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CHAPTER I
INTRODUCTION

The basic problem of this experiment is to study the

effect of the transfer of training in teaching & ninth-grade
algebrea group.

The purpose is three-folds first, to review outstanding
opinions of psychologlsts on the exlstence and nature of transe
fer; secondly, to give brief summerles of experimental studles
mede on trensfer particularly as these are related to school sube
Jecte; and thirdly, to conduct an experiment similar to recent
studles in which an attempt will be mads to mezsure the extent of
the transfer of training, positive, negative, or zero in signed
nunbers in algebra.

Iransfer has been defined as a function of relations
between antecedent or already leszrned activitles end subsequent
activitles in process of being practiced, The present thesis
proposes to evaluate thls hypothesis by testing equated groups
which have been taught sddition and subtrsction of signed nume
bers, Initial end finsl scores obtained from experimental and
control groups will be used as data, These scores, by careful
recording of data, should show aignificant differences, or they
1
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will show negetive results. The scores will be secured from in-
1t1al and final tests given to the entire group.

The testing of this hypothesis is of speclal interest
vwhen used for educetlonel purposes, Through a2 better understande
ing of thls problem, greater possibllitles exist for improving
ebilities to lesrn, to profit by reading, to memorize and to
solve problems, all of which are accomplished by definite ine
struction in effective technique, The problem of transfer is
fundementally one of good teaching. anorder to achieve transe
for, method 1s a vital factor, for the law of compensation operw
ates in the realm of the mind as well as elsewhere, Since method
is of vital importance, and transfer is the result of proper
method, it 1s & "must" in the teacher's life in the classroom.
Today succees depends more on the veried methods than on simple
drill,

In this experiment two classes of & ninth-grede algebra
group, in a lerge high school in Chlecago, will be equated and
pleced 1n an experimentel and e control group, respectively.

The equeting will be done from their elghth grade intelligence
test scores (the Kuhlmenn Anderson or other standerd test), and
the high school Otis Gemma Test., After the signed numbers have
been taught, the experimental group, but not the control group,
will be given practice on algebralc multiplication and division,
after which final tests will be glven to both groups in algebralc




addition and -subtraction.

The initisl test is made for the purpose of obteining a
meesure of the subject's pre-training performance in edditlion and
subtraction of signed numbers from which transfer will be meas-
ured.

The second or final tqah will be given for the purpose
of dlscovering whether transfer took place. The emount and slgn
of transfer will be determined by subtracting the score of the
eontrol group in test two from the corresponding score of the
experimental group. If the difference is positive snd signifie
cant, positive transfer hes taken place; 1f negative and signie
ficant, then negative trensfer has taken place, Zero or ine %
determinate trensfer tekes place when treining in one actlivity
has no observed influence on the acquisition of the other, ;

In this study the factor of importance will be the re-
test scores, taken after the experimentel group hes a practida
period in learning multiplication and division of slgned numbers,
which was to have improved the experimental groups' skill in
eddition and subtraction of signed numbers. The control group
will not hsve & practice period but will be obliged to teke the
re~test which the experimentzl group tekes. Use of the control
group permits us to know the practice effect from the first test
and the leaves any dilfference between the groups on test two

ascribable to trensfer. Beceause of the method of thls experiment




the informetton secured will be quantitive.

This experiment will be limited in the number of sube
jects avellable, as the experimenter can drew only from the
pupils of the classes. However, there seems to be a wide variety
of learning &bility in both these classes. Though every effort
will be made to meke this a worth-while contribution, flaws mey
appeer in the technlque. However, that the results will have
some velue In research or may encourage meny others to continue
_jto work in the study of transfer, is esrnestly hoped.

The next chapter, will give & detailed account of some
of the literature written on this type of experiment, the reading

of which led to conclusions given subsequently.




CHAPTER II
REVIEW OF LITERATURE

"Formal discipline” or treansfer of trelining, as we

call it today, has been & problem throughout educationel hlstory.
Its modern form dates back to John Locke (1623.1704). Thus,

in his "Conduct of the Understending" we find the following
passeges

Would you have a man resson well, you must use him to it
betimes; exeroise his mind in observing the connections of
ideas and following them in trein, Nothing does thls better
than mathematics, which therefore should be taught to sll
those who have the time and opportunity, not so much to meke
then mathematicians as to make them reessonable creatures.

