gain scores of
the two groups, the research hypothesis was accepted.

14. The sub-hypothesis VI-D indicated that the experi-
mental group would make a significantly greater mean gain
than would the control group as measured by a test of wvisual-
ization of third-angle projectién. An analysis of the data
indicated that there was no significant difference in the
computed mean gain scores of the two groups; consequently,

the null hypothesis could not be rejected.

Conclusion
The following conclusion was drawn from an analysis of

the findings of the study.
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hither method utilized in this study will be edqually

effective in teaching orthegraphic projection.

Inferences

It was nypothesized that a teaching method supplemented
with overhead projectuals and a transparent projection box
would be more effective in presenting orthographic projection
than a teaching method thalt did not utilize these visual
aids. The findings of the study indicate there were ncnsig-
nificant differences in the two teaching methods when measured
by mean gain scores.

On the basis of the findings and the conclusions, the
following inferences were drawn.

1. The attitude of each instructor toward the experi-
mental study was important. It is possible that, in spite
of the controls provided, the attitude of some of the instruc—
tors involved in the study was not positive and could have
affected the study.

2. In the study, it was essential for each instructor
to be skilled in the utilization of the overhead projectuals -
and the projection box. In spite of the orientation given
each instructor ccnéerning the use of the visual aids before
and during the study, it is possible the degree of skill of

each participating instructor to manipulate and to correlate

the projectuals and the projection box into the teaching
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situation may have varied. This variable could possibly be
the reason the effectiveness of the two instructional methods
appear to be equal.
3. The four-week instruction period may have been too
short a period of time to evaluate the experimental variable.
4. The chalkboard drafting machine was utilized to draw
the example problems for the control group. It is possible
a significant differenée between the two groups might have
existed had the instructor sketched thé example problems

freehand on the chalkboard.

Recommendations

On the basis of the findings, it is recommended that

1. A study should be conducted to investigate the
effectiveness of overhead projectuals and a transparent pro-
jection box as separate variables in teaching orthographic
projection,

2. Tuture study should investigate the effectiveness
of the reference plan method of projection as compared to
the effectiveness of the forty-five degree miter method of
projection on teaching orthographic projection.

3. Research should be conducted to construct and
standardize a new.comprehensive test for measuring ortho-
graphic_drafting ability.

4, A étudy should be conducted to determine the rela-
tionship between the attitude of the student toward drafting

courses, drafting ability, and student creativity.
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5. Further research should be conducted to determine
if student success in drafting is correlated with student
success in mathematics;

6. A study should be conducted to investigate success
in industrial arts engineering drafting as related.to
industrial arts majors, interior design majors, art majors,

and pre-—engineering majors.



Folder No, < 2

APPENDIX A
UNIT TESTS IN ENGINEERING DRAWING

ORTHOGRAPHIC PROJECTION 1

Form A

PREPARED BY

THE ASEE. COMMITTEE ON ADVANCED CREDITS, DRAWING DIVISION

Rarpe 8. ParrENBARGER, Chairman, The Obio State University

WeesTER M. CBRI1sSTMAN, JR., University of Wisconsin (Milwaukee Division)
Mavurice Graney, Purdue University

Ranvorrr P, Horuscaer, University of Illinois

Joun M. Russ, The State University of Iowa

IN COOPERATION WITH
THE EDUCATIONAL TESTING SERVICE

DIRECTIONS

The questions which refer to the drawings in this folder are on a separate sheet., Your
answers will be recorded in the appropriate spaces on the question sheet. Letter your
name and the other information called for in the blanks on the question sheet, then finish
reading these directions.

In this test you will find some questions which are easy and some which may be diffi-
cult for you. If you have no idea of the correct answer to a question, omit it and go on
to questions you do understand. If you think you know the answer to a question but are
not sure, it will be to your advantage generally to indicate your answer.

Make no unnecessary marks. If you change an answer, erase your first mark com-

pletely. Do not fold or crease your question sheet. MAKE NO MARKS ON ANY PAGE
OF THIS FOLDER.

Further directions may be found on the question sheet and preceding the drawings in
this folder.

BY PERMISSION'E. T, 3. 5-'68

DO NOT OPEN THIS FOLDER UNTIL YOU ARE TOLD TO DO 80 BY THE EXAMINER

Copyright 1848 by the Educational Testing Service



113
DIRECTIONS: Each of the three-view drawings given below is incomplete because one line is missing. The miss-

ing line may represent a visible or invisible surface or an intersection of surfaces, and may oceur in the fromt,
the top, or the side view. Five possible positions for the one missing line are indicated in each drawing by let-
tered points. Select the proper location of this missing line by choosing one of the five indicated positions. On
the question sheet, identify your choice by marking an X in the box having the same number as the answer you
select.

—————————————— T————-———"-——"—'——-———‘i"“*-““'—"‘-ﬁwﬂ‘*!——-—————-_
| i
| i
I I
Figure 1 | Figure 4 ‘ Figure 7
: at 1b : Lo b}
a d l z
| | ¢ d
i [ f_] [_g 4
b} {e | cl {d l
' e} f ! L~ dh
| | I fl
c | | ©
| g b !
| [
| t
—————————————— -T--'—-——'-'——'——"——--—-——-------——r--—--——-v----—v-—------—-
| )
| |
r 9 |
| |
Figure 2 | bl—S% —{d Figure b ! B Figure 8
| |
| . :
b f | € |
~ l |
e ' |
he X 4]} 19 1 )
; |
| | ‘
d e I ! R
| |
| 4
| |
—————————————— T——-—--——--———-—-—-———-—-—-—-————I—-———---—-—-m——-..-__--—--
| |
| |
| i |
f ! E 1
: i ! ! .
Figure 3 | ] ' l Figure 6 f Figure 9
I ! i a b
I i
| s A N : U , i
—J |
5 bc q p-d ; |
I | }
| . ! i
(a E; i . { 1
c , g h | 9



114

! {
I
Figure 10 : ! ¢ Jd Figure 12
i Figure 11 :
J
b ' e i
) I o f b ¢ T
! | Il \\\I. ;/
¢ d rk : I \\\ Jrf
) \)/
f h ¢ d S —"
)
I
______________ T e e e g e e e
: a
I Pigure 13 : b/ \C Pigure 14
| /
[
| - .
a b c d : . ]
. 7 N
' ef itk
[
1 i \/
€ f g | h
|

DIRECTIONS: In the figure below are five orthographic views of an object on which the visible surfaces are indi-

cated by letters. The numbers identify the surfaces where they appear as lines. In problems 15 through 25 seleet
the number, if any, which identifies the given surface in one of the other views,

._-.._............_.._.____..__..._....._...._._.._.._....__...._..._...._.__......_.._._._._..__..__...___.....___.__.-...

87
Fi 15 A C
igure I
\
32 \g 4§ 5
33 0% 74 154
N 1
Noo 13 A 12
\\'/‘-/ 30 . £ c 6 H\
ol 25 —
| 129 F 4 G 4] J
A\ N\ r
32 377 182 .19
35+ 20~ \—\-21
H T
1523 L
reo e 22
S T N7
Nag




115

(L3

N

FolderNo. ... _ . 7 ...

UNIT TESTS IN ENGINEERING DRAWING

ORTHOGRAPHIC PROJECTION II

Form A

PREPARED BY

THE AS.E.E. COMMITTEE ON ADVANCED CREDITS, DRAWING DIVISION

Rarre 8. Parrensarcer, Chairman, The Ohio State University

WessTER M. CrristMaN, JRr., University of Wisconsin (Milwaukee Division)
MavuricE GraNey, Purdue University

Ranporps P. Hoerscuer, University of Illinois

Joen M. Russ, The State University of Iowa

IN COOPERATION WITH
THE EDUCATIONAL TESTING SERVICE

DIRECTIONS

The questions which refer to the drawings in this folder are on a separate sheet. Your
answers will be recorded in the appropriate spaces on the question sheet. Letter your
name and the other information called for in the blanks on the question sheet, then finish
reading these directions.

In this test you will find some questions which are easy and some which may be diffi-
cult for you. If you have no idea of the correct answer to a question, omit it and go on
to questions you do understand. If you think you know the answer to a question but are
not sure, it will be to your advantage generally to indicate your answer,

Make no unnecessary marks. If you change an answer, erase your first mark com-

pletely. Do not fold or crease your question sheet. MAKE NO MARKS ON ANY PAGE
OF THIS FOLDER,

Further directions may be found on the question sheet and preceding the drawings in
this folder.

