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CHAPTER 1

THE'PROBLEM, DEFINITIONS OF TERMS USED, AND REVIEVW
OF THE EXTANT LITERATURE ON THIS SUBJECT

For many years the planes of projection have been for-
Qotten or ignored by many teachers in the teaching of mechan-
ical drawing in the high schools, The reasons suggested by
those teachers who do not use the planes of projection in
their teaching have been based upon their observations and
conclusions, and in no instance which the writer has discover-

ed has experimental evidence been presented to support these

contentions,
I, THE PROBLEM
Statement of the problem. It is the purpose of this

study to determine the value of the use of the projection
planes in the teaching of high school mechanical drawing., A
relative comparison of this teaching method was made with
modern teaching methods now in use by many mechanical drawing
teachers, Two‘control groups were used; one group was taught
mechanical drawing using the planes of projection, whereas
the other group was taught by a method not using the planes
of projection, The problem was, mwhat is the difference in
achievement of pupils in high school mechanical drawing, when

some are taught using the planes of projection, and others



are taught not using the planes of projection?*

Importapnce of the study. Efficiency of learning,

coupled with the complete mastery of ideas, has been a goal
of many educational systems for many centuries. Teaching |
methods have been changed and altered, always with hope that
the new method would better achieve these educational goals.
Research has helpéd to profé‘the;inferiority 6r superiority
of the new mefhods. Bﬁtvthe writer has been unable to dis~
cover any pdblished results of research dealing with the |
teaching methods of mechahical drawing. using the projectibn
plahés. The teaching procedures‘in this field havevbeen
left, more brvless, with the exception of a few minor»re-
search studies, to develop in their own way. In this study,
an attempt has been made to utilize scientific research
technlques wheteby the relative'value of two teaching methods
could be obtained¢

"II, DEFINITIONS OF TERMS USED

| Mechapical g;gﬂigg. Méchanical diawing can be defined
as the lénguage of industry. French and Svenson aptly state,
“Languége is defined as the expression of thought;...lf we
attempt to describe in words.the appearance and details of a
machine, a bridge, or a building, we find it not only diffie

cult, but in most cases impossible. Here we must use another
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language, the universal graphic language of drawing.“l This
is likened to the old Chinese proverb, "One picture is woxrth
10,000 words." Words;'either spoken or written.‘aré very
limited in their ability to describe forms,

Lines can be put together to form images and pictures,
This is the original and natural méthod of describing forms,
These lines of varying weights and types can accurately and
definitely provide a description far better than words. To
the beginner, these lines are very confusihg. but to an exé
pert in the interpretation of drawings, they are as clear as
can be possible. One must therefore master the symbols of
mechanical drawing to be able to read and interpret drawings,

' The idea of these drawings cannot be read aloud nor
can they be printed. They must be intelligently interpreted
by forming a mental image of the object that is represented
by the aggregation of lines and symbols. By so doing, we
learn to master the language of industry.

Mechanical drawing is wide in scope and coverage. It
includes those drawings made with the use of a draftsman's
kit, which includes instruments of precision such as compass=
es, triangles, scale, and T-square. Freehand drawings are

likewise included in this field. These freehand drawings use

1 o _ ;
Thomas E. French, and Carl L. Svenson Mgghag;ggl
Q:g%ing. New York: McGréwuHill Book‘Company,'Inc.. 948,
pPe 1.



the graphic.language of industry and are so called meiely
because they are drawings made without the use of instru=-
ments., Both.freehand. and mechanical drawings may be sub=-
divided into four categories: gorithoaraphic, isomeiric,

gbligue, and perspective drawing, according to the method
used, Each of these divisions may be further subdivided

into the specific areas of drawing, with each area hé?ing
its own symbols and idiomatic foxms of expression, such .as’
architectural, maching, structural, fopographical, and air-
plane drawing. Thus, one may easily grasp the scope, im~ - -
portance, and value of mechanical drawing in our daily lives.

. The above stated concepts will be the definition of
the term mechanical drawing used throughout this paper.

A brief history of meshanical drawing. As drawing is
the universal graphic language, it must have been known‘long
ago, The Bible implies as much in its éescription of the
planning of Solomon's Temple: "Then David gave to Solomon,
his son, the'pattern of the porch,wand of the houéés théreof.
and of the treasuries the;eof,‘énd of thé upper chambers
thereof, and the inner parlours thereof, and of the place of
the mercy seat."? It is very unlikely that the detailed and

complex buildings and structureé of the ancients were built

2 The Holy Bible, I Chronicles, 28:1l,



without plans or without drawings for those assembling the
parts. Further, it seems impossible to think of the Parthe=-
non or a pyramid being constructed and assembled without
drawings to guide those in charge of the building., .

- By the early part of the fifteenth century, the theory
and use of projections on single planes were well established
by Italian architects, of whom Brunelleschi was one of the
first to use scientific laws of perspective in architecture.S3
It was a simple theory being entirely pictorial in nature,
and not until the end of the eighteenth century did our pres-
ent complex, scientific drawing theory evolve, This means
that the science of mechanical drawing is relatively new, }A
French mathematician, Gaspard Monge, circa 1790-1800, intro=-
duced a new concept to mechanicai drawing ~~ that of using
two planes of projection placed at right angles with each
other.* From this new development came the basis of descrip-~
tive geometry, a science using analytical methods to give the
graphical description of objécts hévingylength, Width, and
height. Descriptive geometry is the scientific basis of

préctically'all mechanical drawing.® This science is

3 “Flllppo Brunelleschi“ ,ngzglgggﬁiﬁ.ﬁ;&iéﬂﬂ;&ﬁ
1949, IV, 285,

ros 4 wGaspard Monge," Encyclopedia Britanpica, 1949, XV,

5 William Raymond Longley, “Descriptive Geometry,
Britapnica, 1949, VII, 254~257,
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designed to develop the mind in mentally visualizing objects
which occupy space.

Thus, mechanical drawing has evolved from the past by
two clear, distinct steps. First, only one projection plane
existed until the close of the eighteenth century. Second,
at this time another plane, perpendicular to the first, was
added. More projection planes later were added to these two
planes until, at present, any number may be used, depending

upon the complexity of the problem,

Planes of projection. These will be referred to
throughout this study. It will be noted that there are three
types of projection; namely, orthoaraphic, oblicue, and per-~
spective. The plangg,gf,n;gigg;ign are common to all types
of projection and are the plane surfaces upon which the ob-
ject is projected or drawn,

A well known mathematical fact is that a point may be
projected upon a plane surface, Any object which occupies
space has many points upon its surfaces. If all points of
the object are projected parallel to each other, perpendicu-~
larly to the plane of projection, it is called QOrthographic
Projection. Oblique Proiection is the parallel projection
of all points of an object, wherein the plane of projection
is other than 90 degrees to the parallels., If the points of

the object are projected to the plane of projebtion in a



converging manner, a Pezspective Projection is obtained.

- These planes of projection are planes in the strict
mathematical sense, They may be defined in a layman's sense
as flat‘surfaces.- To the mathematician, they are surfaces
as determined by three‘points, or 1f only two points were -
chosen and a straight line were to connect the two chosen
points, the entire line would be in the surface of a plane,

With the present theory of mechanical drawing, three
planes of projection are used. Each plane is mutually per-
pendiculaxr to the other two. If the reader will visualize
the ceiling, the front wall, and a side wall, each of these
three surfaces upon examination will be found to be perpen-
dicular to the other two surfaces. If an object is assumed
to be placed in the center of the room, and a "fop" view of
that object is drawn on the celling, a "front" view drawn on
the front wall, and a “sidé" view drawn upon tﬁe side wall,
a fairly good idea of the planes of projecfion and their use
and value may be‘gained. “ | |

However, it is a Qrowing praéticé in the United

States to teach elementary projection drawing without
reference to the planes of projection.

The argument for this teaching method is that
the student visualizes the object itself without
being confused in trying to visualize the projec~
tions, Its success is. indicated in that some engi-
neering schools are now teaching the whole subject
of descriptive geometry [mechanical drawing] without



~using the reference [projection] planes.é»

The study of the relative merits of the use in con-
trast to the pon use of projection planes in the teaching of
nmechanical drawing is the purpose of this s£udy. The use of
projection planes seems to be in little practice as a survey
of all mechanical drawing teachers in the Richmond, Virginia,
Public Schools indicates that no teachers are using this,
method and that many teachers have not even heard of .it! Un-
successful library searches for mechanical drawing teaching
techniques indicate that no recorded research experiments
have ever been undexrtaken on this particular pedagogical
methed , The popular trend is away from the use of projection
planes, without documental evidence of its inferiority ox
superiority., The purpose of this sthdy is to determine to
what extent this trend is justifiable and pedagogically

sound.