« o + DNot thaet I think it necessary that all should be deep
mathematiclans but that, having got the way of reasoning,
which thet study brings the mind to, they maey be able to
transferlit to other parts of knowledge as they have ocCe
cassoln,

The literature discussing and oriticizing the doctrine
of trensfer of training has become so extenslive that it could not
be zdequately reviewed in a work of this kind. Most of the data
can bes clessified under two heads: (1) general discussions

mainly deductive; and (2) inductive investigetions. In the

1 willlam Cerl Ruediger, The Princioles of Educaotion,
Boston, 1910, T7«78.

5




6
peginning the» question of the transfer of treining deslt with
Eaneral ergunentative discussions based on common experience and
deductions from psychological princliples, but in recent years
there has been & trend toward cereful inductive lnvestigation
pased on experiments.2

Although to Dr, Ellsworth Brown, U, 8, Commiesioner,
who published a paper "How Is Formel Discipline Possible?" in
1893 goes the credit of belng the first in Amerioca, he did not
draw the attention of American educetors as did Hinsdele when he
wrote on "The Dogma of Formael Discipline." He says:

The power or skill engendered by driving nails can all be
uged in driving nelils but only partly in shoving a plane.

» » » The law appears to be this: in so fer as 2 second
exertion involves the same muscles and nerves as the first,
end partiocularly in so far as it cslls for the seme cow
ordination of muscles and nerves, the power created by the
firast exertlon will be avallable. In other words the re«
sults are aegarminsd by the congruity or incongruity of the
two efforts,. ' ,

As e result of the use of the vast eamount of litera=-
ture in this fleld the question has been attacked sclentifically,
8o that we now have objective laboratory datz lnstead of unsupw
ported opiniona.

The early disclplinists supposed that a faculty or

power is developed llke s muscle by exercise on one sort of

2 MQ ' 95"”96 »
3 Zblds, 99.
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materiel to prepere it for any use, In its educational applice-
tion the theory holds that memory trained in learning poetry or
yocabularies, will be better able to handle law cases or the
detalls of & business, and that reasoning power exercised in
geometry, will prepare the memory to hendle sclentifie or soclal
problems. It is belleved that yhs tranafer of principle, of
skill, or any aschievement does not occur as & metter of course in
a novel situstlon.

Transfer effects are uncertain in two wayss (1) the
new situction mey not look like the old one and may not seem like
the previously acguired principle or habit; (2) even when the old
habit or knowledge is revived 1t may not be perfectly sulted to
the new situstion and may do more harm then good. In other words
transfer may not occur or if it does 1t may produce & negative
transrer.“

Two opposite views were held. One view 1s that all
leerning is generel in its effects. According to this teaching
the mind 1s treined by exercise as 1s the body. The claim was
often made thet the study of Latin is good discipline, that
nature study cultivates powers of observation, and that geometry
develops reasoning ablility. The ides in each case is that the
effects of leerning are not limited to & partiocular study but

4 Robvert S, Woodworth, Experimentel Psychology, New
YOf‘k. 1938p 206‘




are general,”

The other vlew holds that all learning 1s specific in
1¢ts results, that 1t is confined in its effects to & particular
kind of sltuation in which it is learned, The study of Latin,
according to this theory will train the mind for things other
then lLetin only in so far es Latin is related to these other
things, as for example, English; and the training of observation
in nature study will lncrease eapécity for natural objects dbut
not for other things as people's faces or pictures., Agein, a
person who 1is trained mathematlically by the study of geometry to
reason methematically would not be sble to resson in msatters of
politios.s

The errival of the soe-called measurement movenent
greeatly stimulated interest in the problem of transfer, However,
measursnment as 1t ap;lies to human beinga, is not as simple as
measurement in other fields. For a time 1t looked as if all
belief in general discipline hed to be abandoned, and that only
specific tralning resulted from any other type of training.

