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CHAPTER I
INTRODUCTION
Orientation of the Problem

An important duty of the classroom teacher 1is to struc-
ture learning activities in such a way that students will
initially learn, retain, and use the results of these activ-
ities in their daily living. The efficiency of various
instructional methods has often been evaluated in terms of
these criteria,

The methods employed in organizing and presenting the
course content may determine to a large extent the degree to
which students understand and are able to transfer the facts
and principles which they learn in school., Logically, it
seems that teaching methods should be based upon the princi-
ples of learning that have been established in the psycholog-
ical laboratory and that have been experimentally tested in
the classroom, Practically speaking, however, there seem to
be too many controversial and confusing directions which face
the discriminating teacher who wishes to offer the best
teaching possible., For example, one may find support for a
teaching method that involves highly direct and detalled
instruction. Through this method, the subject material is
presented to the student in great detall, The teacher poses

1



problems and proceeds directly to the task of solving them in
a step-by-step fashion. The students have little or no
responsibility to discover methods of solutions or principles
involved in the solution,

In arguing that the teacher should utilize a direct
method of instruction and that errors in learning should be
held to a minimum, Thorndike states:

The attainment of active rather than passive
learning at the cost of practice in error may often
be a bad bargain. Refusal to supply information on
the ground that the learner will be loro'grorlted by
discovering facts by himself runs the risk not only
of excessive time cost but also of strengthening of
wrong hablts., The learner's self-punishment when
he makes a mistake may sometimes be no better than
the punishment in our experiments, The almost uni-
versal tolerance of ilmperfect learning by gradual
elimination of errcrs in later treatments, is prob-
ably unsound and certainly risky. What removes
errors in later treatments 1s the rewarding of the
right connections, and such_rewarding might be
better put to work oarlior.l

Hilgard, et, al., concludes on the basis of an experimental
study designed to evaluate a memorization method and an under-
standing method that whatever advantages of learning the
understanding method may have, could be offset, because of

the greater amount of time required in this way of tclohlns.a

Other educators belleve in a directed-discovery method

1g, L, Thorndike, The Psychology of Wants, Interests,
Attitudes (New York, 1935), P. Il?:‘z”“'

25, R, Hilgard, R. P, Irvine, and J. E. Wipple, "Rote
Memorization, Understanding and Transfer: An Extension of
Katona's Card-Trick Experiments," J. Experimental Psychology,
LIV, 1953, p. 288-292.




of imstruction which places a greater responsibility upon
the learner to participate actively in the learning situa-
tion. This method draws 1ts support from cognitive theories
of learning which are ildentified with gestalt psychology.
Through this method, instruction consists primarily of pos-
ing leading questions, providing cue patterns, and providing
suggestions so that the student is directed to the discovery
of prineciples and relationships through the phenomenon of
insight,

Research evidence on the direct-and-detalled method of
instruction shows considerable variation. At one extreme
the student, in Dewey's words, "becomes a spectator” as the
teacher presents his rigid, highly organized course con-
tent.> The student listens, takes notes, and sometimes
memorizes information in order to be able to give 1t back at
test time, At the other end of the scale, the method is
direct-and-detaliled but emphasizes a logical organization of
materials coupled with an attempt to provide an understand-
ing of the principles being taught.

Research evidence on discovery methods of instruction
also shows wide variation in meaning. Some researchers have
used the term to mean pure and unassisted discovery; to
others 1t means to employ varying degrees of direction;
8t1ll others believe some help should be given in discover-
ing the solution.

: ligJ' Dewey, Democracy and Education (New York, 1916),
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The present study is not concerned with evaluating the
methods at elther of the extremes, Instead, a method involv=-
ing discovery with direction will be contrasted with a method
that 1s admittedly direct-and-detailed, but which nonethe-
less emphasizes a loglcal organization of materials coupled
with an attempt to provide an understanding of the prineci-
ples under consideration.,

Definition of Terms

Direct-and-Detailed Method of Instruction. This method
of instruction presents the subject matter under considera-
tion in detalil., The instructor assumes the major responsi-
bility for the continulty of development; reinforcement is
generally overt. Closure is primarily extrinsic and prob-
lems are sclved in a step-by-step procedure, providing
little opportunity for the learner to discover methods of
solution or to identify principles and make generalizations.
The subject has less freedom for the establishment of
broader meanings and understandings, due to the nature of
this method., Teaching alds are malnly used to supplement
verbal discourse and then only after explicit directions are
provided in thelr interpretation and use., In this study,
the direct-and-detalled method will be referred to as Treat-
ment A,

Directed-Discovery Method of Instruction. This method

of instruction provides greater opportunity for student par-
ticipation in the learning process, Students share in the



responsibility for the continuity of development and rein-
forcement is indirect. Closure is largely dependent upon
the individual and problems are presented in such a way that
there is opportunity for individual solution, and for iden-
tification of the principles and relatlionships. Extended
time pauses as well as cues and questions encourage the
student to think with greater independence and freedom.,
When teaching alds are provided as a supplement to the ver-
bal presentation, discovery is a major consideration in
thelr interpretation and use. In this study, the directed-
discovery method will be referred to as Treatment B,

Initial Iearning. In this project, initial learning
refers to the character and extent to which the subjects are
able to recall the principles, skills, and understanding
which were presented in the lessons., A multiple-cholice
objective type test 1s used to determine the amount of ini-
tial learning as measured ilmmedlately after treatment. This
test is identified as Test I.

Transfer. Transfer occurs when old learning and new
problem situations are interrelated because of common prine-
ciples, factors, stimull, or applications., From the stand-
point of education, transfer centers around the extent to
which learning of one thing facilitates the learning of
something else and to the extent to which learning in class~
room situations carries over to live siltuations outside the
classroom. In this study, transfer occurs when students are
able to apply learned principles in the solution of new
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problems. The amount of transfer is measured by a multiple-
choice objective type test, administered immedliately after
treatment which is designed to utilize problems that test
for diversified applications of the principles taught in

the lesson., This test is ldentifled as Test II.

Ability Levels., Three ability levels are consldered in
this work--high, average, and low. The high ability group
includes those subjects having an I. Q. score of one hundred
and seven or above, the average abllity group those subjects
having an I. Q. score of ninety-five to one hundred and six,
and the low ability group those subjects with I, Q. scores
of ninety-four and below., The high, average, and low levels
of intelligence wlll be referred to as X,, Xos x3 respec-
tively.

Statement of the Problem

While some studies in industrial education have found a
directed-discovery method to be superior in retention and
transfer of learning to the direct-and-detalled method of
instruction, no conclusive and consistent evidence which
supports this position has been found,

It is possible, however, that the effectliveness of the
directed-discovery and the direct-and-detaliled methods may
vary with intelligence levels, For example, the directed-
discovery method may be superior for students of high mental
ability whereas the direct-and-detailed method may prove
more effective with average and low ability groups. The
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design of this research study 1s such that the effectiveness
of the methods under consideration may be evaluated in terms
of high, average, and low abillty groups. In addition to
the fact that there has been no consistent evidence which
supports the superiority of one method over the other, there
have been no studies found in the search of literature which
compare the twoe methods when a student is actually involved
in & theory and laboratory type instructional unit. An
additional feature 1s that this study utilizes only senior
high school industrial arts students as subjects.

This study is designed to provide additlonal research
evidence regarding the relative effectiveness between
direct-and-detailed and directed-discovery methods of
instruction by utilizing the instructional content found in
a specific unit of automotive mechanics.

More specifically, an attempt will be made to answer
the following questions in respect to the preceding state-
ment,

1., What differences, if any, exist between the direct-
and-detalled method and the directed-discovery
method of teaching senlor high school industrial
arts students relative to initial learning on each
of the three intelligence levels selected?

2., What differences, if any, exist between the direct-
and-detalled method and the directed-discovery
method of teaching senior high school industrial

arts students relative to transfer of learning on



each of the three intelllgence levels seleciedy

3. How do the senlor high school industrial arts stu-
dents compare on each of the three intelligence
levels selected between inltial learning and trange

fer of learning.
S%aﬁémant @f‘ﬂypmﬁhasaa

1. There are no differences in Initisl learning, as
measured by a criterion test given immediately fole
lowing instrucilon, on any of the Intelllgence
levels (X;, Xg, or XE) or between the Ureatment
groups (A, B, or C) comprised of senicr high school
industrial arss students.

2, There are no differences in transfer of learning,
as measured by a criterlon test given ilmmedlately
following instruction, on any of the intelligence
levels (X3, Xp, or X3) or between the treatmens
groups (A, B, or C) comprised of senior high school
industrial arts students.

3. There are no differences between inltial lsarning
and transfer of learning in the three treatment
populations and the three intelligence levels as
measured by oritericon tesis adminlsiered immedi-
ately following instructlon.

In this chapter, the need for evaluating the efficlency

of varlous instrucitional methode was introduced; the spe-

clalized terminclogles related to the study were defined;



9

the problem was stated; and the hypotheses were constructed
80 that statistical inferences might be made after testing
the experimental data, An overview of the development of
the remainder of this study follows.

The review of literature pertaining to the study 1s pre-
sented in Chapter II., Since methods of teaching would
appear to have thelr foundations based upon the principles
of learning, the literature related to those principles was
selected in respect to the two methods under investigation.
The literature which was bellieved to be the most important
in respect to the investigation of the two methods is pre-
sented under the following headings in Chapter II: struc-
ture in learning, reinforcement and guidance, and problem-
solving.

Following the review of literature, the research exper-
iment is developed and explained in Chapter III. In this
chapter the design of the experiment, population and sampling,
the learning task, the treatments, the instructional methods
and materials, the objective tests, and the pllot study are
developed and examined,

The first part of Chapter IV includes an explanation of
how the research instrument in its entirety is validated.

It consists of the following divisions: the statistical use
of the control group, the test for homogenelty of variance,
the test for disproportionality, and the mathematical means
used to convert the individual test scores to standard
scores, Since the individual scores between the initial
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learning and the transfer of learning tests were not eguive
alent, 1t was necessary to convert them to standard scores

8¢ that the mean differences of these scores could be sta-

tistically tested.

In the second part of Chapter IV, the results of the
analysls of variance and individual t-tests are reported for
each of the three hypotheses gtated previously in this
chapter.,

Chapter V includes the summary and concluslons of the
gtudy. The first part of this chapter lg comprised of a
review of the entire study and 1t econtains the following
divisions: the purpose of the study, a statement of the
hypotheses, the experimental design, the populatlion and
sampling, the treatments, the learning task, the objective
testn, and the f{indings.

The second part of this chapter, which ls concerned
with conelusions, includes the following subheadings: lim-
itations of the study, implications for further research,

and educational implications,



CHAPTER I1II
REVIEW OF LITERATURE
Introduction to Learning

One major purpose of the review of the literature is to
identilfy the principles of learning which are concerned with
the two methods of teaching being investigated in thils study.
A second purpose 1s to assist in drawing out and interpreting
the concepts or understandings which would give direction and
aid in the development of this study. A third purpose for a
review of the literature is to determine if there are any
related studies conducted and if there are, to select find-
ings from these studies which will aid and support or refute
the findings of this experiment,

The literature concerned with the principles of learning
indicates that the majority of writers and researchers in
education agree that there is no simple solution to the com=-
plex problem of how man learns., The great vold which sepa-
rates education from an understanding of how learning is best
accomplished aopears to stem from the fact that the psychol-
ogists working at the frontiers of thelr sclence today have
little interest in pedagogical problems,

Thorpe says:

11l
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One of the more singular features of the American
soclal scene is that the systematic foundations
of educational procedures are so little understood
that theory and educational practice commonly are
ugmdl as having little or no relation to each
other,

Practices in education often have been launched without
adequate direction from psychology. Theories of learning,
when applied to education, have frequently been submerged
into methods which merely appeared to the teacher to produce
the best results,

Thorpe gives the following explanation for this appar-
ent inadequacy in our educational system:

Because tradlitionally they have been a nation of

"doers,” Americans have tended to look askance at

theoretical considerations. Thus many teachers have

been so imbued with the idea of "getting things

done"™ that they have been lmpatient with theories

of learning. Important implications of the problem

of learning thus have been by-passed in favor of

stereo~type methods of instruction. If the tech-

nique of instruction seemed effective, it was con=

sidered by the teacher as fulfilling its purpose, 2

From the previous comments, 1t appears that nelther
teachers nor learners would be very satisfied with the

results of thelir efforts,

Gage suggests that the teacher needs to understand the
theories of learning to gulde, predict, and control the
learning process and in addition, the teacher needs to

1
Louis P, Thorpe and Allen M. Schmuller, Contemporary
Theories of Learning, (New York, 1954), p. 3.

2
Ihi-‘o » PP- 9'100
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understand and be able to apply the theories of ﬁeachlng.3

Gage makes a baslc distinetlon between theories of learning
and thecries of teaching, He says: "While theories of
learning deal with the ways in which an organism learns,
theories of ueaehing deal with the ways in which a person
influences an organism to learn,"4 Gage elabnraﬁaa upon the
previous statement by indicating that the theories of learn=
ing deal with what the learner does, but changes in educa-
tion must depend ln & large pert upon what the teacher does,
Changes in how learners go about thelr business of learning
occuy in response to the behavior of thelr teachers or others
1in the educational establishment,>

From the previous readings, it appears that much of our
knowledge about learning can be'put inﬁb practlce only by
teachers, that practical applications for teaching have not
been gleaned from the theories of learning, and that once the
implications of learning have been translated into implica-
tions for the behavior of teachers, the teachers will act

upoen these in such ways as %o ilmprove learning.
Structure in Learning

Granted that almost everyone admits the importance of

3H. L. Gage, "Theorles of Learning and Inatruction,”

The Sixty~Third Yearbook of the National Soglety for the
Study of ﬁ%%cation, Part I ed, by B. R, Hilgard (Chlcago,
5 P- .

53:19:1;&., p. 271,
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making teaching more meaningful, the researcher stilll faces
the task of finding out Jjust how this can be done.

Bruner suggests that, "Grasping the structure of a sub~
Ject 18 understanding it in 8 way that permits many ofher

things to be related to 1t meaningfully, To learn structure,
in short, is to learn how things are relaﬁed."s

Bruner suggests that four clalims can be made for teach-
ing the fundamental structure of a subjJect. They lnclude the
follewing: ﬁ

The first is that understanding of fundamentals
makes & subject more comprehensible., The segond point
relates to human memory. Perhaps the most basic thing
that can be said about human memory after a century
of intensive research, is that unless detall 1ls placed
into a structured pattern, 1t is rapidly forgotten.
Detailed material ls conserved in memory by the use of
simplified ways of representing it. Third, an under-
standing of fundamental principles and ldeas, as
noted earlier, appears to be the maln rcad to adequate
"transfer of training.® To understand something as a
sﬁgcific Instance of a more general case--which is
what understanding a more fundamental principle or
structure means--1s to have learned not only a speceific
thing but slsc a model for understanding other things
like it, that cne may encounter, The fourth clalm
for emphasis on structure and principles in teaching
is that by constantly re-examining material taught in

-elementary and secondary scheoels for its fundamental
character, one 18 able to narrow the gap betwee
"advanced” knowledge and "elementary" knowledge.

The importance of teaching fundamental structure in any

meaningful learning situation appears to be unquestloned.

Jerome 8., Bruner, The Process of Education (Cambridge,
1861), p. 7.
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There is some indecision, however, in respect to when the
structure should be provided in the legson.

In a recent experiment, Ausubel found that student pers
formance 1s inecreased by providing structure before the
learning‘begins.g He equated two groups of college senlors,
majoring In education, on the basis of an examination over
previcus learning. One group was assigned to an "advance
organizer” group and the other to an "mistoriecal introduc-
tion® group. Later both groups were to study an article
dealing with metallurgleal properties of carbon steel. FPriox
fo studying this major artiecle, however,; the advanced organ-
izer group spent two flve-minute pericds in reading & passage
which set forth the main categories of the major paper.
During the same two five-minute periods, the historical group
read a selection on the historical evolution of methods of
making iron and steel, After these different orientations,
both groups spent thirty-five minutes in studying the basle
paper on steel, Three days later, both groups were glven a
test on the basle paper. The advanced organizer group did
significantly better on the test than did the historical
introduetion group.

In respect to the amount of étrucﬁure needed, 3tephens

says: "Most of the time when we experience anything, we

@Bavid P, Ausubel, "The Use of Advance Organizers in

the Learning and Retentlon of Meaningful Verbal Material,”
Journal of Educationsl Psychology, 1960, LI, pp. R67-272.
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become aware of that thing as a part of a pattern or struc-
ture."9 Stephens continues:

The pattern may be simple and primitive, as
when we see a sploteh of mud on a2 white wall, or
1t may be extremely complicated, as we become
aware of pattern imposed on pattern in & musical
composition or other work of art, But, however,
simple or complex, the pattern or structure ls
typically an lmportant part of the experienee.lO

According to the adherents of gestalt psychology, or

fleld psychology, such ag Kohler, structure or pattern is the

basic feature of all experienee.ll The structure is experi-
enced first, and the details avre filled in later.

Stephens says that although some pattern is bound to be
noticed at the ocutset of any experience, the most obvious
pattern 1s not bound to be the most interesting or useful
one, He continues by suggesting that in the development of
structure, sometimes the teacher can over-develop the struc-
ture, Sometimes new material presented so as to emphasize
an elaborate and important structure proves no easier to
learn than the same material presented in an arbltrary or
rote fashion.la

Newman experimented with this theory. He had students

9 3onr 5 : . m _
John M. Stephens, The Psychology of Classroom Learning.
(New York, 1965), p. 146, ’ '

O5pid., p. 146.

, llw. Kohler, Gestalt Psychology, An Introduction to New
Coneepts in Modern Psychology (New York, I987), pp. 15-30,

128tephens, p. 147.



17

learn the meahing of the symbols used in electrical wiring.
For some students, these symbols were grouped in a very logl-
cal pattern. Other students were given the same symbols
grouped in & helter-skelter fashion. The experimenter com-
pared the two methodé at two different periods of btime, elght
and twelve minutes, For both time perlods, the superlority
of the free-style (unstructured group) was significant over
the organized (structured) group.13

In this respect, Ausubel suggests & mederate position,
He says, ". . . complete independent discovery, even if fea~-

sible, i3 seldom as effective as learning with reascnable

amounts of 1’u=:3'.1:n."y4 He continues with the following explana-
tion of the lmporiance of structure:

- Exlsting cognltive structure (an individual's

arganization, stability, and clarity of knowledge in

a particular subject~field at any glven time) is
yegarded as the major factor influencing the learning
and retention of meanlngful new material in this same
field., The properties of cognitive structure deter-
mine both the clarity and validlity of the meanings
that emerge as new material enters the cognitive field,
as well as the nature of the interacticnal process
that takes place, If cognitive structure 1s stable,

glear, and sultably organized, vallid and unamblgucus
meanings emarge and gand $o0 retain theilr individuality
and dlsscciability.l

1 . .
BS. E. Newmsn, "Student Vs Instructor Design of Study

Iggghggé " Journal of Educational Psychology, 1957, IIL, pp.

14

David P. Ausubel, The Psychology of Meaningful Verbal
Learnlng (New York, 1963), p.“ﬁ% e

15
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Although most writers and researchers conslder struc-
ture as being an lmportant ingredient in the learning prog=-
es88, they do not seem to be able to agree upen the amount of
structure required for effective lsarning. Perhaps an
answer to the confllcting amounis of structure mecessary for
effective learning may be found when the relatlonships are
considered between structure and motlvation, Bruner relates
structure to motlvation in the following way:

, Teaching specific toplces or skills without making
clear thelr context in the broader fundamental struc-
ture of a fleld of knowledge is uneconomlcal in sev-
eral deep senses. In the first place, such teaching
makes 1t exceedingly difficult for the student to
generalize {rom what he has learned %o what he will
encounter later. In the second place, learning that
has fallen short of & grasp of general principles
has 11ttle reward in terms of intellectual exclte-
ment. The best way to create interest in s subject
18 to render it worith knowing, which means %o make
the knowledge gained usable in cne's thinking beyond
the situation in which the learning cccurred.l
As Bruner sees 1t, student interest and initilal motl-

vation may be enhanced by proper structuring of the lesson.

Many theories concerned with metivaticn have been
developed in recent years., %The controversies regarding the
precise nature of motivatlon stem from the change in the
older theories of learning.

Sears and Hllgard suggest some reasons for the indefi-
nlte positlion, at the present %time, regarding the precise

nature or the siatus of motivation:

1é§runer, p. 31.
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The ence douminant need-drive~incentive theory,
interpreting reinforcement as drive-reducilon, has

been underzgcing searching re-examination. The

drives usually studied (hunger, thirst, psin) were

always treated as aversive drives, from which relief

was socught; now the "neglected drives" of curiosity,
manipulation, activity, and achlevement, which
emphaslze the positive side of scmething sought

rather than the negative of something to be escaped,

have come to the fore.i?

Although mich of the motivation i3 done to get puplls
into a situation in which learning can oceur, Lt would appear
that motivation can be a strong influence throughout the
entire learning period. Providing knowledge of results is
an excellent way of motiveting students %o apply themselves
to the task at hand. In this way, a studeni's knowledge of
previcus periormance would tend to make him compete against
his own record.

SsePhens gays that when a student answers 8 question
in eclass, the teacher's facial expression may clearly tell
him whesie€r his answer ls right or wrong. 1If the student s
right he probably feels good and is motivated to the nexs
learning step, If he is wrong, the teacher encourages him
and he cantinuea.lg These simple manipulative urges con-
stitute almost the sole source of motivation used in teaching
machines and introduce the concepts of reinforcement and
guldance as these principles in learning relate %o the two

methods of teaching under investigation,

1 sears and Hilgard, ed., E. R. Hilgard, p. 183.

l&Stepnens, p. 85.



Reinforcement and Guidance in Learning

The direct-and-detalled method of teaching as 1t is
defined in Chapter 1 appears to have its baale foundatlons
within the assvciationistic and behavioristic theories of
learning. Hill indicates that most of the learning theorles
within academic psychology have a a%imuluawresponﬂn orlenta=
tion, except those of a gestalist origin. He believes that
there has been in recent years an aceeptance of the behavigr-
ists to the cognitive and purposive interpretations from %the
field thecries of 1eaﬁn1ng.l§

in view of this, m@difiﬁaﬁiana in interpretations of
drive and reinforcement appear tc be significant because the
behaviorists of early study have stressed that the stimilus-
response formula must be limited %o physical situations.

The emphasisc was ¢a conditloning by comtiguity; this was
extrinsic in nature,

In contrast, the present-day behaviorlsts appear to be
more Interested in the intrinsic values, Skinner supgests
ammé of the problems and the possible sclutions in the fol-
lowing paragraphsi

Whether by inteniion cor necessity, teachers have
been less glven to teaching than to holding students
< regsponsible for learning. Methods sre still aversive,
The student locks, llstenm, and answers questions

{and incidently, sometimes learns) as & gesture of
avoldance or escape. The blreh rod or cane are gone,

X : » i
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but thelr place hag been taken by equally effective
punishments (eritlcism, possibly ridicule, failure)
used ég the same way; the student must learn or
else, ¢

Skinner contlnues with the following discussiont

Current efforts to use rewards in education show
the same diresction, Texbis garnished with plctures in
four colors, exciting episcdes in a sclentific film,
interesting eclagsroom activities-~these willl make a
school interesting and even attractive; but to gen-
erate specific forme of behavior these things must
be related to the students' behavior in special ways,
Only then will they be truly rewarding or, technically
speaking, "reinforecing." The marks, grades, and
diplomas of education are conditioned reinforcers
desligned to bring ultimate consequences closer to the
behavicr reinforced. Like prizes and medals, they
represent the approval of teachers, parents, and
others, and they show competitive superlority, but
they are mainly effective because they slgnalize
progress through a system toward some ultimate advan-
tage of, or at least freedom from, education. To
this extent they bridge the gap between behavior and
its remote consequences; but they are still nft COn~=
tingent on behavior in a very effective way.2

From the discussion so far, it seems that extrinsle
metlvaﬁion, whether it i3 in the form of avoldance of punish-
ment or the provision of material wishes, willl not develop
within the student the intense desire for understanding. If
the teacher's contact with the learner could be a continuous
process throughout the leaming pericd, there seems reason to
believe that the inner desive %o galn understanding could he
enhanced for the student. When one relates this possilbllity
to the two teaching methods under investigation, the pattern

EQEurrua F, Skinner, "“Why we Need Teaeh1n§ Machines,"
Harvard Educational Review, XXXI (1961), p. 37T8.

2l1pid., p. 379.



22

within the directed-discovery method appears to be the best
sulted of the twc becausge in this methed the student actively
participates throughout the lesson by thought questions and
cues,

Skinner says, ". . . perhaps the most serious criticisnm

of the eclassroom is the relative infregquency of relnforce-

ment.“aa He contlnues with this discusslon in the following

paragraph:

Since the pupll is usually dependent upon the
teacher for belng right, and since many puplls are
usually dependent upon the same teacher, the total
mamber of contingencies which may be arranged during
say, the first four years, iz of the order cf only
a few thousand. But a very rough estimate suggests
that efficlent mathematical behavior at this level
requires something of the order of 25,000 contin-
gencies.23

In the following paragraph Skinner suggests that reln-
forcement need not be a complex condition:

Fortunately, we can solve the problem of educa-
tion without discoverling or inventing additional
reinforcers, e merely need to make better use of
thogse we have., Human behavier is distinquished by
the fact that 1t ls affected by small consequences.
Describing something with the right word is often
reinforeing. So is the clarification of a8 temporary
puzzlement, or the solution of a complex problem, or
the opportunity to move forward after ecompleting one
stage of the activity,24

Skinner does not believe we need to stop to explain why

22 pid., p. 380.