~ Ihe medezn method of feachina mechanical drawing. As
has been previously staied, the modern trend ignores the use
of projection ﬁlahes in teaching mechanical drawing., It sub-
stit&tes’models and pictﬁres,from’which the pupil may develop
an ability_to form a méntal image from a drawihg. In its ese

sence, the pupil is given a model and is asked to draw the

6 Thomas E, French, "Engineering Drawing," Engvclopedia
Britapnica, 1949, VII, 632, . .



top, front, and side view of the object. Practice of this
sort is thought to develop the ability of pupils to visualize
drawings mentally, and to enable the pupil to transfer this
ability to instances where a model is not available. An im~
portant\factrisAthatvfhe goals of this teaching method are
the same as the goals of teaching using the planes of pro-
Jection: mainly to develop the ability to form mentally an
image of an object represented byrlineslon a drawing, This
is the popular system in present use by many teachers of

mechanical'dtawing.
III, HOW THE PROBLEM AROSE -

This problem slowly took place in the writer's think-
ing, observation, and philosophy during the experienbe of
teaching mechanical drawing for four years, It was the
writer's phildsophy that new ways of teaching shouid con~
tinually be used so as to improve the existing techniques. -
‘ Consequentiy, the method of using the projection planes was
used for instruction in some classes, and in some other
‘classes the projection planes were not used, From a subjec~-
tive evaluation and observation of these situations, it
seemed that the pupils using the planes of projection in
their drawing were mastering the mental visualization pro-
cesses more easily, moie quickly, and more efficiently than

those who were not taught by the projection plane method,
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not only in the beginning classes, but also in the advanced
classes where this discrepancy seemed even greater in an ac-
~cumulative fashion,

If these observations were false, then there should
be some documented proof showing that the method not employ~-
ing the projection planes was the best, If these observa=-
tions were true, then there should be some concrete evidence
indicating that the use of the projection planes was the
better instructional method, Upon a review of the litera=-
ture, there was no obtainable evidence for the superiority
of either method, Was the popular modern method of teaching
a Justifiable course for teachers to follow blindly without
proof? Thus, the question of superiority of one method over
the other became an issue, Did one method rank above the
other in excellence? Did the modern, popular trend follow a
reasonable teaching method? Was there any tangible evidence
to prove or disprove the values of either method? To answer
these questions, a study would have to be made of the condi~
tions of each teaching procedure., It is hoped that this
study will show that one of these instructional techniques is

preferable to the other.
IV, A REVIEW OF THE LITERATURE

The first step taken in this study was the review of

the extant literature on the subject at hand., It was
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surprising and enlightening to find that little or no re-
search had been done on this particular problem, either on
college, high school, or elementary school level, Research=
ers have ignored or overlooked the teaching methods of me~
chanical drawing. Yet many books have been written and much
research has been done in the field of mechanical dfawing,
but nothing has been done in methedology. Professor -
Hoelscher, in'l9é9, claimed to have written the first book
concerned with the teaching of mechanical drawing. He
states that, "There have been textbooks upon the teaching
of almost all of the other high school‘subjects, but this
text preéents a pioneer effort in the field of teaching
methods for the subject of mechanical drawing.“7 He uses
the planes of projection in his recommended methods .8

The libraries of the University of Richmond, the
University of Virginia, the United States Office of FEduca-
tion, and the Library of Congress were searched in this
study. From the files of this large number of publications,
there was only one article dealing with the use of the
planes of projection in the teaching of mechanical drawing.

The author of this article in expressing a personal viewpoint

2

7 Randolph Fhilip Hoelscher, Ihe Ieachina of Mechan-
ical Drawipg. New York: John Wiley & Sons, Inc., 1929.

Preface,
8 Ipid., p. 164,
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concludes, "If the projection box is given a trial anywhere
above the sixth grade, it will never again become the prop=-
erty of the tech school and college."9 This article~éxpla;ns
the use of the projection planes in the theory of mechanical
drawing and how they may be used in schools. The article is
unsubstantiated by researéh and it‘rebresénts only’a subjec~
tive viewpoint and experience ofvthe author. From these re-
marks an impression may be inferred that the projéction
planes were not in common use in the grade oxr high schools
at that time. A search of a bulleiin of the Ameriéad Voca~-
tional Associationl® indicates tﬁat'there are no ariicles
from 1930 to 1948 dealing with the value of the projection
planes., It may be interpreted, therefore, that while the
projectibn planes may have been in use by some high school
teachers since 1920, their use is not too common. The lack
of 1itérature on this topic would seem to indlcate that there
has been very liitle ihterest in research dealing with these
projéction planes in relation to‘learning processes. No re=
corded scientific basis, either fdr or against thé use of

projection planes in teaching procedures, has been found in

9 W. V. Winslow, "The Projection Box: Its Use in
the Schools," Industrial Arts Magazine, 9:35, May, 1920.

10 s .
Studies in Industrial Education, American Voca=
tional Education Bulletin, No. 4. Washinﬁtonz American
Vocational Association, Inc., 1949, 160 pp.
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the review of the publications listed in several libraries.
The apparent lack of scientific reports upon this -

topic, therefore, would seem to indicate that this study may.

be an original scientific research,
V. THE VALUE OF THE STUDY

Thevvalues of this study have many implications, and-
they are important to many groups,

From an educational standpoint, classroom teachers
should always strive to find better ways and methods of
teaching., Learning by pupils should be by the most effi-~
cient methods available. Teachers using obsolete or inef=~
ficient methods cannot justify such inadequate techniques to
society and to the teaching profession, The teaching occupa=~
tion, as a profession, should always strive to improve its
methods, This study should be of interest to every teacher '
of mechanical drawing,

The pupils, likewise, should benefit from this study,
Psychology has sought to prove that material remembered long-
est is the easiest material learned, It would seem,; there-
fore, to be to the pupil's advantage if the easiest method
of learning.were inherent in the present teaching procedures,
The ease of learning provides for a thoroughness of under-~
standing of the subject., This is of greatest importénce to

the high schéol pupil oxr technical student. Sorenson states
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", ..difficult material is forgotten more rapidly than is
easy material, This is largely caused by the condition that
easy material is learned more thorougﬁly and is better under=~
stood, while the difficult material has not been grasped so
thorbughly."ll Undoubtedly, mechanical drawing has as one
of its goals the development of mental visualization. If a
thoroughness of teaching and ease of learning occur in me=~
chanical drawing courses, the pupil should well benefit in
his increased mental visualization ability.

All institutions which provide instruction in mechan=
ical drawing may also benefit from this study. It should be
of especial interest to.the institutions that prepare teach-
ers, for their puﬁils. as prospective teachers, should bene=~
fit from efficient teaching methods as.well as being trained
in these methods. The technical schools should be interested
in that their goals are to train specialists in a thoxrough
manner. As this research is limited to the high school
level, the results may prompt others to carry it into other.
grade levels, such as college, technical, elementary, and
adult educational programs. Science may well discover cbso-
lete methods in use in these institutions, which facts should
be welcomed by theveducational administrative officials,

1l Herbert Sorenson ,Es_mbglg_gx in Education. New
York: McGraw Hill Book Co&pany, Inc., 1948, p. 356.
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Industry always has a stake in studies of this nature.
Most graduates of our schools are employed in industry. The
scope and nature of mechanical drawing is such that it can be
of value to many industrial workers. Industrial personnel
management .1is concerned with the adequacy of the education
that its future employees receive in the schools.  They ex~-
pect and demand the best prepared workers available for em=-
ployment., Because mechanical drawing is so widely used by
so many trades, craftsmen, and workers, private industry
does have a stake and interest in the teaching methods of
our school,

But the adequacy of teaching methods of our schools
is not the only interest that industry should have in this
study. It must be pointed out that industry trains many of
its employees for specific jobs as training for most of these
specific jobs 1s not given in many schools. Thé extenslive
use of .mechanical drawing in industxy is a reason that this
subject is taught by private enterprise, where time is money.
The most efficient method of teaching mechanical drawing for
special, specific positions should be of vital concern to
the persons of industry in charge of an educational program

for its employees,
VI, ORGANIZATION OF THESIS

In this study, as has been pointed out,'the material
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was of an original, experimental nature. Thus no previous
study was avallable to analyze for weaknesses and inadequa-
cies, Accordingly. this thesis was undertaken as a presen-
tation of an origilnal experiment. Chapters in the following
pages are devoted to each of the following topics: <the
basis for the grouping of pupils, the experiment, the con=-
struction of final achievement test, the administration of
the final test and the equating of the groups, analysis of
the final test results, and the summary, recommendations and
conclusions,

The basis for the grouping of the pupils and a survey
of the students involved in the experiment is discussed in
Chapter II. The description of the experiment is the basis
for Chapter III. This gives a detailed teaching method for
each group, as the two control groups were taught by two
different methods, Chapter IV is the description of the
formation of an objective test designed to test both groups
upon their achievement at the conclusion of the experiment.
The administration of this test and the equating of the
groups is discussed in Chapter V. Experimental techniques
used in this study are thoroughly described throughout
Chapters II, III, IV and V. The analysis of the final test
scores is treated in Chapter VI. The summary, conclusions,

and recommendations are described in Chapter VII,



CHAPTER 1I
| THE BASIS OF THE GROUPING OF PUPILS

This study hinged upon eguating two control groups.
The groups were equated with each other in texms of I. Q.,
age, sex, spatial ability, and initial skill, which élso was
to include a previous knowledge of geomefry. This chapter
is concerned with the selection of these factors as a basis
for equalization of groups, the process of equalizing the

two control .groups, and the administration of the experiment.