BY PERMISSION E. T. S. 5-'68

DO NOT OPEN THIS FOLDER UNTIL YOU ARE TOLD TO DO S0 BY THE EXAMINER

Copyright 1248 by the Educational Testing Service



116
DIRECTIONS: Figures 1 through 8 are three-view drawings of objects. Some of the surfaces shown in the draw-
ings are identifted by a letter and a subseript. The subseript “y” indicates a visible surface; the subseript “i” indi-
cates an invisible surface. For each question, select the statement which applies to the given drawing, and mark
your question sheet accordingly.
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reading these directions.
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APPENDIX B

LES30N PLAN NC. 1

Tostructlonal Tnit - Opace dimenalons
Type «~ Lecture and desmonstratlon

Tlas Allotted - Hxperimoental 20 minutes, Control 25 alnutes

Bzabion Presentsd To -~ Iodustrlal Arts 128, oxperimental
and conbtrol grouns

Peesornel - Hone

Instrveticnal Media Tor Jonbrol -~ Oue workhook, oune textbook,

chalZboard, one cnalkboard drafting machine,
and uolorud chalx.

Medla for Expevizeutal - Que overhead nrojechor,
one screen, one projection shtand, ohe projection
Lox, overlays # 1 aond #2, wodel blocks f1 snd

#2, and the same wsdla asg the countrol group.

Tastroctional

Referznee - Glosecke, Mitchell, Speacer, aud

H1ill, Teehnieal
Drawing, Hew York, Tae wecuillan Co: am

"(“ ’ 006 .

arrvdt, Cleveland, 2nd mavle Ut’zut‘__-“-2 unda~
> Sollesze Station, JbAa:, j 5 & M
Ly, 1965

Paxes 129 - 140

e textbook, oa=s workbook, nenclls,
-pm, erasers, and notebook to reglister
ure note%.

dext Reading Asslgoment - Pages 139 - 143, 147 - 149,
and 191 - 192

< .
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Soace Jlmenslons and Sketchlug

Orthogravalce rfrovlems

ventatlon (Lecture and Demonstration)

Introduction (Experimental 2 wiunutes, Coutiol
2 minutes)
1. Oblectives
2. To teach students the correct space

dimensions and thelr relaticuos 'ips to
gach viecw

1., To tsach stulents how to 2xoress
meehanical ideas throuzh the m@iium
of a freochand sksteh

2, Reagson

a. Btudents wust acquire a thoroush unigr—
standing of space dimensiouns and thel
relatlonshins to each orthoxraphic viaw
vefore solviug orthegrashic prolection
P

broblems
b, Students must develop the ablility to
seten objeeta correctly and proportioun—
ally

3. Revlew of Previous Iostructlion

orrect nencll for siketcehing

V)
[

b, Method of sketching horizontal liges
¢. Method of skotcehlos vertiecal lines

d. Rules for sketcehing

wxolanation and Deomonstration

(Bxpsrincatal 12 minutes, Control 12 miuutes)
|

V¥ othe projectuals are used only with the !

exvorimental sroup
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1. E£xplain the thres svace dlmsnsions and
thelir re7q,Lﬂnuhios to ez2ch viaw (Projectual #1)

a, kach orthograpnic view hags only two
space dimenslons

b. #dach view 1g renresentzd as appearing
flat on a two dimensionsl suprface

2. Kxplailn tha mefhed of gketeniug orthograghic

views (Projectunl £2 aund 2cdel Llock #1 and #2)
a. Elock in front, top, and side view in
corraeet position [for modzl block #1
b, Allow room between vi g for dlmension
1tqm

).

2, Remove tne notcoches in the front viow

d.. Darxen 1o object lines

¢, I2t2l each view with the correct space
dlmeuslon word (Helzhbt, Width, 2ad Deoth)

r. Show by the arc method and by vertieal
and horivzont2l liues that the svace
dinceusious are the same on 2ach COrros
dgoounding view

Ge BDamonstration

-~
o

Ihe projection box is used only vwith the
gxperimentsl group

1. Raewove the folding pla nes from thz projection
tox

2. Tusert wodel Block #1 wblch is ths objzaect to
bo sketehed

3. Hepsat the game ssquence for both explanation
sud demonstrabion for model block #2

TI. Review or Critlgus (Experimental 9 winutes, Coutrol
5 minutes) ;
f



A, SBuumarize the lLezson

:1..

aeview the Lhres views and thelr snace
dimenslons

Raview the nethod ol sxetcehinsg ortuhogeapnle
projzction crobleas

B. Discugsicn Juzstlons

?.

Use the orojection hox for reference when
dlscussing the quastlions

What psnuell should be usad la sketehlog?

Aaswer ~ § or HB

What important urinzsipls must e kept in
nlnd when sketcehing?

Angver -~ Keev the sketeh lu proportion

Are skatcehes made to a cartalin sealc?

Aoswer - Ho, only to »droportion

Whatl are the three nrinclnle views of
an object? '

Answer - #ront View, Top View, Right 3ide
View or Jnd Viow

What space diasensglons are shown on the top

view?

Angwer - Width and Depth

What space dimensions are shown on the
front view?

at and Width

What soace dimensions are shown on the
rizht slde vicw?
Ansgvier -~ Helght and Despth _ |

What is the Tirst step ln sketebing an J
Jorthnozrapvhic problem?

Avgver - Block ln each view

128
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nwlication {(Lxperimental and Control 1 minutes)

Soslian students orotlems 13 and 14 in the workbook

The sunolamentary nrovlem will be to sketch the
dzneushration modsl bBlock o isomebtric.on the

T v

back of one of tne workkook »roblams

Problems are due at the end of the period
PR ,.l N -

Tostructorsg Activities

1. ououtviov the class by observiag the work

2, Jdndividual abtfsntion is given to 'a‘h
suwudaent and his marticular ﬂrob]

# Tndividual student qu“*tgon will te
aunswered at this time. This vrocedure
will orsvent student queztioning from
gxtending ths orescriked lecture and
demonsteation period,
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LK330N PLAY NO. 2

Inabructlional Unit -« Location of views
Tyoe « Lecture and demonsirablon

Pimns Allotted - Experimantal 30 minutes, Control 40 minutes

Secticon Prasented To = Industrial Arts 126, exoperiamental
znd control Srcoupns

Personnel -~ Hone

Instructional Media Tor Contrel - One workbeok, oune texthook,

T ctalkboard, one chalktoard dvaf‘tin’f machine,
and colorcd chalk

Instructionzal Kedla for Xxperimeutal ~ Cue overhead vrojeclor,

0oz scrazen, one orojsctor stand, one nrojzchtiow

box, overlays 2, 3, 4, 5, and m6 model Llocks
73 and #4, and Lthe szme msdla as the control
group

RKeforence - Glesecke, Mltenell, Uponcer and HI1Ll, Tochnical

Deawing, New York, The Hacmillan Com 3n1, 1666,

Street, Cleveland, and Earle, Drafting funda-
mentals, Colleze Statlon, Taxas, Texas A& N
University, 1G665.

whudy A

sslznmont - Pages 139 - 14%, 147 - 149, and 191 - 192

student Hguiovpent ~ One textbook, oune workrook, pencils,
tape, erassrs, and notstook to rezlster
lecture notss

Next Readlinz Asslzament -~ Pages 147 - 152
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iy

Lecation of Views and Bzatchlng

Crthograshic provloems

I. Presontation (Lecturs and Jsmonstration)

4. Intreduction (¥xparimental 2 minutes, Control
' 2 minutes)

1., Obkjectives

a. To teach students how to corrsctly
1deat iy sach orthopgraonlc view

e 1O tcoth students tha correct locationm
of ch orbho»rbhﬁnic'view

R ol Qtulento rnow to distionzulsh
2en {lest and third ansle projectlion

i. To tsach studeats now Lo corrsctly
sketen orthozranhlce projection problems

2.  Students wust bave a working knowledze
of Tirst and third angle vrojection for
sorrect nlacement of visws

L. 3btudents must be able to szebtch objects
in dronortion for corrset ortunozravhiec
reppessntation

2., Ravisw of Previous Instruction

and Lthe loecation

a,., Reviow spacs dimensions
each to th: orthographic

an ralationship of
viaws

b, Revisw the correct pencil and steps
voed 1n skebcehing

B.. Bxvlanation and Jemonstration
(#xperimental 20 minutes, Control 20 minutes)

% The projectuals are used only with the
sxbavimsatal zroup



1. =xolaln that orthosrastlc projectiocn is
the enzinsor's methed of drawing three
dimsnslonal objizcts on a two dimensional
surface (Projectual #3)

Fo

?vi by 11Q7¢P1Fiﬂﬂ the object
tox and the views are srojected
|y ;nLo the panes of the box

. This is V* i
ingide a :
DR dh u 1 11“

(PPOJ’“tU 1.