23Burrus F. Skinner, "The Science of Learning and the
Art of Teaching,” Harvard Educational Review, XXIV (1954), p.

91.
aulbid,, p. 21,
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these things are reinforcing. He indicates that it 1is enough
that when properly contingent upon behavior they provide the
control we need for successful educational design.

As Skinner sees 1t, the whole process of becoming com-
petent in any fleld must be divided into a very large number
of very small steps, and reinforcement must be contingent
upon the accomplishment of each step. He does not agree with
J. C. Pressey who designed one of the first units of pro-
grammed learning on the basis of using multiple-choice ques-
tions in which the student tested himself., Skinner gives
the following reasons for this disagreement:

In the first place the student should construct

rather than select a response, since this 1is e

behavior he wWill later find useful. Secondly, he

should advance to the level of being able to emit a

response rather than merely recognize a given response

as correct, Thirdly, and more important, multiple-
choice material violates a basic principle of good
programming by indu the student to engage in
erroneous behavior.

There appears to be a considerable amount of contro-
versy about the effectiveness of auto-instruction., Adults
using programmed instruction often equal or surpass those
exposed to the traditional classroom situation. In a compara-
tive study of programmed and conventional instruction in
industry, Hughes and McNamara found a significant difference
in favor of programmed learning. The mean scores from an

examination given to the two groups who were taught a 16-hour

253k1nnnr, P. 393.



course on servicing an IBM 7070 computer were 94.7 for the
programmed instruction group and 86.9 for the conventional
grmup.ﬁﬁ From this study the éispersimn-ef the SCOI'es were
indicated to be much less for the programmed group. Two-
thirds of the "programmed" scores were 95 or better and only
il per cent fell below a grade of 90, The conventional
group scores were spread over a much wider range. From this
study, 1t would appear that all levels of students in teche
niecal subjects would learn more by the programmed method
than by the conventional one.

Skinner--and others who advocate linear programming~-
tries to make sure that almost every response will he reine
forced, He suggests the following manner in which the
programmed material may be presented:

Program material is stored on a fan~folded paper
tapes. One frame of materlal, the size of which can
be varied with the nature of the materilsl, is exposed
at & time, The student writes on & separate strip.

The student sees ﬁrinted materlal in the large
window at the left. This may be a sentence to be
completed, a questlon %o be answered, or a problem %o
be solved. He writes his response in the uncovered
portlon of a paper strlp at the right. He then moves
a slider which covers the response he has written
with a transparent mask and uncovers additional
material in the larger opening., This may tell him
the response is wrong without telling him which is
right,--Cues may then be given.Z2l

, 263,,L. Hughes and W. J. McNamars, "A Comparative Study
of Programmed and Conventional Instructlon in Industry,”
Journal of Applled Fsycholegy, VI (1961), pp. 225-231.

g?skinner, p. 385.



25

From the previous discussion of programmed learning and
teaching machines, 1t would appear that there is a relation=-
ship between reinforcement and guidance in learning,
S8tephens suggests this relationship in the following para-
graph:

It is difficult to apply reinforcement without
also providing some guldance. True enough, it can

be done, but one must go to some trouble to arrange

it. By the same token, it 1s difftcult to provide
guidance w gh0uﬁ:at the same time providing rein-

forcement . @

Wohlwill and other paychologlsts do not agree that it
iﬁ wise, or peossible, to make sure that the student is
guided into each response with ne room for uncertalinty or
error. They belleve that a perlod of uncertainty may be
necessary for some kinds of 1earn1ng.29 This concept would
be acceptable to the advocates of the directed-discovery or
problem-solving method of teaching.

In an early study Cralg lnvestigated the relatlive
ef'fectiveness of different amounits of guldance in promoting
transfer, in the transferability of such guided learning
tasks with varylng levels of difficulty, and in the changes
in the dependence of transfer upon initial ability. Cralg's
study uses the word "guildance® to refer fo clues or cues
offered to the subject a8 an ald in solving the problem,

In this study two hundred college graduates were divided

QBStephena, p. 125,

#95. F. Wohlwlll, "The Teaching Machine: Psychology's
§§§~1§gbyhcrag’"‘Tﬁa°hﬂgg College Record, ILXIV (1962), pp.

- ‘
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into four treatment groups. They were differentiated by
receiving different amcunts of guidance to aid in the dis-
covery of the basis for the correct responses to a series of
items. The relative effectiveness of the different amounts
of guldance in promoting transfer was determined by a com=-
parison of group post-training performances on a serles of
similar but non~identical ltems, Since the learning situa-
tions were organized according to meaningful principles,
another indication of transfer effect was cbtained by a com~
parison of the number of principles the several groups were
able to ldentify In the post-tralning situation. The number
of prineliples that a group can recognlize and state may be
interpreted as a relative indication of the understanding of
relatlonships developed through the guldance provided. Cralg
concludes that transfer is facilitated not only by organiza-
tlon of the materials but also by increasing the number of
clues provided to ald discovery. Pindings alsc Indlicate that
the more difflcult the task, the greater the advantage of
additional suidanae.sg

The evidence from Craig's experiment offers little sup-
port for the hypothesis that the ability to transfer is
dependent %o a greater extent upon initial ability than upon
the degree of guldance in the learning process,

Although similar to ordinary learning in some ways,

20 ‘
> R, C. Cralg, The Transfer Value of Qulded Learning
(New York, 1953)) PP. 1=0. 7
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problem-solving presents more difficulties in the way of
orientation, provides little relnforcement for early efforts,
and requires the teacherft@‘withhold guidance., With these
features in mind, one might ask what the problem-solving
method offers the teacher and the learner that other methods
do not offer? Befcre this question can be answered, 1t ls
necessary to know how problem-solving is defined, what the

extremes are, and how they relate to understanding.
Problem-Sclving Method

Directed-discovery is a form of problem-sclving defined
in Chapter I as a method of Instruction whereby the teacher
allows the student to accept some of the responsiblility of
learning by encouraging him to use hls basic knowledge to
think through the sclutlon to the problem,

There are some writers who claim that principles or rules
have genuine meaning to the student only when they are inde~
pendently discovered by that 5tudent.31 This conecept would
appear questlionable to many. To expect a student %o compre-
hend important princlples wlth no assistance by the teacher
would seem to be a time-consuming and hopeless venture,

Brownell explains problem-solving as follows:

One may define problem-golving so broadly as to

make the term synonymous with learning. To do so,
one needs to point ocut that all learning starts with

3lgrunner, pp. 58-59.



some inadequacy of adjustment, some disturbance of
equilibrium--and so, with a "problem" , . . and in
the process of achleving adjustment and returning
to a state of equilibrium one "solves" the problem,
According to this broad conception, the cat,
when 1t learns to pull the cord or to depress the
button and so to escape from the unfamiliar puzzle
box; the student in the psychologlcal laboratory,
when he learns to run a finger maze while blind-
folded or when he memorizes lists of nonsense
syllables; the child in school when he grasps the
meaning of a sclentific principle and learns how

to apply it . . . all of these engage in problem

solving, 32

Brownell recommends that, for clarity, problem-solving
should be referred to in such a way that it becomes a process
by which the subject extricates himself from the problem. He
limits problem-solving to include only perceptual and con-
ceptual tasks which the subject 1s capable of understanding
but in which at the moment he has no direct means of satis-
faction, He grants that the subject may experience perplex-
ity in the problem situation; however, with the task within
the capabllities of the student, it should not be an experi-

ence where utter confusion nxilts.33

After recommending that problem-solving be cbserved under
the previcusly set limitations, Brownell continues to analyze
this method of teaching and learning by making the following
comments:

Defined thus, problems may be thought of as
occupying intermediate territory in a continuum

32w A. Brownell, "The Psychology of‘Iaarning,“ Thc Forty-
First Yearbook of the National Soclet ror ths Stu Educa~-
tion, Part 1II, ed. N, B, Henry cago, 19

33

Ibid., p. 417.



which stretches from the "puzzle™ at one extreme to
a completely familiar and understandable situation
at the other. In the case of puzzles, the nature

of the task may vary from wholly novel (which the
learner has no means of solving or escaping) to the
slightly known (in which the learner may recognize
vaguely where to work, though he does not know what
to do). His present experience is one of bewllder-
ment, and this is brought on by the strangeness of
the situation and its lack of meaning to him, If

he 1s successful in solving the puzzle, his success
is the result of accident and the solution is not
likely to be retained or to be transferable to other
puzzle situations, In the case of completely famil-
iar and understandable situations, no problem exists,
as is true of puzzles, for the reason that the
learner has avallable satisfactory responses which
have been habl ed, and there 1s no uncertainty

as to procedure,

Brownell says that the last fifteen years or so have wit-
nessed promising changes in psychological research so far as
problem-solving 1s concerned., One important change consists
of an attempt to set problems which mean something to the
subject, or at least which envisage the learning task as it
most probably 1s seen by the subject. It 1is true that not
all efforts to improve problem-solving ability have been
successful., Brownell believes that the reason lies in the
use of methods which are powerless to produce this cnd.35
Brownell thinks that some methods put too much trust in
technique and disregard other essentlals in effective prob-
lem-solving., He explains this by suggesting that 1n order
to think clearly and well one must have something with which

Balbld., p. 417.

5
Ibid., p. 418,



to think, %hls “"somethlag” refers to facts, tc meanings,
and understandlogs. Without ihese, a vechnigue of prodlem-
solving ls conslderod useless, Brownell adds that 1t is
precisely at thils polnt that many modern lastrucilonal prags
tices are deflelent. He warng there is danger in the often
repeated stabement that "i§ 18 more lmportant Uo teash oW
to think than whai %o thinik,” The danger 18 thas with neg-
lect of understandings and meanlnga, uthe materials with
whioh one thinks may well result In 8 complete stultifica-
tion of talnklng or, worse, in an over-confidence in the
Judgments and deglsions resched ln Ghe absence of relevani
d&ﬁaa3é

As Brownell sees li, theé problem~solving mebhod of
teaching requires that the student should gain understandings
rather than merely learn & procedurs, In edditicn, he
belleves that the student must enter the learning phesge with
some baslc understandings.

There are some who belleve that whereas the probvlem-
solving method offers certain speclal beneflts to the learnar,
this method should not be used in all types of lesraning sit-
vations., Otephens supporis fthe preceding statement and
offers suggestlicons as to those learning situations in which
the problem-solving method mlght be considered superior:

We often do find superior learning when there
i emphugis on student activity and initlative, when

3 Ipld., p. 431,
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the search for a principle is clearly kept in mind,

and when many examples are provided. This general

approach, however, includes many features over and

above sheer independent discovery on the part of

the students, Any one of these features, moreover,

may account for the frequent superilority of the

general approach,37

In support of this and related to his study of the moti-
vating effect of directed-discovery learning, Kersh con-
cludes, "Among other things, the greater ego involvement may
lead students to spend more time in practicing the tasks, or
thinking about them outside the formal practice perlods."ss

Ausubel also indicates that an all-or-none position
regarding use of the discovery method 1s warranted neither by
loglc nor evidence. The method itself is very useful for
certain pedagoglc purposes and in certain educational cir-
ounatancaa.39 He suggests that the discovery method has
obvious uses in evaluating learning outcomes in teaching
problem-solving techniques and appreclation of the scien-
tific method.

He believes that there 1s no better way of developing
effective skills in hypothesis making and testing, in form-
ing desirable attitudes toward learning and inquiry, and in

gaining an ability to solve problems on one's oun.“o

3TStophtns. PP. 158-159.

385, Y. Kersh, "The Motivating Effect of Learning by
Directed-Discovery," Journal of Educational Psychology,
1962. LIII. ppo 65"71-

39&“ .ubel.. PP. 1“2-1“30
“OIbtd.. p. 143,
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In addition Ausubel says, ". . . 1t seems plausible to
suppose that the greaﬁgr effort, motivatlion, and vividaess
assoclated with independent discovery lead o somewhat

greater learning and retention.® 1

He also indicates that
with this method:

One might expect fhe advantages conferred by dis~

covery techniques to be even greater with respect

%0 transferablillty, since the experlence gained

from formulating a generalization from diverse

instanqea-@bViguglylfagil;ﬁateg ﬁhg‘solﬁ%icn of

problems lnvolving this generalization.

Gver the past decade, there has been a c@ntinualiy
inereasing interest in research concerned with ways of
improving industrial arts\ﬁeaching, Searching inquliries
are being directed especlally toward teaching methods
invelving problem-solving,

Ray compared the direet-and-detaliled and directed-dis-
covery methods of bveachlng micrometer prineiples and skills,
He was concerned with the relative effect of the method of
,presentation‘up@n initial learning, retention and transfer.
In addition, the experiment was so designed that Lt was pose
s1lble to test for level times treatment, first order inter- |
action, &8 well as for main effects. One hundred and seven-
teen ninth grade subjects were selected at random from three
Junicr high schools. The task involved the use of a cne-inch

vernier micrometer calipev. The oral instruction was

“v1a., p. 144,

421014, p. 144,
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presented via the medium cof a tape recorder and was supple-
mented by 1llustratlons through the use of 35 mm. slides.
An inltlal learning test was administered Immediately fol-
lowing the instructlonal perilod and tests for retention and
transfer were given at one and slx week perlods after treat-
ment., All tests involved both performance and pencil and
paper items.

Ray found no significant differences between the two
experimental grdups in terme of initlal learning or reten-
tion at one week, However, there was a significant differ-
ence in retentlion a&s measured at slx weeks, which favored
the directed~discovery method., The directed-discovery group
was found to be significantly superlor in theilr ability to
transfer principles and skills as measured at one and six
weeks following instruction., There was no evidence of inter-
action between treatment and ablility greups.43

As an extension of Ray's study, Rowlett compared direct-
and-detailed and directed-discovery methods of teaching
orthographic projection principles and skllls, He was con-
cerned with the relative effect of the two metheds of
instrmaction upon lnltial learning, retention and transfer,
as wall as testing for Interaction., Three ability levels,

similar to those used by Ray, were employed in this

&
3w. B. Ray, "An Experimental Comparison of Direct and
Detalled and Directed Discovery Methods of Teaching Microm-
eter Principles and Skills," (unpub. Ed,D. dissertation,
Unlversisy of Illinois, 1957), pp. 61-68.
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experiment. Similar methods of stratifying the experimental
population and selecting a stratified sample were used by
both Rowlett and Ray. However, Rowlett also matched his
groups on the basis of sex, since 1t was belleved that these
two groups of students would have dissimilar backgrounds of
experience and famlliarity with the task selected. Both Ray
and Rowlett used standardized Iintelllgence test scores as
outgide c¢riterion for matching abllity levels. In the
experiment, 168 ninth-grade students from a single community
high school served as subjects. Instruetion was provided by
a tape recorder and was supplemented by individual student
work books and three dimensional models. An initial learning
test was administered immediately following instruction, and
retention and transfer tests were given to all subjects at
twelve and forty-five days after treatment., Whereas Ray used
an analysis of variance design for testing the null hypoth-
eses, Rowlett employed t-tests in valldating hls hypotheses.
Rowlett found no signifieant difference between the two
experimental groups as measured by the initial learning test.
This finding supports the comparative results of initial
learning reported by Ray. However, Rowlett found that the
directed-~discovery group was significantly superior in both
retention and transfer, when measured twelve days after
instruction. Rowlett's findings relative to transfer at six
weeks supports the results reported by Ray In that the direg-
ted~discovery group was superior to the direct-and-detalled

group on this criterion measure., No Interaction beiween
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teaching methods and intellectual levels was found.aa

Moss investigated the relative effectiveness of %Swo
methods of verbal instruction, direct-and-detalled and
directed-discovery, in which different amounts and types of
teacher guldance were employed, The experimental population
conslsted of one hundred thirty-one male voeatlonal-indus-
trial high school students., Both methods were theoretically
capable of providing meaningful learning experlences.

The ceriteria used to measure the outcomes of Lnstruc-
tlon, indlcative of the relative effectlveness of these
methods, were tests of inltlal learning, retentlon, and
transfer,

The experimental design included & treatments by levels
analysis of variance. The subjects were randomly assigned
within a given I. &. level to one of three treatment groups.
The experimental populatlon consisted of one hundred thirty-
one male students in one high school,

The logical basis for testing the direct-and-detailed
and directed-discovery methods of presentation rested upon
the premise that at least one of these methods would result
in greater learning than & no-teacher presentation. The con-
trol group was, therefore, included in the deslgn to estimate

the amount of learning attributable to the instructlon

ﬂuJ. D. Rowlett, "An Experimental Comparison of Direct-
Detailed and Directed-Discovery Methods of Teaching Crtho=-
graphic Projection Principles and Skills" (unpub. Ed.D, dis-
gertation, Universlty of Illinoils, 1960), pp. 93-101.
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provided by the recorded lessons. The vesults of the crite~
rlon tests showed that the treatment groups recelving
instructlon performed consistently superior %o the control
group. The results of the erlterion test aliso indlcated that
the subjects who were instructed by the direct-and-detalled
methed scored conslstently better than the subjectis who were
instructed by the directed-discovery method. In the light
of these resulis, and the generally inconsistent findlngs ia
this study with Ray's, Rowleti's, and Grotve's studles, the
writer was led to question the equivalence of the treat-
ments, the learning tasks and the eriteriom tests.%

Grote, in a study sBimllar to those already mentioned,
compared the relative effectiveness of direct-and-detalled
and directed-dlscovery methods of teachling selected princi-
ples of mechanlces 1lun the area of physles, The deslgn per-
mitted a test for differences between groups on the basis of
an ordering of treatment sequences, as well as testing for
differences between groups lnstructed at each learning ses-
siocn by the differentlal methods. In addition the experl-
mental design provided tests for first and second order
interactions lavolving sex, levels, and treatments.

The results Indicated that the direct-and-detalled

method was superlior when compared on the basis of initial

453. Moss, "An Experimental Study of the Relatlve Effec-
tiveness of the Direct-Detalled and the Directed Discovery
Methods of Teaching Letterpress Imposition® (unpub. Hd.D.
dissertation, Purdue Unilversity, 1960, pp. 1-12,
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learning after the first instructional pericd. In the two
lessons with the sequence in which the directed-discovery

preceded the direct-and-detalled method, the transfer was

superior.&s

A study conducted by Sommers at the University of Min-
nesota involved an evaluation of selected teachlng methods
on the development of creatlive thinking. This study was
based on the following assumptions:

1) that the abllities involved in being creative are
universal, 2) that these abllitles can be lncreased
through training, 3) that one of the legltimate
functions of the school is to provide such training,
and 4) that it is deslrable to develop creative
abilitles Hithin the framework of existing school
curricula 47

The following hypotheses were tested:

1) there is no difference, as measured by the subject
matter test, Iin adjusted mean gain in subject matter
understanding between the control group and the experi-
mental group, and 2) there is no difference, as
measured by the Test of Imagination (form DX), in
adjusted mean gain in total creative thinking_geﬁween
the control group and the experimental greup.R

Two groups of students were involved in two consecutive
"runs™ of the experiment. The control group received

instruction involving the usual methods and course outline.

466..N. Grote, "A Comparison of the Relative Effective-~
ness of Direct-Detalled and Directed~Discovery Methods of
Teachling Selected Principles of Mechanies in the Area of
Physics" (unpub, Ed.D. dissertation, University of Illinois,

a7W, S. Scommers, "The Influence of Selected Teaching
Methods on the Development of Creative Thinking" (unpub., Ed.D.
dissertation, University of Minnesota, 1961), p. 5.

%Brpia., p. 113.




The experimental group was taught by speclal methods which
were developed by Sommers, The principle technique employed
with the experimenial group was called "sketehstorming."

The subjects were gtudents at Stout State College who
were enrolled la a course iln freehand drawing.

The experiment was evaluated on the basis of scores
ylelded on tests given before and after the lessons were
taught, A locally constructed test developed to evaluate
the understanding of freehand drawing was edministered to
determine geins in subject matter, The Test of Imagination
(Form DX) prepared by the Bureau of Educational Research at
the Unlverslty of Minnesota, was used to assess lncreases
in creative thinking.

The two experimental hypotheses were rejecied, The
findings indlcated that:

1) it is possible, by use of specifiec methods designed

t¢ increase creatlve thinking, to lmprove certaln

abllities assoclated with creative thinking in an
industrial arte course,; and 2) the use, in an indus-

trial arts laboratory course, of special metheds %o

improve creative thinking willl not negatively affecy

subject matter learning. In fact, Sommers suggests
that such methcdﬁamay actually increase subject

matter learning.49

With respect to further research, Sommers recommends
that:

1) investigations should be con&ucted to determine

the effectiveness of using special methods to lnerease

creativity wlthin indusirial education laboratery

courses other than just the drawing avea, 2) investl-

gations similar in design and purpose to thls study,
should be conducted to lnvestigate the effectiveness

491p1d., p. 116.



of other techniques Loy Lncreasing creativiiy, 3)
investigations, simllar in deslgn and purpose to
tnls study, should be couaducted to determine the
feaslbllity of improving creative thinking within
academic courses, ané 4 an lnvestigation should
also be conducted to evaluate the persistence of
effects of the inclusion of creative learning
activities within subject matter courses.oV

In & recently completed study at the University of Min-
nesota, Cornwell tested the value of instructlon sheets in
regard to the learning process In industrial education.
Purthermore, he was concerned with the efficlency, 1n terms
of alternative methods of organization, of the traditlonal
pattern of instructlion sheets.

Cornwell's study compared the achleveneni of eollage
gtudents in & classroom situation wlth one group of studenta
using problem-centered instructlon sheets and & control group
using traditicnal imstruction sheeds. Cornwell's experiment
was designed to provide answers to the following questions:

1) Will provlem solving materlals develop wore knowle
edge of the subJect matter than will more direct
instruetion? 2{ Will problem solving materlals
develcp more manipulative skills in the subject

matter area than will more direct instructiont? 3)
Will studenis gaining knowledge by problem solving
mathods retain 1t better than students taught by

more dlrect insbtruction? 4) Is 1t possible to pre-
pare two gimllar sets of assignment sheets which

will glve significantly different results attiributable
to their organization? 5) Do students of varlous
ablility levels show different results when taught
through the use of the two different types of instruc-
tional sheets? Is it possible that good students will
learn more by solving problems, but that poor students
will learn more by direct instruction? ©6) Is there
any relationshlp between student learning from these

50 ,
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two types of asslgnment sheets, and hils previously
stated preference for the type of instruectlonal
method? Is it possible to select a student who
will learn more by problem solving,; by determining
his preferences for a tyge of instructlon? and 7

Is it possible that one instructor will have better
results with one set of inatruction sheetg, and
ancther instruector have opposlte rasulta?ﬁi

Two instructors taught the four experimental classes in

which the two ftypes of instruoction sheets were employed.

Two classes met each quarter and the two instructors used

opposing types of assignment sheets the first experimental

quarter and exchanged experimental methods the next guarter,

Three criterion tests were employed:

1) a performance test administered one week prlor to
the end of the course, 2) a final examination admin-
istered at the end of the course, and 3) a retentlon
test glven eight weeks after the final examinatlion.52

Cornwell reportis the following findings:

1) the classes using problem assignments mede per-
formance test scores which were signiflcantly higher,
2) there were significant differences on the perform-
ance test between students having different instruc-
tors, and indications of a method-by-instructor
interaction, though the latter appeared not be sig~
nificant when ability level interactlons were removed,
Although both Instructors had the best performance
results with the problem methods, instructor B found
it only slightly better, while Instructor A found 1t
mach better on this measure., Any method-by-instruce-
tor interaction in this study could possibly be
caused by quarter difference slnce the instructors
taught each method in different quarters. 3) on the
final examination scores there were no significant
differences between the teaching methods, #) there

513. L. Cornwell, "Written Instructional Materlals:

"An Experimental Comparison of Problem-Centered and Tradl-
tlonal Assignment Sheets" Sunpub. Ph.D. dissertation, Uni-

versity of Minnesota, 1961

» PP. 7-8.
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was significant Instructor-by-method interaction

and indicatlions of instructor differences on the

final examination. Instructor A had the highest

achievement using problem methcds whille instructor

B had better results using direct methods. The latter

instructor had the higheet average achievement, 5)

on the delayed test score levels there appeared to

be method differences in favor of the problem assigne-

ments but these were not significant when tested,

However when difference scores were analyzed there

were signifiecant method dlfferences in favor of the

problem groups.>3

Sommer's and Cornwell's studles appear to offer some
valuable additlons to the research literature in industrial
education related to problem-solving and certainly demon-
strate the values inherent in longitudinal studles when con=
- ducted under normal teaching situations.

The study by Ferns offers excellent guldance for those
who are interested in developing experimentsl studies of
similar problem-solving situations,

Ferna' study is best classified as philosophical; how-
ever, it might also be ldentified as synthetic research since
its purpose was to focua on the concepts and findings origi-
nating in & number of studles.