- Erelimipaxy sieps and spproval. After consulting with
Mr., H. Clay Houchens, Richmond Director of Industrial Arts,

and Mr. C.AC. Hancock, Principal of Thomas Jefferson High
School, permission and approval were obtained for conducting
this experiment. Thereupon, the hurpose, function, and
scope of the expefiment were thoroughly and carefully ex-
plained to the administrative and guidance personnel of
Thomas Jefferson High School. This step was of vital impoi-
tance as 1t was necessary to gain the understanding and co-
operation of these persons in ofder to conduct the experi-
ment successfully., As a result.'all beginning ﬁechanical
drawing pupils for two semésters were assigned to the writer
for their instruction in this‘sﬁbject. The guidance workers

were most co-operativé in not changing pupils! schedules, so
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that the beginning pupils would not thereby have a change of
instructors. Consequently, not one pupil had to be discard~

ed from this experiment because of a change of teachers,

Determining the experimental techniques used in this
study. From a brief survey of this proposed experiment, it
was at once evident that this study had one specific purpose;
namely, to investigate the relative value of the use of pro-
Jection planes in contrast to the pop use of projection
planes in the teaching methods used in a course of senior
high school mechanical drawing.

In ordér to investigate and to.examine this situation,
the equivalent~-groups method was used, The equivalent~groups
experimental procedure is a controlled situation wherein the
variables of the experiment are observed and measured in two
identical pupil groups. The variables of this study are the
two contrasting teaching techniques. It must be pointed out
that‘the experimental situation was subject to many limiting
factors such as time, money, effort, and the uncontrollable
situations. The compensating factor of keeping these factors
as constants made the equivalent=-groups a plausible experi-
mental method. |

The chief difficulty with the equivalent-groups method
was the control of gll factors and all conditions involved

so as to isolate the two factors under observation; to wit,
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the two types of mechanical drawing teaching procedures.
There were many factors operating in addition to the afore=~-
mentioned two variables {the teaching procedures).. Changing
social conditions and influences, such as home background,
community experiences, social rank and prestige, size of
groups in the'experiment; sex, social forces, SChool.échieve~
ment, natural endowed intelligence, age, family forces,
teacher influences, etc. ad ipfinitum, were at play through-
out‘the experimeht. Undoubtedly.'there were many unknown
influences also. Even many of the known influences were
likewise uncontrollable and unmeasureable.,

To surmount this difficulty of the control of gll in-
volved and 1nh§rent factors, the law of the single variable
had to be obeyed., Herein the teacher variables and one pupil
factor were held constant by dividing the pupils into two
equal groups and usingdone teacher for both groups. 1In this
isolated state, the two teaching methods seemingly were iso~
lated, obseryed. measured, and evaluated, using the pupil

achievement results as the yard stiék.

Determining the administratiop of ihe experiment.
The limitation of time and the small number of beginning
pupils prevented equating pupils of one group with identical
pupils in the other group. Equating pupil~pairé normally

requires large numbers of pupils from which only a few
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identical pairs can be salvaged. To utilize fully the few
pupils in this experiment, they were grouped and equated as
groups with equal factors, and not as pairs with equal fac-
tors,

After a close study of the school situation, the plan
of using onlonne teaching method per semester was adopted. -
This administrative detail offered many advantages. It per-
nitted the guidance personnel to adjust pupils! schedules.
Pupils could be freely shifted from one mechanical drawing
class period to. another period without disrupting their to-
tal class schedule. Consequently there were no pupils dis=
carded from the experiment because of class conflicts.

Another great advantage Sf this administrative plan
was that it lessened the possibilities of one group influ~
encing the other group, There existed the possibility that
the members of one group could pass advantages and knowledge
of the teaching techniques used with them to the members of
the other experimental group., But with only one distiﬁct
teaching method used each semester of the experiment and
with a summer's vacation between halves of the experiment,
the possibility of this cross influence was greatly reduced.

This cross influence would be reduced from several
other points., First, the pupils' retention of mechanical
drawing principles, which could be given té the other ex-

perimental group, would not be too great after a thrée months!
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vacation., Second, the possibility of pupils of the second
half of the experiment intimately knowing the members of the
first half of the experiment was not great in a school as
large as Thomas Jefferson. Third, the possibility of the
writer's mixing the teaching techniques was greatly dimin-
ished by using only one teaching meihod at a time. |

A further advantage of using only one teaching pro-
cedure per semester was that all pupils of both éemesters.
were better possibilities for being group members, thus pro-
viding larger identical groups. Most pupils taught using
this plan were group possibilities, as few discards were
necessary because of class conflicts. This experimental
plan by its very nature permitted the pupils to be taught,

- tested, and grouped at a leisurely pace at some later con=-
venient date in each semester. Thus the plan of using only
one teaching method per semestexr allowed the school adminis-
tration officials great freedom in shiffing pupils from
period to period without concern of intermingling'the per-
sonnel of the experiment., Under this adopted plan, all
pupils of each semester could be fested at the beginning and
end of the semester and their equating with the other pupils

was not necessary until final completion of the experiment.

Survey of the pupils used in this experiment. After
the administration of the experiment had been settled, it
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was necessary to evaluate those enrolling for the beginning
course in terms of interests, age, previous mechanical draw=
ing, I. Q., spatial ability, and number of pupils, - An en=-
trance questionnaire,12 devised by the writer, was given to
each pupil at the beginning of the term. Two standardized
tests were also given at this time. The following was a
composite of beginning pupils of mechanical drawing enrolled
with the writer for the school terms of February 1951 to
February 1952,

By way of introduction, the curriculum of Thomas Jef=-
ferson High School uses the departmental plan based upon sub-
ject matter., There are many subjects available to the pu~
plls, Some are prescribed by law; others are prescribed by
the graduation diploma which the puplls desire; others are
elective. Mechanical drawing. is an elective course available
to all pupils and it must be taken for a complete year, two
semesters, before school credit for any diploma is given for
the subject., Thereafter, each semester carries individual
school credit. Consequently, those who do select mechanical
drawing usually take a complete year before withdrawing or
dropping the subject. As is true of other subjects, mechan-
ical drawing is given in single periods of fifty~-five minutes

duration., Each semester is ninety days in length. Because

12 Infra Appendix A, p. 93.
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the course is elective, some pupils enroll for beginning
mechanical drawing as freshmen; others wait until their
Junior or senior year to begin, Pupils of all high school
grades were enrolled in this experiment. Their ages were
accordingly spaced from age thirteen years and eleven months
to twenty years and four months.

There were forty-four pupils enrolled in the first
semester and fifty-eight pupils in the second semester,
This gave a total of 102 beginning pupils in mechanical
drawing who finished the experiment, Preparation for a
technical college course was given by fifty-two pupils as a
reason for taking mechanical drawing, WVell over half indi-
cated that they had a specific reason for being in the class,
which fact should indicate that classes were formed largely
of pupils interested in the subject. From all entrance ques-
tionnaires it was determined that twelve pupils had previous=-
ly taken mechanical drawing for only part'of a term; eighteen
had taken it for one term; six had taken it for two terms;
one had taken it for three terms; two had taken it for four
terms. All this previous mechanical drawing experience was
in the junior high schools, There were no repeaters enrolled;
all were new pupils to the experimenter.

The drawing given in the Richmond junior high schools
is, for the most part, of an elementary nature., The courses

vary from school to school and from teacher to teacher.
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There the mechanical drawing is usually given for one-half
semester in close connection with a shop course. Only one-
view‘drawﬁngs are required, <Some Jjunior high schools give
more advanced courses after the introductory and explanatory
course., These junior high schools have mechanical drawing
as unit courses, which teach mechanical drawing exclusively.

From this non-uniformity of mechanical drawing in
the junior high schools, the beginning mgchanical drawing
pupils of Thomas Jefferson had gained their previous mechan~
ical drawing experience. No credit was given by the high
school for any Jjunior high school drawing., Consequently,
all pupils selecting mechanical drawing in Thomas Jefferson
had to take the same course, regardless of their previous
experience.,

From the results of the QOtjis Quick-Scoring Meptal
Api;i;x Iests given at the beginning of the respective se-
mesters of the experiment, the distribution of I. Q. scores
indicated a slight skewing to the right. Figure I, page 25,
shows the distribution of these test results. These results
may be accounted for on two grounds. First, those who choose
the technical occupations usually are of high intelligence.
Thus, if nearly 52 per cent of the pupils were taking the
course in preparation for engineering or architecture, then
the skewing of the scores to the right should be expected as

shown in Figure I, because the more gifted pupils would
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FIGURE 1

DISTRIBUTION OF I. Q.'S OF ALL PUPILS TESTED FOR
THIS EXPERIMENT
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select this subject in preparation for their future vocation,
Secondly, the skewing of the intelligence scores to the right
is very dominant in the student body as a whole at Thomas
Jefferson High School. If the trend for the results of the
whole school is toward the right of the normal distribution
curve, then one should generally expect the same curve pat-
tern to follow in the pupil distribution within the classes
of the school unless some selective procesées were at work
to upset this pattern, mainly the placing of the non-gifted
pupils in classes upon the advice of the counselors. Only
eight pupils stated that the counselors had recommended
mechanical drawing to them., This was no indication that the
counselors were loading the mechanical drawing classes with
the exceptional pupils. Table I indicates the success and
ability of the Thomas Jefferson High School graduates of
three previous years in doing college work.

| TABLE I |

ABILITY OF THOMAS JEFFERSON GRADUATES OF
THREE RECENT YEARS TO DO COLLEGE WORK

Number Numbexr Per Cent of Successfully
of to Graduates Passed Per Cent of

Year Graduates Colleges to Colleges College Classes

1948 504 325% 64 .5% 91.1%
1949 467 - 332% 71.1% 87.9%
1950 480 333% 69.4% 89,7

%* Figures include those pnot recommended to colleges
by the office of the principal.
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- In general, the results of the other standardized
test, the revised Mipnesota Paper Form Board Iest, were .
'spread from extreme low to extreme high, ranging from the
first percentile to the ninety-ninth percentile., The dis~
tribution of these scores was not skewed., It was very near
to a normal distribution.