3, Iraze the nancs are onenad onto vae [lat
surface,. This zives the posltions of each
viuw in orthosranhic orojechion (Projectual
#3 a2nd ffh')

L, MNote that cach diumenslon (height, width and
denth) ars comnon to two views. HNote the
location of cach dimeoslon (Projectual #10)

anzle projaction

g, wxnlain thzat in third anzle projection
the top viaw 1s Jowiﬂﬂlly placed over
the {ront vicw and the right sids view
is vlacaed Lo the vrizsht ol Lhe front
view (frojsotual TJj

L. Zxplaiog that in flprst aovgle vrojsction
the right gide view 1ig oun the left of
the Tront view and the too visw 1s
telow the fronmt view, This 19 tecause
the orlect ls akove the roeference
plancs (Projectual #5)

6, ©Wxplalon the method of skstohing crthozravnile
views (Projectual #2 and model tlocks #3
and ,4)

a. PBlock in frent, top, and slde viaws in
the correct location (Block #3)

b.. 4Allow room tehweesn views for dlmenslon
lines
|
1
Ca Romov unueeecssary lliunes and add correc
objset lincs !

d. Darken oblect lines

5. Brplzin the didference betwesn Flrst and Third
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e. Intal ecach view with the correct aspace
dimension
£. Show Ly bhe ape awebthod and by vertical

apd horlzontal lines that the snace
dimenzions sre the same for each corres.
pondlong view locatlon

C. Desonstratlion

*  Ths orojectlen box is uvced only with the
3 Linsntal seouDd

1. Uss the nrojectlion tox to i1llustrate ovenlong
osen 21de outwaedlly to Torm one plane

2. Use the orojecticn box to demonstrate how
the top view 1s avove the front view and the
rizht side view 1s to ths rizht of the
frout visw v third anzle QPOJG :tion

3. Use the orojeetion Lox to dedmonstrate the
creace betwesn Tlrst and third sunizle
gotion. Ruwcvs the third angle nrojection
anas and insert the firat anzle Drojsciblon
anes when lllustrating the two methods

4, Use th2 pro Jainon box to 1llustrate the
corrcel soace dlmensiconsg atter the viaws
are felded cuiward

ce modal Block #3 ion the projecticu box
to ko skatched

6. wWhzu {Tinisbed skebtehing the model tloek insert
Lne corrsct crqbo sracvhic view in the pockets
to check the “kufrh

7. Repeat the samez seqguence for both the
explanation and demonstratlicu for sketehing
mode)l bloek #4

IT. Revliew or Critigue
(Exvertmental 7 wminutes, Control 7 minutes)

A, Summarizs the lesaon :

1. “Review the locatlon of tha orthographic views



N

.Eo Di-,b

3

?.

1r'Il

Revicw with the srofecblon Lox the
nlacement of views by unfoldiung each slide

aview dlf{zreonce hetween Sivst and third
anzle of projactlion

Raview the spacs dimensiong of cach view

Review the method of sketching orthogravhlc

projaction problems

ssion Questlcns

Usa the orejectlen tox for di"“u:s1ng

* ~

gqusstions 1 -~ 6. Uss overlay J; for
questioans 7 - 10. Use overlay 76 for
guestion 11. '

What ls the naze of thic view?
- Top view

What are 1ts'sovace dimonsions?
Answer - Width ard devtn

What 1s the nams of this view?
Answer -~ front view

ynat are 1ts' srace dimenslions?
Angwopr - Width and depth

Jhat ls the name of this view?
Answer - Jight sidz view

What ars 1ts'! space Jdimensions?

Angwoer .- Helzght and depth

e

Where Ls the top view locatad in relation

to the frout view in third aungle projection?

Avswer - Directly above the front view

134
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LAt

«  wharae is the right zids view loczied in
relation tn the Tront visw in third angle
projection?

Aunswopr - Dipectly to the rvizht side of the
cront view

8, Wnere 1s the rizxht slde view located in
relation to the [frout view in [lrst angle
vrojection? '

Aunswer - Direchbly to the left side of the
frout visw

10, Where 13 the top view Jocatsd in relation
to Lune frount visw In first auvgle projection?

Angwer - Ulreotly velow the {ront view
11, Waat augle of nrojectlion are these?

Anawer - a., +hlrd

e Plrsth
Cs. [iprat
d. Third

II%., Applicatlon (Msperimental and Coantrol 2 minutes)
H. Asalizn students srodblaems 15 and 17 1o the workbook

i

B. The supplensuntary problem will be to sketch one
of the demsinstrailon problems v isomciric on the
hack of one of the workbooX problems

G.. Provlems are due a2t the end of the vsriod

]
ruetors Achlivities

_.
L
-
N
o
o
§N
.
-
ht

L. SBupervise the class by obsasrvioy the work
of students :

2, Individual zttention 1s glven to szach
student and his parbicular problem %

¥  Individual studseat quoestions will be
answersd at thils time. 1Thils ovrocadure
will prevent student questioning f{rom
extending the orescribad lecture and
dzmonstration pervicd,
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LE33CN PLAN NO. 3

Instructional Unilt - Sketehlng

Type - Lecture and demonstratlon
Time Allotted - Experimental 14 amioutes, Control 18 mlnutes

Ssetion Prescnted To - Industrial Arts 128, experimental
and coantrol Zroups

Perasonnzl - None

Tnstpuctional Medla

An5trustlon e r LONLEQ.
r

£
ahalklor d, one chalkboard drafting machine,
and coloved chalk

or Control - Cn2 workhook, one textbook,
a

Jnstructional kedia Tor Zxveriaental -~ Cne overhead orojsclor,

on:w*cfu,n na"POJLutor stand, one projection

box, overlays ;2 and 7, and Lhu gama madia
a3 thae ceuntrol zroup

L

cganka, dltehall, Snencer, and H111, Techuiocal
P

New York, The Macmillan Sompany, 1966,

Street, Cleveland, and Farle, Drailting funda-
nﬁﬂlkﬁlﬂ Jolleze Statlon, Texas, Texas A & M

Uoiversity, 1965.

study Asstenmaent ~ Pagoes 147 - 152

Student dgulzasnt -~ One toextbook, ona workbook, penclls,
tape, erascers, and note book to reglster
lecture notes

Next Readlng Assizomenl - Pages 160 - 173
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Sketehing

I. Preseotation (Lecturs apd dzancnsiration)

A. Introduction , .
(Exverimental 15 aminutes, Control 13 uwinutess)

1. Objectives

a. To btzach the studsnt otow to sketeh
in orovortion

t hew to sketch
orthosrapnic views

be To teach the s
arcs and Ci?tli L1

¢, 7o develop student ability to visualize
objizeta pletorially from orthographic
views

A, Sketohes aro avsver wpade to scale bhut
must always be in oproportlion

b. The ablllty to visualize objects is
imoroved when the student can eskoteh
the otject both pictorially zand
orthographiceally

B. Explanaticn z2nd Sesnonsbration
(Experimental & ninutes, Control 8 uluutes)
# The nrojectuals ars used only with the
gxpacliasnbal aroup -

1. Explain the wmethods of sketching 2 circle
or an arc by the uss of radius marks
(Projactual 4#2)

2. Ixplala how to measurce on the orthograviic
view and transfare the distance to the
plcetorial view (Projectual 72 and 57)

2]

2. Deéemenstration

A+ Demonstrate how to sketch nictorial drawings
“frem orthozranhic views (Projectual #7)
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Dzmonstrats how to obitala a bthird orthogranhic

vicw from 2 ,_,torial skateh (frOjubLUul F2
and #7)}

o
.