In regard to industrlal arts, Ferns' aim was to develop
principles for guiding teachers when desligning and conducting
learning experiences for improving student problem-sclving
abilitles. The principles were developed as the result of
careful examination of, 1) writings of selected authoritles

in education who have dealt with problem-solving as an

bBIb ids X ppa 211“213 ®
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objectlve and method of education, 2) the writings of educa-

tional philosophers John Dewey and William Kllpatrick, and

3) experimental research studies in problem-sclving.

54

Ferns developed the following underlying principles for

gulding industrial teachers in conducting and designing

problem~solving type of learning through a ratlonal and an

authoriative means, They include the following principles:

1.

2,

3.

The greatest galns in improving student problem
solving abilities can be effected when the teacher
consclously plans learning experiences with the
goal of improving problem-solving ability in mind,

The improvement of student problem=-solving abili-
tles 18 best accomplished by the teacher's regula-
ting Indirectly the condliiions which gulde 1%,

The exposure of students to direct experience in
attempting to solve real-life problems through
the use of problem-solving method 18 the teacher's
most appropriate way to achleve lmprovement in
problem-solving abilitvies,

In designing and selecting problem situatlons sult~
able for improving student problem-solving abili-
tles, 1t 1s important that the teacher make the
distinction between genuine problems and those
which are not. The following criteria should
serve to deflne authentic problem situations:

a) There should be an objective in view, b)

There should be something blocking the objJective,
¢) There should be an awareness or conseclousness
of the goal and blocking obstacle, There should
be intellectual aetivity. d) There should be a
high degree of subjective identification or ,
motivation, and e) Problem situations at both ends
of a problem difficulty continuum, which range
from extremes of the completely familiar (recti-
fiable through unthinking, habltual response) to

54G. W. Ferns, "Principles for Designing and Conducting
Iearning Experlences for Improving Problem-3Solving Abllities
as Applied te Industrial Arss Teaching” (unpub, Ph.D, dis-
sertatlion, Miechigan 8State University, 1962), pp. 1~6.
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puzzles (solvable through accident, reticnal
means being of 1little consequence), are less
deslrable prcblem sibtuations than those in
between and should be minimized.

5. It should be recognized that problem=-sgolving lse
both a method and an objective in education. It
is a means for achleving numercus educational
objectives, including improvement of problem-
solving ablllties. It 1s also an end or an
objective of education because of itas signifi-
cance as & method in living and learning.

6. Problem-solving method is practlcally synonymous
with learnings and there are indicatlons that
problem-solving is generally equal or superior
to other methods of learning.

7+ Learning experiences, to be educative, should
provide for further growth, for interacilon
between lndividual and environment and for
intelligent managing of ends and means, They
should be continuocus with past and future experi-
ence, should have both actlve and passive ele- _
ments, and should include reflective thinking.99

The preceding principles developed by Ferns have proved

to be of considerable assistance to the researcher in devel-
oping the problem-solving lessons, in conducting the lessons,
and in the developing the transfer of learning examinations.

In addition to the seven underlying principles stated

previously, Perns developed seventy additlonal principles of
a more specific nature that relate %o the phases of problem-
solving. The specific prineliples which are especlally
related to this problem wlll be discussed in the following
paragraphs:

Under source and nature of problems, Ferns suggests that

*’Ivia., pp. 233-235.
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problems should include a balancing of cold and new. Without
the new or strange elements there would be no problem; with~
out the old or familiar, inquiry might he useless, He con-
cludes that school activities, especlally industrial arts,
can furnish a real potential for development of problem~
solving because of the abundant opportunity for active use
of materials and equipment.ﬁé

In a school gsituation, Ferns indleates that suggestions
for aoluﬁioﬁs of problems seem to oceur with the interactlon
of, 1) developing an acquaintanceship with existing oondi-
tions in a situation, and 2) past experience., He belleves
the teacher should direet his efforts toward providing
experiences which help create a rich experimental background,
and toward encouraging the problem-solver to saturate him-
self with information surrounding the problem situation. 1In
addition, Ferns indicates that the student should be pro-
vided with time for incubation by including breaks or diver-
gicns from the concentrated attention on pr@blema.57

In respect to the use of questioning as a valuable tech-
nique in stimulating thinking, Ferns suggests, 1) that ques-
tions should motivate the student to use materlal already
learned in dealing with the problem, 2) that questions should
direct the student to subject matter rather than to the

teacher's alm, thus aveolding a "guessing bee' as to what the

56Ib 1da > ppu 197'199‘
5T1ivid., pp. 205-209.
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teacher is really after, 3) that questlons should build for
the student a large inclusive situation within which there
can be movement from one point to énothar, and within which
meaningful relationships cannct be seen, and 4) that ques-
tlons should periodically require a survey and review of
subject matter thaé has been covered to extract new meanings
and to gather together and hold what is slgnificant,>

From the review of the fundamentals concerned wlth
learning, it appears that, in most cases, without structure
there will be no understanding or meaningful learning, A
meaningful set or approach to leafning only eventuates in &
meaningful lesrning process and outcome provideﬁ that the
learning material itself is pétantially meanlngful to the
learner. If the learner's intentlon is to memorize, both
the learning process and the learner's outecome must neces-
sarily be rote and meaningless.

To thls end, the teacher must develop and present the
materlal in such a way that 1t is relatable to the partleular
cognitive structure of the learner,

It would sesm that the concepts reviewed in relatloﬁ 0
motivation would also find thelr place in the course develop-
ment and methodology when selected by the type of teacher
who elects to teach with meaning and understanding.

After providing the adequate structure in the learning
situation, the next important conslderation which faces the

583331&. 2 P- 2@6’
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discriminating teacher is to melntain a schedule of success
throughout the lesson. Reinforcement involves arranging the
learning situation so that when conditions are appropriate,
the learner will experlence a series of motlvating pleasant
feelings as he progresses through the learning uplt, In
this process, 1t would be helpful if the student had more
successes than fallures.

From the suggestions and guldance offered in the review
of literature concerned with preblem-selving, 1t seems that
one should approach the task of developing a lesson lnvoly-
ing the problem-solving method wilth an awareness that the
use of this method depends, 1) upon the individual's capac-
ity-~the more mature the individual, the more readlly insight
or understanding is achieved, 2) upon previous experience--
although not guaranteed by such experlence; slnce inslght or
understanding is not possible without 1%t, and 3) upon the
experimental design--unless a sltuation is Bo arranged that
it can be structured by the individual, insight cannot be
galined,



CHAPTER IXII
THE RESEARCH EXPERIMENT
Introduction

Although the review of literature reveals that learning
is acocepted as being lmportant, there are many varilations in
methodclogy as to how it might be accomplished most effi-
clently. Many believe that the methods employed in organiz-
ing and presenting the course content will determine, to a
great extent, the degree af student understanding and ablil-
ity to transfer she facts and principles he learns in scheol
$o agbivities in his daily living. All educatlonal programs
presumably rest upon some sort of psychologlceal theory, but
in the case of recent aducational practices, the theory
appears to be implied more often than stated. This allows
for many controversial snd confusing directions which face
the discriminating teacher who is committed to offer the
best teaching possible.

Purther investlgation of the literature indicates that
some educators support a direct-and-detalled method, Through
this method, the subject material is presented to the stu-
dent in gréat detail., The inatructor assumes the major
responsibllity for the contlnulty of development, and rein-

forcement is generally overt, Other educators belleve in a

4T



48

directed-dlscovery method of instruction which placea a
greater responsibllity upon the learner to participate
actively in the learning situatlon.

Additlonal investigation of the literature concermed
wlth methods of teaching reveals that over the past decade
there has been a continuvally increasing interest in research
concerned with ways of improving teaching., While some of
these related studies have found a directed-discovery method
%o be superilor in reﬁ@nti@ﬁ gnd sransfer of learning, no
conclusive and conslstent evidence has been found.

In view of the literature summarized in Chapter II, the
deslgn for an appropriate study should be concerned with con~
trasting & method of teaching, involving discovery with some
assistance, with & method cof teaching that is admittedly
direct-and-detaliled but that none-the-less emphasizes teacher
assistance in understanding the princliples under considera~
tion. In contrast with other related studles, this work will
employ only senicr high school Ilndustrial arts students as
subjects. The lnanructianal content will be taken from a
specific unit usually found in a8 course in auto sechanics,

In addition, the instructlon will lnvoive the subjects in
theory as well as in laboratory work. In thls chapter, the
research experiment is organized and developed so that the
hypotheses stated in Chapter I can be statistlecally analyzed.
The following organization will include an explsnatlion of
the design of the experiment, the population sampling, the

learning task, the treatments, the instructicnal methods,
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the coblectlive tests, and the pllot atudy.
Experimental Design

Three treatment groups, namely, the direci-~and-detalled,
the directed-discovery, and a control group, were estab-
iished under the terms identified in Chapter I, Definition
of Terms, The subjecis were stratified on mental abllity
levels. This was accomplished by first stratifying the sub-
Jeets into three ability level groups according to IQ
sgorea. From each of the level groups, random assignments
were made to the various treatment groups. Such a procedure
wag believed to insure that the flnal three groups were
stratified relatively proportlonate in regard fo subjects
with high, average, and low I4 scores,

A3 plven under Definltlon of Terms in Chapter I, the
high abillty group ineluded those subjects having an IQ
score of 107 or above, the average ability group included
those subjects having an IQ score of 9% to 106 inclusive,
and the low ability group included those subjects with scores
of G4 and below.

The design of this study lends 1tself %o anelysls of
varlance ag a primary or "beginning” meens of statistlcal
analysis, The first snd second questions under the State-
ment of the Problem in Chapter I are primary treatments
whiech can be solved separately. In respect to these ques-~
ﬁionﬁ,»tba analysis of variance eof initlal learning scores

and transfer of learning scores were developed as Hwo
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separate 3 x 3 factorial design problems and both were
analyzed for maln effects and first order interactions.

Since an F-tedit ls iny‘antoverall test of the entlre
group, 1t wes necessary to test the null hypotheslis applled
to the mean dlfference by individual t-tests between treat-
ments on each level for the inltlal learning and transfer
of learning.

The third and final question lu the statement ¢f the
problem requires a comparison of the same treatment on each
of the three lntelligence levels selected, bhetween inltial
learning and transfer of learning. Since an analysls of
varlance had already been computed for both sets of scores,
individual t-tests were computed for each intelligence
level, bebween Treaiment A for Test I and Test II and
between Treatment B for Test I and Test II. The control
group wag not included in the final compariseon,

The experimental variables in this study are: 1)
instructional methods, and 2) abliity levels. The criterion
variables are: 1) initial learning, as measured by an objec-
tive test, adminisﬁered following the instructlonal periods,
and 2) a transfer of learning test, as measured following
the initial learning test. The controlled variables include:
1) methods of presentatlon and content, 2) length of instruc-
tion time, 3) audic-visual alds, and 4) tests and testing
conditions, | |

Yhile the instructlional metheds were consldered as an

experimental variable, they were controlled to the degree
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that all instructlon was tape recorded. This required that
individual tape recordings be prepared for each of the two
methods under consideration, inecluding both the theory and
lavoratory parts. PFor thls reason, the lastructlonal methods
were lncluded in the experimental variables and alsc In the

controlled variables,
Population and Sampling

The population used invﬁhia experiment were Yowa senior
high schoel industrial arts students,

The subjects were selected at random from high schools
whieh lie within a forty-five miles radlus of Cedar Falls,
Iowa, This sample includes the major citles and towns in
twelve northeastern counties of the State,

The accuracy of the sample used in thls experiment was
expected to be improved by selecting at random, from the
sample area, high schools froms 1) two ¢ities which have
populations of seveniy-five hundred or more, and 2} two
towns which have populations between two thousand and
gseventy-five hundred persons. A out-off point wes belleved
necessary in the selection of the small towns because of
the lack of industrial arts departments in Lowns smaller
than this in size.

The high schools in the major oitles with populations
of seventy-five hundred and over within the sample area
included Cedar Falls, Charles CLty, Marshslltown, Oelwein,
East Waterloo, and West Waterloo, Waterloo and Cedar PFalls



were the only two clties in the sample area having two
public hlgh sechools. The experimenter decided that each of
the high schools in these citles would be ineluded individe
ually in"the experiment., The State College High 3chool in
Cedar Falls falled to qualify, however, because of the lack
of senlor high school industrial arts students.

The high schools in the towns with populatlons of
between two thousand and seventy-five hundred which fell
within the sample area lncluded Grundy Center, LaPorte City,
Independence, Iowa Falls, New Hampton, Waverly, and Vinton,
Other towns wlthin this population range which were in the
sample area were not used in the experiment because of one
or more of the following reasons: 1) too few industrial
arts students at the high school level, 2) problems in
scheduling the experiment, and 3) other administrative rea-
sons., Those towns in the sample area which falled to qual-
ify for selectlon were Lldors, Hampion, Sumner, and Toledo.

It was belleved that a sample which might be more
representative of the total populatlon could be selected
from this area because consolldation of schools, large area
transpertation of pupils, and the mass movement of popula~
tion from rural to urban centers have already been contrib-
uting factors in increasing the uniformity of the schools
throughout the State.

The size of the sample necessary to provide conslder~
able dependabllity of the mean and standard deviation was
determined and limited by the following criteria: 1)



authorltative literature on the subjeet, 2) limitations of
time and expense concerned with dolng the experiment, and 3)
the available numbers of senior high school industrial arts
students in the towns and clties represented within the
sample,

In respect to adequacy of the size of the sample,
Garrett offers the following approximate standard deviation
range covered by samples of different sizes when drawn from
the normal population:

N = 10 , Range 4 2.0 3D
N = 50 - Range 1 2.5 &D
N = 200 Range * 3,0 8D
N = 1000 Range * 3.5 SD
From the preceding information and that found in Table A, 1t

i

is evident that an increase in numbers from two hundred to
one thousand would raise the range only one standard devia-
tion. This would increase the area under the normal curve
less than one-quarter of one per eant.a

The second and third eriteria related to the size of
the sample were determined by the judgment and experience of
the writer, The writer's position at the State College of
Iowa requires numerous extension vislits te various indus-
trial arts departments in schools throughout the State,
These visitations allowed for the opportunity to find the

a, =, G&rrett, Statistles in
(New York, 1958), p. %,

€rpid., p. 446,

and Bducation
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approximate number of subjects there who would be available
in the schools within the proposed sample area., A total of
two hundred and fifteen subjects were found to be avallable
for the experiment. It was dﬁeided‘thaﬁ twenty~-three sub-
Jects would be selected at random for each cell, represent-
ing the four schools selected Iin the sample area. Since
there are nine cells, representing three methe&g times three
treatments, a total of two hundred and aeven,auﬁgects were
selected from those avallable, The initial distribution of
subjects assigned to each cell is indlicated in Table I.

Prior to carrying out the experiment, a personal data
sheet was completed by all potential subjects within the
pample area to assist in the organization and development of
the study. PFurther explanatlion of the perscnal data sheet
will be found later in this chapter.

In the attempt to arrive at a percentage ol students who
would be lost to the experiment through tardiness, asbsence
from school, lack of somplete records, and other unforeseen
reasons, the writer checked previous attendance and tardli-
ness records In each of the four schools Lnvolved in the
experlment, A fiftesn per cent loss oY twenty-seven sub-
Jects from the totval sample of two hundred and seven was
believed to be adequate, This allowed the final sample size
to be at least one hundred and eighty subjects. It was
declded that the additional subjects who had completed the
experiment beyond the one hundred and elghty required would
be used in the statistieal resultis. Indicated in Table II
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TABLE I
INITIAL ASSIGNMENT OF SUBJECTS TQ TREATMENTS AND LEVELS

Intelllgence _ Number of Suhgécba |
Level Treatment A '‘reacment | freatment ¢ rtotad

High
107 18 23 23 a3 69
and above

Average
95 to 23 23 23 69
106 1Q

Tow
94 IQ 23 23 23 69
and below

Total n 69 €9 | 69 B 207
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are the avallable numbers of subjects assigned to each of
the three levels in respect to each of the two citles and
the two towns which were selected in the same area.
The experimenter was concerned with using the maximum
number of subjects and since there appeared to be no accu=-
" rate way to predict which of the cells (the treatment groups
or the ability level groups) would sustain the greater loss,
‘no individval adjustments were made. The final distribution
of subjects assigned to each c¢ell is indicated in Table III.
Since homogenelity of the random sampling appears to be
& concern of many statisticians, the experimenter decided to
use a method of “eounting off" the sample at random, Lind~
quist explains the difference between 2 random sampling of
the teotal population and dividing a sasple by random
methods in the follewlng paragraphs:

it is very seldom that an experimenter can draw
his sublects strictly at random from the real popu-
lation in which he is basically interested, Usually
he must be content to work with those numbers of that
population who are readily accessible to him, even
though the acceasible members of the populatlon may
differ systematlcally from those who are not acces-
gible. A research worker in psychology, for example,
might wish to work with random samples from a popu~
lation consisting of %"all adult males,"” but may have
o be content with a sample conslsting of male stu-
dents in a sophomore course in general psychology in
a particular college or university. . .

Very frequently, however, the experimenter can
draw hls experimental subjects strictly at random
from those subjects that are accessible to him. If
not, he can nearly always at least randomize his
experimental subjJects wlth referenceé to Ghe treat-
ments.,

That 1s, by use of a table of random numbers he
can leave it strictly %o chance which subjects are to
constitute each treatment group., Having done this,
he may then falrly contend that his experimental
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TABLE II

AVAILABLE SUBJECTS BY INTELLIGENCE
LEVEL IN EACH SCHOOL

Intelligence Number of Subjects _ _
Level Cedar Falls  waterloo Waverly LaPorce Total
High .

107 19 1l 11l 15 29 66
and above

Average 7 '

95 to 15 8 14 23 60
106 1Q

Low

g4 1Q 21 14 9 12 56
and below

Total n 47 33 38 64 182




TABLE III
ASSIGNMENT OF SUBJECTS TO TREATMENTS AND LEVELS

Intelligence ~ Number of Subjects

58

Total

Level Treafment A Treatment B Treatment C
High | |
107 1q 21 23 22 66
and above ‘ ,
Average
95 to 18 21 21 60
106 1Q
Low
ol 1IQ 19 16 21 56
and below
182

Total n 58 | 60 - 64




groups are all random samples from the same hypo-
thetical parent population--a population which may
be roughly defined as consisting of all individuals
"like those involved in the experiment,"3

In the following paragraph Lindquist relates how the
"oount ing of £" method 1s accomplished: |

The "counting off" method: A more common situa-
tion 18 that subjects from some real population are
available for experimental purposes, but it is nob
known that -the avallable subjects are a strictly
random sample from that population. 1In this sit~
uation also, the distribution of the control varlable
for the population may be unknown. In this case, we
can regard the avallable subjects as a representative
sample from a hypothetleal population--one deflned
to fit the sample. The avallable subjects are first
arranged in order of the control variable (arranging
in random order all individuals having the same
value of the gontrol variable), The levels are then
conatituted by counting off na subjects, at a time
from the top of the dlstribu®len. . . A

After the subJects were randomly assigned %o one of the
three tﬁéatmenta as to thelr intelllgence level, a comparl-
son of the means and standard deviations @f‘th& intelligence
scores were computed. The results of this comparison on
Table IV indicate that the'traatmants are relatively uniform
on each tndividual ability level. |

As a final check, a test for initlal homogenelty of
varlance for the subgroups was computed. An inspection of
the standard deviations of each of the cells in Table IV

indlcated that the highest variance waazTreatmanﬁ ¢ high

35, ¥, Lindquiat, Deslgh and Analysls of ixperiments
in Psychology and Education (New York, 1953), Pb. 13-1

4 o
Ibid., pp. 129-130,



MEANS, STANDARD DEVIATIONS OF INTELLIGENCE * SCORES

TABLE IV

AND NUMBER OF SUBJECTS BY CELL,

TREATMENT AND LEVEL

60

Treatment C

Level TreatmenﬁvA Treéhmﬁﬁﬁ B Téﬁal

107 1§ 5.83 6,80 T.70 6.7

and above 21.00 23,00 23.00 22,00
Average 102,00 99.10 99.70 100,30
95 to T .50 6.85 6.72 7.02
106 1Iq 18.00 21.00 22.00 20,00
Low 87.80 90,80 90,00 89.53
94 10 5.92 6.00 5.36 5.76
and below 19.00 16,00 21,00 15.00

*Otls Gamma

P
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level and the lowest variance was Treatment C low level.
When the two variances were tested by dividing the smaller
variance into the larger, the F-value of 2.06 was found not
to be significant on the .05 level from the F-ratio table,

Previous to carryling out the actual experiment, the sub-
Jects were asked to complete a perscnal data sheet. Several
items of information were requested of the prospective sub=
Jeet, including his full name, age, and grade in school.
This information was used in organizing the recording sheet
upen which the data from the objective tests were distrib-
uted and summarized. The mean, the standard deviation of
ages and number of subjeects by cell, and the treatment and
level may be found In Table V in thils chapter,

A test for inltial homogenelty of varlance for the aub;
groups in Table V indicated that the varlances did noty dif-
fer significantly from one another. An inspection of the
standard deviations of each of the cells in Table V revealed
that the highest variance was Treatment B average level and
the lowest variance was Treatment C average level, When the
two variances were teated by dividing the smaller varlance
into the larger, the F-value of 2.15 was found not be signif-
icant at the ,05 level from the F-ratlo table,

Other informatiqn requested on the personal data sheetb
were questions to determine whether the subject had any pre-
vicus power mechanlics or automotlive instruction or any work
experience in the automotive fleld. This information was

uged as a means of comparison with test resulis %o ascertain
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MEANS, STANDARD DEVIATIONS OF AGES AND NUMBERS
OF SUBJECTS BY CELL, TREATMENT AND LEVEL

Level Treatment A  Treatment B Treatment C Total
High X=16,81 X=17,.00 X=16,86

10T IR s=1,03 s= ,B6 g= ,86

and above n=21 n=23 n=22 66
Average X=16, 67 X=16,76 X=16,76

95 to 8'1.04 3‘1"93 8= .70

106 1@ n=18 n=21 ns21 60
Low =16, 67 X=16.,62 X*16.77

94 IQ S= .99 8= 071 3.1003

and below n=19 n=16 n=2}1 56
Total 60

64 182

PR
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any unreascnable varlations ln test grades which might
evolve from the experiment, The results of this informatlion
as complled from the tally sheet 15 indlcated in Figure 1,
From Figure 1, the previous automotive training or work
experience does not appear to affeet test grades.

Another functlion of the personal ¢ata sheet was teo col-
lect certain information which might be used to verify the
aceuracy of the rand&m‘aasignment'taken in this study with
an actual statistlc obtalned from the real population. In
Table VI the occupations of fathers of the subjects are com=
pared with occupations of fathers af»the Iowa labor force,
From the table, the frequency of the sample expressed in per
cent as compared with the frequency of the Iowa male labor
force indlcates a remarkably close relationship between the
two populations. The greatest varlations appear to be ln

the claaslfieationﬁ of farmers and service workers.
The Learning Task

The learning task included two, fifty-minute periceds for
each of the two methods of instruction. The first pericd of
instruction for both of the methods was entirely thecretlcal.
The gecond perlod of instruection for both methods lneluded
both theoretiecal and applied sectlions in the lessons but was
oriented toﬁard the manipulative'er laboratory type of
instruction, The lessons for the first pericd of instruction
for both methods were taped and keyed to a thirty-flve
millimeter cclored filmstrip.
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TABLE VI

ANALYSIS AND COMPARISON OF OCCUPATIONS OF FATHERS OF
SUBJECTS WITH QCCUPATIONS OF MALE LABOR FORCED

Classification Frequency in Sample  Frequency Male Population

Total Per cent Total Per cent
Professional,
technical and 16 8.69 48,471 8.41
kindred
Farmers and - 26 14,30 140,065 23. 24
farm managers '
Managers, official _
and proprletors 22 12.08 65,776 10.91
Clerical and 10 5.38 34,313 5,82
kindred
Sales g9 4,84 38,091 6.32
Craftsmen, fore-
men and kindred 30 16.25 99,229 16.31
Operators and
kindred 28 15,20 98,065 16.31
Private house-
Service workers
except household 22 12,08 25,891 4.30
Farm laborers
and foremen 0 0,00 10,929 1,82
Laborers except
farm and mine 14 7.53 27,026 4,71
Ogeupations not '
reported 0 0.00 11,107 1.83
Toval 182 100.00 601,046 100,00

50.S. Bureau of the Census, Elghteenth Decennlal Census
of the United States: 1960, Population, vol, I, Part 17, Lowa
{Washington, 1961), p. %?8.




e
T

The subjects were taught the following items: 1) the
principles and relationshipa of carburetlon In respect to
basic englne operation, 2) the basic understandings of spark
timing, the lgniltlon system, valve timing, and other compo-
nent parts or systems of the englne which affect ecarbure-
tion, 3) the scilentific or englneering principles related to
the automotive type carburetors, and 4) the construction and
functlion of the varlous parts and systems of 8 typleal auto-
motive type carburetors, |

In the second hour lesson, the Instructlion in each
method wac taped but only the lesson taught by the direct-
and-detalled method was correlated with the thirty-five mil-
1imeter filmstrip. In the dlreéted«diaeovery part of the
gecond lesson, the same filmstrips were used but the subject
was not required in this case to direct his attentlon toward
the secreen at any partlcular time as was required in both
lessons involving the direct-and-detailed method.