In summary, the above information regarding the pu-
pils, as a group, indicates that a majority had a definite
reason for, and interest in, taking the course, The distri-
bution of their intelligence scores was skewed to the right.
Over 38 per cent had some previous mechanical drawing ex=-
perience in the junior high schools. This high percentage
of the initial skill factor, for the most part, had to be
discarded from the results of the experiment., Only those
pupils with a partial semester's experience in the junior
high schools were utilized in the final grouping., The
spatial visualizatibn ability differed greatly as evidenced
by results of the revised Minpesota Paper Form Boaxd Test.

The range in age was nearly as wide as that of the entire
SChOOl:

Determining the factors in egualizing the iwo experi-
mental groups. The factors of age, I. Q., initial skill,
sex, and spatial ability were selected for equating the two

groups. Previous mechanical drawing experience was not used
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as a factor in equating because the value of this experiment
lay in the teaching of the neophytes,

Hereupon, the writer arbitrarily decided that the
first semester of teaching would not use the planes of pro-
jection, As previously noted, there were forty-four pupils
registered and forty pupils finished this seﬁester in the
beginning course, - One of these pupils was a girl, who was
subsequently eliminated from this experiment because there
were no girls in the following semester. The equating of
groups by sex was, therefore, not a problem,

Age, as an index to growth and maturity, was another
chosen factor upon which to equate the groups, This was
nécessary, as maturation of ability to judge spatial rela=-
tions seems to develop in'early teens with little increase
after fifteen or sixteen.t® But in this experiment, there
were pupils of age thirteen. It is doubtful that their
spatial ability had been fully developed. Therefore each
group should have an equal number of fhe lower age groups.

If intelligence is a mental ability which is used in
solving problems, then this factor must likewise be equated
in the two groups under observation. A rather high degree of

intelligence is needed for success in the technical fields

13 ponald E, Super, Appraising Vocational Fitness.
New York: Harper & Brothers, 1949, p. 306,
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using mechanical drawing, @

- The initial skill of the groups should likewise be
evened, in that one group should not have an unfair begin=-
ning advantage, This initial skill included the previous
mechanical drawing experience. As mathematics, especially
geometry, is involved in this subject matter, the initial}
skill was interpreted also to include previous geometry.
courses.

. Spatial ability, according to Super, "is an aptitude
which has long been considered important in.such...activi-
ties as...mechanical drawing."l4. This ability, being con-
sideied as a factor of equation, had to be considered in the
choosing of the two groups. Only groups equal in the chosen
factors necessary for group classification could give any
validity to this study.

Further careful consideration did not reveal any other

factors which seemingly would influence the equating of the

groups. -

§ggmgxx Qi,ngnzgg Most successful intelligent human
endeavor appears to be achieved with planning aforethought.
This chapter, in a modest attempt, points out and discusses

-those planning factors which were necessary for the equivalent

14 1p14., p. 282,
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grouping pf pupils. Upon this beginning arises the topics
for discussion in the following chapters.

An over-all picture of the graduates of Thomas Jeffer=~
son High School and their success in college was presented
as a background for the experiment and an indication of the
students involved, From the questionnaires‘di§tributed dur-
ing the opéning of classes, the specific items of pupils?
interest were obtained, Two standardized tests administered
to the pupils at the beginning of each semester gave added
information for the equating of the groups. It was seen
that the I, Q. scores were skewed to the right, Fifty-two
per Cent of the pupils expressed a definite vocational prepa~
ration as a reason for selecting this subject., The spatial
ability scores of administered tests were widely divergent,
as was to be expected, ranging from the first to the ninety=-
ninth percentile, |

Thus, from a brief survey of Thomas Jefferson grade
uates, gained from standardized tests and the entrance ques-
tionnaires, an insight was gained as to the abilities and
potentialities of those pupils subject to the experiment.
Accordingly, this collected data from the various sources
were the basis for equalization of both groups in terms of

sex, age, initial skill, I. Q., and spatial ability.



GHAPTER III
THE DESCRIPTION OF THE EXPERIMENT

Having selected the factors upon which to equate the
two equivalent groups, the writer proceeded with the study

as-glven below,

Ihg,gzggx;mgn& Prlor to the beglnnlng of the QXperio
ment, some standardized tests were obtained from commerclal

firms dealing in psychological tests, These were the revised’

edition of the Mipnesota Papex Form Boaxd I.eg_t and the Qtis

Qm&.&-émmg Ability Mental Test. These tests were used to
determine the spatial ability and the I. q., respectively, of

the 1ndividual pupils. _

| It was necessary, also, to determihe the factors of
age, previous mechanical drawing experience, sex, and prior
mathematlcs instruction. To achieve these goals, an entrance
questlonngire was prepared byftheiexperimenter‘far obtaining
the nécessary information from the pUpils.15 Given to the
pupils at ihe beginning of their first ciass, this question=-
naire served a two=fold function, Not only did it serve'to
enroll. puplls, but it served as a source of ready and valu-

able information about each pupil, In addition, the

15 Infra Appendix A, p. 93.
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questionnaire served as a means of recording all experimental
data in one definite:place‘ On the reverse side of these
sheets were printed forms and épaces to record all collected
data from the psychological tests given.

The first half of the experiment was started in Febru~
ary, 1951, and;ended in June, 1951, The group taught during
the first half of the experiment was designated as Group One.
The writer arbitrarily selected the pop-use of the projec- |
tion'planes for’thevteaching méthod throughouf this semester.
Thé second hélf of the ekperiment'waé conducted from Septem-~
ber, 1951, to January, 1952. The group of this last half of
the experiment was designated as Group Two. The use of pro-

jection planes was employed exclusively during this semester.

Ihe feaching of mechanical drawing theorv for Group
Ong. Thevprojéctioﬁ planes were hot discussed or explained
to this group. All theory and mechanical drawing practices
were explained and discusse& in the non~-technical language.
No formal lectures of—explanation or discussion were given.
Informai aid and assiéﬁance were given tolpupils whenever and

e

wherever needed,

The pupils had two main resources in addition to the
teacher in working the problems: the text book, and small
actual_paper models of each individual problem. The pupils

were expected to read the text and to ask quesilons, if
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necessary, before attempting any problem. The small actual
modéls were freely used by the pupils in attempting to work
the problem, - These models could be easily viewed from the
top, side, and front positions. From these three observa~
tions, the three views of the object could be drawn, the
visible edges représented by solid lines, and the invisible
edges represented by hidden lines.

- It was hoped that with practice in using the models,
a mastery of the three-view theory would be attained by the -
students, The mastery of the theory would be the'ability
to solve three views of an object,‘or}mentally to visualize
ihé‘object, and to interpret the three viewslﬁggg an actual
model of the problem was not availsble.

This method of teaching which utillzes models presup=~
poses that there will be trainlng,in the ability to read and
to interpret mechanical drawings. It is hoped that with
pract;ce and use, thzs abzllty is transferred from the simple
problems with models to the difficult problems not using
models. Thus, the models were utilized as mental crutches
or alds to train the ability of students in interpreting
drawings. With the growih of this ability, thehmodels, as
crutches, weré discarded, if possible. Difficult problems
were solved by the learnings achie?ed in the use of models,

There was another mental aid évailable for this group,

Instead of an actual model, a pictorial view was added to the
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problems in the text. From this graphic representation of
an ébject. the three views could be ascertained with a little
mental manipulation.16 This extra assistance was available

to Group Two, also.

Ihe teaching of mechanical drawing theory for Group
Iwo. The teaching method for the second semester used the
projection planes, In all class explanations and discus=-
sions, a repetitive reference was made to the relationships
of the object to the horizontal, vertical, and profile
planes. Formal lectures were given prior to the studying
of a new ideal or concept. Reviews were of a formal char-
acter. They were individual, informal discussions wherever
and whenever needed, but alwayé couched in terms of the hori-
zontal, vertical, and profile planes,

To make clear these explanations, the writer con-
structed a projection box of clear transparent plastic. It
consisted of a wooden base 8" by 10" with one plastic sheet
securely fastened to the base. To this front sheet of
plastic, two other 8" by 10" plastic sheets were hinged.