IT. Hoeview or Orltigue
(Fxperimental 4 milunutzs, dentrol 4 wmiautes

A

A. Bumzarlye ths laesson
1. Rsview the methods of sketehlng clrclus

2. Rovliew how to travsfer measureacnts from
pictorials bto orthosrannles 2and vice versa

B. Discussion Wuraflona

@ Usg ove rluj: #2 and ;7 for @&qbuwanw the
gquestions
n2 drawn on the lsomotric

1. Yhat angle 1
C0 desress on the orthogranhie

1
drawing that is
view?

&n>hur - 20 dsgrees

2y dHhat angle 1s a line deawn on the lsomotrie
draviiog that is €0 degress oa the ortaogravhic
view?y

Answoer -~ ¢0 dsgroes

5. Whal 1s the [irst step in sketchlog
pletorial drawing from two orthozraohic
vi“w“?

Anagwer - Block ths pietorial draviong in a
box with the spacs measurcemnents
that are the sams as the spadce
dimcnsions of the orthozraohic
visws

III. Application (xperimental and Control 1 minuteg)

A, Assign the students provlems 16 avd 19 1o the
woribook

™

8. The sunplaementary oroblem will be problam 18 !
.
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Co  Problems sre dusz at the sud ol the period
) ' " .
D. Tunstructors achtiviiciaze

1. SBupervise the clasg by obssrving the work
ol students

2. Individual attzotion 1s zlven to =ach
gtudcot zad nls sarticular preblem %

% Individual studant guzstions will be
snswored at this time. This orcccedure
wlll vrevent student guestioninzg from
extendlos the proserited lacturs and
dsmenstration psriod.
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LES30N PLAY NO. 4

Instructlonal Unit ~ Plane and view reépressotatlon

-

Tyne - Lecture and Zamnonstration

3 Allotted ~ BExperlmental 25 minutes, Control 35 minutes

Seeblon Presentzd To ~ Industrial Arbs 128, experimental
Aand control xroups

Tustryctional dedia for Gontrol - Cne workbtook, one textbook,

chalkboard, one¢ chalkboard drafting machine,
and ,olorug chalk

Tostructional dedla lor fxnerimsntal -~ Cne overhead orojector,
oneé serascn, one projector stand, one projectlon
box, overlays #1, 8, 9, 10, and #11, model

block /5, and the r“me madia as ths control

siroup
- Glesaecke, divehell, Spencer, and Hill, Techuical
: Lteeanical
Drawing, New fora, The Macmillan Conocany, 1966,

Stroct, Cleveland, and Farle, Draftiong Munda-

mentals, Collaegze otation, Texas, Texag A& M~

Laiverbity, 1965,

Study Assigunsnt - Pages 160 - 173

student Equinueunt -~ Cone textiook, one workbook, psaucils,
tapa, erasars, and notebook 1o reglster
1 ("(,LIJI'“‘" notm‘

Moxt, Readiuvg Assisnment - Poges 173 - 181



Plane aad Viow Revres

Presentation {(Lzctur: aad Dsun

A, Tntr

(i
1.

1ction

odu
xperinental 2

ninvtes,

Chjectlives

cutaticn

Control 2

msbration)

minvtes)

a. To develon student ability to ildontily
viaews of refersnes planes

b. Lo develop studant akility to identify
zach tyons and locatlon of refersnce
planes

¢,. To bteach students how to locats sach

a

referonse vlang when

each nlane

is

roevolvad ovtwardily uvntil it lies in

the

To toach studenbs
Porgn‘?oniiné view
nlane loecation

now
E)
ill

2, To tzach students
corrsapongloy view
cach nlane is
it lies

now
in

To teacn gtudents how

corract space dinensions

referasnca plane

2. Reason

a, Students mus

understandling of
apace dilmensicons to cor

orthosranhic

E. Exolanatlon and Qemoustratlen

(Exverinsatal 1% mioutes,

#  The

GX NG

crofectuals ars

itental groun

revolved
iu the stationzey frontsl olane

Gontrol 13

statlionary frontal onlane

to ldsntify the
gach original

to identifly the
zzechn vlane when
putwardily untll

o the

cach

Mmea s Ur'“
i ‘i"O[H

acjuire a thoroush
vroJection

nlanaes and
r2ctly solve

projaectlou problems

minutes)

used only with the

141
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Ve Jemon

e 11
™~

wxnlain

142

3 s

1w two mathod of viewlns a plaune

al #8)

(Srojacthu

Zxolain the tyne and locatlon of 2ach rclane

(Frojectual ,9 A-1)

Exelain the loeatlon of
nlanz 1s esvolved to b
nlane (Projectual f10O A-B)

socn plang when aach
aticnary frontal

Exnlaln the view of =zach plane in relation
to zach crthosranhle vﬁew (Prolectual #11 A-B)

“xplain =ach dimsnsion and the rglationsnio
to each orthograohic viaw and cach reference
olane (Projectual #1)

stration

orojection tox is used only with the
wogrinontal Zrovp

Ise the prolaetion box to 111y
e meztheds of viswiay 2 olane .

Uge ths vrojuctlon buox to illustrate the
s J

locatlion of =sach nlaae and the relation

to ths ebjzet

Use the nrojscticn box to dsmonstrate ths

method of revolving the threze orincinle slanes

oubtwardily %o form a gbalionary (rontal nlane
t

Us¢ ths orojectlion tox Lo demoastrate eacn
olane in relation to sach orthographnic view

Uss tue W“ojectloﬂ box to illustrate the
space dimeoslons obtalnald lorm 2ach
refeprsnee slane

Review or Critlgus
(ibxpsrimental & alnutes, Jontrol 8 wninutes)

A, Sumrarlize the lessgon

1.
.'2.

Reviezw two views of a »lane

1
<

~Review tyses and locations of nlaunss
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3. eview namas and locabivos of views
. aview the pavolvomonldt of planscs

5. Review the gspzee diaenslons obtained Torm
sach paferencse elans

B. Discusgion Quastions

b

Usz the orojecstion Lox lor the dlscusaion
questions

L. How may a plans te viewed?

Ansguer - Burfacse or ods

'.J‘a

Y]

« Wnat ls the nezme of this vlane and what
ortnogranhlic visw does 1t contailn?

Avswer - Sroatal nlans - front view

w“nat is bthe uname of this zlane and what
orthosravile vizsw doos it contain?

N

Answor - Horilzontal olance - top view

4. what is ths name of this »lane and what
ortiosraphle view doss it contain?

snswer - Frodile glane - prizght side view

5. Wnat dimsosious ara contained on the
norizontal vlane and the top view?

Avngwere — Widbth and desth

6. Wnat dlmensions are contalned oo the
frontal planz and the front view?

Anawer < Width and hezight

T. What dlasoasions are
slanes and the rizgh

2ontalined on the prefile
slde vlaw?

[ ]

Aaswer ~ Hazlzht snd depih

¢, What dlmonslon 1s obtained by measuring
Jrom bthe horisocotal »nlane?

Answer - Helght



9, what dim=asion ls-obiailna2d by weasuring
Trom Lhe froatal plans?

dauswar - Danth
10,  what dimcuszion 1s oblained by msasuvrliuzg
fron the oroifils plane?

Auswer ~ Wldth

I1T., A2zlilceat

on (Experimentzl and Control 2 awloutes)

4. Asslygn sboedealbs problaem 29 In the workbeok

B. Provlzu is dus at the end of the period
!
C. Iushtructors activitiss

Y. Hunervisa the class ty otecrving the work
ol students

2, Individval atbontl is ¢iven Lo each
stiudent and his yurticular vroblem %

#  Individuz]l stuvdent gu=zstions will be
answered 24 Litlg tiws. Thig procedure
Wil wrasvont astudeat questlioniung from
axtendling the rproasceibaed lecture aud
denmonstration period.