Both methods of instruction for the second hour
included the following iltems: 1) the disassembly of the
Rochester BC carburetor by each of the subjects, 2) the
inspection and explanation of the functlon of the parts and
systems, 3) the major adjustments on the carburetor, and 4)
the reassembly of the carburetor, \

One of the most difficult phases of the experlment was
the geleetion of & learming task in the automotive fleld
which could be successfully accomplished within the short
time allotted.
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The following criteris were developed to use as a gulde

in the selectlion and development of the learning task:

1) That the tasks be of such a nature that they can be
effectlively presented in two, fifty minute pericds,

2) That the tasks be cognitive and manipulative in
nature.

3) That the tasks contain meaningful sclentiflc and
technical materlal applicable %o practieal items
and underatanding.

4) That the instructional method be In the Industrial
education fleld, hence within the experimenter's
major interest fleld.

5) That the tasks be within the ability levels of the
subjects but still offer broadness of understandings
from simple to complex.

6) That the tasks contaln facts, principles, and gen-
eralizatlons adaptable tc the two methods of presen=-
tation under conslideration.

7) That the understandings and performance of the sub-
Jeets be such that they admit to objective evaluation.

A number of the baslie reference bocks in physics, engi-~

neering, and automotive as well as technical literature con-
cerned with internal combustion engines and carburetion were
surveyed for the purpose of selecting the sclence and engl-
neering principles that would appear to be helpful in the
development cof the lessons. In addlition, these same prin-~

ciples were used as an aid in the development of the
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transfer of learning objective-type test.

The following list of the sclence or engineering prine

ciples was used in the development of the direct-and-detailed

lessons and the directed-dlscovery lessons: (These princl-

ples were alsc used in the development of a multiple cholce

type test which was Intended to evaluate the subjects?

ability to transfer these concepts to other applications.)

10.
i1.
ia,
13.
14,

15,
16,
17.

The bimetal thermostatle spring.

Centrifugal advance mechanlsms.

Vacuum advance mechanlsms,

Heat riser principles.

Burning time In constant pressure and constang
volume engines,

Distribution of fuel in manifolding.

Fuel/air ratios and burning time.

Principles of engine pumping strokes (vacuum).
Combustion chamber shape and relation o buraing
time.

Restriction in gas or liguid flow (engine breathing).
Supercharging principles.

Vaporization of ligqulds,

Atmospherlec pressure,

Economy and ite relation to engine design and opera-
tion.

Prineiples of pumps.,

Alr flow characteristics in plping.

Metering liguids (fuel).
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18. Venturli principles.

15, Atvomization - methods of breaking up & liguid,

20. Eoiling points of liqulds and effects of pressure.

21, Filtering principles,

22, Differences in fuel meclecules and relastionships to
vaporization,

23. Principles of alr compression,

24. Expansion of air or flulds and relation to refrig-
eration.

25. Comparisons of high performance and low perform-
anece engines with various speeds and mixtures,

26. Force per unit area -~ P,8.I.

27. Pressure differential,

28. Altitude changes and relation to pressure change.

23, Barometers,

30. Manometers.

31. Specific gravity.

32, Pressure gauges.

33. Relationship between atmospheric pressure aund vacuum.

34, Principles of aerodynamics.

35. Venting prineiples - internal, external, and com-
bination.

36. Inertia.

37. Leverage principles - mechanical advantage, classes
of levers,

38. Bouyanecy - Archimedes' principles.

39. Instrumentatlon - actuated by pressure differential.
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40, Controls - actuated by pressure differential.

41, Plowmeters,

42, Principles of cams.

43, Relative radial movement between two curved gur-

faces in relation to {(two) flat surfaces.

44, Fastening, holding and locking devices.

45, Spring expansion, compression and tension.

46, Friction,

47, Pounds per square inch.

48, Orifice ~ control and measurement.

45, Linkage length changes - used for adjustment.

50. Temperature relationshlps to volume andvpressure.

A separate biblicgraphy located in Appendix I, contains
the list of the previously mentloned reference books which

were used in the development of the foregoing principles.
Teachling Methods

The two primary compariscns under conslderation in this
experimental study are the direct-and-detailed and directed-~
discovery methods of teachling. Although these two methods
have been defined Lln Chapter I, a more detalled analysis of
each, relative to its design, appears tc be necessary. Since
researchers and writers indlcate wide variations in each of
the two methods, 1t was belleved necessary by the wrilter to
formulate some method of determining where each method in
gquestlon 1s located on a scale between the two extremes.

The experimenter attempted to identify criterla which
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could be employed by perscns acqualnted with the two experi-~
mental lesscns as & basis for comparing the two methods,

The flrst criterion is concerned wlth identification of the
basic source and the amount of responsibility of the conti-
nuity of development in the learning process. In the
direct-end-detalled method of instructlion, the responsibility
for adding new and meaningful material to the existing cog-
nitive structure and/or developing relationships and gener-
allzing was primarily the responsibility of the teacher,
However, 1in the directed-dlscovery method of instruction, a
greater responsibility for continulty of development resided
with the subjects through use of thought questions, cues,
and pauses during the presentation.

A second criterion used as a measure of methoﬂyis the
nature of the reinforcement when adding new meaningful
material. In the direct-and-detalled method, the teacher
assumed the major responsibllity for relnforcement by means
of detailed repetition and direct re-application. In con-
trast, the directed-discovery method was developed to place
more reasponsibility upon the lndividual for reinforcement in
the learning process through independent recall, This was
stimulated by cues, gulded questions, and individual appli-
catlons,

A third hasis of comparison was concerned wilth the
nature of closure or the conclusion of the individual parts
of the lesscns, In the direct-and-detalled method of pres-

entation, the sctual principles were stated and the lssues



presented and resolved in detall. The major responsibllity
for giosure was included in the deslign of the presentatlon.
In the contrasted method, the nature of ciosure ls closely
relsted to the phenomencn of insight. Therefore, principles
are approached but seldom stated In detall, lssues are
raised but not regolved, and summary statementis are sub-
stituted with thought-type questlons,

A Pinal eriterion applied as a measure of the nature
and difference between the methods under consideration is
econcerned with the physical structure of the two lessons.
Short p@ricés ¢f time must be allowed for the subject %o
think as varlous problems are presented throughout the
lesson,

In the direct-and-detailed method no time is allowed,
The subjJect must continuwally give his full attention to what
is velng sald or he will miss that section,

The contragted method allows tlme after each question
¢ cues 80 that the subject will not be missing part of the
instruction while he is thinking.,

Ag a means of comparing the two lessons on the basis of
the preceding criterla, certain graduate students from the
State College of Iowa were asked to lnspect the filmstrip and
the two different presentations, Having acqulred an under-
standing of the evaluatlve crlteria previous to inspectlon
of the lessons, these students were then asked to place the
position of each of the criterla as accurately as possible

on a apecially prepared scale. A summary of the combined
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results of thelr abillty to discriminate between the two
methods presented is indleated graphically in Figure 2 on
the followlng page.

In Pigure 2, the two extremes of the directed-discovery
method are (0) and (4) on the left side of the scale and the
two extremes of the direct-and-detalled method are (0) and
(4) on the right side of the scale. In thls way the number
€z) on both the left and the right sides of the scale is

the average for each method.
Treatments

The subjects were assigned by intelligence levels to
Treatment A, Treatment B, and Treatment C. Those subjects
in Treatment C recelved no instruction but were tested with
the same two tests along with the subjects in Treatments A
and B. Since no pre-test was administered to any of the
three groups used In this study, the main purpose of Treat-
ment ¢ (the control group) was to allow for a comparison
through test scores between the dlrect-and-detalled method,
the directed-discovery method, and the control group which
had no instruction,

The subjects in Treatments A4 and B recelved approxi-
mately one hundred and ten minutes of instruetlon in each of
the two different methods under investigation. This instruc-
tion was given in two fifty-five minute lessons. A general
instruction period of ten minutes was held with both groups

previous te indlvidual group instruction. The instruction
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common to both groups included:

1) 4 brief statement of the importance of educational
researeh,

2) A brief statement of the purpose of the study.

3) A statement explaining the use of the tape recorder
and colored slides,

4) Statements to motivate students,

5) A statement indicating that they all would be tested.
(Nothing was mentioned a8 to what subject material
would be taught.)

A schedule of the experiment and the tests for each of

the four schools in the sample citles and towns is indlea~

ted in Table VII.
Instructional FProcedures and Materlals

411 instructional and testing sesslons were conducted
in well~lighted and adequately equipped classrooms that were
adaspted to the experimental situstlon. The laboratory work
benches used for the disassembly and reassembly parts of the
instruction were adeguate for the minimum requlrement of
fifteen work stations. Each work station was equipped with
one Rochester BC Carburetor, one parts pan, one shop cloth,
two secrewdrivers, and a float level gauge. One vacuum gauge,
one U-tube manometer, and some cutaway vacuum and pressure
gauges were avallable for all subjects t¢ examine.

All oral instruction was provided through the medium of

tape recordings. This allowed for a means of controlling
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TABLE VII

SCHEDULE COF THE EXPERIMENT FOR EACH OF THE
SCHOOLS IN THE SAMPLE CITIES

ééquénce Days Tihe Allotted Treatment' Sﬁbject |
1 10 minutes A,B and € Orientaticn
2 55 minutes A and B lesson I
3 55 minutes A and B Lesson II
4 55 minutes 4,B and ¢ Test I
o) 55 minutes A,B and € Test II
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the presentations glven to the variocus experlmental groups.

During the first hour of instruetion both A and B
Treatment groups looked at colored filmstrips. The film~-
strips were identiaalffcr both treatments, although the
recordings to which they were keyed differed relative to
the nature of the methods of presentatlion under comparison.
The subjects in each treatment were exposed to equal amounts
of time to each lllustration.

Only in the Trestment B (dlrected-dlscovery method)
were time pauses allowed where no sound was heard. The time
pauses ranged in length from three seconds to ten seconds
dependent upon the difficulty of the question or cue, 3ev-
eral trial runs in additlon %o the pilot study allowed the

researcher %o apportion the time pauses.
Objective Tests

A test intended to measure initlal learning was admin-
istered to all treatment groups follewlng the final instruc-
tional perlod. The fellowing day a test designed to measure
transfer of learning was administered to alljtﬁéatmenﬁ groups,
Both tests conslsted of multiple choice queatiaha. An
attempt was made In the deslign of both tests to induce con-
siderable discrimination into the various choices for each
question, |

The initial learning test had fifty items, whereas the
transfer of learning vest had only forty-four items because

the latter was expected to be the more difficult of the two,
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There was no time limit set on either of the tests and after
repeated trial runs, fifty minutes.fer each test proved that
adequate time was allowed for all subjects.

Since there was ample opportunlty to determine the
reliability of the tests on trial runs, a high coeffilcient
of reliablility was expected when the questions were examined
following the final study. A comparison between the coef-
ficlent of rellability for both tests on the pilot study and
for the final study may be found in Table VIII in this
chapter,

Examples of all the test questions in both the initisl
learning and transfer of learning tests may be found in
Appendix C,

The Pilet Study

A pllot study was eonducted at the Cedar Falls High
School during the 1964 spring semester. The main purpose
of the pllot study was to devermine the appropriateness of
the lessons and test to be used in the experiment for seniar
high schoeol industrial arts students. All of the senlor
high students in two industrial arts classes participéted in
the experiment. The subjects in these two classes were
agsumed to be similar in intelligence, interests, and atti-
tudes to the proposed sample of the populatlon for the
research study.

For the purposes of the pllot study, each class was con=-

sidered as an experimental group. Both classes were equated



TABLE VIII

RELIABILITY COEFFICIENTS * OF CRITERION TESTS
OF THE FINAL STUDY AND-THE PILOT STUDY

19

Teat ‘ Final Study Pillot 3tudy
Initial | | |

Learning .96 97
Transferlof

Learning «95 .84

#(Split-halves rellability coefficient)

lThe transfer of learning test was slightly revisad
between the pilot and the final study.
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as to level of intelligence and from each of the levels of
each class two subjects were selected randomly to serve as
the control group. During the first experimental session,
the two groups recelved a tape recorded lesson which was
keyed to a thirty-five millimeter fllmstrip. This lesson
was concerned with baslc scientific principles and the con-
struction and functions of a typlcal automotive-type carbu-
retor, Each of the two groups was taught by one of the two
methods of instruction under investigation, In the second
experimental session which was given the following day, the
two groups received a tape recorded lesson concerned with
disassembly, tracing circuits, and adjustment of the
Rochester BC carburetor. ZEach group was taught by the same
method of instruction administered on the previous day. The
control group was not present during instruction of the
experimental groups and did not receive any instruction.

Following instruction, all groups including the control
group were administered, first, an objective test designed to
evaluate wide applications of initial learning or transfer
of learning.

The pilot study proved to be most valuable to the
experimenter in that 1t provided an opportunity for the
experimenter to: 1) try out the recorded lessons with
senior high school industrial arts students, 2) determine
the amount of time required for presentation of the 1lllus-
trations and to determine the length of the pauses provided
on the recording, 3) evaluate the appropriateness of the
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test ltems and determine the length of time necessary to
administer the testing session, 4) determine the time nec~
essar§ for disassembly and reassembly procedures and, 5)
evaluate the general level of vocabulary and technical

terms that were being used in the experiment.



CHAPTER 1V
VALIDATION OF INSTRUMENT AND RESULTS
Validation of Instrument

Control group. The control group was included in the
research design of this experimental study for twe distinct
purposes., First, 1t seemed pertinent to obtain objective
meaaures of the extent to which the subjects included in
this investigation had prior knowledge of the learning task.
The performance of the control group subjects in respeet %o
both the initlal learning and transfer of learning tests
indicated that they possessed some knowledge of the learning
task, This was further supported by information obtalned
from the perscnal data sheets. From a total of sixty-four
boys in the control group, twenty-six per cent indlcated
that they had some instruction related to the learning task,
The control group, then, may not be regarded as a totally
uninstructed group. In additlion, since the subjects in
Treatments A, B, and C were randomly assigned, it may be
agsumed that the subjects in Treatments A and B possessed a
similar level of prior knowledge of the learning task.

Statistics indicate that the subjJects taught by Treat-
ments A and B proved superlor to those in Treatment C in both

initial learning and transfer of learning tests., Silnce

82



83

these groups did differ significantly, 1t may be assumed
that the test results of the subjects in Treatment groups A
and B resulted in part from the differential treatments.

A second purpose for which the control group was used
in this experimental study was to employ the test scores of
this group as a means to determine the correlation between
the initial learning and the transfer of learning tests.

In Chapter I, initial learning was defined as that
learning which refers to the character and extent to which
the subjects are able to recall the principles, skills, and
understandings which were presented in the lessons, Trans-
fer of learning, on the other hand, was sald to occur when
old learning and new problem situations are interrelated
because of common principles, factors, stimull, or applica=-
tions, In this study, transfer of learning occurs when stu-
dents are able to apply learned princlples in the solution
of new problems., Since this study was not concerned with
contrasting the two methods at thelr extreme positions, it
appears reasonable to assume that nelther should the tests
be constructed to evaluate these methods at thelir extreme
positions. Tho correlation of initial learning with trans-
fer of learning test scores by treatments and by levels is
indicated in Table IX. For a number of reasons the correla-
tions found in this table do not indicate that the methods
are being measured at their extreme positions. The subjects
in Treatment A who were taught by the direct-and-detailed
method have the highest correlation individually as to levels



TABLE I1X

CORRELATION OF INITIAL LEARNING WITH TRANSFER OF
LEARNING TEST SCORES BY TREATMENTS

AND LEVELS

Intelligence | Coefficilent of Correlation (r)

Level Treatment A Treatment B Treatscment C Total within Level
High '

107 1IQ .935 . 605 .353 . 758
and above

Average

95 to .806 L9 . 439 .617
106 Iq ’

Low

94 1Q .768 450 -.171 .035
and below

Total within '

Treatments .O14 . 609 . 289 A+B4C ,T30

g
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and also total within treatments., Those subjects in Treat-
ment B who were taught by the directed-discovery method were
found to show less correlation than was found in Treatment A
between the initial learning and the transfer of learning
tests., The control group who had no instruction indicated
the least amount of correlation between the two tests in
respect to total within treatments. The low IQ level of
Treatment C (control group) indicated a negative or inverse
relationship between the two tests., Although this statistie
must be considered to have only lllustrative value, it does
suggest that in respect to the control group, the two tests
are measuring two different things in some degree as indl-
cated by Garratt.1

In an attempt to interpret the significance or meaning
of a relatlonshlp expressed by a certailn correlation coef-
flecient, Garrett suggests a general guide upon which they
may be judged. This includes: 1) the nature of variables
with which we are dealing, 2) the significance of the coef-
ficlent, 3) the variablility of the group, 4) the relliability
coefficlents of the tests used, and 5) the purpose for which
the correlation was conputod.2

To consider, first, the nature of the variables being
correlated, Garrett suggests that measures between achieve-

ments considered high should usually have a correlation of

1ﬂarutt, p. 123.
2Ibid., p. 176.
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from 40 to .60.3 From this statement by Garrett, a corre-
lation of .730 for the total within treatments (A+B+C) in
Table IX would appear to denote a high relatlonshlp between
the two tests. |

in this study, the subjects were seleated at random
from industrial srts classes in high schools which were also
gelected at random from wlthin a sample area. Since the IQ
‘geores as to each tyeatment did not appear to differ signi-
ficantly, the variabllity of the group would seem to be
homogenecus. The fourth general gulde relating %o rella-
bility of the two tests would appear to fulfill Garrett's
requirements with corvelations of .96 and .95 respectively
as shown 1n Table VIII in Chapter IiI.

The correlation was computed in this study to determine
whether there ﬁas a difference between the two tests in
respect to what they measured. Sinece the correlation was
high, the two tests were probably measuring somewhat the
same things; however, the researcher declded to use the data
from both tests 1n meking the statistical analysls because
there was no reason to believe the data would detraect from
the study and there was every possibility that it would gilve
additional direc%ioﬁ and clarity.

Homogenelty of subgroups. & need %o test for the homo-

genelty of varlance for the subgroups was indicated iIn Chap-
ter III under Populatlon and Sampling. GQarreti suggests

31bid., p. 176.
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that a simple check on the equallty of sample variances can
be made by calculating the sum of squares for eaeh group
separately, by dividing by the appropriate degrees of frea-
dom, and by then testing the largest v&riance agalinst the
smallest variance for significance by the F—testaq

An inspection of the standard deviatlons of eagh of the
cells from Tables X and XI indlcate that the highest vari-
ance under Test I was Treatment 4, average level and the
lowest varlanece was Treatment C, low level. When the two
variances were tested by dividing the smaller variance into
the larger, the P value of 2.24 was found not ke'be slgnifi-
ecant at the .10 level from the F-ratlc table.

According to Garrett, the two-~talled test iz used when
the researcher 1s attempting %o discover whether two groups
have concelvably been drawn from the same p@pulﬁtion.ﬁ ir
the P-ratio table 1ls used to test the significance of the
preceding value of "F,"™ the poinis of significance must be
changed to levels of significance. This is accomplished Ly
miltiplying the polnt of significance by two. .

Under Test II an inspection of the standard deviations
of the cells indicate Treatment B,‘avarage level to be she
highest varilance and Treatment €, low level to be the lowest
varlance, When the two variances were tested under the saxe

condltions as they were for Test I, the F-value of 3.004 was

“Ibid., p. 286.
%Ibid., p. 217.



TABLE X

MEANS, STANDARD DEVIATIONS, AND NUMBERS OF SUBJECTS

FOR INITIAL LEARNING TEST SCORES BY ALL
TREATMENTS AND LEVELS

88

Treatment A Treatment B Treatment C

Level Total
High X=26,.619 - X=27.087 X=20.,409

107 1Q s= 6,777 s= 6,150 s= 5,085

and above n=21 n=23 n=22 66
Average X=25,005 X=22.619  X=15,952 |
95 to s= T.136 gm 6,722 gs= 4,754

106 19 n=18 n=21 n=21 60
Low X=17.263 X=20.125 X=13.767

oL 19 s= 4,90 s= 5,397 8= 4,522

and below n=19 n=16 n=21 56
Total n 58 60 64 182




TABLE XI

MEANS, STANDARD DEVIATIONS, AND NUMBERS OF SUBJECTS

FOR TRANSPER OF LEARNING TEST SCORES BY

ALL TREATMENTS AND LEVELS

89

Level

Treatment A Treatment B Treatment C Total
High X=19.857 X=23.087 X=16.909
107 IQ s= 5,727 s= 4,779 g= 4,545
and above n=21 n=23 n=22 66
Average X=20,778 X=20.476 X=14, 286
95 to s= 6,225 s= 6,640 s= 4,142
106 14} n=18 n=21 n=21 60
Low X=14,526 X=15, 550 X=11,409
94 19 8= 4,967 s= 3,886 s= 3,798
and below n=19 n=lé n=21 56
Total n 58 60 6 182




found not to be significant at the ,10 level.

The results of the previous checks for homogenelty of
the subgroups for Test I and Test II are accepted as having
equal variences, since the twoe variances tested in each case
were the extremes ocut of nine aella,é

Disproportionality. Table X and XI present the means

and standard deviations of the eriterion test scores by
 treatment and‘level for the Inltial learning and transfer of
leerning tests. From the tables, it is evident that the
numbers of subjects in each of the cells are not equal in
this experiment, The writer recognlzed that disproportlon=-
alivy may exlst and that ordinary methods of computing the
sums of squares for the analysis ef varlance may yleld
blased results from all sources other than from the within
groups. However, according to Wert, frequencies need not

be equal in order to be praportion&l.? He suggests a method
by which the border means of the double clagsiflcations are
succesasively adjusted until they are equal or near egual to
the general mean. The adjustment terms are then used to
compute the adjusted sum of squares for one or for both maln
effecﬁa.g

In this study, the border means of the double

7J. B, Wewt and 0. 0 Neldt, Stayistical Methods in Edu
cational and Psychologlcal Research ( ew York, If

8

Ibld., p. 216,
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classification were successively adjusted until they were
equal to the general means for the initial learning test
(Test I) and for the transfer of learning (Test II). The
adjusted sums of squares were calculated for each test., The
results indicated that the new F-values did not differ sig-
nificantly from the original F-values, in the opinion of the
writer, to warrant using them. A summary of the preceding
test for disproportionality may be found in Appendix E,

Standard scores. In order to statistically compare the
mean differences of the scores between the initlal learning
and the transfer of learning tests in this study, the indi-
vidual scores in both tests must be comparable and equiva-
lent, There were fifty questions in the initlal learning
test, whereas the transfer of learning test had only forty-
four questions.

Garrett suggests a method whereby the raw scores in two
different tests may be converted to standard scores. These
scores allow for direct meaningful comparisons., He suggests
that the shift from raw to standard score requires linear
transformation., This transmutation does not change the shape
of the distribution in any way; Lf the original distribution
18 skewed (or normal), the standard score distribution will
be skewed or normal in exactly the same fashion. The formula
for conversion of raw to standard score is as follows:

Iet X = a score in the original distribution

X* = a standard score in the new distribution
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M and M' = means of the raw score and standard dlstri-
butions |
o and &’ = 3D's of raw and standard scores

Then X' - M' X - M
o7 * o
or X' = o' (x - M) + MY
o

The raw seores from the initial learning test and the
transfer of learnilng test were converted to a standard
scores by using the preceding formula., The standard scores
were then used in computing the t-tests In order to evaluate
hypothesis III.

Reaulss

Test of hy

othesis I. There are no differences in ini-
tial learning, as measured by a criterion test given imme~
dlately following instruction, on any of the 1ntell§ken¢g
levels (X3, Xp, or XB) or between the Treatment groups (E; B,
or C) comprised of senior high school industrial arts stu-
- denta, | |
A 3 x 3 analysis of variance was computed and the sum=-
mary ls reported in Table XII., The analysis resulted in a
signiflcant F~value for the main effects of treatmentis and
levels, Since the variances of the subgroups do not differ
significantly, it would appear that the signiflcant value of
(F) found for the effect of treatment is the result of a

difference in the means in the three experimental groupe.

Sgarrett, pp. 312-313.



TABLE XII

ANALYSIS OF VARIANCE OF INITIAL LEARNING TEST
SCORES BY TREATMENTS AND LEVELS

93

Scurce of

Sum of

Varlance

Degrees of

Variation Squares Freedom
Between 3785 8 473,01 13,23%
Within 6181 173 35,73 ”
Total 9966 181 |
Between (X) 1911 2 855,50 26,90#%
Levels -
Between (A) i8a1 2 $10.50 25, 7T0%
Treatments .
X x A 53 4 13.30 «37
Within 6181 173 35,50

9966 181

Total

*Significant at .05 level

-
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In addition, 1t would appear that the significant F-
value found for effect between levels is the result of a
difference in the means in the three experimental groups.

On the basis of_these findings, the null hypothesls is un-
tenable,

Since an F-test is only an overall test of the entire
group, individual t-tests were computed between the three
treatments on 8ll levels to find the cause of the signifi-
cant F-value., Tables XIII, XIV, and XV indicate the mean
difference scores and obtained t-values on the initial learn=-
ing test between Treatment A and Treatment B, between Treat-
ment A and Treatment C, and between Treatment B and Treat-
ment ¢ on the three intelligence levels, Table XIII shows &
difference (though not significant at the .05 1eve1) between
Treatments A and B on the high and low levels of intelligence.
These differences peoint in favor of Treatment B, whereas, on
the average level of intelligence, the difference points in
favor of Treatment A. In Tables XIV and XV, Treatment C
proved to indicate a signiflcant difference between Treat-
ments A and B on all three intelligence levels.