The side plastic sheet fol&ed baék against the side of the
base. The top plaétic sheet folded down and rested directly

over the base., Thus assembled and folded, it corresponded

16 Infza?Appendix D, problem 1, p. 101, as an example.
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to the front wall, the side wall, and the ceiling of a room.
Fignré 2, page 36, is a photograph of the actual model used
in this experiment. On'these plastic sheets were drawn the
front, top, and side views of an object which was enclosed,
by the folded plastic sheets., Photographs of these views
are glven in Figures 3, 4, and 5 on pages 37, 38, ‘and 39:
By folding the tOp and side plastic sheets, one has all
three views in a single plane, Figure 6, page 40, shows how
the three views would appear on a sheet of paper, which
represents the front picture plane. : ,

‘Note that the front plane now lncludes the other two
planes, namely the top and side plastic sheets. Th;s front
plane, as do all planes, has only two dimen31ons. But the
three ?iews now folded into one plane rEpresent three dimen-
sions of»length, width, and height. ‘To one unlearned in the
theory of mechanical drawing, a projebtion box must be seen
and étudied carefully to 9rasp’clearly and to understand all
of its uﬁéerlying principles,

Thé ﬁéthematical and méchanical drawing principles
concefning the projection box were taught as thoroughly‘and
completely as pbssible to Group Two. 'The relationships, the
integreiatichships,,and-iﬁplicaticns were discussed whenever
pbssible. Thé concept of two infersécting planes forming a
»stréight line was carefully explained as the reason fqr the

lines forming the outline of an object. The interrelationship
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FIGURE 2.
PHOTOGRAPH OF PLASTIC PROJECTION BOX



FIGURE 3

PHOTOGRAPH OF TOP VIEW OF THE

PROJECT ION

BOX
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FIGURE 4
PHOTOGRAPH OF FRONT VIEW OF THE PROJECTION BOX
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FIGURE 5
PHOTOGRAPH OF SIDE VIEW OF PROJECTION BOX



FIGURE 6
PHOTOGRAPH OF THE HORIZONTAL AND PROFILE PLANES
INTO THE VERTICAL PLANE OF THE PROJECTION BOX

40
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points, lines, planes, and solids were taught to this group.
These concepts were carefully developed so that the students
could apply them to mechanical'drawing problems,

- The plastic projection model was available fo¥ stu=-
dents to take to their desks, if necessary, for further
study in an attempt to gain an insight of the principles
evolved during the term, The objeci being drawn was studied
in its relation to the plastic box. There were no models of
the problems available. Only one modei was available to use
in the plastic box throughout the term. The rules, observa- .
tions, and concepts applicable to all mechanical drawing
problems were derived from this one example. It was hoped
that the students? ability to read and to interpret drawings
would be transferred from a study of the plastic projection

box with its simple problem to the difficult problems.

gactggs ggggilx‘gﬁiggiing.bgih,gzggng, First on this
list is that of the teacher factor, The writer served as
feacherfor both groups. As far as possible and practical,
the teacher influences were held constant in both groups.
fﬁe teacher~diligently and conscientiously instructed both
Qroupé, The class procedures were held as constant as pos-
sible in class administration in such things as taking roll,
discipliﬁe. grading, etc, The teaching method was the only

teacher factor intended to be varied in the course of the
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experiment,
o As the experiment was planned, there was a summer
vacation between parts of the experiment. This was fortunate
on two counts, First;‘the psychological laws of forgetting
would apply to the teacher in regard to the teaching method
for Group One, This was desirable, as an entirely different
teaching method was used for Group .Two.  The second count
was equally as favorable. Not only would the teacher forget,
but the pupils.likewise would forget some mechanical drawing
principles. These two factors were quite acceptable for the
experiment, as it lessened the possibilities of intermingling
the two contrasting teaching methods. The summer vacation
likewise served to separate friends for an additional period
of time, It must be remembered that beginning pupils are
largely drawn from the incoming students from the junior high
schools, As these two groups were already separated into
different schools during the first semester, and the groups
sepérated longer by a summer vacation, the possibilities of
friends being in the different groups was greatly reduced.
This also lessened the possibilities of a cross influence of
the teaching methods. |

The physical makeup of the room was another experi-
mental factor. Things such as lighting, available spare
desks, instruments, and equipment were unchanged during the

study. At the beginning of each term, some class periods
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were reserved for class‘planﬁing. ‘Herein the number of prob- |
lems to be worked by the pupils as a requirement for passing
the course was decided upon in class co-operation and agree-
ment. The method of grading problems and the class proce-
dures were established with student participation, Both ex~-
perimental groups decided upon twenty problems as being the
required number for the term. The students agreed, with
minor exceptions, upon the fairness of the method of deter-
mining grades AS'Qutlined in a memorandum to'the'parents.l7-
The factors of neatness, accuracy, speed, and legibility -
were mutually agreed upon as a basis for grading the quality
of the problems. Because a certain number of problems was
required for a student successfully to pass the course, the
par for each problem was duly noted at the beginning of the
time allotted for it. Thus, each pupil could judge for him-
self his retardation or progress. The slower students were
" able to finish only the required number, while the superior
pupils were able to complete some extra assigned problems.

The writer, in using only one teaching method per se-
mester, enjoyed the advantage of being able to permit pupils
behind in their work to come in fpr'makeUp work during any
class period or after school without fear of the two teaching

methods intermingling, Pupils were encouraged to come in,

. 17 M)Appendix B, P 96,
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whgther behind in their work or not. Consequently, the draw=
ing room was open and available almost every afternoon after
school until 4:00 P,M,

During the two‘semesters, only a few individuals
dropped out of school. Only four of forty-four pupils and
three of fifty~eight were drop-outs during the experiment.
These few drop-outs were due to school disciplinary action
to those who were poorly adjusted to the school, in that the
school had little to offer them. The withdrawals were rela-
tively few in number because the majority of those enrolling
stated a definite reason and interest for the course. Fur~
ther, withdrawals were also discouraged in that a whole year,
two semesters, of mechanical drawing had to be taken before
credit for graduation was given. Therefore, most pupils had
usually definitely decided, before entering, to stay enroll-
ed in the course.

It may be pointed out that there is a slight discrep-
ancy in the number of pupils of the halves of the experiment.
This may be accounted for by several reasons. As usual,
there are fewer pupils entering school in February than there
are entering school in September, Because mechanical drawing
is an elective two semester subject, most pupils prefer to
start their training in the fall term so that a summer vaca-
tion does not intervene. Another factor contributing to this

" difference in numbers was the shift of Richmond's public



45
schools from an eleven year to a twelve year system. This
shift affected the number of incoming pupils juét as the ex=-
periment was started, The junior high schools were holding
their pupils for another year. .The number of incoming pu-~

pils to Thomas Jefferson was thereby drastically reduced,

| Summa;x“gi'ghggig;. An appropriate administrative

plan of'eXperimental pracedure was selected. It entailed
the use df Only‘bné teaching method per semester for all be-
ginning mechanical drawing pupils. The other teaching tech-
niﬁue was used exélusivély for all pupils in the folléﬁiﬁg
semester, | o “ |
" Group One was taught without the planes of projection.
Actual models of the problems were provided. Group‘Two was
taught with the»planes of projeétion; there were no models
available for the pupils. A summer vacation favorably inter-
vened between the experimental semesters,

There were certain factors which affected both groups.
The influence of the teacher affected both groups. Each '
group was taught as diligently as possiblé. The same room
was used for both semesters of the experiment and similar
class procedures were used throughout the study.

The drop-outs were few. There were forty-four pupils
enrolled for the first half of the experiment and fifty-eight
for the second half. Forty pupils finished the first half of
the experiment; fifty-five concluded the second half. |



CHAPTER 1V
THE CONSTRUCTION OF A FINAL ACHIEVEMENT TEST

During each half of the exﬁeriment, the classes were
taught according to the respective teaching methods. With
reference to the mechanical drawing assignments, the content
of beginnihg drawing is concerned with acquainting the pupils
with ihe use 6f fhe instruments, the spoken.and written vo~
cabulary of thé subject, and the theory of the three-viewed
drawings.ls, The results of the e#periment, however, .were
chiefly concerned only with the three-view drawing theory.

As the wﬁiter was unable to find a standardized mechanical
drawing test concerned only with the three-view drewing
theory, he designed a test for this purpose.l9 It was to
determine the achxevement of both groups by which the two
contrasting teaching methods could be compared. By comparing
the results of the tests of both groups, it was hoped that
the superiority of one of the teaching methods would be indié
cated. |

This test was modeled after the standardized tests

administered in the experiment, Its purpose was to discover

Appendix C, p. 98. ‘The three~view theory
begins wit proﬁlem eleven and continues through problem

eighteen.
19 1nfra Appendix D, p. 100.

l
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the achievement of each group to serve as a basis of group
comparisqn. Because the theory of the three views may be
tested in several ways, the test was subdivided into five
divisions, . Each diviéion was to test a different aspect of
mechanical drawing theory of the three views. Dividing the
test into these five divisions served as an additional means
of group comparison, Perhaps one teaching method of the ex-
periment was supéiior only in teaching some divisions of the
test. This comparison,of group scores on the individual test
divisions was'én important guide in forming conclusions of
the results of the experiment. These conclusions are dis=
cussed in detail in Chapter VI,

For each division of this test, a time limif was es~
tablished. This time limit was determined with the co-obera-
tion of thirty mechanical drawing students who had just
finished the introductory drawing course in the prior semes=
ter. These were established by observation of the writer on
the reaction of the pupils, their test results, the opinions
of these pupils, the number of problems attempted, and the
number of problems correctly solved. The limits were estab~-
lished so that it was highly improbable that any beginning
pupil could correctly finish all the problems, and that all
pupils could finish some problems. . If these limits had not
been established, no true testing results could have been

attained; i.e. if the superior pupils had correctly finished
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all of the problems before the time limit, then a test of
their ability would not have been'completé.