-
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riaze dllotbted - Exoerlwmental 23 minutes, Control 3C minutss

Scetlen Prosonted Mo ~ Industrial Arts 128, sxperimental
a2ad control groups

Personnel - one

dpstructlopal kedls ror Sontrol - One worktoox, one Lexthook,
chalicoard, one chalkboard drafting machine,
and 'o}oxud cralx

Zxnapelmnsntal - Ons overhead orojuctor,

RN Roh ot cus “IO‘O»LOP stand, oae vrojescticn
box, overlays ;12 A-B-2, 13 and #14, line rod,
avd the same msdla oo tnu control Zzroup

Instruetional

ST _)n \_' 3 .

well, Spencer, and A111, Toeecholeal
rk, Th2 acalllawn Comouany, 1966,

, Aand Zarle, yrafting funda-

statlon, Texas, Taxas A & &

Study

studznt Zquioment - Cne textbook, one workbook, peucils,

tape, sras<srs, znd not Foo( to r’”*ster
lecture notzss

Next Readinz Asslzument - Pages 166 -« 168
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Tyoes spd Jisws of Linss

I. Prassatatlicn (Lacturs and dzmonstration)
Y e 4.1'1

1. GCbloetives

roduction
Txparimeotal 2 alnutes, Ceutrol 2 minutes)

2, [0 teach the student the differaont ways
okbjents lines are viewed in orthovrapaic
orojzotlion

. To teach the student how to ldentify
2 llue with relation vo refersnce planes

c. Uo tzach the student how to vroject and
draw correst views of linesa through the
usa of reference planes

2. Reaseon

a, Studente musi acgulre z2n undorstanding
of the dilferent ways a llo2 may bhe
viewed

t. 8tudents must acgulre an unders tanding
cf now the view of 2 line will effect
the view of the surface or corner that
s reprssented by the line

¢, Gtudentbs must aﬂfuir‘ an understauvding
of how %o draw ort ho"ri”Jl views by
projaction Irom refersnce planes

D Review of Pravious Instructlon

a, Roeview tyses znd location of reference
nlanss

N\

b. Heview the rzlationship of -each vlans
Lo eaech orbhozrapghle view

B. Explavatlon aand Domonstratlon
(éxperimesotal 10 minutes, Sopnbrol 10 minutes)

R e D;ojebguax arg used only with the
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1. ®Exnlain the tyces.of lines zed the name of
each line (Projiesctual #12 4-B)

2. lxplain hnov
snd the el

cach tyve of lirne may ke viewsd
TS o}
of the line (Proje

3¢ : n the lensth
tuzl #12 B-~G)

5. demonstration

1. Demonstrate how Lo Jroject line views and
now Lo obtalo space dimensions throuzh

N

OV
the use of reference nlanzs {Projectuzl F13)

el

se the srojection tox and rod to demonstrate
e typoe of line

5. Use the 2rolection box and rod to illustrate
now referenze planes are used to measure
and transfor swvace dimsnsions.

iI. Hovisw or Jritigque (Expsrimental 10 wloutes, Control
' 10 minutes)

A, Sunmarize the losson
L. Keview thoe nzae o

2. Review how each ty2¢ of line pay be vicwed

5. Revlew how space dlmenslons are taken Trom
gach referencs nlane

B. Discussion Questions
#Use overnead projectual #12 A-B-C feor discussion

questions 1 -~ 3. Use overlay # 14 for discussion
gquestions 4 .- 7, Cover definitlons.

l. What 1s the wame of thls 1line? Where is
it seen true length? Wahy is it scen true
lenszth In the ton view?

Answer -~ a. Horizontal line b. Top view
¢. It 1s parallel to the horizontal
plane

A !
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no

a. vhab is the nzwz of this 1ling? b. Where
18 1t seen true length? ¢, Way 1s 1t seen
true l2nzth 1o the front view?t

Answar - a2, frontal b. Froont view c¢, It 1s
parallsl Lo the frontal pluane

3. a,. What is the name of this line? bh. Wacre
i3 1t s=22n tLruce lsugth? why is 1t sesn
true leonsth in the rignt side view?

Answer - a, Profile 1lloz Y. Right side view
. It 1s parallcl to the prolils plane

4, Yhat space dimension ts projected to draw the
too viaw? Overlay # 14

Answer - Width

5. TWhat refzrence nlane would he uscd and what
goace dimeunsion 1s trarznwrud o draw the
Lop view?

- Jrewvtal refereace slane - donth

6. Twaab roflcrence plane weuld bo usad and what
space dimeasion is transfercd to draw the
vrofile view?

Aungwear - Frontal raisreance plane - depth

e Iy

o What spacz dlancnslons are orojectsd to draw
the fromnt view?

Auswer - Helght and width

ITI. Aoplication (¥xoerlmsntal and Control 1 minubtes)

U
.

Asaign the students the loupr drovlems ou ths
hiand out sheetb

Assign the studsnts oroblem 32 v the workbook
~ »

Provlems are dus at ths end ol the nerlod

. ' . |

fongtiructors activities ,

1. .Suparvise the class by observing the work
of studesnts
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2. Individuval «4%tsubtion tsa

ta zivaen to eacn
studeont and his particular problem %

¥ Individuel student gucstions will bs
ansverad at thls time. 7This procedurs
will orsvent studeat gqusstloning from
gxtending the prescribed lacture and

demonsiration neriod.
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LESSON PLAK NO, 6

Typne - Lecture and demonstration

g i

Time Allotted - Experlmental 20 mionutes, Control 24 mlnutes

Section Presented To - Industrial Arts 128, experlmental
' and control groups

Fersomnel - None

Ingbructional Medls for Control - One workbook, one textbook,
chalkboard, oune chalkboard drafting machline,
and colored chalk

Iunstructioval Medla for Ixparimental - One overhead UPOjePtOP,
cne gereoen, one pyrojector stand, one projectlion
box, overlays #15 and #16, modﬂl blocks ;1 and

# 7, and the same medla as the conbrol group

Beference - Glesecke, Mitchell, Speucer, and H1ill, Technlcal
Drawlng, "Now York, The Macmillan Company, L966.

Street, Glsveland, and TWarle, Draftlng Funda-
mentals, College Statlon, Texas, Texas A & M

Uaivgr"iﬁy, 1965.
study Assignment - Pages 166 - 168

Student Fguipment - One textbook, one workvook, pencils,

T tape, eraaurs and notebook to reglster
leoture notes

Next Reading Assizument - Pages 166 - 168, 181 ~ 188




Measuring froa Refs=reuce Planes

I. Presentatlon {Lecture and Dewmongtration)

As  Introductlon
(8xperimental 2 minutes, Cootrol 2 minutes)

1. Objectives

3. To tecach the student how to identify
the correct reference plane regulired
to complete the orbthographlic drawing

b, To teach the student how to take
measurements from reference planes

c. To teach the student how to correctly
numnbsr sach corner of an orthographic
projection problem

2. Reason

a, Correct raference planes nust be
established before orthozraphle
piojectlon problems caun be solved
using the reference plane method

b. The principles of the reference plane
are the most beneficial method of
solving orthographic projection

151

problems because of the close pelation-

shlps of the principles 1nvolved in the

other arcas of teaching drafting

B, Explanation and Demounsbration '
(Experimental 8 minutes, Control 8 minutes)

# The projectuals are used only with the

1. Explainvwhich reference nlane ls neceded
to solve the missing view (Projectual #15)

2. Explain why the refeprence plane 1s plaéeq on

the objsect (Projectual #15) |

i
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3. Explain how each distance 1s lald off from
the reference plane., Use dlviders to
1llustrate (Projectual #15)

4, Exolain Aﬁy some corneprs are numbered
putside the object while som2 are
aumbered inside the object (Projeptual #15)

a, The numbers outside the object represent
corners that are visable or closest
to you

. The numbers inside the obhject represent
corners trhat are luvisibkle or farthest
from you

Ce Demoustratlion

1. Use the projectlon tox to demonstrate the
refaprence Dlane used to solve the problem
on overlay #15 {Model block #1)

2. se the projectlion box to 1llustirate how
to take space measuraments from refersnce
planes (Model block #1)

5. Use the projection box and the plane
transparencles to show the corroot solution
to the problem (Model block #1)

IT. Review or Critlque
(Experimental & minutes, Control 8 minutes)

A, Summarize the lesaon

1. Review which reference plane 13 needed to
solve the problem (Projectual #15)

2. Review the placement of the refersnce plane

3. Review how to measure and lay off distances
from the reference plane (Use dividers)

4. Review the numbering of corners

B, Discussion Questions

¥  Use projsctual #16 and meodel block #7 only
with the experlmsntal zroup when dlscussing
the questions




1. Uhat space dimension can be projected to
the right side view?

2. What sopace dlmension is neseded to conplete
the riznt slde view?

épSWQ£ - Depth

3« Vhat rcference plane is needed to ohtain
the needed space dimeunsion?