Prior to 1890 no experimental studies were made on
transfer, Many of the early experimenters were not too successw
ful in the smounts of transfer they received because of the ob=

vious imperfections in the technique adopted, &nd thus thelr

5 Edward Herbert Cemeron, Educetional Paycholory,
New York, 1927, 278-279.




results were“non~conclusive, The concluslons drawn by these

eerly experimenters aroused considercble dlssent at the time:
Improvement in any single mental function need not lmprove
the ability in functions commonly celled by the same name.
It mey injure it. Improvement in any single mental function
rarely brings esbout egual improvement in eny other function,
no matter how eimilar, for the working of every mental
function-group is conditioned by the nature of the data
in each particular cases « « » There 18 no inner necessity
for improvement of one function to improve other closely
gimilar to it, due to & subtle transfer of practlice effect,
Improvement in them seems due to definlite fectors, the
operation of which the training mey or may not secure .o

In this experimentsl periocd & few words might be said
ebout the methods, materials, and subjects used in each period
of investigation, This perlod extends slso to the more recent
; experiments of today.

With regerd to methods, it is possible to distinguish
(2) the indlviduel method, () the one group method, (c) the
two-group method, &nd (d) the three-group method.’

() The individuzl method of experimenting was done by
one person who measuread his ability in some specified activity,
and trained himself for some time in some related activity. He
then measured once more his abllity in the speclifled activity

with the intention of discovering, to what extent, 1f any, the

prow—

6 VWoodworth, Experimentel Psychology, 19#-195‘

7 LM&M&M!&.{&M of the Nationsl Sogie
Tﬁ% the Study of Lducation, 1928, Bloomington, Illinols, 183%-
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period of training hsd effected hls performsnce in the specified
sctivity. In his early study of the transfer of treining in the
memory fleld Jemes 1llustrated this method, The defense of thils
method was weak.

(b) The one group method differs from the individusl
method primerily in merely incressing the number of subjects.
This method was demonstrated by the early experiments of
Thorndike and Woodworth in which groups of subjects practiced
estimating areas of triangles until a merked improvement was
stteineds The group then estimeted eress of the same size but of
different shape and eress of the same shape but of different
slze. By use of this method individuel irregulesrities in the
effect of training were more or less eliminated or compensated.
This method did not prove successful becaure there was no way to
determine accurately how much is due to real transfer effect on
the one hand, and to the lmprovement within the series itself,
on the other. ‘

{(c) The two-group method has been generally employed
in all the more recent experiments. In principle the methocd 1s
this: the subjects ere divided on some desired basls, such as
age, general intelligence or previocus training, into two egquives
lent groups, one of which 1s known as the "experimentsl" group
and the other as the "control group."” Both groups take the pre;

liminary or initisl test and the finel test series; but only the
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first group toakes the intermedlate training series. If the
divislon of groups 1s carefully done, the dlfference between the
performance of the trained group and the control group in the
£inal test mey be expected to indlicste the amount of transfer
effect.

(d) The three-group method is an elsboretion of the
two~group one which may ﬁell be justified under certain condie
tions of experimentations The first two groups are treated as
they are in the one group method, but a third group, equivalent
to the other two, which takes none of the tests except the
final, 1is added,

The two-group method seems to be the most popular with
educators and more recent experimenters because it seems to be
the most practicel in view of the size of the group.

By meterisls in the experiments is meant the nature
of the mental actlivities chosen as the objeét of investigetion,
The investigeztions were assembled into four groupss }(1) those
dealing with varlous aspects of percelving, including sensory
discrimination and apprehension; (2) those dealing with memoriz-
ing; (3) those dealing with voluntary effort snd motor adjuste
ment; (4) those dealing with schoolroom asctivities and attie
tudes,B

8 mg-, 185‘
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In the Twenty~seventh Yearbook of the Natlional Soclety
For the Study of Education, we read that type of subjects played
e very limportant part in the investigatlions of both esrly and
recent experiments, Prior to 1916, out of twenty~five of the
studies reported only seven were conducted with school children,
while of the eighteen ramaining, only eicht were graduate stue
dents or lnstructors in psychology and the other ten were college
or normel school students. Uge of adults, particulearly those
immediately avallable as students in the psychologicel laborae
tory, is natural enough because of their grest steadiness of
epplication, grasp of instructions, and possibllity of 1lluminate
ing introspection. This use of adults, however, hed & very defl.
nite dissadventage.