With the exception of those problems in group two of
this final test,20 all problems in all divisions were ar-
ranged from easy to difficult. Those in group two were not
so arranged as it was a multiple cholice type of test. Hence
a quick guess for a pupil would be appropriate for an easy
problem as well as for a difficult one. Consequently, to
make‘allowances.for those who guessed on this part of the
test, the problems were not arranged in an ascending order
of hardness, It should be noted that on division three of
this teét,zl the range of difficulty increases as more solu-
tions are dréwn, for each subdivision decreases the number
of remaining possible solutions,

As has been implied in the foregoing paragraphs, the
test was devised so that different psychological approaches
to testing were utilized., The first division is a type of
testing that requires a definite understanding of the two
given views before the missing third view can accurately be
drawn. This division has a pictorial object accompanying

the introductory problems.22 As has been noted, the second

20 Infrs,Appendix D, p. 102,
2 15£ra Appendix D, p. 103,
22 Infra Appendix D, pe. 101,
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division is a‘multiple,choiceg Division three utilizes the
determination of many possible front views from one given
top view., The fourth division is a strict interpretation of
two views to solve thé third view without the assistance of
clues., The fifth division is a matter of completing the
views. This final division represents interpretation in its
highest form -~ that of écmpleting the solution of the exist-
ing incomplete views. These completion types of problems.
require a very high degree of mental manipulation,

Five mechanical drawing teachers of Richmond, Virginia
Public Schools were asked to evaluate the individual problems
of the test., The teaching experience of these teachers ranged
from five to twenty years of classroom teaching. A summary
sheet gives the average opinion.of these teachers,23 The
values of the problems range on a relative basis from one to
ten points. |

For the most part, the writer had arranged the prob-
lems in an ascending order of difficulty. A study of the
summary sheet will reveal that only in minor instances did
the average opinions of the teachers place some hard problems
prior to the easier ones. This oxder of difficulty was so

planned, and the relative values assigned to the problems,

23 Appendix D, p. 106, which lists the values
used for i%§§§%3u2§ problems in scoring this test.
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because of the following possibilities. If a value of one
point were assumed for each problem throughout the test, and
one experimental group solved only a few more problems than
the other group, the difference in score would not be indi-
cative of the true difference between the groups.. If one
group solved more problems arranged in increasing diffi-
culty in the same ambunt of time as another group, the'dife :
ferential of scores constitutes a great difference in the
abilities of the experimental groups. A value of one point
could not, therefore, be assigned to each problem, Thus, the
problems were assigned a different weighted value.

To illustrate more clearly this difference, if only
one point per problem were assigned to the problems of group
one‘of the test.24 a total value of only ten points'would be
possible. By weighting the problems accerding to their dif-
ficulty, as evidenced by the opinion of five mechanical drawe
ing teachers, a total of fifty-five points is possible.

Thus a consideiation of the scoring was an important part of
the experiment. Any differences in scores of the groups
using the welighted values would bg' asrfgnificant.

The items of this test were taken from many sources,
including the files and records of the writer. Some were

taken from the professional magazines and bulletins which

24 m} Appendix D, p. 101.
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have features containing some mechanical drawing problems
as puzzlers, Some test problems were gained from text books
and work book supplements with variations by the writer. |
Some items were obtained from other teachers, from their
files or memory. The writer felt free to use these items as
they have been more or less common knowledge for many years.
They are not the‘property of any specific individual, No one

has an exclusive right to them.

_ ~2mm2£x.9£ _hﬁg&gg It was necessary to test the
ability in solv;ng and understanding problems of each group

in order to compare the effectiveness of the two teaching
techniques. A test to determine these problem solving abili-
| ties was de#ised by the experimenter, using examples from
varlous books and other sundry places, These examples were
arranged in an increasing order of difficulty. In adminis~
tering the test, the pUpi1° worked under a time llmit. The

final test scores were the basis for comparing the two

grOUps.



CHAPTER V

THE ADMINIS’I‘RATION OF THE FINAL TEST AND THE
| QUATING OF THE GROUPS |

From the results of the standardized tests and the
entrance questionnaires, the factors were obtained by which
the writer equated the two groups. The results of the final
tests; devised by the experimenter, served as a means of com-
paring the groﬁp results., This chapter is concerned with
administering the final test, which concluded the pupil in-

formation needed for the experiment.

I. ADMINISTERING AND SCORING OF THE FINAL TEST

The content of this final' non-standardized test, and
how it was devised, was discussed in the foregoing chapter,
This test concluded all information that was necessary for
the experiment, The results of this test were not actually
necessary prior to the equating of the groups, but it was
expedient to administer and to record the final test scores

before the groups were equated,
As there were no known standardized mechanical draw-

ing tests which included only the necessary part of the pro-
jection theory used in this experiment, the writer devised
this final test. The problems were weighted according to an

average opinidn of five mechanical drawing teachers. The
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test was divided into five divisions, or groups, because
there seem to be five different phases, approaches, or under=-
standings of the three-view theory.

Consequently, procedures of administration were neces=~
'sary for each division, Time limits were empirically deter-
mined with the co-operation of‘thirty pupils who had just
finished the beginning course of mechanical drawing. The
test was administered to them without time limits, By ob-
serving their ieactions and analyzing test results, a time
1imit for each test division was obtained. Seven minutes
was thereby allotted for group one, five minutes for group
two, ten minutes for group three, eighteen minutes for
group four, and fifteen minutes for group five. These time
limits were quite satisfactory in that not one pupil cor-
rectly worked all problems of any division, and all pupils
worked some problems in all divisions. Only the poorer
students, in a futile, desperate attempt to make a high
score, tried unsuccessfully to work all of them.

The total working time was fifty-five minutes, which
required that the test be given in two consecutive class
periods. A short testing procedure each period was in ac-
cordance with the short testing time required by the stand=
ardized tests given at the beginning of the experimental se~
A few minutes were needed prior to each test for

mesters,
the reading of the instructions and discussions of questions



pertaining thereto,

The scoring of this test presented much more diffi-
culty than of standardized tests. -The standardized tests
provided scoring keys by which the answers could be easily
and quickly scored. In these tests, answers were either
right or wrong; there were no possibilities of partial cor-
rectness, Since there was so much more effort in visualizing
and working a drawing problem than by merely marking an
answer in the sténdardized tests, the writer arbitrarily
decided to give one half credit for drawings that were es=
sentially correct but for minor mistakes. A drawing, if not
absolutely correct; would not necessarily be totally disre-
garded, But if it did not qualify for one half credit, it
was considered as totally incorrect and discarded from the
scoring. |

The half credit for a problem was given if only one
of the foliowing conditions was wrong with the problem:

" 1. The view correct with an extra line.-
2. The view correct with one line lacking.
3.- The view correct, but broken lines shown instead

 of solid lines.
4, The view correct, but solid lines shown instead

of broken lines.
5. The view correct, but one line leping in an op-

posite directione
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6. The view correct, but reversed in directions;

i.e., a rear view given instead of a front view,

7. The view correct, but rotated 90° in position.

8. The view cbr:ect, but a curved line given instead

of a straight line.
9, The view correct, but a straight line given in-
stead of a curved line.

10, The view incorrect, but a correct pictorial view
‘sketéhed by the pupil.

1l. The view incorrect with a line joining a correct
corner to an incorrect corner.

The writer felt this was a.liberal scoring scheme
which made allowances for those who become emotionally upset
on tests with time limits. ‘It was doubtful that finer grada=
tions in scoring of less than one half credit would be prac-
tical, |

The results and scores of this test were recorded on
the reverse side of the entrance questionnaire of the re=
spective students. The scoring was finished as soon as pos=
sible after the end of each half of the experiment. Immedi-
ately aftér the scoring of Group Two, the equating of the

groups began.

iI. THE EQUATING OF THE GROUPS

It was expedient to wait until the recoxrding of the
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final scores of Group Tﬁo before equating the groups. It
was easier to record all final test scores of both groups
. and then to do the equating, than first to do the equating
and then to record the final test scores. This saved much
effort in shuffling the questionnaires, When the equating
was started, there remained forty pupils in Group One and
fifty~five pupils in Group Two.

Equating the groups according to sex. This factor
included only one pupil discard from the experiment, Only

one girl was taught during the first semester of the experi~-
ment, and no girls were registered for the second half of the
study; After this equating factor was adjusted, thirty-nine
boys were left in Group One, whereas the total of fifty-five

boys in Group Two was unaffected.

. Equating the groups in terms of initlal skill. Initial
skill was broadened to include mathematics experience as well
as previous mechanical drawing experience. The plane gnd
solid gebmetry were the only mathematics which could notice-
ably 1nfluence the experiment. Since the junior high schools
correlated their mechanical drawing with shop courses, and
the initial semester was devoted only to one view drawings,

one semester or less of junior high school drawing was per-

mitted for the grouping., It was thought that any initial

advantage of any pupil with only one prior semester of junior
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high school drawing would be overcome by the end of the study
of‘three-view drawing theory in high school.

Upon investigating the status of the remaining pupils
in the equating groupé, it was found that only five had taken
geometry. These few were upperclassmen, who were the older
students., The writer decided to equate the groups upon these
factors after all other factors had been equated., Perhaps
these five would be discarded in the equating to follow. If
these few weie not discarded or balanced by then, the number
of future discards for mathematics would be rélatively few,

In the discarding of pupiis for previous mechanical
drawing experience, a total of nineteen were discarded; six
from Group One, and thirteen from Group Two.. This_left
thirty-three boys in Group One and forty-two in Group Two.

Equating the aroups on ihe factor of age. It was
necessary to do the grouping within certain limits of the age
faétor; It was highly improbable that the groups could be
equated in exact age. Therefore, 2 variation within limits
was needed fﬁrther to equate the groups. An age variation

of six months was arbitrarily selected as a reasonable equa-

tion limit. |
Accordingly, the questionnaires of those pupils now

remaining in the experiment were arranged for both groups in

ascending order from youngest to the oldest, The ages of
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Group One ranged from fourteen years and five months to nine-
teen years and three months, The ages of GrbUp Two ranged
from thirteen years and eleven months to nineteen years and
seven months,

From these two sets of pupil questionnaires, the pupils
of Group One were matched with the pupils of Group Two with
the allowance age of six months difference. There was a -
cluster of students in Group One at age fifteen years and
nine months. Three from Group One of this age had to be
discarded because there were not enough pupils of the cor-~:
responding age in CGroup Two.