4, Wnhere should the frontal plane be placsd in
relation to the oblect? -

Ansuer - Front edze of the top view and to
vhe right of the front view

5.  ¥Where ls the requlred depth measursment
obtained?

% Take each measurement with dividers
and lay off on the profile view.
#inlsh the overlay as the discussion
proceads

III. Application (Experimeatal and Cootrol 2 minutes)

A,

B.

Asslign students problem #34 and # 3% in the
workbook

The supplementary problem will be to draw the
three views of projJectual #29. The overlay will
be shown on the gsereen. The problem will be
dravwn on the back of problem # 34.

The problems are due at the end of the period
Instructors activities

1. Bupervise the class by observing the work
of students

LN
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2. Individual atitention ig given to each
student and his particular problem «

% Indlvidual student gqueastlons will be
answered at this time. This procedure
wlll prevent student guestioning from
extending the prescribed lecture and
denonstration period.
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LESSOH PLAN RO. T

Instructional Unit ~ Measurlng from reference planes
Type - Lecture and demonstration

Tlime Allotted - Experimental 1€ minutes, Cootrol 22 minutes

and control groups
Personnel - None

Inatructional HMedlia -for Countrol - COne workbook, one textbook,

chalkboard, oné chalkboard drafting machine,
and colored chalk

Iostructional Medla for Experimeutal - Cne overhead projector,
o - one gcreen, one projector stand, one projection:
box ovarla; FL7 and §18, nedel blocks #8 and
#9, aud the same media as the oon%rol group
Refepence - Glesccke, Mitchell, Spencer, and Hill, Teohnlcal
1%, New York, The Macmillan Gomunny, 1966,

Street, Cleveland, and Earle, Drafting Funda=

meutals, College ot1uion Texas, Texas A & M
Univrrgity, ]965.

Study Asslgoment - Pages 166 - 168, 181 -~ 188

Student Eguipment, ~ One textbook, one workbook, pencils,
tape, erascrs, and notebook to registep
lecture notes

Next Readiny Assligument - Pages 142 « 145
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Measurinzg From Relerzoce Plancs

I. Pregentation (Lecture aad degustratlion)

A. Introductlon
(Experimental 2 wminutes, Control 2 minutes)

1. Objectives
3. To develop student ability to utilize
reference planes In solviungzg drafting
problems

b. To develop student abllity in visualizing
and solvliug orthographlec projection problens

2. Reasgon
a. The ablillity to apply the principle of
the roefereace plone 1s ezssantlal in
all areas of drafting

3. Review of Previous Instructlon

a. Review how Lo nuaber corners in
orthographle projection problems

B. Explanation and Demonstration ,
(Experimental ¢ miuuies, Control 9 minutes)

%  The prolectuals are used only with the
experimental group

1. Explaln which space dlmenslon can be projected
and which space dimension must be transferred
to solve the mlssivg view (ProJectual #17)

2. Ezplain which refercuce plane 1ls used to
transfer the missing space dlumenslon

3 Explain'the placeneat of Lhe reference plane
and the relatiouship to the object

4, Lxplain with the dilviders how each dimension
1s transferred. (When each dimcusion ig
transferred label each point with the grease

‘o pencil) Projectual #17

C. DPDenmonstrationw

l. Use the prolJection vox to illustrate the
problem (Model block #8)
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Use the projectlon btox to i1llustrate the
gorract refersnce viane required to solve
the problew

Uge the projzctlon Lok to 1llustrate where
the gpace dimznsiona are tragsflferred

Unfold the projection Lox to 1llustrate
the solved problem

Review or Critiijue
(Experimental 5 miputes, Control 5 minutes)

A. Summarprize the lesson

1.

2.

30'

‘+.

Review the prolected and transferred
space dimensiong rejquired -to solve the proklem

Review the refereuce plane that 1s required
to measure the transferred dimensions

Review the placement of the refevrsnce plane

Revisw transferring the required space
dimensions and the completed view

B. Discusslon questlons

i

Use projectual #18 and model block /9 for
discussion questions. Use only with the
experimental zroup.

what space dimsnsions can ke projected to
the rignt slde view?

Answer - Helght

What space dimension 1s nceded to complete the
rizht side view?

Aanswer - Depth

What reference ovlane ls used to obtain the
nseded space dimenglon?

Answzr - FFrontal reference plane
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4, Whersz should the frontal plane ke placed in
relation to the orject?

Answer - Front edae of the rizht side view and
atove the front view

5. VWhere i3 the requirsd depth measurement
obtained?

B Take each measurement with dividers and lay
off on the top view. #Finish overlay for
complete proklen

I1I., Apolication

A.

{Experimental 2 1ninutes,\00ntrol 2  minutes)
Assizn students problen #36 in worktook

The supplemnsntary »rotlem will be to draw the
three views of projectusl #30. The overlay will
be shown on the screen. The problem will ke
drawn on the back of proklem #36.

Prorlems are due at the end of the psarlod
Instructors activities

l. Supervise the class ty observing the work
of students

2., Taudlvidual attentlon is given to each
student and hils particular prokle *

%  Individual student guestlons will te
angwered at tnls time. Thls procsdure
willl prevent student dquestiouning from
extending the prescribed lecture and
demonstration period.
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mO30N PLAN NO, 8

Instructicaoal Unit - Two View Orthosraphic Protlsws

{I"—.i

Type -~ Lecture and deaonstration
LA

15)

Allotted - EBxperimental 14 minutes, Control 18 minutes

Section Presented To -~ Industrial Arts 128, experimental and
control sAroups

Persoanel. - None

Instructional Medla for Coutrol - One workktook, one textbook,
chalktoard, one chalkkoard drafiting machine,
and Polorei chalk '

nstructional Hedla Cfor kxperimsatal - One overhead projector,
one screen, ons projector stand, one prolection
box, overlays # 19 and 20, wmodel block 7 2,
and the same media as the control group

Reference -

2cke, HMltchell, Bpencer, and Hill, Eeuhqic 1

i
rawing, Naw York, Tae Maemillan Company, 1966.

I""' Q

es
raw

fbiw
.

Btrect, Gleveland, and Harle, Draftingz funda-
Auﬂtilu, Colleze utation, Texas, Texas A & M
University, 1965.

Study Asslenment - Pages 142 - 145

Student Egulirment - One textbook, one workbook, pencils,
tape, erasers, and notekook to recister
lecture notes

Next Readlng Assisument - Panges 171 - 183
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Twe View Ovihegpraphle Probleas

I. Precentation (lLecture and Dexonstration)

A. Introduction
(Experimental 2 minutes, Control 2 mlnutes)

l.

Objectives

a. To teach students how to identiry the
types of objects that can correctly
he repressnted by two orthographlc views

b. To teach students how to correctly renresent
ohjects with two orthographlic views

D)

Heason

a. HMsny objects can e correctly represented
by two orthosraonic visws. The third
orthosgraphic view would hte repetitlious
and consunc unnecessary dralfting tiwe.

B. IBExplanation aud Demonstration
(Gxperimental 8 mnminutes, Control 8 minutes)

1

1.

The projectuals are used only with the
cxperimsntal groun.

wxplaln whlich spacs dimenslon can be projecled
and which gpace dimenslicn must bte transferred
to solve the aissing view (Projectual #19)

Bxplaln winich reference plane is reguired to
transfer the missing space dimecaslion

Explain the placement of the rsference plane
avd the relatioushilp to the ot ject

Bxwlalo with the dividers how each dimension
18 transferred (when each dimension 1is
transferred latel each polot with the

grease pencil) (Projectual #19)

Bxplaln that the third view wasg not neéegsary
becauss oaly two views were necded to descrite
clearly the the shape of the orject {Projectual #

19)
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6. Explain trhe n2lection of visws on two view
ortnozrapnic drawings {(Projectual # 20)

a. Bxplain trat 1If ovly two visws of the
oblect are needed, and the left-slde
and the right-side are ejually descriptive,
tho right side 1s customarlly chosen

b. Explain that if the top and bkottown
views are equally descriptive, the top
view 1s customarily chosen

c. Explailo that 1Ff the top view and the
right-slde view are ejually descriptive,
the comtination chogsen 1s that wnich
spaces best on the paper

T. Explaivn that on cylindrical surfaces the
crthogravhlc drawing can he coxnplete w%th
only one view and a note (Projectual #20) .