There was also 2 tendency, we are informed in the sanme
source, to confine the investigations of the trensfer of traine
ing to qulite & limited number of sublects: thus in thirteen of
twenty-nine investigetions conclusions were drawn from the be-
havior of two, three, four, five, or six subjlects only. In
twelve other investigetions the subjects were ranged from twelve
years old to forty~four years, Agein in thirty-one investiga=-
tions reported, two-thirds were laboratory investigationa., The
generalizations made from experiments on adults, coculd not be

applied too readily to the mental processes of the growing
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child.? -
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Experiments can also be divided into four groups. For
clarity, each group will be named as it is spoken of in its
perticular set of experiments,

In the first group, in which we include those studies
dealing with memory, Jemes in 1890 reported the effect of treine
ing in memorilzing 2 certain kind of meterial upon efficlency of
other klnds of materlal. He was led to conclude thet there wes
no tranafer of training, "that one's netive retentiveness is une
ohengeable, that no amount of culture modifies a man's genersl
retentiveness,” This work of James, however, represents picneer
experimentation. The experiment wes loosely orgenized and he
claims hie technique was not good; and, ss has been noted, he had
no control group.+° |

The diffioulty Just mentioned in Jemes' work wos
recognized, and a repetition of the experiment by Peterson in
1912 wes made, but Peterson's date were too meager to permit
rellable conclusions. In fact, three of the unpracticed subjects
gelned as much as one of the two practiced subjects, although
Peterson said there certeinly was & large amount of transfer

of training referring to one of the subjects of the precticed

9 ibid.
10 ZIbid.
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grau?vll “

"Zbert and leumen conductad experiments ot the
university of Zurlch on from two to six leboretory subjects decle
ins with the effect of memorizing series of nonsonse syllables
upon the efficlency in memorizing verious other metericlsa, such
as lomedlate wmemory for nunbers, lettsrs, words, permenent memory
of prose, poetry, etcs The results showed considersble goins in
other types of memorizinge The difficuliy in interpretins their
results, hovever, iz the fact thet they 414 not meke & cross
soction test with a control group from which 8 deduction could be
mrde regerding the grin in the end tests themselves. The hiph
percentoce of ibert and Meumen is reducsd t@ en aversys residusl
of twenty~-two per cent,"1?

This srme year book reports thet "Dearborn repected the
work of Ibert and leumsn a2t the University of ¥Wisconsin and
showad thet & lerge portion of the effsot of trensfer slleged by
then wes due to pgeine made within the test series snd thnt the
remeinder could be attributed to genercl improvezent in orlentoe
tion, ettontion, ond botter teshnique of leerning,"i’

Pyle seys that Evbert's snd Meumen's extensive work on

11 Ibid., 186
12 jbid.
13 Lbides 187
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pemory experIments are worthless becsuse they lack a control
groups These experiments geve their subjects practice in ons
aspect of memorlizing and found improvement 1n other aspects,
Leter Dearborn repested the experiment and found that the control
group improved sbout as much as Meumen's practice group. 14

A careful piece of work was done by G. C. Fracker of
the University of Iowa in 1908‘15 This work concerned itself
with the effect of training in remembering the order of sound ine
tensltles upon the efficlency in remembering the order of various
other meterials. Fracker's results are regerded by him as
furnishing clear evidence of transfer under certein conditlions,
provided "trensfer" is thousht of not as & mere "spread" of
training, but as abllity to use in a second situsation, & content
or & form of prrocedure that is identical with the one in which
the subject has been trained. The aversge residusl gein in four
slmilar memory processes was slxteen per cent, wherees the four
dissimilar memory processes was only three per cent,

In 1910 W. H, Winch of London, conducted an experiment
which was reported es one of the first attempts to study trans-

fer in children working under normal schoolroom conditions, in

14 William Henry Pyle, Psychology Leagging
Baltirore, 1928, 298, ’ - ’

.15 Ihe Twenty-seve Yearbook of gat;gna; ciet
For the Study of Eduecation, 1928, Bloomington. Illincis, 187.
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which special peins to classify the subjeocts into two groups of
equivalent ability were taken. Vinch's experimental groups were
trained in rote memorizing of poetry or of meaningless things
and the effect that this training produced upon memorizing other
forms of materiel was measured. The transfer was slight: the
residuel gein over the contrel group wes sbout three and threee
tenths per cent based on initiasl ability. However, as Vinch,
himgself seys, "the amount of transfer cannot be regcrded as
great when proper ellowance is made for the operstion of chance
and for certain features of method and meterial used in the
study,"16