This equivalent age grouping continued until both
groups were equated in terms of age. A tally of the dis-
cards indicated that only three from Group One were neces=-
sary and twelve were ejected from Group Two. At this point
of the equating, there were thirty'pqpils of each group.
Equating the groups in terms of ages reduced the groups to

equal ﬁembers.

Equating the groups on the basis of I, Q, The two
sets of pupil questionnaires were now rearranged so that the
| I.‘Q.vscores were in ascending order. A survey of these re-
maining questionnaires revealed that the range of I. Q.
scores for Group One ranged from seventy-seven to 121, The

I. Q. scores for Group Two ranged from eighty-eight to 129.
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- It was necessary now to determine the variable allow=
ance in I. Q. between group scores. A perfect matching of
all pupils would be highly improbable. Because of the small
numbers invelved in this experiment, an arbitrary allowance
of five I, Q. points was accepted as the maximum range of
group variation, |
When these I, Q. scores of the groups were equalized,
only one I. Q. score from each group had to be discarded:
the extreme.low of Group One and the extreme high of Group
Two., However, this grouping based on I. Q. now made it
necessary to regroup in terms of age. The regrouping re-
sulted in three more discards from each group.

After this grouping, there was a total of twenty-six
pupils left in both groups.

gga&;ng the gro gg in % SXMS of sgagia; gpi}j Ve

Here again it was necessary to establish an allowance for
variation., A difference of five percentiles was arbitrarily
determined for difference in these scores.

The range in pexcentile scores of the. revised Mipnesota
Paper Fozm Board Test for the remaining pupils of Group One
ranged from the tﬁenty—éeventh percentile to the ninety-
seventh percentile; the range of the corresponding scores of

Group Two ranged from the twenty~-fifth percentile to the

ninety-eighth percentile.
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, The writer fully expected that the number of pupils
left in the experiment, after equating the groups on this
factor, would be reduced by two-thirds., However, after re-
arranging the. questionnaires in ascending ordexr of percentile
scores, and equating the groups, there were no discards,
This was so remarkable that the writer rechecked the origi-
nal source of data for possible errors, There were no errors

in scering,orfrecordinga
' III. SUMMARY OF CHAPTER

The concluding test was administered within the es-
tablished time limits, Two class periods were necessary.

The scoring of the tests presented some difficulties as there
were no scoring keys, and a problem partially correct was
given some credit.

The groups were not equated until the results of the
final test were recorded on the pupil questionnaires, The
éuestiannéires of each group wére kept separate. The groups
were first equated for sex and initial skill, By rearranging
the pupil questionhaires; the twq groups were equated in
térﬁs of age, I. Q., and spatial ability. Twenty-six pupils

were left in each group after the final equating was finished.



CHAPTER VI
ANALYSIS OF FINAL TEST RESULTS

With the final}test scores recorded, and the pupils
equally grouped upon the selected factors, it was now pos=-
sible to compare the groups. The results of the concluding
test gave the basis of comparison as an index to the superi-
ority, if any, of one téaching method over the other. This
chapter makes_ah analysis and a comparison of the final test

scores for the equated groups.

I. AN OVERALL PICTURE OF THE TWO EQUATED GROUPS

The age differential of the groups was surprisingly
small., Figure 7, page 62, indicates the nearness of the
pupils in age between the groups. Only one pupil was in-
cluded at the méximum age range of six months; three were of
no difference in age. The average group difference in ages
was only two months.

I. Q. scores also were matched very closely. The
limiting range was selected as within five points, plus or
minus. Figure 8, page 62, shows the distribution of pupils
by I. Q. variation., Five were evenly matched in I. Q. score;
only one instance occurred where the maximum of five points
was necesséry for grouping. The average difference of I. Q.

scores for the equated groups was two points. This was as
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FIGURE 7

VARIATION OF EQUATED GROUPS BY AGE DISTRIBUTION
’ IN THIS EXPERIMENT
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Difference in I, Q. points

FIGURE 8

GROUP VARIATION OF PUPILS BY I. Q. DIFFERENCE BASED CN
" THE OTIS QUICK-SCORING MENTAL ABILITY TEST
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close as could be expected,

The two groups were favorably grouped in terms of
spatial ability. Figure 9, page 64, indicates the distribu-
tion of the pupils on this factor. The variation was greater
on this factor, 8ix instances were of the same percentile |
and five cases were of the maximum allowance. The average
percentile variation was a little over two percentiles,

Because of selective processes at play in equating
the groups, therI. Q. distribution of the finalvequated
groups was not a normal distribution., Figure 10, page 64,

shows the I, Q. distribution for each group.

II, ANALYSIS AND COMPARISON OF THE FINAL ACHIEVEMENT
TEST SCORES

The final test results, in order to be compared, had
to be grouped in various manners in order that a definite
statistical study could be made from them. The frequency
distribution, the averages, the dispersion, and the skewness
were statistical concepts upon which the two groups were
analyzed, studied, and compared. The inadequacy of group

numbers was discovered in this last aspect of the experi-

ment.

The digtribution of fipal test scores. Group One

scores ranged from twenty-one to 191; Group Two scores
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FIGURE 9

GROUP VARIATION OF PUPILS BY PERCENTILES BASED UPON SCORES

OF THE REVISED MINNESOTA PAPER FORM BOARD TEST
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8
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I. Q. Scores

FIGURE 10

DISTRIBUTION OF I. Q. SCORES OF THE FINAL EQUATED GROUPS
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ranged from forty-five to 219, The total range of Group One
was 170 while that for Group Two was 174, The total range
of both was very close. Figure 11 indicates the frequency
distribution of the group scores.  Note the lack of scores

 in some of the extreme high intervals for both groups.

Ihg éxszézs zsﬁzga.iax Xhe two aroups. Slnce the
-object of an average is to secure a single magnitude whlch

may be considered as characterlstic for the whole group,
there were several averages computed from the final scores
of each group. These averages were computed with the pur¥
pose of cemparing both groups. Table II, pége 66, shows

, these-averages;

Num?er
0
pupils Legend XX Group One
‘ ‘ XX Group Two
8 XX
7 XX
. 6 XX XX
5 XX - XX XXXX XX XX
4 XX XX XXXX XX - XX XX
3 XX XX XXXX XX XXXX XX XX
2 XX XXX XXXX  XXXX  XXXX XX XXXX
XX XXX XXXX XXXX XXX 72X XXXX XX XX
20~ 40~ 60~ 80~  100- 120- 140~ 160- 180~ 220-
219

39 59.. 79 99 119 - 139 159 179 199

Final test scores

FIGURE 11

RIBUTION OF FINAL SCORES OF THE EQUATED
pIsT EXPERIMENTAL GROUPS
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TABLE 1I

THE AVERAGES, ARITHMETIC MEANS, MEDIANS, AND MODES OF THE
FINAL TEST SCORES OF BOTH EXPERIMENTAL GROUPS

——

— Y

Groups Mean Median Mode

Group One 72,3 60 35
Group Two 1103.3 99,5 91.9

B ety oSS bttt

S e — p———

Formulas and symbols:
N = Total number of pupils
Mean (M) = Em per group

- N Mean
Median
Mode
Sum {Sigma) ‘
Value of an individual
Mode (Mo) a M - 3(M - Md) observation

Median (Md) = ﬁ_é_;,

smda=
BunuN

Referring to Figure 11, page 65, one may note high
extremes for both groups. It must be pointed out that these
extreme values influence the aritﬁmetic mean. Herein is an
inadequacy to the numbers involved in the experiment. The
~ group numbers of the experiment are too insufficient td'pro-
Qide a distribution of scores of every frequency. Perhaps
these extremely high scores of both groups are spurious
scores. A further study to supplement these scores might
well provide a better picture of the distribution. The cal-
culations indicated a mean of 72.3 for Group One and 103,3

for Group Two.
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- It was quite possible that the extreme high values of
both groups unduly affected the mean of the groups. To de~
termine this, the median score for both groups was calculated.
A median of 60 for Group One and a median of 99.5 for Croup
Two was determined. Note, in Table II, page 66, a difference
of twelve points between the arithmetic mean and ihe median
of Group;One.: This'may be interpreted that the extteme high
values in Group One were influencing the mean. Referring
again to Figure 11, page 65, one may note that this ihdica-
tion is borne out., The distributien for Group One is sloping
greatly to the right., This too is'en indication of inade«
quate members in the experiment in that a true distribution
is probably lacking.

The mode was also determined for each group to deter-
mine the grade most frequently received. The mode thus cal=-
culated for Group One was 35; for Group Two, 91,9. The mode
dropped 37.3 points from the mean in Group One computations,
Neither of these modes appeared too épplicable to the array |
of scores as arranged in ascending order, Therefore, the
mode seems not too meaningful to this study. |

kFrom Table II, page 66, it is evident that the mean,

median; and mode of Group Two are grouped quite close to-

gether, This is indicative of a normal distribution., On

the other hand, these same averaées for Group One are widely

divergent, which is indicative of a non-uniform distribution,
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The appearances of these averages point to a study of their
dispersion and skewness,

No comparison of grbup scores would be complete un~-
less a breakdown of scores was made for each division of the
final test. Table III shows these results. Note that Group
Two excelled in every division of the final test.