. Demonstratlion

1. Use the vrojection box to 1llustrate the
problem (Projectual #19 and model block ; 2)

2. Use Utane projectlon tox to 1llustratbte the
correct reference plane rejuired to solve the
problem

3. Use the projection tox to 1llustrate where
the spacs dimensions are transferred.

4. Unfold ths orojzction Tox to illustrate the
golved proklem

Review or Critlque
(Experimental 3 minutes, Control 3 minutes)

A, Summarlze the lesdgon

1. Heview the projected and trausferred space
dlmsuslons required to solve the problem

2. Revliew the reference plane that 1s rejulred
to ottaln the transferred meagsurements !

3. Review tne placemsnt of the reference plahe

4. Review trausferring the required space
dimenslous and the complete okject
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5. Revizw wial tyoe 27 girjsets requlre only two

orthographic views

[0}

6. Review the views that are most customarily
chzosen when two visws 2re equally descriptive

B. Dlscussion Juezstion
1. HNone

ITI. Application
(Zxperlinental 1 minutes, Conitrol 1 minutes)

A. Asslgn students proklem 35 in the workbook
B. The proklean is due at the eud of the period
€. Instructopra activities ‘

L. ©Supervise the class ty okservinz the work
of students

n

Tndilvidual atteotlon is given to each
student and his ovarticular problem 3

* Individual student questlons will te
answered at this time. This procedure
will prevent student juestioning from
extending the prescrlbed lecture and-
demonstration period, '
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L#ssoN PLAN NO. 9

Inastructional Unit - Misslng Lines

- Ao vy s - Aamn L 4
Type - Lecture and demcnstiration

Time Allotted - Experimental 18 minutes, Control 23 minutes

Section Prescuted To - Industrial Arts 128, experimental and
control groups

- Persounel - None

Instructlonal Media for Countrol - One workbook, one textbook,
Phqlﬁhoard one chalktoard drafting wachine,
and colorbi caalk

Instruetional Media for Expsrimental - One overhead projector
one gcreen, one projsctor stand, oune nrejsctlon
tox, overlavs #21, 22 and 23, model blocks
3, &%, and 5.

Reference - Glesecke, Mltchell, Speuncer, and H1ll, Techunical
Drawlngz, New 7ork, The Macmillan Comvany, 1966.

Street, Cleveland, and Zarle, Draftivng Funda-
monfqls volleze Station, Texas, Texas A & M

Unive r“lty, 1965.

Study Assicsnment - Pagzes 171-183

i [

Student Ejuloment - Oue textbook, one workkook, peuncils,
tape, eragaro; and notebook to register
lacture notes

Next Readlng Assignment -~ Test




¥ilssling Lines

I. Presentation (Lecture and Demonstratlon)

A. JTotroduction
(Experimental 2 mlnutes, Jontrol 2 minutes)

1. -Otjectives

‘a. To develop student atllity to visuallze
in tnree dlnensions

. To devz2lop studeut ability to read lines
in a lostlcal way, to plece together the
Little thluzs untll a clear idea of the
whole emeries

2. Reason

a. The artillty to visualize or think in
three dlmensions 1s one of the most
important rejulsites of the successful
enginecer

b. The ability to visualize multiview drawings
1s obbained only through study and
underutanding of lines and surfaces

B. Explanation and Denmonstration
(Experimezutal 10 winutes, Coantrol 10 alnutes)

# The projectuals ape veed only with the
expeprimental ZrQUnD.

1. Explain the method of aolving a mlgsing line
probvlem (Projectual #21)

a. Explain whilch reference plane 33 n=oded
to complete the prilsht side view

b. Bxplain the projection of sach corner
to tre rizht side view '

Cc. LExplain the space measuremant that must
be transferred. Use dividers.

d. Exnlain why the corners are represented
by hidden lines
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2. [Explaio the method of~eolv1n? a missiog
line probien (Projectual #22

a. [Explaln which refeprence plane 1isg
needed to complete the misaing view

b. Exploln the projectlon of each cormer
to the right side view

c. Bxplain with dilviders the space
meagurnents that must he transferred
for each corner

C. Demoustration

1. Uge the projlectlon box aund model block #3
to illustrate projectual #21

a. Use the pbojeetion box to illustrate the
reference plane used Lo complete the
right slde view

b, Use the projection box to illustrate
the transfer of the gspace meagurcements

¢, Uze the prolachtion hox to 1llustrate
the correct golution to the problem

2. Use the projection box and model block #5
to 1llustrate projectual f22

a, Use the projection box to illustrate
the reference plane used to complete
the right slde view

b, Use the projection box to 1llustrate
the transfer of the space meagsurements

¢. Use the projectlon box to 1lllustrate
the correct solutlon to the problenm

II. Revliew or Critique
(Experimental 4 minutes, Coantrol 4 minutes)

A, Summarize the lesson

1. Review the method of solving missing line
problens -
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a. Reviow the selectlon of the correct
referonce plaune

b. Review the method of tronsferring
the neaded space dimeanslouns for
each corner

B. Digscussion Quegtlons

2 4

A,

Use projectual ;#23 and Model block #4 for
discussion guestion. Use only with the
experimental group

Are there any nissliug lines in this problem?
Answer ~ Xes

In which vlew are the lines missing?

Ansver - Right gide view

What refersence plan should boe used to solve
thils provlen?

Where should the reference plane be placed
1n relation to the views?

and on the front edge of the right
glde view

What dimeansion 1is ﬁransferred to solve the
nigaing lines?

How 18 the front inclined surface seen in
the right side view?

Answer -~ lHldden

How is the back Iinclined gsurface seen in the
right slde view?

Answer - Viaidle

Zolve the problem with the overlays as the
guestlons are answerad
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III. Application {Experiszental 2 mluuvtes, Control 2 minutes)

A. Assign the studeuts probloas #37 and #38 1o
the workhoonk

B, Problems are due at the end of the period
¢. Instructors activibles

1. Supervise the class by observing the work
of students

2, Individual atiention 13 given to each
atudent, and his particular problem #

7% Iadividual student questions will bhe
answeraed at this tlme, Thls procedure
w11l prevent student wuegtloning from
extending the preseribed lecture and
demonstration period,.



LESSON PLAN MO, 10

Lype = CSoumplete the third view

Time Allotted < As much time as the gtudent requires to
complete the test

Sectlion Pregented To -~ Industrial Arts 128, expsrimental
and control

Instructional Media for Control - Hand out test

Instructlonal Medla for Zxperimental - Hanud out test

+ et e

Student Asslgnment ~ Review all lecture notes and all
reading asslgnments in the texthook

Shtudent Equipment - Pencils, tape, erasers aud straight-
cdges

168
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Test On lMlaainiz Lines

I. Presentation (Test aud Review)
A. Intreduction (Experimental and Coutrol minutes)
1. Objectives

a. To measure the students abllity to
solve misaing line problems

b. To locate areas where studenits are
weak In orthographlic projection

2. Reagon

a. Tests are the heagt indicators of
areas that are weak and nead to be
rchaught

B. Exnlanatlon and Demonstratlion:
(Experinental aund Control ninutes)

1. Glive the test at the first of the perlod

2, Students will work on any problems they
nave not [lalished after completlng the
test

5. The test wlll ke dliscusged after the conclusion
of the experimental study using overlay #24
a8 the answer sheet
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LESSON. PLAN NO, 11

Instructlonal Unit - Recoinitlon of plctorial views

Type — Lecture and demounstration

Time Allotted - Experimental 12 minutes, Control 15 mluutes

Seetion Presented To - Industrial Arts 128, experimental
and ccabrol groups

Porsongel ~ None

Instructlional Medla for Control - Cnoe workbook, one textbook,

challkboard, one chalkboard dratting machine,
and colored chalk

Instructlonal Medla for Experimendal - Cne overhead proJector,
one screcen, one projector stand, one projection
hox, overlayq #25, 26, 27, and ;28 and the
game madia as the contpol sroup

Reference - Iilesecke, Mitchell, Bpencer, and Hill, Technical
Deawine, New Yorlk, "The Macmlllan Company, 1068.