A more complete lnvestigation of the results of analy-
sis of variance and t-teats for Hypothesis I will be
attempted in Chapter V of this study.

Test of hypothesis II. ‘There are no differences in

transfer of learning, as measured by a criterlon test gilven
immediately following instruction, on any of the intelligence

levels (X3, Xg, or X3) or between Treatment groups (A, B, or
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TABLE XIIIX

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON INITIAL
LEARNING TEST BETWEEN TREATMENT A AND TREATMENT
B ON THE THREE INTELLIGENCE LEVELS

Level Treatment A Treatment B DsB-A  T-Value

High
107 I 26,619 27.087 468 . 239
and above :

Average .
95 to 25,005 22,619 -2,386 1.095 -

Low , .
94 Iq 17.263 20.125 2.862 1.634
and below ‘

*3ignificant at .05 level

-~



TABLE XIV
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MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON INITIAL
LEARNING TEST BETWEEN TREATMENT A AND TREATMENT

C ON THE THREE INTELLIGENCE LEVELS

Level Treatment A Treatment C D=C-A

T-Value

High

107 1Q 26.619 20,409 -6.210

and above

Average
95 to 25,005 15,952 -9,053
106 1

Low
94 I} 17.263 13.767 -3.496
and below

3.182%
4, 220%

2.335#%

*gignificant at .05 level



TABLE XV

o7

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON INITIAL |
LEARNING TEST BETWEEN TREATMENT B AND TREATMENT

C ON THE THREE INTELLIGENCE LEVELS

Level Treatment B Treatment C D=aC-RB

T-Value

High ,
107 1G 27.087 20.409 ~-6.578
and above

Average
9% to 22,619 15,952 -6.667
106 IQ

Low
o4 19 20,125 13,767 -6, 258
and below

3.70%
3.71%

3.61*

*3ignificant at .05 level
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C) comprised of senior high school industrial arts students,

A 3 x 3 analysis of variance was computed and the sum-
mary 1is reported in Table XVI. The analysis resulted in a
significant F-value for the main effects of treatments and
levels and for first order interactions. Since the vari-
ances of the subgroups do not differ significantly, it would
appear that the significant value of (F) found for the
effect of treatment is the result of a difference in the
means in the three experimental groups. In addition, it
would appear that the effect between levels is the result of
a difference in the means in the experimental groups. On
the basis of these findings, the null hypothesis is unten-
able,

In the case of testing hypothesis II, it was necessary
to test the mean differences between the three treatment
groups on each of the three levels by individual t-tests.
Tables XVII, XVIII, and XIX indicate the mean difference
scores and cbtained T-values on the transfer of learning
test between Treatment A and Treatment B, between Treatment
A and Treatment C, and between Treatment B and Treatment C
on the three intelligence levels. Table XVII shows a dif-
ference (though not significant on the .05 level) between
Treatments A and B on the high and low levels of intelli-
gence, These differences point in favor of Treatment B,
whereas, on the average level of intelligence, the differ-
ence points in favor of Treatment A. In Tables XVIII and
XIX, Treatment C proved tc indicate a significant difference
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TABLE XVI

ANALYSIS OF VARIANCE OF TRANSFER OF LEARNING TEST
SCORES BY TREATMENTS AND LEVELS

Source of | Sum of Degrees of Variance F

Variation Squares Freedom
Between 2645 8 330.6 12,86%
Within U8 173 25,71 ”
- Total 7093 181
Between (X) 1360 2 680, 27.1%
Ievels : .
Between (A) 994 2 497. 19.79*%
Treatments -
X x A 291 n T2.75  2.89%
Within 4448 173 25,13 '
Total | 6305 181

*¥*3ignificant at the .05 level
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MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON TRANSFER
OF LEARNING TEST BETWEEN TREATMENT A AND TREAT-
MENT B ON THE THREE INTELLIGENCE LEVELS

Level - Treatment A Treatment B  D=B-A

T-Value

High '
107 1IQ 19.857 23,087 3.230
and above

Average
95 to 20.778 20,476 -.302
106 @

Low
94 1IQ 14,526 15.550 1.024
and below

2,023

*Significant at .05 level



MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON TRANSFER

TABLE XVIII

OF LEARNING TEST BETWEEN TREATMENT A AND TREAT-~

MENT C ON THE THREE INTELLIGENCE LEVELS
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Level

Treatment A Treatment C D=C~-A

T-Value

High
107 19
and above

Average
95 %o
106 1Q

Low
9l 1Q
and bhelow

20.778 14,286 -6, 492

lo 855
3.182%

2,25%*

*Significant

at ,05 level



TABLE XIX
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MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES ON TRANSFER
OF LEARNING TEST BETWEEN TREATMENT B AND TREAT=-

MENT C ON THE THREE INTELLIGENCE LEVELS

Level

Treatment B Treatment ¢  D"C-B

T-Value

High
107 1IQ
and above

Average

95 to
106 1IQ

Low

94 19
and below

23.087 16.909 -6.178

20.476 14,286 -6.190

15.550 11.409 4,141

4.54»
3.362%

2.23%

*Significant

at .05 level
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between Treatment A and Treatment B on all three intelll-
gence levels,

& more complete investigation of the results of the
analysis of varlance and t-tests for hypothesis II will be
attempted in Chapter V of this study.

Test of hypothesis III. There are no differences

between inltial learning and transfer of learning in the
three treatment populations and the three intelligence
levels as measured by criterion tests administered immedi-
ately following instruction.

Since an analysls of varlance was computed for the
initial learning test and the transfer of learning test in
the computations concerned with testing hypothesis I and
hypothesis II, it was only necessary to employ individual
t-tests in the computation of the mean differences of the
game treatiment between-the two tests,

Tables XX and XXI indicate the mean difference scores
and obtained T-~values between Treatment A on the initlal
learning test and the transfer of learning test and between
Treatment B on these same two tests. Table XX shows that,
although there is no significant difference between the two
tests for Treatment A, the low and average levels of intel~
ligence point in favor of the initlal learning test whereas
the high level of intelligence points in favor of the trans-~
fer of learning hest. Table XXI alsc shows no éignifieant
difference between the two tests for Treatment B, but the

low and average levels of intelligence point in favor of
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TABLE XX

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES BETWEEN TREATMENT
A ON INITIAL LEARNING TEST AND TRANSFER OF LEARNING
TEST ON THE THREE INTELLIGENCE LEVELS

Tevel Treatment A! Treatment A' D=At-A? T-Value

(1) - (2)
High
107 19 100.304 100. 354 050 .T16
and above
Average
95 to 100,701 100.090 -, 611 « 237
106 19
Low
9"" IQ 990970 990720 e 250 3099
and below '

*3ignificant at .05 level

Converted to standard scores

élg Treatment A, the initial learning test

2) Treatment A, the transfer of learning test
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TABLE XXI

MEAN DIFFERENCE SCORES AND OBTAINED T-VALUES BETWEEN TREATMENT
B ON INITIAL LEARNING TEST AND TRANSFER OF LEARNING
TEST ON THE THREE INTELLIGENCE LEVELS

Level Treatment B’ Treatment B! D=B!'-B! T-Value
1y (2) -

High

107 IQ 100,221 100.361 . 140 1.335

and above

Average

95 to 100.122 100,041 -,081 .039.

106 IQ

Low .

o4 1} 100,068 99.966 -,098 .061

and below

*Significant at .05 level

- 'Converted to standard scores

51} Treatment B, the initial learning test

2) Treatment B, the transfer of learning test
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the initlal learning test, whereas the high level of intel-

ligence pointe in favor of the transfer of learning test.



CHAPTER V
SUMMARY
Overview of the Study

Orientatlon to the study. This study is concerned with

an attempt to compare the relative effliciencies of two
methods of 1nstrueﬁion.

One method, called directed~discovery, places consider-
able responslbllity upon the learner to participate actively
in the learning sltuation. Through this method, the teacheyr
provides some structure for the student as the learning
develops. This is followed by posing leading questions and
suggesting clues so that the student 1s directed or gulded to
the discovery of some of the prineciples and understandings.

In the contrasted method, called direct-and-~detalled,
the teacher assumes that the major responsibility for the
eontinuity of development and reinforcement is generally
cvert. The teacher presents the subject material in detall
and answers the problems presented., Very little responsi-
bility is placed upon the student.

The subjects Ilnvelved in this experlment were equated
on mental ability levels and assigned at random to cne of
three treatment groups.

An initial learning test and a transfer of learning test

107
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were developed tc measure the relative effectiveness of the

two metheds In respect to the followlng questions:

1.

24

3.

What dlifferences, 1f any, exist between the direct-
and-detalled method and the directed-discovery
method of teaching senior high school industrial
arts students relative to initial learning on

each of the three intelligence levels stated?

What differences, 1f any, exist between the direct-
and-detalled method and the directed-discovery
method of teaching senior high school industrial
arts students relative to transfer of learning

on each of the three intelligence levels pelected?
How do the senior high school Industrial arts
students compare in each of the three intelligence
levels selected between inltial learning and

transfer of learning?

Statement of hypotheses. The three preceding questlons

were then stated as null hypotheses so that they could be

tested statistically. They are as follows:

1.

2,

There are no differences in initial learning as
measured by a criterion test given immediately
following instructlon on any of the intellligence
levels (X3, Xp, or X3) or between treatment groups
(A, B, or C) comprised of senior high school indus-
trlial arts students.

There are no differences in transfer of learning

as measured by a crlterion test glven immedlately
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following instruectiorn on any of the intelligence
levels (X1, X2, or X3) or between the treatment
groups (A, B, or C) comprised of senior high
scheool industrial arts Students,

3. There are no differences between initial learning
and transfer of learning in the three treatment
populatlons and the thrée intelligence levels as
measured by ecriterion tests asdminlstered immedi-
ately followlng instruction.

Experimental design, The design of this study lends

itself to analysis of varlance as a primary means of statls—
tical analysis, The first and second guestions in the
statement of the problem were solved separately as two 3 x 3
factorial design problems. Fach was treated for main effects
and first order interactions. Following this, individual
t~tests were computed between treatments on each level for
the initial learning test and the transfer of learning test,
The third and final question in the statement of the problem
required a comparison of the same treatment on each of the
three intelligence levels selected between initial learning
and transfer of learning. Individual t-tests wete computed
for sach intelligence level between Treatment A for Test I
and Test II, and between Treatment B for Test I and Test II.

Population and sampling. The population used in thils

experiment consisted of Iowa senlor high school indusirial
arts students which were selected at random from high schools

that lie withian a forty-five mile radius of Cedar Falls,
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Iowa. The size of the sample was determined by the authorl~
tative literature on the subject and by the limitations of
Vime and financisl outlay. A total of two hundred and fif-
teen subjects were found to be aﬁailable for the experiment,
Sinece there were nine cells, representing three methods
times three treatments, 1t was declded that twenty-three
subJeets would be selected at raﬁdom.far each cell. From &
total of two hundred and seven subjeets in the experilment,
a loss of twenty-seven subjects was expected. This allowed
the final sample size to be 8% least one hundred and elghty
subjects.

Treatments., The subjects were equated as to intelli-

gence levels and randomly assigned to Treatment A, Treatmenst
B, and Treatment C. Those subjects in Treatment ¢ recelved
no instruction but were tested with the same two tests along
with the subjects in Treatments A and B, 5ince no pretest
was adminlstered tc any of the $hree groups used in this
study, ong purpose for the control group was to provide the
experimenter with some lndleatlon of the prior knowledge cof
the instruction presented. A second purpcse of the control
group (Treatment C) was %o allow for a compariscn of the
test scores between the direct-and-detalled method and the
divected-discovery method of instruetlon with the contrel
group which had no instruction.

The subjeets in Treatments A and B recelved approxi-
mately one hundred and ten minutes of instruction in each of

the two different methods under investigation, In addlitlon,
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a general instruction perlecd of ten minutes was held with
both groups previous to individual group instruction., The
Instruetion common %o both groups included statements which
explained the Llmportance of educational research, the pur-
pose of the study, the use of the tape recorder and colored
filmstrip, and the fact that they all would be tested.

The learning task. The learning task included two,

fifty~Live-minute periods for each of the two methods of
instruction. The filrst perlod of Instructlon for both
methods was entirely theoretlical. Both methods of instruc~
tlon for the second part included both theoretical and
applied sections in the lessons but were oriented toward the
manipulative or laboratory type of instruction. For the
firgt period, both methods were taped and keyed to a thirty-
five millimeter colored filmstrip.

The following items were taught: 1) the prineciples and
relationships of baale carburetion In respect to englne
operation, 2) the basic understandings of spark timing in
regard to the ignitlon system, valve timing, and other com-
ponent parts or systems of the engine which affect carbure-
tlon, 3) the sclentific or engineering principles related to
the sutomotive-type carburetor, and 4) the construction and
functlon of the varlous parts and systems of an automotive~
type carburetor. |

‘The instructlon in the second hour for each method was
taped but only the lesson taught by the direct-and-detalled
method was correlated with the filmstrip.
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Both methods of 1lnstruction for the second hour includ-
ed the following items: 1) the disassembly of the Rochester
BC carburetor by each of the subjeets, 2) the inspection and
explanation of the functlon of the parts and systems, 3) the
major adjustments on the carburetor, and 4) the reassembly
of the carburetor,

Objectlve tests: A test designed to measure initlal

learning was administered to all treatment groups following
the final instructional period. The followlng day, a test
intended to measure transfer of leerning was administered to
all treatment groups. Both tests included multiple~cheoice
questiocns,

The inltial learning test had fifty ltems, whereas the
transfer of learning test had only forty-four Ltems because
it was expected to be the more diffieult of the two, There
was no time limit set on either of the tests; however, fifty
minutes proved to be adequate in both eases,

Findings., Appropriate statistlcal technlques were
employed to analyze the data and test the null hypotheses.
On the basls of the test results the researcher found:

1. In terms of initlal learning, the analysis resulted
in a significant F-value for the main effects of
both treatments and levels. When Individual t-tests
were computed to determine what caused the signifi-
cant F-value in respeet to Initlal learning, the
control group was found to be the cause for Treat-

ment A and B on all three levels of iantelligence.
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There were no significant differences found between
Treatment A and B on any of the three levels of
intelligence for initial learning.

2., In terms of tranzsfer of learning, the analysis
resulted in 2 signiflcant F-value for the main
effecta of treatments and levels and for firast
order interactions. When individual t-tests were
computed to determlne the cause of the signifi-
cant F-value 1n respect to transfer of learning,
the eontrel group was found to be the cause for
Treatment A and Treatment B on all three levels of
intelligence with the exception of Treatment A for
the high level. There were no significant differ-
ences found between Treatment A and B on any of
the levels of intelligence for transfer of learning.

3. In terms of mean difference between initial learn-
ing and transfer of learning on all three intelll-
gence levels, there was found to be no significant

difference on any level as computed by t-tests.

Limitations and Implications

Limitations of the study. Any generallzation which may
result from th: findings of this experimental investigation
should be made only after consideration of the following
limitations:

1. Although special attention was employed to attaln

a true sample of the populaticn by selecting at
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random two towns and two cltles frem within the
sample area and assigning the subjects at random

to one of the three treatments, the experimental
population may not be a true sample.

Although 1t was necessary, as a control in the
experiment, to present all vérbal instruetion
through the use of tape recordings, it must be
recognized that thils technlque imposed certain
limitations on the learning situation. First, it
placed all students on the same level and did not
provide for individual differences. Second, 1t
prohibited normal student-teacher interactlion.

As to motivation, the students served voluntarily,
and probably were not intrinsically Interested in
the experiment even though the selection of the
learning area was consldered for its motivating
value. Also, the students were told at the begin-
ning of the experiment that the test scores would
not affect thelr giade; therefore, they had noething
to lose with minlmum effort.

There were indlcations that the subjects Iln the con-
trol group were more highly motivated than those in
the other two groups., Thils was evident in at least
two ways. Filrst, the control group members from
all four schools were much more insistent and anx-
fous to see the results of the tests. The second

indleation was reported by the industrial arts
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teachers of all four gchools. They found that the
control group members appeared to be much more
interested in the total experiment than the members
of the other ftwo groups were, With this amount of
interest, communication between subjects during the
course of the experiment probably occurred. The
greater ego lnvolvement of the control group may
have led these subjJects to ask questlons of the

’ members of the other two groups, to carry on some
independent study, and thereby to gain a higher
grade on the tesiys,

Implications for further rvesearch. The findings

reported in this study and the common elements and discrep-
ancles of the related studies which were reported in Chapter
III may perhaps provide source materlal for continued
research inguirles along the following suggested lines:

1. An attempt to ildentify and define %he distinguish-
ing elements or characterlistlces between the varia-
tions of the two instruetlonal methods should pre-
cede a second study of fthils type. A study designed
to compare the two methods in thelr extreme forms
with a method of complete Independent study should
also be investlgated. The subjects recelving the
independent study could be provided with the iden-
tical instructional aids used by the other groups,
but they would be expected to learn without oral

instruction.
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It seems that an ilmportant aspect of all research
concerned with evaluation of learning activities i=s
the retention characteristics. Although retention
was investigated in a number of related studies, it
appears that there would be merit in a longltudi~-
nal study, possibly extending over a periocd of a
year, to determine long-term retention effects of
the two methods. It must be recognized, however,
that problems in the control of certain variables
may be difficult with a long-term investigation of
the two methods,

In related studies as well as in the present study,
common instructional alds have been used for all
experimental groups, whereas the oral instruction
has been presented differentially in respect to the
variation in method. It is possible that the char-
acteristics of the illustrations or visual instruc-
tional aids used in this type of study may be
important in the total effect of the method of pre-
sentation. A related study should be attempted in
which the visual part as well as the oral part of
the instruction is designed to represent varying
degrees of each of the two methods.

An investigation similar to the present study might
be conducted to compare the two methods under two
levels of intelligence. The findings in this study
suggest that the problem-solving method might be
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supertor.to the direct-and-detalled method for
those subjects of higher level of intelligence., By
contrasting the two methods for very high and for
very low lntelligence subjects, more conclusive
evidence of this possibility might be found.

As pointed out in the review of literature, there
is an ever-increasing accumulation of knowledge in
all fields of education, especially in the techno-
logical areas, A need for quality of instruction
along with efficliency appears to be an absolute
necessity., Possibly a form of the directed-discov-~
ery method may have considerable merit in obtailning
efficiency of instruction in certain types of pro-
grams and at certain levels of intelligence, From
the review of literature and the understandings
gained from this study, it appears that the courses
where benefits from this method might be derived
would be found in the fields of mathematics,
sclence, industrial arts, technology, and engi-
neering.

A number of suggestions in the review of literature
point toward the fact that the problem-solving
method does offer benefits to the learnmer in certain
learning conditions. These suggestions, however,
are followed quite often with the comment that it
takes longer to teach subject material by the
problem~-solving method, thereby discounting the
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gains In this method over other metheds., This
writer believes that there may be too mch emphasia
plaeed upon the element of time in regard to cer-
tain types and levels of leaming. Ferhaps the
loss In efficlency due to the additional time
allotted for this method may be offset by the bene-
fits gained in greater understanding of subject
material and increased abilities in problem-solving
methodology.

This wrlter recommends that an ilnvestlgation
similar to the present study be conducted to com-
pare the two methods under conditions in whieh
additional time be allowed for one method and then
additvlonal time be allowed for the cpposlte method.

T. The level of difficulty of the lessons in this
gtudy was one of the mejor concerns of the
researcher in the preparation of thls experiment.
The use of the filmstrip correlated with verbal
instruction was belleved to ald greatly in the
strueture of the lesson. Just how much asslstance
& filmstrip gives the learner in the structure of
the lessons would seem to be the basis for a signi-
fleant research problem,

Educational implications. In view of the findings In

this study, 1% 1s the investigator's opinlon that the class~
room teacher with students similar to the gubjects used in

this experiment could select elther the direct-and~detalled
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method or the directed-discovery method t¢ instruet students
in theoretical and manipulative technlcal content. However,
although it was reported that there were no significant dif-
ferences between the direct-and-detalled method and the
directed-discovery method, the computed results of this
study definitely peint in favor of the}dlrectedwdiseovery
method. It is on this basis only that further implications
will be set forth.

Before continuing, however, the writer wlshes to make
clear that any further educational inferences which may be
made beyond the c¢penling statement In this paragraph should
be viewed with extreme care before putting them into prac~
tical use in a classroon,

The subject groups inecluded in the higher level and the
lower ievel of intelligence which were instructed by the
directed~discovery method scored higher on both the iniltial
learning and trensfer of learning teste than dld the direct-
and~detalled group,

If the preceding inspectlion of the statistics in thls
study 1s accepted, it then seems that there are some reasons
for this possible superiority of the directed-dlscovery
method over the direct-and-detalled method., Pirst, with the
directed~discovery method, the lower intelligence level
gtudent may gain a more clear-cut understanding of what he
is expected to learn and what the problems are., In sddi-
tion, because of the time pauses, the lower level student

will have more $ime to think than would bhe allowed with the
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conventional method.

In the case of the higher intelligence level student,
the directed-discovery method appears to offer a challenge
which would spur the individual on to higher levels of
learning. This method may also reduce the monotony which
may accompany the direct-and-detalled method. The time
pauses allowed in the directed-discovery method would appear
to benefit the higher level student, as well as the lower
level, by allowing him time to reason.,

There are two additional observatlions which seem to be
ilmportant.

First, the directed-discovery method has often been
eriticized in educational literature for requliring more time
than the direct-and-detalled method. However, the present
study, as well as all of the studies summarized in Chapter
II, used equal amounts of time for the presentation of both
methods, Since all but one of the studies found in the
review of literature reported the directed-discovery method
to have the greater gains, the criticism of this method con-
cerned with time seems to be questionable,

Second, the present study and most of the related
studies reported in the review of literature used elther a
tape recording and a filmstrip or a tape recording and a
workbook for the entire presentation of the lessons, Since
all of the studies reported considerable gains in both of
the methods over the accomplishments of the control groups

that had no instruction, it is reasonable to assume that a
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student could learn and be able to transfer skills and under-
standings as a consequence of taped and visual Lnstruction,
This instruction 1ls viewed by the writer as a supplement,
not as a substitute for the teacher,

Although much has already been accomplished with %taped
instruction in the teaching of foreign'languagea, there are
many subjects ln which this means of presentation has not
been developed. It seems posslble that other types of
instruetion may be introduced through this medium. Cer-
tainly in remedial instruction and in independent study
taped instructlon correlated with visual presentations would

hold genuine promise,
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The first hour lesson using the direct-and-detailed method
in teaching.

INTRODUCTION TO CARBURETION

Students, this lesson is concerned with the fundamen~

tals of carburetion. Please listen carefully to what is
being sald while you are studying each slide,

Slide #

1

Engine performance is dependent upon how efficiently
the air/fuel mixture can be moved into the cylinder
compressed, burned, and the exhaust gases removed

8o that the cylinder is clear for the next charge.
This is sometimes referred to as engine "breathing
ability."

The internal combustion engine, in a sense, is
nothing more than a vacuum pump., A piston traveling
up and down in a cylinder is constantly increasing
and doeroasing.thn volume in the cylinder, It is
this action that is the controlling force of engine
operation, Most automotive engines are four cycle
engines, meaning that it takes four strokes of the
plston to complete a cycle. The strokes are intake,
compression, power, and exhaust,

As the piston moves down on the intake stroke, it
increases the volume in the cylinder and creates a
pressure drop below atmospheric. Atmospheric pres-
sure which surrounds the engine causes air to flow
through the air cleaner, carburetor, intake mani-
fold, and intake valve into the low pressure arfea
in the cylinder. As the alr flows through the car-
buretor, it mixes with fuel flowing out of the car-
buretor and becomes a combustible mixture,

When the intake stroke is completed, the piston
moves up, squeezing the fresh charge upward into
tg: ::nbultton chamber where both valves are now
closed,

As the piston ends the compression stroke, an
electrical charge is released into the combustion
chamber by the spark plug., This causes the air/
fuel mixture to ignite and burn., Rapld generation
of heat within the cylinder causes an expansion

of gases which pushes or forces the piston down,
This action is called the power stroke. Desired
combustion is the complete burning of all gases
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across the combustion chamber, The combustion
should be carefully controlled; it should not be
a sudden explosion.

After the power stroke, the piston pushes gases out
through the open exhaust valve, exhaust manifold,
muffler, and tailpipe, This completes the 4-cycle
operation of an internal combustion engine.

It might seem logical that the 4 strokes would start
and stop at the top and bottom dead center, but this
is not generally true for the following reasons:

l. Engine performance is dependent upon
breathing ability.

2. The vertical motion of the piston is very
slight near top dead center and bottom
dead center,

3. A mixture of fuel and air has to overcome
the force of inertia to stop moving.

This dlagram indicates the actual valve timing of
a high performance engine,

The intake stroke identified in red opens at 29°

ore top dead center and closes at T4 after bot-
tom dead center., This gives an intake stroke of

283° and allows time even at high R,P.M, to fill
the cylinder,

The compression stroke starts when the intake valve
closes and continues to top dead center. This
allows 106° of crankshaft rotation for compression.