Ws Go Sleight made a careful and extensive investigae
tion on trenaference of treining in one sort of memory to other
sorts of memory. He experimented in the laboratory with twelvee
year old chlldren and also adults on training in memorizing
poetry, arithmetical tables end prose substances He gave initlel
and final tests in many different aspects of memorizing., His
results showed thet the treining in one espect of memorizing
glves little or no lncressed efflclency 15 other types of memo=
rizings The practice covered & period of twelve days, one-~halfl

hour & dsy. In nine cesesy according to his table, the un-

16 W, H, Winch, "Transfer of Tralning in Reasoning in

School-Children," British Journsl of Psycholomy, 13, 1923, 370~
373 : -
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practiced grfun improved more in the aspects tested then dld the
precticed groupe. In three cases the practiced group made a
poorer record in the finel test then they msde in the inltlal
test.17

In the above memory experiments the subjeets were given
practice in bullding bonds necessery to enable them to recite .
verbatims It was found that this experience geve increased |
facility in learning detes and nonsense syllebles, slightly lne
creased faclility in learning prose verbatim, but none in learn-
ing prose substoncs or in learning letters. Practice in learn-
ing the tebles 5a§a increased facility in leerning detes end
prose substance, slight incresse in learning nonsense syllables
and none in learning letters or prose verbatims Practice in
learning prose substance 4id not give incressed facllity in
learning 2ny other tyve of meterisl, All the memory experiments
were in substantizl agreements They showed thet experlence in
one type of learning mey elther facllitate or hinder another
type .18

The next group of experimental studlies dealing with
percention, discrimination, and aporshension were performed by

Thorndike end Woodworth, Coover and Angell, Ruger and VWangs, In

. 17 Zhe Tw&g§x~Segagth Yearbook of the Nationel Soclety
For the Study of Education, .

18 Ibid.
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these experiments all agree that into interpretation or mastery
of & new sxperience we carry our old experlences, Come aspects
of the o0ld experience will be avallable ln mastering the nevw;
other aspscts will not, and some may s&ctually hinder the masterw
ing of the new,.

While working in the Yale laborstory another authority,
Charles Judd, treined two subjects in the MullerLyer 1llusion
end found that, by dint of practice, and without the ald of
ebstract judgement, the 1llusion gredually disappeared, and the
practice effect was trensferred., The effect was aseribed to the
perceptual tr&ining.lg

8ix subjects trained in introspection were used by
Coover and Angell in thelr investigation in the fleld of trensfer
on sensory discrimination. The effect of trazining in discriminee
tion of sound intensities was found to transfer to discriminse
tion of greys, but this result 1s supported by assertlons based
on introspection rether than on any clear statistlczl demonsirte
tions The two conirol subjects seemed to lmprove as much as the
four experimentcl aubjects.ﬂo

Hs A. Ruger conducted en investigastion at Columbia

19 C, H. Judd, "Practice end Its Effects on the
Perception of Illusion,” Psychologicsl Review, 9, 1902, 37-39.

20 Iwenty-seventh Yearbook of the Natlonsl Soclety
For the Study of Education, 190,
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University. “By employling thirty-seven mecheniocsl puzzles and by
minute records of the subjects' work he was able to observe to
what extent solutlions arrived at in given puzzles were transe
ferred to the solutions of warying degrees of similarity. The
outcome of this study aseems quite unlike thot reported by Judd
in the practice with 1llusions of length. Ruger concluded that -
the presence of imagery was of no avall without consclous
generellzation of methods of attack and enelysis. Other factors
making for tronsfer were 1deals of efficlency, attitudes of
attention, end satisfaection of BUCCEBE ¢ 21
At the University of Michigen, C. P, Wang conducted en

experiment simllar to that of Coover and Angell, He traoined &
emall number of pupils in discrimineting the lengths of vertical
lines and tested the effects of this training upon their ability
to discriminate sizes of figures, and to merk words containing
certain letters, Wang found thet no transfer appesred unless
the children were able to develop an efflcient method in the
training serles and to use purposefully in the test series, 22

| Getea, in his conclusions from studies of memory and
perception, says "the significent fect i1s that when date are used
which are but slightly different from those on which practice was