TABLE III
TOTALS AND AVERAGES OF EACH GROUP OF FINAL TEST DIVISIONS

Final test divisions Total score
Groups _ of all test
_ 1l 2 3 4 5 divisions
Group One ,
Score 381 347 518.5 230 403,5 1880
Mean 14.7 13.3 19.5 8.8 15.8 72.3
Group Two o
xo gco;; 478 456 650 524 577 2685
Mean 18.5 18 25 11 22,3 103.3
Dispersion and skewness of the final sgores of the

groups. A measure of the scattering, or dispersion, will
tell the degree.of compactness of a curve of distribution,
Another description of a distribution is its skewness,

The measure of the dispersion of a distribution is
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the range. This is the absolute difference between.the :

lowest and highest score of the series.

One was 170; for Group Two, 174.

The range for Group

Other measures and degrees

of the range are the interquartile range, the average, and

standard deviations. Table IV summarizes these measures of

dispersion used in analyzing the final test results,

TABLE IV

THE RANGE, INTERQUARTILE RANGE, AVERAGE DEVIATION, AND
STANDARD DEVIATION OF FINAL ACHIEVEMENT SCORES OF
' BOTH GROUPS (MEASURES OF ABSOLUTE DISPERSION)

e

v

Quartiles Quar~ Aver- Stand- Number
Groups Range tile age ard in
Q Q3 devi~- devi- devi- group
ation ation ation
Group One 170 44.,5. 95 . 20,25 28,3 42.4 26
Group Two 174 71,75 128.25 28,25 29,2 37.5 26

Formulas and symbols:

R =8p-S; //
Q =N SR
Q; =% 23N F
4 51
Qo D, - Q;a - Ql Ql
-2 Q3
A. D. = E// N
N Q.D.
S. D. or o~ =)Lﬁ_§g.2.. A.D.
, ' E

gan

I NN

nn

nun

Ignore plus and minus signs
Range

Final score
Initial score
Quartile One

Quartile Three 4

Total number of pupils per
group ‘

Quartile Deviation

Average Deviation

Deviation of scores from mean

Sum (sigma) ‘

s.D. or g = Standard Deviation
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- VWhile the table above indicates the absolute disper-
sion of each group score, theré is danger of misinterpreta-
tion in comparing group scores.. Consequently, these scores
are expressed in relative terms so there can be no misinter-
pretation in comparison of group scores. To provide a basis
for comparison, the coefficient of variation was used,
Herein, the absolute variagzon was reduced to a pure rela-
tive value by the statistical formula V -‘ﬁ%; » 100, where
V is the coefficient of variation, 9 is the standard devia-
tion, and M is the mean, The number so obtained for Group
One was £8.6, and 36.4 was determined for Group Two. From
these figures it is seen that Group Two distributionvié the
more compact of the two by 22.2 per’cent. Avcomparison of
the standard deviations from Table IV would not ordinarily
give this comparative value in a true perspective.

A further basis of relative variation for comparison,
baéed ﬁpon the interquartile range, was used, This is known
as the coefficient of diSpersionAahd represented by the
formula, géfingl, when Q refers to the various quartiles,
The valueQ%orygéoup One was .287; that of Group Two was .281,
Thisé indicates that the groups were comparably distributed
between the first and third quartiles. The difference was
not great, énd, considering the group size, this amount is

inéignificant;
Another comparison of group scores that was made was
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the skewness of both group score distributions. This coef-
ficient measures the relative difference between the mean
and the mode, - Accordingly, a positive number indicates the
skewing of the distribution to the right and a negative num-
ber is indicative of a skewing to the left,

The formula used to'pbtain this relative figure was:
SK = élm&é%ggsﬂiéﬂln where SK is the coefficient of skewness,
and g~ is the standard deviation., Applying this formula to
the group scores, it was discovered that both groups were
skewed positively. A coefficient of skewness of .87 was
obtained for Group One, and .283 was determined for Group
Two. The very high figure for Group One is indicative that
it tails greatly to the right, or positively skewed. The
skewness for Group Two is likewise positive, but the relative

skewness is not nearly so high as it is for Group One.

Dispersion of sample means. The groups were consider-

ed as two samples not taken from the same universe, because
two dlfferent teachlng methods were used in the experlment.
If one teaching method was superlor, the difference of the
means of the groups would be statistically significant, The
critical ratio was employed to determine this significance.

Tb use this ratio the standard error of the mean was deter-

mined for each group score with this formula: iy = V 08
| | N -1

where ¢} is the standard error of the mean, (@ g is the
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standard deviation, and N is the number of pupils in the
group. After determining this figure for both groups, it
| was necessary to determine the standard error of the differ-
ences between meéns; which at this point were paired. The
formula for this equation is § p = 0"M§ A O"Mg , where

0 p is the standard error of differences of the paired

means, and 0 My and O ) M2 are the standard errors of the
means for both Groups One and Two, respectively. The criti-

cal ratio formula is: T = M] - M, where T is the critical
dD .
ratio, My and My are the arithmetic means, and OT; is the

standard error of difference between paired means, The
critical ratio, as determined for this experiment, was
2,720 , vwhich is considerably above the standard 1 per
cent level of significance of 2.576 0 , With reservations,
this may be interpreted that the scores possibly came from a
different universe. This in turn implies that there is a
significant difference between the group scores., Table V,
page 73, summarizes the values of the standard error of the

means, the standard error of difference of paired means, and

the critical ratio.

Statistical comparison of group scores on the divi-

sions of the final test. Heretofore, the statistical con-
cepts have been applied only to the totals of the test

scores. This in no way was a complete comparison of the
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| | TABLE V
STANDARD ERROR OF MEAN, STANDARD ERROR OF DIFFERENCE OF

PAIRED MEANS, AND CRITICAL RATIO OF FINAL TEST
 SCORES OF GROUPS

Standard error

Standaxrd of difference
error of of the paired Critical
Groups = Mean mean “ means ratio
Group One 72.3 8.48
: > 11.4 2,72
Group Two  103.3 7.5
Formulas and symbols: '~ 0y = Standard error of
P T g o 1 mean of Group
= s M, = One
My v-“-‘-“ﬁ"——-%"‘i"’ ' 2 = 0 M = Standard error
; ‘ 2 gf mean of
2 roup Two
L = a )2 (o) ' O-D : = Standard
o—bl -2 \“( My M 1 -2 error of
~ , ‘ difference
of paired
T = My =} o means
" : T = Critical ratio
D = Standard Deviation
1-2 N = Number of pupils

per group

Ml Mean of Group One

M2 = Mean of Group Two

final test scores. A statistical comparison of groups be-
tween the divisions of the final test was necessary to give
a thorough comparison éf the groups. Therefore, a statisti-
cal analysis was made of these division scores. Table VI,

page 74, shows these results. Note that the critical ratio



TABLE VI

A STATISTICAL COMPARISON BETWEEN GROUPS OF FINAL TEST DIVISIONS

o

3

Divisi £ final test

e e

bt
maauianns

it

A

L 2_ A —
CGroup 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Gr

5 -
oup 2 Group 1 Group 2

AD. 7.6 . 8 6 6 9.9 7.5 6,2 5.4 = 10.6 11.2

g 9.4 10,3 8.4 - 7.1 12.1 2.4 10.2 8.25 . 12.7 13.1

o 19.2 2 1.7 l.4 2.4 l.9 2 1.65 2.5 2.6

Mo 6.8 11.2 7.9 22 14,95 28.8 3.4 22,25 5.75 11.6

Md 12 lé - 11.5 18 18.25 26 7 21.75 12.25 19

Q 7.5 11,5 8 10,75 10 16.25 3 17 7.4 10.75
N 14,6 18.4 13.3 17.5 19,9 25,2 8.8 21.5 15.5 22,2

Qqa 20.25 23.25 17 22 27 33.25 9.5 24 24,25 32.5

D A6 «34 « 36 «38 46 « 34 54 17 +53 .50
'S 64 56 63 40,5 60.8 37.3 1.16 «38 .83 . <59
sk. .83 .7 064 .63 .43 "Q25 .53 ”.07 . Q?? . ‘69
0Dy o 2.76 2.2 3.06" 2.6 3.61

T l.4 1.9 1.7 5 1.9

NOTE:

Symbols and formulas are the same as used in other tables in this chapter.

L
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of Division Four is the only significant difference between
scoresvon‘divisions of the test, yet the critical ratio for
the total fest scozes is 2.72". This high value of the
critical ratio{of Division Four seems to have influenced un-

duly the total crltlcal ratio. Thls result may be viewed
"with alarm, eSpeC1ally when the other ¢ritical ratios are
s0 closely grouped. Therefore, the critical ratio for the

total experiment loses much of its}signifiéance.
III, SUMMARY OF CHAPTER

In equating the groups, the limits of the equating
factors were ciosely observed. -As-a result, the two groups
were eveniy equated in I. Q., age, and spatial ability,
Twentyésix pupils were left in each group after the equating
was fiﬁished. ' -

These pupils were all too few to apply appropriately
statistical measurements, The distribution of the final test
scores was too inadequate and too limited. A true idea oxr

onception of the distribution was not ascertainable,

The averages of the two groups were a little more
statistically important. The mean of Group One was weighted
upward due to the influence of the extreme high scores. The
median of Group One varied twelve points from the mean as
.still another indication of the wei