The power stroke starts at top dead center and ends
when the exhaust xalvo opens, This means the power
stroke 1s only 98",

The exhaust stroke identifled in yellow begins when

ust valve opens 82° before bottom dead center
and closes at 31° after top dead center., This gives
an exhaust stroke of 203°, Notlce that the two
longest strokes are the breathing strokes,

Observe that both valves are open for 60° near top
dead center. This is called valve overlap and is
conductive to good high speed breathing but is
detrimental at idle speeds,
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Intake manifolds must be a compromise between a large
bore size necessary for high speed breathing and a
small bore size necessary for low idling speed., The
actual compromise on modern engines is a manifold
bore size between these two extremes. In order to
atomize or break up the liquid fuel into small par-
ticles, the air must move rapidly.

On an "in-line" engine the manifold is long and the

distance the alr fuel mixture must travel to reach

each cylinder varies, Therefore, the mixture varles

i{g:icyilndnr to cylinder and good distribution is
cult,

On a V-8 engine, the manifold is designed to give
the same distance to each cylinder thereby giving
better distribution between cylinders, Most V-8
engines use two or four barrel carburetors, each
bore feeding four cylinders. Notice the black
arrows show that one carburetor bore connects to
the two end cylinders on one side and two center
eylinders on the opposite side. The white arrows
indicate the opposite eylinders that the other
carburetor bore will feed.

The purpose of the exhaust passage in the intake
manifold is to heat the intake gases so that they
vaporize when the engine is cold. To contrel this
heat, a heat riser valve is used, The valve ls
controlled by a thermostatic spring, When the
engine is cold the spring forces the valve closed
causing the exhaust gas to cross over past the car-
buretor to the other exhaust pipe. As the engine
and thermostatic spring warm up, the spring
releases its tension on the valve, the valve opens,
thereby reducing the heat in the manifold around
the carburetor. Without this valve in operation,
flat spots in acceleration will occur when the
engine is cold, The tiny droplets of atomized fuel
must be further broken up in the engine. This is
called vaporization and requires heat and low pres-
sure,

The exhaust system has the important job of carrying

a the exhaust ses and promoting quiet operation
while s8till allow engine breathing capacity.
Sometimes in high output engines it 1s necessary to
use dual pipes to insure breathing and reduce back
pressures,

Now let's see what ignition has to do with basiec
carburetion and the proper functioning of the engine,
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For proper operation the air/fuel mixture in the
cylinder should finish burning at approximately 10°
to 20° after top dead center for all conditions of
engine operation, The number of degrees the crank-
shaft will travel during the buring time of the mix-
ture will vary with engine speed and engine load.

If the burning time of the gas mixture is approxi-
mately .003 of a second, an engine running at 1000
RPM (revolutions per minute) would travel through
18° of rotatlon during this time. The timing should
be set at 8° before top dead center for the mixture
to burn completely by 1l0¥ past top dead center,

Now at aoog RPM this same engine would rotate
through 36° in .003 of a second and would require

a timing of 20 before top dead center to complete
burning at 10 after top dead center,

Here is a typlecal centrifugal advance curve., Notice
the tolerance., Notice from 500 RPM to 1500 the
spark advances rapidly and from 1500 to 3500 more
gradually.

To obtain this necessa tinini advance as speed
increases 1s a job for the ignition distributor.

The distributor contains centrifugal weights which
move out against spring tension as the speed
increases, As the weights move out, they cause
the breaker cam on the distributor to move with
rotation. This causes the points to open faster.

The vacuum advance unit consists of a spring-loaded
diaphram connected through a linkage to the distrib-
utor breaker plate, Manlifold vacuum, when applied
to the diaphram, overcomes the spring tension and
causes the breaker plate to rotate oppesite dis-
tributor rotation. A reduction in vacuum produces
a retarded spark and an increased vacuum advances
the spark. The lean mixture obtained through part-
throttle operation at cruilsing speeds will burn
slower; therefore, the spark is advanced to give
more burning time,

The typical advance curve shows that under cruising
conditions the manifold vacuum is high and under
full power condition very low. This allows a
vacuum advance unit to be used on the distributor
%o give additional advance for economy.

For maximum economy, under cruising conditions, the
spark timing has to be advanced further than the
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full power at the same speed. This 1is because the
lean mixtures of cruising speeds burn slower than
the richer mixtures of full throttle operation.

Initlal timing is a basic spark timing position,
usually a few degrees before top dead center., It

varies with different engines but 1s always set at
a specific RPM, at ldle speed.

Total spark advance is the sum of initial, centri-
fugal, and vacuum advance and is derived by engine
speed and load conditions.

The fuel system components include the gas tank,
the fuel lines, and the fuel pump, Fuel tanks are
not a source of trouble in themselves; however,
they must be vented to outside alr or the fuel will
not be pushed from the tank to the inlet side of
the fuel pump,

The lines must be clear so that fuel flow will not
be restricted, Connections must be tight so that
alr cannot leak into the fuel flow. The fuel pump
must create a vacuum on upward strokes to move the
fuel from the tank to the gunp and a pressure on
the other downward stroke to push the fuel into the
carburetor bowl. Pump pressure must be within
specifications to keep the fuel level in the car-
buretor bowl at a predetermined level, The most
important job of the alr cleaner is to filter the
air to the engine, and in doing this 1t gets dirty.
When dirty, the filter can effect the calibration
of the air/fuel mixture. This will lower per-
formance and economy.

The purpose of the carburetor on the gasoline
engine is to meter, atomize, and distribute the
fuel throughout the air flowing into the engine,

The carburetor 1ls a fuel metering device, It must
first econtrol alr flow to the engine. Second, it
must sense engine fuel requirements, This Ls
accomplished automatically mainly by making use of
the principle of differences in pressure., Third
the carburetor must meter varylng quantities of air
and fuel with no outside adjustment over a wide

ra of englne operating conditlions such as various
engine s 8 and engine loads, Fourth, it must
break up the liquid fuel into minutely small par-
ticles, ;Ito‘illtlﬁﬂ) mix them with the correct
amount of alr, and smoothly introduce this mixture
to the intake manifold.
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The carburetor must be capable of varying the mix-
ture from a rich (choking) mixture for cold engine
starting to a lean mixture for hot starting.

In addition, the carburetor must vary the mixture
from a rich high power mixture when the driver
wants fast acceleration and full loads on the
engine to a lean mixture when he wants to economize
at crulsing speeds,

The carburetor flow chart 1s a graphic description
of an engine's air and fuel requirements through
all ranges of operation. With the relationship
between fuel and alr expressed in pounds per minute,
as shown on this chart, two radically different
engines can be compared as to their relative fuel
requirements, Also alr/fuel ratios for one engine's
various speeds and loads can be shown. The solid
line curve indicates the alr-fuel ratio if the
accelerator were depressed to the floor and

held to maximum speed., The dotted line curve shows
gradual depressing of the accelerator until the engine
reaches maximum speed. Notice the economy one can
obtain from the engine ui adual acceleration.
Air/fuel ratios are limi from an extremely

lean mixture of 20 pounds of air to 1 pound of fuel
to an extremely rich mixture of 8 pounds of air to

1l pound of fuel, The perfect mixture 1s 15 pounds
of air to 1 pound of fuel. At first it would appear
that the carburetor has a relatively simple job to
perform, It merely has to mix 15 pounds of air to

1 pound of fuel and deliver it to the combustion
chamber. Unfortunately, perfect conditions do not
exist for the following reasons: First, varying
amounts of exhaust gas linger in the combustion
chamber and dilute the new charge, Second, varia-
tions in temperature do not allow perfect mixtures
and distribution is not equal to each cylinder,

This flow chart shows the systems in the carburetor
that operate to give the desired ratio and the
approximate speeds at which they operate, The idle
system supplies the entire mixture at ldle and up
to about 25 miles per hour., Between 25 and 40 mliles
per hour is a transfer range and the mixture is sup-
g%tod by both the idle and the main systems, From
to 60 miles per hour the mixture is supplied by
the main systems, Above 60 the power system
enriches the main system,

Fluids or air will flow whenever there is a differ-
ence in pressure and the flow will be from high
pressure to the lower pressure., The water in the
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hose 1s restricted by the hose nozzle and is there-
fore under pressure, The water flows from the hoze
nozzle under pressure into the alr with no pressure.
The greater the pressure difference the farther the
water will spray.

If fuel were standlng in & carburetor bowl with the
engine shut off, there would be no flow of fuel
because there 1s no difference 1ln pressure on the
fuel., Atmospheric pressure ls present at the tip
of the main nozzle as well as in the bowl. Atmos-
pheric pressure ls pressure exerted by the alir
surrounding the earth (due to its weight) on each
square inch of surface, Thls pressure is approxi-
mately 15 pounds per square lnch at sea level and
decreases as altitude is increased.

If a tire pump were used to raise the pressure in

the bowl to more than atmospheric {16 pounds per

square inech, for example), there would be a dif-
ference of one pound per square inch and fuel would
flow. This difference in pressure ls called "effec~
tive pressure."

A pressure less than atmospherlc i1s called a "vac-
uum.” When a straw is sucked to obtain liquid from
a glass a vacuum is produced in the mouth, Atmos~

pheric pressure on the liquid in the glass willl
then force the liquid up the straw and into the low
pressure area, | Now that 1t has been determlined
what vacuum 18, let's see how vacuum ls measured.

If the left hand tube in the plecture is filled with
mercury and then inverted and placed in a contalner
of mercury, the mercury in the tube will drop to a
certain height and stop. As the mercury drops in
the middle tube, a space with no alr pressure (0
pounds per inch) is left above the mercury column,
The height of the mercury column above the ligquld
in the container is approximately 30 inches, This
means a difference in pressure between O and 15
pounds per square inch will support a column of
mercury 30 inches high., If we cpened the tube at
the top to atmospheric pressure, the column of mer-
cury in the tube would drop to O inches as shown
on the tube 1ln the right of the pilcture.

As the ailr is bled into the top of thetube, the
pressure is increagsed from zero to 15 pounds while
the vacuum 1s decreased from 30 inches to O inches.
This means that the vacuum changes 2 inches for
every pound of pressure change.
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The chart shows this relatlonship. Now instead of
a mercury column we generally use a vaclum gauge
in actual practice to measure vacuum in the intake
manifold. If a vacuum gauge reads 18 inches of
mercury when the engine 1s ldling, the chart shows
that 6 pounds per square inch of pressure are in
the manifold.

If atmospheric pressure outside is 15 pounds per
square inch, the effective pressure is § pounds
per square inch (which 1s equal to 1/2 the vacuum
reading). Due to the fact that the throttle is
practically closed, this pressure can move very

‘little air through the carburetor.

The difference between (A) atmospheric pressure and
(M) manifold pressure is the force which causes
fuel and alr to flow,

If the carburetor had s straight bore such as this,
no fuel would flow because of insufficlent pres-
sure drop at the tip of the nozzle, In this case
there would be only 3 pounds per square inch effec~-
tive pressure to move the fuel,

The pressure at the nozzle 1s lowered to the point
where the fuel will flow. The device used to

increase speed of air is called a venturi. A ven-
turl is a restriction in a tube. The pressure is
lowest at the neck or narrowest part of a venburi,

bue to the venturi, fuel wlll flow even though the
pressure difference hetween the manifold and out-
slde air 1s a small amount,

Meny carburetors use a primary venturl and a boost
or secondary venturl within the primesry. This helps
lower the pressure at low speeds and still wlll allow
a large alr movement at high speed, This pleture
shows the bottom of the boost venturli which is
located in the narrowest part of the primary venturi.
This alr will speed up through the boost venturl and,
thereby, cause a greater drop in pressure at the
main nozzle, The high air speed also helps to break
up (atomize) the fuel as it comes out the main
nozzle,

Now that it is known how the low pressure in the care-
buretor bore is created, 1t ls necessary to deter-
mine how fuel in the bowl is pressurized. This is
referred to as venting, Three methods of venting

are used. They are external, internal, and a com-
bination of the two, External venting can be
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accomplished by merely drilling a hole in the top
of the fuel bowl., Now If it were not for the air
filter, this method would be a simple way of keep~-
ing the atmospheric pressure on the fuel in the
bowl and also provid an outlet to release pres-
sure developed in the fuel bowl under hot engine
conditions, However, we must have air cleaners,
and good air cleaners f1ill up with dirt, This
causes restriction of air through the venturi.
With external venting, the amount of pressure on
the fuel does not change with this restriction,
but the amount of alr pressure 1s reduced at the
tip of the high speed nozzle so that a rich mix-
ture is obtained,

Internal venting when used alone can almost com-
pletely compensate for alr cleaner restriction.
The one main disadvantage is that under hot condi-
tions the fuel will vaporize and, since the vent
is under the filter, the vaporized gases will
enrich the mixture., Under low speed driving this
causes a rough running engine.

Since both types of venting have drawbacks, 1t is
not surprising thata combination of the two is
used on most carburetors.,

Now let's see how the various systems in a carburetor
operate, Most carburetors have a float, idle, main
metering, power, a pump, and a choke system,

When specified fuel levels are reached in the car-
buretor bowl, the float pontoon and attached lever-
age arm exert force against a needle valve, shut-
ting off flow. Liquid level, which is controlled by
fl::t setting, 1is an important factor in fuel air
ratios,

The purpose of the idling system in any carburetor

is to supply the correct alr/fuel mixture to the
cylinders during idle and low speed operation, The
idling system consists of a calibrated idle tube,
air bleeds, idle passages, secondary discharge holes,
mixture screws, and idle discharge holes. The low
pressure below the closed throttle valve causes

fuel to flow through the idle tube into the idle
passage where it is mixed with alr from an air bleed,
The air bleed also prevents fuel from siphoning out
of the bowl when the engine 1s sto « The fuel
and alr continues down passage to the secondary
discharge holes. These are located above the closed
throttle valve; as a result more air will bleed into
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the mixture at this point, The mixture flows past
the mixture screw and out the idle port, The mix-
ture screws allow adjustments of the amount of
mixture which will flow out the idle port, Adjust-
ment of the throttle stop screw, controls ldle
speed by allowing additional alr to enter with the
idle mixture,

Some applications have the throttle valve completely
closed at ldle and alr is fed by a by-pass system,.
In this case an additional screw adjusts the amount
of air allowed to pass.

When the throttle valve is slightly opened, the
secondary discharge ports are exposed to manifold
vacuum aauslng additional fuel mixture to discharge
from them. This allows for a smoother transition
between 1dling and crulsing speeds.

When there is sufficient alr flow through the ven-
turl, the pressure will be low enough at the top
of the nozzle to cause fuel to flow., This is known
as the transfer point where the idle or low speed
systems become lnactive and the main or high speed
n{ltonn take over the Job of meter and mixing the
alr and fuel in the proper ratio. main meter-
ing system consists of the main metering jet, the
main feed well, and the main nozzle, In most cars
the main system supplies fuel over a speed range

of approximately to75 miles per hour.

As alr flow through the carburetor increases, there
is a tendency for the mixture to get richer, There
are a number of ways to combat this situation by
the per placement of alr bleeds in the high speed
nozzle. The principle shown here is the use of a
perforated lower nozzle. If the part of the nozzle
which lies below the level of the fuel in the main
well is perforated with holes, then under increased
speed the well level lowers, This allows alr to
enter the uncovered holes which will lean out the
mixture.

End of the first hour of instruetion.
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The second hour lesson using the direct-and-detalled method
of teaching Principles of Rochester Model BC Carburetors,
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Under wide open throttle conditions with high engine
speed or load, the main fuel system cannot supply
adequate fuel, To overcome this condition an addi-
tional passageway 1s opened up in the main system
to allow greater fuel flow. This is called the
power system and includes the following pirts: the
power piston and spring, and the vacuum passage to
the intake manifold. The power valve controls a
passage from the bowl to the main well, The power

iston is located above the valve and is spring

ded to push it down and open the valve, Under

high manifold vacuum conditions, the low pressure
above the piston will allow atmospheric pressure on
the bottom to ralse the piston against the spring
pressure and allow the power valve to close, Under
conditions of power, the pressure differential 1is
not great eno to keep the s compressed. The
poung piston 2§hthnrer;¥e punhgglggun ﬁ? the spring
and this opens the power valve.

When the throttle is opened rapidly, the air flow
increases and manifold vacuum decreases. Because
of the great difference in weight between air and
fuel, any sudden change in throttle opening results
in an immediate alr intake, but the fuel having
fzoater weight tends to lag behind., This results
momentary leanness. The accelerator pump pro-
vides the extra fuel necessary to overcome this
problem and gives smooth operation on rapld throttle
openings, This is accomplished by discharging
extra fuel into the venturi air stream whenever the
throttle valves are opened fast, The pump system
utilizes a ;qu plunger that 1ls linked to the
throttle valve by mechanical linkage. As the
throttle is closed, the plunger moves up in the well,
creating a low pressure under the pump. An inlet
ball check allows fuel to fill in the low pressure
area, As the throttle 1s cpened, the linkage forces
the plunger down and exerts pressure on the fuel
under the plunger, The fuel is forced out past the
discharge ball check and squirts into the carburetor
bore of the lower end of the venturi,

The necessary requirements of good fuel vaporization
are missing or ilnadequate when starting a cold
engine, This inadequacy is overcome by using a
choke valve above the venturli to control the air sup-
ply while the engine is cold., The choke valve can
be controlled manually or by automatic means,
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Automatic chokes make use of a bimetal spring which
eolls up tighter as it warms up and uncolls as it
gets cold. If the end of this spring is attached
to the choke valve by linkage, it will push the
shoke closed when cold, and gradually release ten-
sion as it gets warmer, To help glve more accurate
contrel of the choke while the engine ls warming
up, a vacuum operated piston cembines with an
unbalanced choke plate to force the choke partlally
open against the spring trying to close 1t, Hot
air from the exhaust manifold is pushed by atmos~
pheric¢ pressure through the bimetal coil and past
the vacuum piston into the intake manifold. This
heat helps the coll unwind and allows the choke to
open gradually.

An automatlic choke also requires a fast ldle feature
to give an RPM increase at idle speeds when the
choke 1s in operation; otherwise, the engine might
load up with & rich mixture and stall. A choke
unloading feature is also necessary %o provide a
means of opening the choke if the engine becomes
flooded during cranking.

Disassembly and Inspectlon of the Rochester BC Carburetor,

BC-1

At this time each student should move over to
the benches, You will find a Rochester BC Car-
buretor, a screw driver, a parte pan, and a clean
shop towel, Please listen to the tape recording
and follow only the instructions given. Do not
work ahead. During certain parts of this lesson
you will be asked to look at filmstrips which are
flashed on the screen,

The main parts of the Model BC Carburetor can be
viewed on the screen.

Choke Disassembly

1. Loosen the 1/2 Inch brass fitting on the
choke vacuum tube, Invert the carburetor and
notice the large vacuum hole in the lnside of the
throttle body.

2., Remove the three attaching stat cover
screws and retalners, then the stat cover, cover
the gasket and thermostat coll assembly from the
carburetor, Please notice that as this coll is
heated it will coll up tighter and as it cools it
will uncoll. The tang on the coll pushes agalnst
the choke lever arm holding the choke valve closged,
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The temperature of the coll will vary the amount of
pressure against the choke valve,

3. Notice the choke baffle plate in the choke
housing. Its purpose 1is to control the flow of
heated ailr through the colils, Remove it from the
housing.

4, Inspect the choke piston, Open and close
the choke and notice the action of the piston.

5. Observe the choke housing mounting screws
and the gasket., If the gasket leaks, the cold out-
side air instead of heated air will be drawn into
the housing. This will cause excess choking on
warm up of the englne.

Alr Horn Disassembly

6. Remove the (4) screws holding the car-

::rotor alr horn to the bowl and 1lift off the air
m.

T. Place the air horn in an unended position
on a flat surface., Remove the float hinge pin and
float assembly. If the float pontoons were dented,
t would have less volume and float lower in the
§2w1° This would cause a higher fuel level in the

8. Remove the float needle,

9. This carburetor is both internally and
externally vented, Trace the internal venting from
the spout inside the air horn above the choke valve,
There are two external vents one on each side of
the air horn near the top on the outside,

10, Remove the float seat and gasket with 1/2
inch bit screwdriver. Be sure to check the hinge
pin and needle for grooves which are caused by wear,

11, Notice the main lotorlnf ict in the main
well support. Higher elevation will require a
smaller size Jet because of lower atmospheric pres-
sure.

12, Remove the main well support., The air
horn gasket may now be removed carefully.

13. Remove the power piston and spring.
Remember the spring is calibrated to push the power
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piston down and open the power valve when the intake
manifold pressure increases above a certain speci-
fled setting, Note: Do not try to remove or bend
the idle tube.

Bowl Disassembly

14, Remove the pump discharge guide with a
needle nosed pliers. The discharge spring and ball
will fall out when you invert the carburetor bowl.

15. Remove two pin springs from the pump link
and remove the pump link from the throttle lever

and pump plunger arm.

16, Remove the pump plunger from the bowl and
the pump return spring. Note: Do not remove the
choke suction tube from the throttle body.

17. Invert the carburetor bowl and remove
the throttle body and gasket from the bowl.

Throttle Body

BC-2

18. Remove the idle adjusting needle and
spring, Notlice the small 1 hole below the
throttle valve.

19, At this time let's trace the fuel and air
flow through the entire idle system, Beginning at
the idle tube which is extending down into the fuel
in the main well, the fuel 1is forced up the tube
and across the air horn via the nozzle bar, If you
look into the top of the air horn with the choke
open you can see two alr bleed holes used for mix-
ing air and idle fuel in the nozzle bar, The idle
fuel and air mixture come down a ptlll"ll{ in the
carburetor bowl to the throttle body gasket where
it is directed along a slot in the carburetor bowl
and through a passageway in the throttle body,

8t the idle adjusting needle and out into the
;0 of the carburetor below the closed throttle
valve,

20, Now let's trace the fuel and alr through
the main or h speed system of this carburetor.
Pick up the main well support and set it in place
temporarily on the air horn. Remembez about two-
thirds of this support is immersed in the fuel in
the bowl., Now with the throttle valve partly open,
atmospheric pressure moves alr down through the
venturi. A transfer from idle to high speed occurs



143

as effective pressure decreases at the idle dis-
charge port and increases in the vicinity of the

high speed nozzle.

21, The power valve on this carburetor is on
the lower end of the main well support, When the
power pliston 1is pushed down by the spring, it forces
the spring loaded ball out of the opening and addi~
tional fuel from the bowl will enter and add to the
fuel which is alr flowing through the main Jet.
With the throttle valve almost wide open therels
very little difference in the pressure or either
end of the power piston so that the spring forces
the piston and opens the power valve. Assemble
Egopnutr plston spring and main well support to the

M.

22, Replace the needle, seats, float, and
hinge pin to the air horn.

23. Replace the choke baffle plate., Replace
the thermostat coll assembly and cover, being sure
to hook the end of the coll under the choke piston
linkage, Rotate the cover clockwise until the
single mark on the cover lines up with the middle
mark on the choke casting. Replace the three lock
screws, The choke should be in the closed position
and you may test it for any binding by depressing
it with your finger, If 1t binds, remove the stat
cover and check the shaft for freedom.

24, Float adjustment should be made at this
time, With the alr horn inverted, place the float
gauge into position and bend the float tang so that
the top edge of the float just touches the gauge.
Check %o see that the sides of the float do no
touch the gauge legs. Next turn the air horn in
:ga upright position and check the amount of float

Oop.

25, Invert the bowl, place the throttle
gasket into position, and attach the throttle body.
Note: Be sure the gasket holes are lined correctly
with the vacuum holes in the body and the bowl.

26, Now before assembl the accelerator pump
system, let's trace the fuel flow through this
system, Most models of these carburetors have no
inlet ball check for the pump. Fuel comes in between
the pump piston and the wall on the upward stroke.
Notice the vapor vent ball check in the pump piston
in the picture, Notice also the steel ball and
spring in the pump discharge cavity. On the downward
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stroke of the pump, fuel is forced past the ball
and out the small hole in the venturl near the top
of the cavity. Find this hole on your carburetor,
Assemble the plunger, spring, and retainer and
install the assembly in the pump well. Replace
the linkage from the pump Yo the throttle shaft,

27. Install the alr horn to the throttle body
and connect the choke rod and choke suction tube.

BC-E 28, KNotice that with the choke closed the
choke rod holds the highest step on the fast ldle
cam against the idle speed sdjusting screw, This
holds the throttle valve open slightly so that the
englne will idle faster when the choke ls closed,
If you push the choke plate cpen the fast ldle cam
will swing to a lower step and the throttle valve
will close completely., This setting is adjusted by
bending the choke rod.

BC~9 29, Observe that when the throttie ls opened
wide a tang on the throttle lever contacts the
fast 1dle cam and pushes the choke partially open.
This is called the unloader. The operator can
open the choke to redlece flooding by pushing the
accelerstor to the floor. This complebtes the
lesson on Rochester BC Carburetors.

End of second hour of instruction.
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The first hour lesson using the directed-discovery method,
INTRODUCTION TO CARBURETION

Students, this lesson 18 concerned with the fundamentals
of carburetion., Please listen carefully to what is being
sald while you are studying each slide., You will find
throughout this lesson that questions are asked and clues
are given to help you to gain greater understanding., Short
intervals of time are allowed after each question, Please
try to answer the questions silently in your own best judgment,

Slide #

1 Engine performance 1s dependent upon how efficiently
the alr/fuel mixture can be moved into the cylinder,
compressed, burned, and the exhaust gases removed
so that the cylinder is clear for the next charge,
This is sometimes referred to as engine "breathing
ability."