21 Ibid., 191.
22 Ibid,




, 20
given -~ 88 when prosc ie substituted fof poetry, or vhen 1 end
¢ are substituted for e and s, or when long lines are substituted
gor short -~ the improvement is relatively small.,” He pgives as
nis reason that memorizing, far from being = constant process,
mey involve very diverse elements.23
On the third tyve of studles used in experinentel ine
vestigationa, CGllbert end Fracker were the earliest to experiment
with voluntary effort end motor adjustment.,. ‘They ﬁorked in the
leboratory with stock forms of reactlon-time, Subjeots were used
in simple reaction to sound, to electric stimuli, to touch eto.,
exd then the complex resction involving discriminatien and
choices The training series consistoed in simple and complex ree
actions to sound only for twelve deys. The regulta of transfer

|due to indirect factors were probebly less than indiceted, how

jpuch wes not known since Gilbgrt and Frecker neade no control
tea;a;94

Coover and Angell also made an investigation in which
subjects were troined for forty deys in repid sorting of cords.
Lmis treining wes seld to h@ve definltely increased thelr of-
ficlency in certeain aspects of typling. This experiment was

| T—

23 A, I, Gotes, Isychology fo Students of HEducstion
Pevw York, 1927, 359-360. ' : — = '

24 Daniel Starch Educationel Psycholopy, New York
1925, 194‘ » Y : ¥ »
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gesigned to eliminate £11 identiczl fectors and hence ascribe
ghe stetistical improvement to genercl factors like equituble
dietbibution of attention, and development of power to con-
centrate attention throughout an entire serles of reactlons.
The four subjects were trained for fifteen days in sortiné
4,200; 3,800; 5,200; and 4,000 cards respectively. Before and
after this treining they were glven tests in typewriter-
reactions. Three other persons &s & control group, were given
prectice in typewriting at two periods seperzsted by intervals
of forty-five deys. The results sre interpreted by the authors
as indicsting transfer, but it is doubtful whether there is any
trenafer, and Af there i1s how much. The tralned group reduced
1ts time by twenty-six per cent but increesed in errors, whiie
the untrained group reduced its time by twenty-five per cent
but decrecsed in errors .o (

‘ The fourth type of studies, thet which deals with
schoolroom activities and attitudes, is most important in tﬁie
investigation since the present study was conducted in & claosse
room. Here we are reminded by Willlam Betz, in his article
Treonsfer of Iraining with Perticular Reference to Geomelly,
that when estimeting the richness of & school subject, and 1ts
renk in the curriculum it was borne in mind that the ﬁeach@r

25 Ibid., 200.
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ghould teke Ihto account: the entire apectrum of the subject;
the ronge end frequency of ito application within the classroom
and in later life; its actuel or potential appeel to the Jearners
1¢s avalleble resources as a type of learning or activity; and
the like. It was concluded therefore, that trensfer is e pro-
pblem of good teaehingaaé
An experimant'was conducted by Ws Hs Winch in a poor
neighbapheod in Londen, to lesarn whether improvement in numerical
sccuracy transferred. A class of seventy~two boys were divided
1nto two groups on the basis of six preliminsry tests in arithe
matiﬁ reasoning. One group wes drilled in arithmetic computt~
tion while the other group practiced drawing. After ten practice
lessons had been glven, the two groups were glven & final test in
arithmetic ressoning. Although the prectice group made & score
of 42.0 in the lnitiel test they nede & score of 45,3 in the
finel test, The control group made a score of 42.2 on the
initial test and 45,7 on the final tests The author concluded
that even though the practice group did lmprove over forty pex
cent in ten practice exercises in computetion, the results of

the drill did not appear to have produced any lmprovement in the

18 26 Twenty-seventh Yeorbook of Nat. Sog. of Hducation,
9. : , : .
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gocuracy of the arithmetic reaanning«27