Street, Cleveland, and Earle, Jfaf?lng funda-
muntnls GCollege Station, Texas, lexas A & M

University, 1965.

study Assignment - None

Student Equipment -~ one textbook, oune workbook, pencils,
tape, erasers, and noltchook to reglster
lecture notes ' h

- Next Assisoment - Comprehensive Exam over Orthographlce
Proju0+1on
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Recoguitlon ol Flectorlial Views

I. Presentation (Lecture and Demonstration)

A, Imtroduction
(Experimental 2 minutes, Control 2 minutes)

1. Objlectives

a., To develop the avility of the student
to distingulsh from two orthograpnlce
viewvs the plctorial view of the object

2, Reason

a, Students must de?elop the ability to
visuallze objects in three dimension
frem a two dlmensloun drawing

b, The abllity to wvisuvalize in three
dimension is one of the mest vital
requisites of being successful in
any area of the englneering profession

B, Explanatlicn and Demonstration
(Experimental 10 miunutes, Control 10 mlnutes)

1. BExplain each problem that is presented in
overlays #25, 26, 27, and #28

a. Explain that only one of the pictorial
solutions 1s correct

b. Explain that the student should arrive
at the solution after taking into
conglderatlion all the principles that
have becen studied

C. Demonstration

#  The projectuals are used only wlth the
experimental group |

1. Demoustrate the correct method of solving
each problem in projectuals #25, 26, 27,
and #28 J

i
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2. olscuss each protlem and each solution uptil
agreement ls made on one of the solutlons

3. Cover the solutlons with the opaque [ilm
to check the correct anaswer

II. Review or SOritique
A. None
IIT. Application (Experlmental and Control 1 winutes)
A. Have gstudents finlsh any problems that they did
not complete durlng the experlmental design.
This does not Ineclude supblementary problems

B. Instructors activities

1, Supervise the class by observing the work
of students

2, Indivldual aitention 1s given to each
sthudent and his particular problem #

# Individual student questioﬁs will be
angwered at Lhis time. Thls procedure
will prevent student quesgtioning from
extending the prescribed lechure and
demonstratioa peried

3. ANNOUNCE T{HAT EVERY STUDENT SHOULD RE

PRESENT AT THE NEXT CTLASS MEETING TO TAKE

THE COMPREHENSIVE EXAM OVER ORTHCGRAPHIC

PROJECTION



APPENDIX C

MATERIALS, EQUIPMENT, AND SERVICES FOR

MAKING TRANSPARLENCIES

Admaster Prints, Inc., 425 Park Ave. S., New York 16, New
York. (General supplies and services for making trans-
parencies, print-ons, and photocopies.}

Charles Beseler Co., 219 S. 18th St., East Orange, New Jersey.
(Extensive line of transparency making materials.)

Robert J. Brady Co., 3227 M St., N.W., Washington 7, D.C.
(Kits for transparencies.)

Arthur Brown and Brothers, Inc., 2 W. 47 St., New York 36,
New York. (Materials for making transparencies through
"color lift" process.)

Keystone View Company, Mcadville, Pennsylvania. (Materials
for preparation of transparencies and etched glass
slides.)

Keuffel and LEsser Co. (Audiovisual Division), Hoboken, New
Jersey. (Extensive line of transparency making materials
and kitg through use of films and printing processes.)

Ozalid Division, General Aniline and Film Corp., Johnson
City, New York. (Photocopy equipment and materials.)

Prastype Inc., 136 W. 2lst Street, New York, 10011, New York.
(Dry transfer texture sheets for application to prepared
transparencies.)

Technifax Corporaticn, llolyoke, Mass. (Extensive line of
kits, materials, and equipment for making transparencies.)

Thermo~Fax Visual Communications Group, Minnesota Mining and
Manufacturing Company, St. Paul 19, Minnesota. {(Equip-
ment and materials for making fransparenCLGs through
"heat sensitive" paper and film.)

Transpara, Seal, Inc., Shelton, Conn. (Materials for making
transparencies through "color 1lift" process.)

179
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Victorlite Industries, Inc., 4117 W. Jefferson Blvd., Los
Angeles 16, California. (General supplies and prepared
materials.)

Prepared Transparencies

Admaster Prints, Inc., 425 Park Ave. S., New York 16, New
York. (Kit of projectuvals in statistics.)

Robert J. Brady Co., 3227 M Street N.W., Washington, D.C.
(Transparencies in Biology, Trigonometry, Driver Train-
ing, History, Geometry, Religion, Electronics, Geography,
and other specialized areas.)

Keuffel and Esser Co., (Audiovisual Division), Hoboken, New
Jersey. (Books consisting of masters used to produce
transparencies in Geometry, Physics, and Chemistry.)

0zalid Division, Generxal Aniline & Film Corp., Johnson City,
New York. (Transparency master kits in Biology, Algebra,
Electronics, Chemistry, General Science, and Physics.)

State University of Towa, Bureau of Audiovisual Instruction,
Extension Division, Iowa City, Iowa. (Series of trans-
parencies in Mechanical Drawing.)

McGraw-Hill Book Company, Inc., 330 W. 42nd Street, New York 36,
New York. (Series of transparencies in Mechanical
Drawing.)

RCA Educational Services, Camden 8, New Jersey. (Trans-—
parencies in ERlectronics, Biclogy, Mechanical Drafting,
Physics, Geometry, Trigonometry, and Chemistry.)

Technifax Corporation, Holyoke, Mass. (Transparencies avail-
able in Mathematics, Social Studies, Music, Physical
Educaltion, Accounting, Driver Education, Biology,
Chemistry, General Science, and other special areas.)

Toslen Transparencies, 8 Bacon Lane, Babylon, New York.
(Transparencies available in History, Biology, Physics,
and Science.)

United Transparencies, Inc., 57 Glenwood Avenue, Binghamton,
New York. (Transparencies including State, Continent,
and Country Maps; Mathematics, Plane Geometry, Human
Anatomy, Biology, Bookkeeping, Chemistry, Science and
Social Studies.)
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L. L. Weans Co,, 3341 Beltagh Avenue, Wantagh, New York.
(Transparencies in elementary subjects including Science,
Mathematics, Social Studies, Art, Language Arts, and
Music.) '

Sources of Projectors and Egquipment

American Optical Company (Instrument Division), Buffalo 15,
New York.,

Bausch & Lomb, Inc. (Instrument Sales Division), 635 St. Paul
St., Rochester 2, New York,

Charles Bescler Company, 219 S. 18th St., East Orange, New
Jersey.

Buhl Optical Ceompany, 1009 Beech Ave., Pittsburgh 33,
Pennsylvania.

Keystone View Company, Meadville, Pennsylvania.

Lakoratory Furniture Company, Inc., 01d Country Road, P. O.
Box 590, Mineola, New York. : :

E. Leitz, Inc., 468 Park Avenue, New York 16, New York.

Minnesota Mining and Manufacturing Company, 900 Bush Ave.,
St. Paul 19, Minnesota. '

Ozalid Division, General Aniline and Film Corporation, John-
son City, New York. '

Projection Optics Company, Inc., 271 Eleventh Avenue, East
Orange, New Jersey.

Technifax Corporation, Holyoke, Mass.
Victorlite Industries, Inc., 4117 W. Jefferson Blvd., Los
Angeles 16, California.
Projection Screens
Da-Lite Company, Inc., 30 Grand Street, Warsaw, Indiana.
HunterMDoug%aS Division, Bridgeport 2, Connecticuf.

Radiant Manufacturing Company, 8220 North Austin Ave.,
Morton Grove, Illinois.
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APPENDIX D

NORTH TEXAS STATE UNIVERSITY
INDUSTRIAL ARTS DEPARTMENT
FALL, 1968-1969

Please answer all items and record the information by
your neatest method,.

NAME
Last Pirst Middle
HOME ADDRESS CITY-STATE
DENTON ADDRESS PHONE
AGE MAJOR
SEX CLASSIFICATION

List Industrial Arts drafting courses in progress or
completed on the college level, ' '

List all courses related to drafting that you have com-
pleted in high school, trade school, business school, etc.

COURSES . ‘SEMESTERS COMPLETED

List all of your employment in which vou have utilized
any form of drafting to fulfill the requirements of the
employment. Please explain how drafting was integrated into
your procedures.
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