2 The internal combustion engine in a sense is nothing
more than a vacuum pump., Just how can an engine be
compared to a vacuum pump?

What 1s vacuum anyway?

3 Most plston type automotive engines have four strokes
in one complete cycle of operation, Beginning with
the intake stroke, the piston moves down in the
cylinder. This causes a low pressure or partial
vacuum within the c¢ylinder. Can you lain why the
piston moving down in the qillndnr on the intake
stroke will create a partial vacuum? During
this stroke, air is forced through the carburetor
where it picks a r portion of fuel and con-
tinues on?to tigz thgrggzxnsgr with a combustible
mixture. What is the force causing the air to move
into the cylinder?

4 When the intake stroke is completed, the piston moves
up, 8squeezing the fresh charge upward into the com-
bustion chamber where both valves are now closed,
This 1is called the compression stroke. The reason
that the fuel/air mixture 1s compressed is that the
energy released by burning can be captured more
efficlently, Can you determine the reasons for this?

5 As the piston ends the compression stroke, an elec~-
trical charge is released in the combustlon chamber
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at the spark plug., This causes the air/fuel mix-
ture to ignite and burn., Rapid generation of heat
within the cylinder causes an expansion of gases
which pushes or forces the piston down, This turns
the crankshaft and is called the power stroke.
Desired combustion is the complete burning of all
gases across the combustion chamber., This should
be a carefully controlled combustion, not a sudden
explosion, What would be some of the results as
far as engine operation and faillures are concerned
if the mixture burned too fast? How about too slow
a burning time?

What effect would fuel/air ratios have on burning
time?

Can you think of any reasons why most engines have
trouble getting the exhaust gases out and conse-
quently will usually allow more time for this last
stroke? Consider friction and inertia in your
answer,

Can you think of reasons why each of the different
strokes would not start and end on top and bottom
dead center?

This is a diagram of the actual valve tim of a
high performance engine. Why do you think this
engine would run rough at idle and low speeds?

Notice the length of the intake stroke in crank-
shaft degrees., The compression stroke begins when
the intake valve closes and only uses 106° of
crankshaft rotation, Can you visualize how the
principle of inertia 1s used here in respect to
filling the cylinder?

The power ltroko only requires 98° of crankshaft
rotation, ust stroke begins when the exhaust
valve o at 82° before bottom dead center and has
a duratg: of 293" of crankshaft rotation. Rotiso
both valves are open near top dead center for 60

of crankshaft rotation.

Intake manifolds must be a compromise between a large
bore size necessary for high lg;:g breathing and a
small bore size necessary for idling speed. How
would intake manifold restriction affect high speed
and power?

How would no restriction in the intake manifold
affect low speed and idle?
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Good distribution of mixture to each cylinder 1s
difficult on an in-line engine due to the variation
in distances the mixture must travel., Can you
think of possible answers to this problem?

In a V-8 engine, the manifold is designed %o give
the same distance to each cylinder, thereby glving
better distribution between cylinders, By ultni
two or four barrel carburetors each bore feeds four
cylinders, Notice the black arrows indicate the
four eylinders fed by one carburetor bore and the
white arrows indicate those fed by the other bore,
What are some possible reasons for dividing V-8
manifolds in this particular way?

The purpose of the exhaust passage in the intake
manifold is to heat the 1ntlk!1§lloa 80 that they
vaporize when the engine 1s cold, Will water
vaporize when we boil 1%?

What seems to be one lmportant requirement for
vaporization of a liquid?

How will variations in the atmospheric pressure
affect vaporization?

The manifold heat control valve is much like a damper
in a stove pipe., This valve is set in one exhaust
pipe and when closed will block off the exhaust

from the one side and force 1t to cross over past

the carburetor to the other exhaust pipe. A thermo-
static spring controls the valve keeping it closed
when the engine is cold and open when the engine is
warm. If two strips of metal with different expan-

sion rates are laminated togetheras one strip, what
would you expect would happen if you heated this
strip?

The exhaust system has the ilmportant job of carrying
away the exhaust gases and promoting quiet opera-
tion while still allowing good engine breathing.
What would be the effect on engine speed and power
with too much back pressure in the exhaust system?

Can you think of some possible causes of back pres-
sure in the exhaust system?

Most automotive engines will not idle if they have
go t:élplpo or muffler, Can you determine a reason
or 18?

Now let's see what ignition timing has to do with
baut:'otrburotlon and the proper functioning of the
engine.
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No matter what the speed or load on any modern engine
the fuel/air mixture should be completely burned by
the time the crankshaft has moved approximately 10
past top dead center, Can you suggest why there
would be a tremendous loss in power if the fuel were
allowed a burning time of the full length of the
power stroke?

If the burning time of the gas mixture 1s approxi-
mately .003 of a second, an engine running at 1000
Rgg (revolutions per minute) would travel through

18¥ of crankshaft rotation dur this time. To
completely burn the mixture by 10° past §op dead
center, the spark ttltnf must occur at 8 before
top dead center., Now at 2000 RPM this same engine
with the same burning time would require what spark
advance setting?

Here is a typlical centrifugal advance curve, Notice
the tolerance. Can you think of any reasons why the
spark advances more rapidly from 500 RPM to 1500
RPM than it does from 1500 to 3500 RPM?

The distributor centrifugal welights shown here move
out against spring tension as speed lncreases., As
the welghts move out, they cause the breaker cam on
the distributor to move with rotation. This causes
the ignition points togpen earllier which fires the
fuel charge earlier, Can you visualize how this
same centrifugal weights principle might be used as
a mechanical governor to control engine speed?

The vacuum advance unit consists of a spring loaded

' diaphram connected through a linkage to the dis-

tributor breaker plate. Manifold vacuum, when
applied to the dlaphram, overcomes the spring ten-
slon and causes the breaker plate to rotate opposite
distributor rotation. A reduction in vacuum pro-
duces a retarded spark and an increased vacuum
advances the spark. When the throttle valve in the
carburetor is c¢losed, does the englne vacuum go up
or down?

This chart shows & typlical vacuum advance curve,
Variations in intake manifold vacuum cause the
vacuum advance unit to operate, Can you determine
what causes this variatian in intake manifold vacuum?

For maximum economy, under crulsing speeds (part
throttle), the spark has to be advanced farther than
for full power at the same RPM because lean mixtures
burn slower. Why do you think a lean mixture will
burn slower?
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Initial timing is a baslic spark timing position,
usually a few degrees before top dead center, It
is always set at a specific RPM at idle speed,

Total spark timing is the sum of initial, centri-
fugal, and vacuum advance and 1s derived by engine
speeds and engine load conditions, Do you think
the total spark advance would be high, medium, or
low in the following conditions:

Low speed full load?
High speed part load?
High speed full load?
Low speed part load?

Now let's look at the fuel system components,

A. The fuel tank provides storage for the fuel.
What do you think would happen if the air vent
in the fuel tank became closed up?

B. The fuel lines carry fuel from the tank to the
pump and then to the carburetor. What do you

think would be the effect of a loose fuel line
connection between the tank and pump?

C. The fuel pump must create a vacuum on upward
strokes to move the fuel from the tank to the
pump and a pressure on the downward stroke to
push the fuel into the carburetor bowl, If a
special cam on the camshaft supplies the force
on the upward stroke of the pump to create the
vacuum, what supplies the force for the down-
ward stroke to push fuel to the carburetor?
Cue: Keep in mind that if the pump pressure is
Too high, it will overcome the float pressure
on the fuel inlet needle and raise the fuel level
too high in the carburetor bowl, Do you think
as could be used to s the force on
thoprdo:':gnrd stroke of the "rﬁﬂ’pu-pr

D. The most ilmportant job of the air cleaner is to
filter the alr entering the carburetor. In
do this, the cleaner gets dirty. You will
see later that a dirty air filter can effect
engine economy and performance,

The purpose of the carburetor on the gasoline engine
is to meter, atomize, and distribute g;n fuel
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throughout the air flowing into the engine.

The ecarburetor is a fuel metering device., First,

it must control alr flow to the engine. Can you
determine how alr is controlled from this ploture?

How do you think engine speed might affect alr
flow to the engine?

Second, 1t must sense engine fuel requirements.

Could you explain how this sensing ls accomplished

sutomatically through the use of differences in
pressures?

Third, 1t must break up the liguld fuel into
minutely small particles. This is called atomiza~
tion, Cue: This is done in the same way that a
garden sprayer breaks up the spray lliguld. <Can you
explain the actlon of a garden sprayer?

When it's cold the carburetor must enrich the fuel/
alr mixture because some of the particles of atomized
fuel are lost on the way to the combustion chamber,
Can you account for this loss of fuel partlicles

when the engine ls cold? How is this adjustment

of fuel/air mixture controlled by the carburetor
automatically?

How can thls be accomplished manually?

In addition the carburetor must vary the mixture to
& rich power mixture when the driver wants fast
acceleration and full loads on the engine, and lean
out the mixture when he wants to economize at
cruiglng speeds. ‘

The carburetor flow chart 1s a graphie description
of an engine alr and fuel requlrements through all
ranges of operation, The solid line curve shows
the alr fuel ratio when the driver depresses the
acceleratorto the floor and holds it until maxl-
mun speed 1s attained, The dotted line curve shows
gradual depresaing of the accelerator until maximum
speed is attained. Can you explain why there is
such a great difference in fuel economy between

the top and bottom curves?

Would a high performance engine ever show less dif-
ference in these two curves thanm & low performance
engine?
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Alr/fuel ratios are limited from an extremely lean
mixture of twenty nds of air to one pound of
fuel to an extremely rich mixture of eight to one,
Can you give any reasons why fuel/air mixtures will
not burn in the combustion chamber sufficient to
allow the engine to run if they are too lean or too
rich? Cue: Think of the fuel as many little
"specks™ which are distributed throu t the air,

Under perfect conditions of engine operation, what

are some reasons as to why we don't have perfect
conditions for engine operation?

This flow chart shows the systems in the carburetor
that operate to glve the desired ratio and approxi-
mate speeds at which they operate, The low speeds
and high speeds require the richest mixtures, 1Is
it possible to improve this obvious waste of fuel
by introducing some new ideas in the fuel system
design?

Would injection of fuel into each eylinder ilmprove
either low speed or high speed?

How about supercharging or blowing?

What makes the water flow from the hose nozzle?
If you removed the nozzle the water would not shoot
out of the hose as far., Why not?

There is no pressure differential between the fuel

in the fuel bowl and the fuel in the nozzle; conse-
quently, there is no fuel flow. How much pressure

is there on the fuel?

What 1s atmospheric pressure?

If a tire pump were used to raise the pressure in
the bowl above atmospheric, fuel would flow. The
difference between the two pressures 1s called the
effective pressure., How is this effective pressure
obtalned in actual practice?

What makes it possible to drink the liquid by
sucking on a straw?

Suppose the straw develops a crack in it above the
liquid level? What would happen?

Atmospheric pressure is approximately 15 pounds per
square inch at sea level, Pounds per square inch
refers to the force per unit area, Can you explain
this last statement?
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If a tube closed at one end is filled with mercury
and then inverted and placed into a container of
mercury, the mercury in the tube will drop to
approximately 30 inches at sea level, Can you
explain what keeps the mercury at 30 inches in

the inverted tube at sea level?

What would happen to the column of mercury Lif you
placed it on top of a mountain?

If the specific gravity of mercury is 13.6 times
that of water, how h would atmospheric pressure
at sea level support & column of water?

This chart shows a relationshlp between gauge pres-
sure in yellow and inches of mercury which can be
supported by the corresponding gauge pressure in
red, How much does the vacuum reading in inches
change for every one pound per square inch pres-
sure change?

Five pounds negative pressure supports 20 inches
of mercury, whereas 5 pounds positive pressure
supports inches of mercury. Can you explain
this?

The pressure difference of 15 pounds atmospheric
pressure and 6 pounds manifold pressure is main-
tained because of what conditions in this picture?

Suppose you opened the throttle wide, What would
you expect would happen to the intake manifold
pressure?

The difference between (A) atmospheric pressure and
(M) manifold pressure 18 the force which causes
fuel and air to flow. Can you see the relationship
in this case with the principles under which most
pumps and compressors operate?

How about the principle used in vacuum type wind-
shield wipers and windshield washers?

What about the home vacuum cleaner?

If the carburetor had a straight bore such as this,

why wouldn't fuel flow from the bowl ocut through
the nozzle?

In order to lower the pressure at the nozzle so
that fuel will flow we use a device called a venturi.
It works on the following principle: the higher the
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velocity the lower the pressure drop. If air is
made up of tiny particles, can you visualize a
greater space between these particles at the
smallest points in the venturi?

If we have fewer particles in a space, aren't we
approaching a perfect vacuum which is nothing in a
space?

Can you visualize why there is a partial vacuum
created immedliately behind a fast moving train?

Can you explain why fuel will flow even though there
is very little pressure differential between atmos~-
pheric and manifold?

A secondary or boost venturl is used on most car-
buretors for two reasons., It helps atomize the
fuel and it lowers the cut-in speed of the main
system., Can you explain why the boost venturi
does this?

If atmospheric pressure were not allowed into the
fuel bowl, fuel would not flow out of the nozzle
regardless of how low the pressure drops in the
venturi. Why not?

There are three methods of venting - external, inter-
nal, and a combination of the two, External venting
alone can cause high mixtures 1f the air filter on
the top of the carburetor becomes dirty. Can you

see why this would happen?

How would a dirty air filter affect the pressure

difference between the fuel bowl and the high
speed nozzle?

Internal venting when used alone can almost com-
pletely compensate for alr cleaner restrictions.
One main disadvantage is that under hot conditions
the fuel wlll vaporize and since the vent is under
the filter the vaporized gases enrich the mixture,
This condition causes a rough running engine at
low speeds,

Since both types of venting have drawbacks, it isn't
surprising that a combination of the two is used
on most carburetors.

Now let's see how the various systems in a carburetor
work. Most carburetors have a float 1dle, main
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metering, power accelerator pump, and echoke systenm,

When specified fuel levels are reached in the car~
buretor bowl, the float pontoon and attached lever-
age arm exert force agalnst a needle valve shutting
off flow. The fuel level 1s the most important
setting in the carburetor, Fuel pump pressure and
float pontoon size as well as the mechanical advan-
tage of the float lever arm are 1nter—related. Can
you identify thils relationship?

The purpose of the 1d1e system in any carburetor is
to supply the correct alr/fuel mixture to the cylin-~
ders during 1dle and low speed operation. The idle
system conslets of a calibrated ldle tube, atir
bleeds, idle passages, secondary discharge holes,
mixture screws, and idle discharge holes. Can you
explaln what causes the fuel and air mixture to

come out of the ldle discharge holes when the
throttle valve is closed?

Why do we have the secondary discharge holes and
when do they begln to operate?

What 1is the purpose of the idle mixture screws?

What do we adjust to get more alr Into the idle
mixture?

On some appllcatlons the throttle valve is closed

and additional alr is fed by & by-pass system. 4n
additional screw adjusts the amount of air allowed
to pass. Can you think of any advantages to this

method?

The secondary discharge ports are exposed to mani-
fold vacuum as the throttle valve 1s slizht opened.
Can you recognlze the purposze of thesge p@rts under
a slightly opened throttle valve?

‘The secondary discharge ports also have a purpose

when the throttle 1s closed, Can you identify this
purpose? ‘

When there is sufficlent alr flow through the venturi,
the pressure will be low enough at the top of the
nozzle to cause fuel to flow. Do you know why the
idle system decreases and finally stops feeding as
the throttle valve opens wider and the maln system
takes over?

The maln metering system conslsts of the maln meter-
ing Jet, the main feed well, air bleeds, and the main
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nozzle. This supplles fuel over a speed range of
approximately 25 to 75 mlles per hour. Juppose
the car were being used in Denver, Colorado, which
has an altitude of over 5000 feet above sea level.
Would the Jjet slze be smaller or larger in slze to
allow more fuel or less fuel to the alr at this
altitude? Cue: Will the effectlve pressure be
more or less? -

49 As alr flow through the earburetor venturl increases,
there is a tendency for the mixture %o get richer,
Can you suggesat a method for the lncreased alr bleed
compensation requlred when more fuel is used at
hlgﬁer speeds?

Cue: One method is to perforate the lower end of
the high speed nozzle. As fuel 1s used faster it
will lower the level in the feed well and uncover
the perforated holes to outslde air.

End of the first hour lesson.
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The second hour lesson using the directed-discovery method.

50 Under wide open throttle conditions and high engine
speed and load, the main metering jet cannot supply
adequate fuel. To overcome this condition an addi-
tional passage 1s opened up in the main system to
allow greater fuel flow. This is called the power
system and includes the followlng parts: the power
valve, the power plston and agrlng and the vacuum
passage to the intake manifold, Tl'm difference in
pressure holds the long stem on the power piston
from opening the power valve., What 1s the force
which pushes the power valve open when the vacuum
drops off?

What are the possibilities of using a diaphram ilnstead
of a piston to operate a power valve?

51 Any sudden increase in throttle opening, such as
might happen in moving away from a stop sign, will
result in an immediate increase in the air to the
engine, but the fuel, having greater weight, tends
to lag behind., This results in engine hesitation
and lean fuel mixtures,

The accelerator pump overcomes this problem by
spraying fuel into the lower half of the carburetor
whenever the accelerator is pushed down. The
accelerator pump system includes the piston type
pump, a pump cylinder, an inlet valve, a discharge
valve, and a pump jet. Can you explain how the
pump operates?

Begin with the piston moving up on the inlet stroke,

52 We have alrea indicated that fuel must be atomized
and vaporized to ignite and burn effectively in an
engine, Can you explain why fuel will not vaporize
in a cold engine?

The choke cuts off most of the alr supply and causes
the fuel/air mixture to be very rich, However, by
the time the fuel/air mixture arrives in the com-
bustion chamber, 1t 1s much leaner. What do you
supgose caused thls leaning out and where did the
fuel go?

Almost all automatic chokes use a bimetal spring
which coils up when warm and uncoils when cold,
This spring pushes on the choke linkage holding the
choke closed when cold and gradually releases this
tension when 1t warms up.
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As the englne is warming up, a vacuum piston com-
bines with an offset choke valve to force the choke
partially open which works against the bimetal spring
trying to keep it closed. Alr heated by the exhaust
manifold 1s drawn up around the blmetal spring and
gagg the piston and flnally Iinto tshe intake mani-

1¢ .

The automatic choke hag almost completely replaced
the manual choke on modern automobiles, Can you
suggest reasons for this other than convenlence?

The automatlie choke requires an unloader linkage
accessory so that the drlver can stop the choke from
overchoking and flooding the englne at times. How
would you expect this unloader to operate?

The fast ldle cam 1s another necessary feature to
increase the engine ldle speed when the choke 1s
being used; otherwise, the engine might stall wilth
the rich mixture at low speed,

Disassembly and Inspectlon of the Rochester BC Carburetor

BC~1

A% this time each student should move over to
the benches., You wlll find a Rochester BC Car-
buretor, a screwdrlver, a parts pan, and a clean
shop towel., Pleage listen to the tape recording
and follow only the instructions given. Do not
work ahead, During certain parts of this lesson,
pletures will be projected on the screen, They
may serve as clues to the answers to certain problem
situations,

Choke Disassembly

1. Ioosen the brass fitting on the choke
vacuum tube., How does the intake manifold vacuum
reach the top end of thls tube?

What is the purpose of this vacuum?

2., Remove the automatle choke cover and gasket.
Place a pencll mark on the plastle choke cover in
line with the tang of the coil, Invert the coll and
hold a lighted match about 2 inches away, What
causes the coll to tighten when heated?

3. Notice the choke baffle plate inside the
choke housing. What is 1lta purpose?

Remove i%.
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4, BHow does the choke piston operate?

Can you see how the choke plston can control
the amount of heated air through the choke co0il?
Cue: Replace the baffle plate and move the choke
open and closed.

5. Notice the gasket which seals the choke
housing to the carburetor. What would the conse-
quences be if 1t leaks?

Air Horn Disassembly

6. Remove the alr horn from the bowl.

T. Remove the float hinge plin, the float

assembly, and the float needle, How would the fuel
level be affected Lf the float pontoons were crushed

to glve a smaller volume?

8. DNotice the tang on the float and the float
needle have curved surfaces, What would be the
effect on fuel level if the surfaces were flat?

9. Can you trace out the internal and external
venting on this carburetor?

10. Remove the float seat and gasket with 1/2
inches blt screwdriver,

1l., Notice the main metering Jjet in the main
well support. Under what conditions would the Jet
size be smaller than normal? Cue: How does eleva-
tion affect the amount of atmospheric pressure?

12, Remove maln well support and gasket,

13. The power piston and spring can now be
removed, If you stretched the spring what effect
would 1t have on the power system? Note: Do
not try to remove or bend the idle tube.

Bowl Disassembly

14, Remove the pump dlscharge gulde. Be care-
ful not to lose the spring and ball when you remove
them after pulling out the guide,

15. Remove the pump 1link,
16. Remove the pump and return spring from the

pump well., Note: Do not remove the choke suctlion
tube from the throttle body.
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17. Remove the throttle body and gasket.

Throttle Body

BC-2

BC-3

BC-4

- 18. Count the number of turns required to
tighten the ldle adjusting screw. Remove the
screw and notice the small hole below the throttle
valve. Can you determine the purpose of the several
gmall holes Jjust above the throttle plate? Cue:
Notice where they lead.

19, At this time let's trace the fuel and alr
flow through entire idle system beginning at the idle
tube in the air horn. Why does the fuel and alr mix-
ture cross the nozzle bar to the opposite side of
the carburetor bore and not drop down through the
high speed nozzle opening? Cue: Under idling con-
ditions with the throttle closeéd how much vacuum
is there at the hlgh speed nozzle opening?

Notlice the two fine holes on the top of the
nozzle bar as you look through the ailr horn. What
is the purpose of these holes?

20. Now let's trace the fuel and air through
the main or high speed system. Replace the main
well support temporarlly in its proper position on
the air horn., How much of this support would be
in the fuel under normal float setting?

The transfer from ldle to high speed 1s con-
trolled by the driver., Can you explaln what takes
place to cause thls transfer?

Notlece the air bleeds in the top of the nozzle
bar, If you enlarged these holes what would the
effect be on englne operation?

21, Inspect the power valve on the lower end
of the main well support. By placing your pencll
tip through the small hole you can push the ball
down. Can you trace the fuel through the power
valve?

Now let's look at the power plston and spring.
Why are the grooves cut on the outside of the power
piston? Cue: There are at least two places where
atmospherlc pressure can push on the power piston.
Can you locate these places? (Cue: Another reason
for the grooves has to do with reducing of binding
and friction on walls where the power plston rides.
Can you determine how grooves wlll help these two
problems?
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Suppose the power piston spring were shortened,
How do you think this condition would affect the
power valve operation?

- You may now assemble the power plston, spring,
and main well support to the air horn.

22, Replace the needle, gasket and seat, float,
and hinge pin to the alr horn,

23. Replace the choke baffle plate. Replace
the thermostat coll assembly and gasket. How can
you be sure the thermostatlic spring is hooked to
the tang and the choke valve shaft? Cue: Under
room temperature is the choke plate held closed or
open?

How can binding of the choke assembly be
checked?

Set the choke tension at normal and lock the
three screws which hold the thermostat cover.

24, PFloat adjustment should be made at this
time, With the air horn inverted, place the float
gauge into positlion and bend the float tang so that
the top of the float just touches the gauge. Check
to see that the sides of the float do not touch the
gauge legs, Next turn the air horn in the upright
position and check the amount of float drop.

25. With the bowl inverted, place the throttle
body gasket into position and attach the throttle
body., HNote: Be sure the gasket holes are lined cor=~
rectly. Can you think of any method by which you
can test the alignment of this gasket?

26, Before assembling the accelerator pump
system let's trace the fuel flow,

In the basic lesson, remember the pump had an
inlet valve and a discharge valve., Can you find
the inlet valve in this carburetor? Cue: Notice
the fuel in the bowl would be higher than the pump
well., Does this suggest why an inlet ball check ls
noet required?

Can you point out where the pump discharges
the fuel into the venturi? Most carburetors
have some method of prolonging the fuel dlscharge
over a longer perlod of time than the pump movement.
Can you determine how the prclonged discharge is
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handled on this carburetor? (Cue: Notice the slot

in the upper end of the pump shaft. Reassemble the
pump system and ralse your hand when you have com-

pletely assembled and replaced the pump clrcuit.

4 27. 1Install the alr horn to the throttle body
and connect the choke rod and choke suction tube.

28. With the choke closed, would you expebt to
see the ldle speed adjusting screw on the high step
or on the low step of the fast idle cam?

On what step of the fast idle cam is the idle
speed adjusting screw on your carburetor?

Is the throttle valve slightly open?

- Now push the choke valve open with your finger.
Did the throttle valve close?

With the choke plate still half open, observe
what step the 1dle speed adjusting screw 1s setting.
How can the fast 1ldle setting be adjusted?

29. Notice when the throttle is opened wide
a tang on the throttle lever contacts the fast ildle
cam and pushes the choke partially open., Thlsis
called the unloader, Can you determine the purpose
‘gf thedunloader and under what conditions 1t would
e used?

This completes the lesson on the BC Carburetor., End of
seeond hour.
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Initial learning
Test #1

Fundamentals QQVCérburetion

Directions: ‘One of the answers listed below each question

or Incomplete statement 1s correct. Select the answer you
belleve to be correct and clrcle 1ts identifying letter on
the answer sheet,

1.

Se

The

low speed circuit in the downdraft carburetor

delivers fuel:

a.
b,
c.
d.

The

below the throttle valve,
at bottom of venturi.

at top of venturi.

at center of venturi.

high speed cilrcuit in the downdraft carburetor

delivers fuel:

a.
b.
c.
d.

below the throttle valve,

above the venturl system.

to the venturl system.,

to the accelerating pump c¢ircuit,

purpose of the accelerator pump 1s to:

retain the proper level in the carburetor fuel bowl.
keep the high speed circult amply supplied.
counteract too much fuel pump pressure,

furnish additional fuel for quick plck-up.

purpose of an alr vent in a carburetor is to:
prevent low pressure area,

eliminate fuel locks.

1imit the flow of fuel.

increase vacuum capaclty.

purpose of a choke elrcuit in the carburetor 1s to:
restrict the amount of fuel flowing In all cirecuits.
increase the alr veloeclty in the venturl.

ald in the warming-up perlod of an engine.

enrich the fuel mixture when starting an engine,

purpose of the alr bleeds in a carburetor 1s to:
ald in the atomlizing of fuel.

create high pressure areas,

prevent low pressure areas,

create atmospheric pressure,
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The basic function of a carburetor is to:

a, atomize the fuel by varylng the alr speeds.

b. meter the alr and fuel in varyling percentages,
e. vaporize the fuel by means of heat.

d. force air and fuel into engline cylinders.

The three methods used to vaporize fuel are:
a. Bpray, vacuum, combustion.

b. vacuum, combustion, compression.

¢c. 8spray, vacuum, heat. ‘

d. heat, compression, combustlion.

The fuel mixture in carburetors is enriched at high
speeds by the:

a, accelerator pump.

b. power Jet or metering rod.

¢c. c¢change in float levels,

d. alr veloclty in the venturi.

The accelerating pump iln a carburetor is controlled by
the: :

a, amount of vacuum in the venturl,

b. automatic spring tension on the metering rod.

¢. low pressure area in carburetor throat.

d., throttle linkage or vacuum loss in manifold.

Alr vents as applied to carburetors must be:

a. 1large enough to elimlnate a low pressure area.
b. drilled to a definite size.

c. small enough to create vacuum,

d. 1large enough to allow fuel flow.

A venturl 1s used In a carburetor to:
a, offer less restrictlon to the air,
b. offer more restriction and more velocity.
¢. offer more restrliction and less velocity.
d. Dbalance pressure and veloclty. '

The point of the lowest pressure in the venturi is at
the:

a. B8mallest point.

b. largest part.

c. %top end.

d. lower end.

The starting mixture of the englne 1ls semi-automatically
controlled by the:

a. ldle adjustment screw.

b. choke plate,

c. poppet valve.

d. 1idle discharge port,
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The purpose of the secondary or boost venturi is to:
&, change the RPM by increasing the alr pressure,

b. increase pressure and decrease velocity.

¢, lower the cut-in speed of the high speed clrcult,
d. ralse the cut-in speed of the high speed clrcult,

A "loaded" float condition in the carburetor will causes
a. a lean fuel mixture.
b. a rich or flooding condition,
¢. hneedle valve t¢ remain closed,
d. 1lncreased fuel pump pressure,

Volatility of a fuel is:
a. abllity of fuel to vaporize.

-b. octane rating of fuel,

¢, volume of fuel used,
d. pressure of fuel.

A lean ruel mixture will cause the engine to:
a. rTun normal,

b. run at high RPM.

¢, overheat,

4. operate too cold,

When alr pressure 1s reduced in a cylinder by the action
of the piston the area In the cylinder is known as:

a, hlgh pressure area or vacuum,

b. low pressure ares or compression.

¢. low pressure area or vacuum,

d. egualized pressure or balance,

A hot spot in the intake manifcld 1is to:

a., regulate the temperature of the manifold.
b. aid in the vaporisation of fuels by heat,
¢. elimlnate heat expansion,

d. preheat the air entering the carburetor,

Crank case dilution is caused by:
a, a lean mixture,

b. low compression,

¢, vaporized fuel.

d., unvaporized fuel.

The float clrcult maintains the correct level In the
fuel bowl and suppllies fuel to:
a. the high speed c¢ircult only,
h. the low speed clrcuit only.
¢. 8ll the circuits,
d. accelerating pump circult only.
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The purpose of a choke circuit in the carburetor is to:
a. restrict the amount of fuel flowing in all circults,
b, Iincrease the alr veloclty in the venturl,

¢, ald in the warming~-up period of an engine,

d. enrich the fuel mixture when starting an engine.

The fuel mixture in carburetors is enriched at high
speeds by the:

8, accelerator pump,

b, change in float 1evela.

¢. power Jet or metering rod.

d., air velocity ln the venturl,

Vapor locks in fuel is caused by:
a., atomization of fuel.

b. fuel pressure too high, _
¢, excesslve heat in fuel lines,
d. failure of fuel pump.

Vaporizatlon of fuel:

a, causes a drop in surrounding area temperature,
b. has no influence upon temperatures,

¢, generates heat for the surrounding area.

Gasciine has a speciflc gravity of approximately:
a, 3.6,

be 0.7,
L U R
d‘ 00 20

Awmospheric pressure at sea level of 14,7 P.5,I. will
suppert 8 column of mercury approximatelys

a. 21 inches high,

b. T inches high.

c. 29.92 inches high,

d., 34.14 inches high.

As the velocity of air increases through a carburetor
venturl the pressures

a, increases,

b. remains the same.

¢, reduces,

Breaking up of fuel into small particles of 1Lqu1d is
called‘
« YVaporizatlon,
b. atomization,
¢, evaporization.
d. boiling.
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Heated air:

a, expands and becomes heavier,
b. expands and becomes lighter.
¢. contracts and becomes heavier,
d, does not change,

Volumetric efficliency of an engine 1s increased by:

a., moisture,
b. 1inertia.
¢. heat,
d. speed.

The automatic choke uses manifold vacuum:
a, to close the choke valve,

b. toopen the choke valve,

¢, has no control of the choke valve.

The thermostatlic spring on the automatic choke tends
to:

a. open the choke valve when engine is cold.

b. c¢lose the choke valve when englne is cold.

¢. open the choke valve when engine is hot,

The purpose of the unloader on the carburetor is to:
a, open the choke when the engine floods.

b. enrich the air/fuel mixture.

¢. Iincrease the idle speed when the engine is cold.

When the carburetor is used at high altitudes the air/
fuel ratlio tends to:

a. decrease,.

b, s8tay the same,

¢. 1increase,

Engine torque drops off at high speed because the:
a., fuel/air ratio gets richer,
b. fuel/air ratio gets leaner.

¢. englne breathes better.

d. volumetric efficiency 1is lower.

Lean fuel/air mixtures burn more slowly than rich

fuel/air ratios because:

a, of the lack of oxygen.

b. the molecules of fuel are farther apart in lean
mixtures,

¢. the fuel does not vaporize as easily in lean
mixtures,
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The fuel/air mixture must be comglete burned by the

time the crankshaft moves from 10 to 18 degrees past

top dead center because the:

a. increase in volume in the cylinder multiplies the
increasing pressure,

b. pgah on the piston must be a swift hammer like
blow.

¢c. exhaust valve opens and you lose the pressure.

Intake manifold size must be a compromise between:
a, a large bore allows for high velocity of mixture
flow and a small bore allows for low velocity

flow.
b. @a large bore size to allow high speed breathing
and a small bore slze necessary for smooth idle.
c. a large bore to get ram effect to the mixture
flow and a small bore to reduce this effort.

Ahmarcury manometer will register 30 inches high when
the:

a, atmospheric pressure is 14,7 P.S.I.

b. gauge pressure reads O P.S.I.

¢. absolute pressure reads 0 P.S,I,

Internal venting when used alone will almost completely

+ compensate for alr cleaner restriction. One main dis-

advantage to internal venting is:

a, the possibility of causing a rough i1dling engine
at low speed.

b. the possibllity of reducing the top output speed
of the engine,

¢. the possibility of causing rich mixtures when the
alr cleaner is dirty.

In addition to allowing air to mix with the fuel the

purpcse of the idle air bleeds at the top end of the

idle circuit is to:

a, control the maximum amount of fuel passing through
the idle system,

b, enrich the ldle mixture,

¢c. prevent siphoning of fuel from the bowl when the
engline is stopped.

If the float level is high the following systems will
be affected by:

a. rich high speed and low speed.

b. lean high speed, accelerator pump and idle speed,
c. lean idle and high speed.

If the power piston spring were stretched longer the
power valve would open:

a, at a higher engine load.

b. at a lower engine load.

¢c. at the same load as before,
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The centrifugal weights advance mechanism varies the
spark according to:

a, engine load.,

b. spark knoeck,

¢, englne speed,

Ignition advance should be varied with engine load:

a. inversely.
b, directly,

To time an engine accurately, the distributor should be
set 20 that the ignition spark occurs when the plston
15 near the:

top of the exhaust stroke,
bm bottom of the intake stroke.
¢, top of the compression stroke,
d. bottom of the power stroke,

The spark is automatically advanced as the speed of the
engine increases by the:
a, centrifugal advance governor.
h. manual spark control,
c. bdreaker point spring tenslon.
d, vacuum,

The purpose of the ignition contaet points in the dis-
tributor is to:

a. complete and interrupt the primary circuit,

b. complete the secondary circuit.

¢, ‘btake the place cf the 1gnition switch.
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TRANSFER {OF LEARNING - TEST - 2

Directiong: One of the answers 1isted below each guestion or
incomplete statement 1s the most correct answer., Selact the
answer you believe to he most corrvect ani circle its identi-
fying letter on the answer sheet, Be sure to use the correct
figure or diagram indicated in the questions.
1 An engines maximum powsr and speed have a liwit because

A. of lack of time to fill the cylindsr.

B. the air/fuel ratio gets %too rich.

C. the aLr/Iuei ratio gets too lean.

D. ignition of the air/fuel ratic mixture is slower,
2. A necsssary change in auvtomotive carburetors which are

used at high altitudes continuocusly is to:

A, reduce the glze of the main speed jet in the carburet

B. increase the size of the main speed Jjet.

C. 1increase the idle mixture amount.

D. lower the float setting.
3. neE Supb

‘ue amou

éa as v

B. the

mixtures fasg
C, the resaure i rence is 15
pharic and ins de the oylindsr.

B, none of ‘hﬁ above answers are correct
4, If she supercharger in fig. 1 wer

carburetor instead of where it is

O,
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G, rlnher M&xtﬂres,
D. none of thes above ansi

Irrigation

Ditch

Fig, 2 - A siphon in operation
How do we get the water in Filg., 2 starved to run in the hose?
A, It will start by itself.
B. 1% creates a vasuum at the outlet end of the siphon,
C. I% oreates a vacuum at the inlet snd of the siphon,
P. 1%t creates a pressure on the outlet end of ths siphon,

The water will continue %o runm through the sighon tube

once it has startsd becauses

A. of gravity.

B, friction inside the tube becomes less,

C. water movimg out of the tube combinually creates a

Va SUUM,

D. o©of the welight of the waisr

. Aalir.

compared t@ the weight of

On a high performance four-ztroks interrmal combustion
engine, the intake and exhaust strokes will require almost
600 degrees of crankshaft rotation out of the 720 degrses
because:

As asg air veloclty imcreasss friction is reduced,

B. friction causes air/fusli mixgyaes and exhaust gases
to slow Gown,

C. of exhaust back pressures.

D. the intake ga%es iack inertis,.

Plg. 3 - A radiator
pressure cap
in operation.

— Stheam

—Water
Watar (boils) eharqeq from a iiguid %o a gas at 212 degress
fahrenheit {at sea level). With a pressure cap as shown
in Fig. 3, the boiling point can be ralsed. This princi-
ple could be applied in the fuesl system to prevent:

A, fuel surging.,

Bs vapor lock.

C. atomization of fuel,
D. oxidation of fuel,
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9, If boiling points can be increased by pressurizing as
shown in Pig, 3, ther boiling voints can be reduced by
lowering pressures, This prineciple is used to an
advantages in the:

A, veanturi of the carburetor,
B, float bowi, '

C., acgeelsrator pump well,

D, fusel pump outlet sideo

1¢. The principle stated im {question 10) that boiling poinss
can be lowsred by lowering pressure, will also _operate to
a disadvantage im the fuel sysitem and is %he reason for:s
&, persoliation. ,

B, vapor locks,

C. pressurized arsas,

D, rich mixtures,

i, If an autcmatic choke over-chokes thz engine whether it
is cold or warm and there 1s no evidence of a binding
choke shaft or tbat the choke setting is too rich, a
possibie cause is
A. the heat tube is biocked,
B. +the unloader linkage is too long,
C. the choke piston is gummed up or filled with carbon,
D, none of the above answers are correct

e S —

—_—
-—*«_’-__’ 0 —— ——

Fig, 4 - Cross section view of an airplane wing,

12, Why an airplape flies, If the ailrplane wing in Fig. 4 is
moving through the alr very fast, a comparison of fhe
relative pressures on the top and on the bottom of the
wing would bes

L, low pressure on top and high pressure on the potitom,
B. hkigh pressure on top and low pressure on the bottom,
C. no pressure difference baiween top and boititom,

13, ~In Pig. 4, what effect would roughness on the wing sur-

face have on the alr flow around the wing?

A, Thers would be an increase in the speed of air over
the wing surfaces,

B. There would be no effect,

C. The lifting ablility would be reduced dus to Turbulence,

B, There would be an increase in pressure difference
betwesn the two sides.

14, If the initial ignition timing is advanced, the distributor
body is always turned:

A, wlth rotation of the bresker cam.

» Opposite rotation of the breaker cam.,

o clockwise,

- -counter-glockwise,

' R ns]
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i6.

In Fig, 5 the liquld moves up the tube (A) and out the top

becauses

A. the pump piston compressses the alr in the can whilch
forces the liquid up the tube.

B, a vacuum is created at the upper end of the liguid
tube and aitmospheric pressure forces the liguid up,

Cs %the high velocity air coming out of the air hole
creates a pressure in the liguid tube.

D. %the pump piston creates a vacuum within fthe can.

if the air hole {B) in the pump part of Fig. 5 were made

larger, the effect on the sprayer would be to:

A, make a finer mist of the liguid particles.

B anrnasa the wvacuum in the liguid tube Whl@h would

use more liguid %o flow,

Ca rﬁduce the pressure difference which would allow
less liguid to flow,

D. have no effect,

Note: The function or action of parts in the hand sprayer in
Pig. 5 can be related teo certain similar functions or
action of parts in the carburetor. In gquesticns 16, 17,
and 18 select the one best relationship in each question.

Hand sprayer Carburetor
Liguid tube {(A) —--m—mmmmaea—- High spesd nozzle
Air hole (B) --~—-momw i e ¥Main jet
Vent hoie in the can -----=-== Main jet
Hand pump SEroKe ———rmmmm———— - Aceelerator pump stroke
Vacuum at air hole (B =-—===- Intake manifold vacuum
Velocity at air hole {B] —ew=- Valocity at small part
of wenburi,
Air hole size {B) - Main jet sizs
Spray from air hole {B)} ———-— Fusl ialr mizhure enter-

3 n aﬂg lrm.m
Vent hole in spray can —---—-- Idies air bleeds
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Fig. 6 - Two speed boats running at the same speed
very close together.

How will the speed boats in Fig. 6 affect each other?

A. They will have no significant effect on each other,

B. They would have a tendency to collide because of
lessened pressure between them.

C. They would have a tendency to move away from each
other because of increased pressure between them,

D. They would tend to hold their course with greater
steering ease,

Control valve
o v ~——vacuum line to intake manifold

(]

Master
< cylinder

x 1l J

Y Piston or diaphram

Cf;rake line

Fig. 7 - Schematic view of a power brake, The control
valve can apply either vacuum or atmospheric
pressure to (y) side.

The power brake unit in Fig. 7 has 12 inches of vacuum
on (y) side and atmospheric pressure on side (X). What
is the approximate pressure differential betwsen the
two sides at sea level?

. 5.7 pounds per square inch,

. .0 pounds per square inch,

. .7 pounds per square inch,

. 6.3 pounds per square inch,

Do e
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In the power brake unit in Fig. 7, 1f the area of the
diaphram is 20 square inches, how much would it assist
in pushing the brake down? (Use the same pressure
differential as in problem 21).

A. 174 pounds of force,

B. 138 pounds of force.

C. 72 pounds of force,

D. 114 pounds of force.

The following groups of carburetor troubles which are

most likely to cause carburetor flooding are when the:

. choke is set too rich and the power piston is too weak.

. float is set too high and fuel pump pressure is too high.

. choke piston is gummed up and the float setting too low.

. heedle and seat are damaged and accelerator pump outlet
valve is blocked open.

ogaow >

«—Main line oil pressure - 120 P.S.I.

::Spool valve

=

Spring
pressure
g

 —
B _
Governor oil pressure
Spring) ” varies with car
To clutch speed O P.S.I. to

lm P.S-I.

Fig. 8 - This is a spool valve in an automatic trans-
mission. When the governor oll pressure gets
high enough in pounds per square inch, it will
overcome the spring pressure pushing the spool
valve to the right. The spool valve will move,
compressing the spring and opening the main
line oil pressure to the clutch.

If the end of the spool valve open to governor pressure
is one-half square inches in area, how high will the
governor pressure be required to go if the spring pushes
with 10 pounds of force against the other end?

A. 5 pounds per square inch.

B. 20 pounds per square inch,

C. 10 pounds per square inch,

D. 15 pounds per square inch,
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Wiper blade
movemens

Movable
partition leak-
proof from
either side,

Fig, 9 - Vacuum operated windshield wiper motor,

In this windshield wiper shown in Fig. 9, the intake
manifold vacuum 1s on the:

A, (&) side

B. (B) side

C, neither side

D, both sides

o ©

26, If the wiper in Fig., 9 were on an automobile being operated
at sea level, side (B) would have approximately:
A, 13 pounds per square ineh of alr pressure,
B, 14.7 pounds per square inch of air pressure,

C. 9 pounds per sguare inchn of alr pressure,
D. 18 pounds per square inch of air pressure,

27. If the carburetor float were dented in on the sgide or end,
the effect would be tos
A, enrich the high speed air/fuel ratio,
B. lean out the high speed airx/fuel ratio,
C. to have no effect on the ai?/@u ratio,

D, cause the ficat to float higher in the liguid,

28, If the power piston spring on the scarburetor was accidently
stretched longer, the powsr valvse woulds ’ '
A, open with less acecelsrator pedal depression.
B, open wiih more accelsrator pedal depression,
C. have no effect,
D. never open at any speed.
29, The fuelfair ratio mixture must be completely burned by
the time the crankshaft moves 10 to 18 degrees past top

dead center begause the:

A, push or the piston must be g swift hammerlike bl@w,

B, exhaust valve opers and the c¢ylinder pressure is lost,

C. increase in volume in the cyiinder, nuiliifies the
increasing pressure,

D, gasoline engine is a constant pressure engine,
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Fig. 10 - Gear type hydraulic
pum

(HY)
s

30, The gea in Fig, 10 has a larger inlet opsning (A}
than th et opening (B} because the:
A, prs differential available at point (A} is
gre shan at (B),
B, gal er minute nesds are more at (A} than at (B).
C. pressure diffsrence avallable at point (A) is lass
than at point (B).
D. fristion at {B) is less than at (A),
o The pressure could be increasged in the outlet lines on
the gear pump in Fig, 10 by
A, saspesding up the pump.
B, restricting the outlst line,
C. pressurizing the tank above atmospheric,
D. increasing the sizs of the outlet line,

32. side of the eircult breaker in Fig. 11l which has
) ‘ high axpansion i etal ise

Mwnev side,
the hottom side.
the top side.

both sides.
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Atmospheric pressure

Intake manifold

o 12 = The U-tube manometer is connected
to the intaks manifold of an
internal combustion engine which
is not running.

If the engine were idling, the mercury in the U-tube
would be approximately like:

o (s U

34, If the engine were running with open throttle under full
load, the U-tube manometer would be approximately like:

A

35. If the engine is in good condition and it is operating
with a2 fully open throttle, what will the U-tube
manometer look like just after the operator suddenly
closes the throttle?

A
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I ignition timing is advanced too far for the typs of

fuel (octane rating) used in an engine, uncontroliled

burning takes place. in the combustlion chamber. The two

most characteristic effects of this uncontrollsd

burning ares

A, high temperatures and an increase im push onm the
crankshaft throw,

B. high pressures and temperabures and a decrease In
torgue on the cramkshaft throw.

C. high temperabtures and pressures and high power output.

D. mnome of the =ffects above,

If fuel burns in the combustion chamber too slowly, it

will ecause:

A, detormation and bearing failures.

B. high heat and pressure.

€. the pressure on the pistom to bz lost because the
volume above the plston increases as the piston
moves AowWn.

D, decreased enginme temperature and a loss in power.

If the diameter of the pistom is & inches and the
maximum pressure in the cylinder is 600 poumnds per sguare
inch, what is the total forge om top of the pistom?

(Areaz of a sirele = 7854 B% or ] R=)

A, 3860 pounds.

B. 8220 pounds.

C. T5UC pounds.,

D. 5152 pounds.

An idiing emngine reguires a rich mixture of fuel and

air becauses

A, the rich mixbtures burn faster and give a guicker

' push on the pistom to keep the engime rumming af
slow speed,

B. the mizxbture 18 movimg so slowly in the manifold at
idle that the heavier fuel molecules drop out of the
mizture before it reaches the combustion chamber,

Co. the idle system cammot be adjusted leaner at low
speed, however, rich mixtures are not reguirad,

b. the above answers are all incorrect.

If the idle air blsed was blocked with dirt, the result

would tend to:

. enrich the idle mixture and cause siphoming of fuel
from the bowl when the emgime is stopped.

B. lean out the idle mixture and cause a rough running
engine at idle speed.

C. raise the idle to khigh specd arnd increase economy.

D, irdizcate that the above amswers are all incorrect,
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Matching questions: Each of the following questions are
problems which are located in one of the particular carburetor
eircuits from the list below., You are to select the one cir-
cuit in which you would look for the problem, Identify each
circuit by the letter in front of if%,

Problems Carburetor Circuits
41, A bad "flat spot®™ as the A, Idle eircuilt
automobils moves from
idie to high speed, B, Higk speed circuit
42, No powsr at top spssd. C. Choke cirecuit

43, Engine will not run unless D, Accelsrator circuit
the accelerator is depressed

part way down, E. Float circult
ki, PFuel mixture is %oo rich ¥, High speed or power

at all speeds. cireuit,
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A COMPARISON BETWEEN THE ORIGINAL ANALYSIS OF VARIANCE OF INITIAL

LEARNING TEST SCORES AND THE ADJUSTED SCORES FOLLOWING

A TEST FOR DISPROPORTIONALITY

Unadjusted Adjusted Degree F- Fe

Source of | Unadjusted Adjusted
Variation Sum Squares Sum Squares Varlance Variance Freedom Value Value
Between (X) 1911 1745 955.50 872.50 2 26,90% 24, 55#%
Levels = ; .
Between (A) 1821 1655 210,50 827.50 2 25,70% 23,30%
Treatments - )
X x A 53 219 13,30 54.80 4 .37 1.65
Within 6181 35.50 35.50 173

181

Total 9966

902
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PERSONAL DATA QUESTIONNAIRE

Name in full ‘ , , Age

grade in school

List the courses you have taken in Industrial Arts below:

1.

5.

List any specialized sutomotive instruction other than high
schoel courses. Include the name of the courses and the
approximate length of time in hours,

1. — . — ... Hours

2. _ . e _ Hours

List the Job Titles and the approximate months of work experi-
ence which can be related to the automotTVe Ileld,

) _ , , , Mcnths
2. — - 7 ‘ oo Months
3. , ; — Months

List father's main occupation below:

List mother's main occupation below:




VITA
William Ernest Luck
Candldate for the Degree of
Doctor of Education

Thesis: AN EXPERIMENTAL COMPARISON OF DIRECT-AND-DETAILED
AND DIRECTED-DISCOVERY METHOD OF TEACHING SELECTED

AUTOMOTIVE TOPICS TO SENIOR HIGH SCHOOL INDUSTRIAL
ARTS STUDENTS

Major Fileld: Higher Education
Biographical:

Personal Data: Born at Rhame, North Dakota, April 15,
1917, the son of William F., and Mary Luck.

Educatlon: Attended grade school in Rhinelander,
Wisconsin; graduated from Rhinelander High School
in 1935; received the Bachelor of Science degree
from Stout State University, Menomonie, Wisconsin,
with a major in Industrial Education, in June,
1948; received the Master of Sclence degree from
Stout State University, with a major in Indus-
trial Education, in August, 1954; completed the
requirements for a Doctor of Education degree
in May, 1966.

Professional experience: Entered the teaching profes-
sion as an industrial education teacher in the
Richland, Washington Public Schools in 1948 and
remained in this position for five years.
Accepted the position as Head of Mechanical
Technology (a two-year engineering technical
program) at Oklahoma State University in 1953
and remained at this position until 1962, Since
1962 has been a professor in the Industrial Arts
and Technology Department at the State College
of Iowa.