L. T, Poffenberger, Jr~§ rerformed en experiment to
discover the influence of improvement in one simple mentol prow
cess upan\cther related processes, The influence in treining in
simple addition upon a subjects ability in subtraction was the
theme of his experiment. Zleven subjects were used, four of
which were in the trained group and seven in the control groups
The material used for the trained group was 2 serles of fifty
two~-plzce numbere renging between 20~80, including zeross The
subtraction test consisted of subtracting seventeen from each of
s 1list of twenty-five numbers as rapidly as possibles The re=
sults were given in terms of time, The finel test showed that
the grose geln in the trained group was only 848 per second
whereas in the control group it wes 15,1 per second, The gain in
the control group was'eXpl&inad by the author as due to the ini-
tial performance of three subjects, Poffenberger concluded that
there was no identity either in the situetion or in the response,

Poffenberger elso noted that influence of training in
addition upon the subject's ability in multiplication (in the
training series) wes the same &s in the preceding experiment,

except thet the practice group hed to multiply each of twenty=

-

27 W. H, Wineh, "Further Work on Numerical Accursey
1n School«Children«~Does Imwravemant in Numericcl Aceurac

Trensfer,” British Journsl of i Psychology, 13, 1923, 370~
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give of the same figures by seven. In multiplication of & one-

place number, the author found that addition plays no part in
the multiplicetlion of a two-place number, there is & certain
amount of identlty with addition since it is involved 28 & part
proceﬁﬁoza

It might be well here to quote Poffenberger's own
words used in another experiment:

1, VWhere there are no identicasl bonds between stimulus and
response in two processes, the influence of one test upon
enother will neither be positive nor negstive. :

2., Where one test necessitates the breaking of previously
formed bonds andaghe formation of new ones, there will be
negetive effect,

Again Poffenberger maintains that influence of train-
ing in addition wlll occur in the training series as in the
preceding experiments. The treining in addition will be based
upon the student's ability in division. The test series cone
slsted of dlviding & series of twenty-five numbers by seven as
rapldly &s possible. The results showed no difference in gein
made by either groups. The author interpreted the results as
indicating thot the processes involved in the experiments showed

neither & speclific situation nor & specific response in common

28 4, 7. Poffenberger, Jr., "The Influence of Im=
Provement in One Mental Process Upon Other Relcted Processes,”
dournal of Educetionsl Psychology, 1951, 6, 470-474,

29 Woodworth, Experimentsl Psychology, 201-202,
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with the treining series,

The results of Poffenberger's experiment described
sbove, interested L., W. Cole ao much that he made a similar exe
§eriment of the effects of practice in addition upon addition,
subtraction, multiplication, end division; end llkewise the
effects of practice by each of @h@ three on the other three
grithmetlcel processes. Two groups weﬁa used each contalning
four persons., One group was practiced in addition and the other
in subtreection, each serving a&s a control group on the other,
The period of practice consisted of forty minutes divided into
five perlods, each group working ten minutes with & two minute
reet period between, Initial and final tests of eddition, sube
traction, multiplication, division were each twenty minutes in
lengths. The suthor doubted ihe significance of the results since
only four persons were used in esch group 80 he repected the
experiment with nine persons in each group. Contrary to
Poffenberger, Cole found thet addition and subtraction ere not
independent functions but are very olosely raléted. The group
precticed in zddition geined three per cent in accuracy in sube
tractlion and six?and slx-tenths per cent in time. The subw
traction group gained twenty-three per cent in accuracy in ad-
dition and sixteen and seven-tenths per cent in time. The
practiced pgroup in addition showed no gein in accuracy in &;v1~

slon. This wes 8also true of the group practiced in subtractlion.
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the gein in speed in divislon was the same for both groups. The
guthor explains this gain by the fact that both groups practiced
computation. There was a loss in the final scores in multipli=-
eetion by those practiced in addition and no loss by those
precticed in subtraction. The author expleins thet the success
in subtraction of those who were precticed in addition and the
puccess in eddition of thoss who were practiced in subtraction,
was due to the fact of asubjective identity of the combinations
in addition end subtraction. The suthor slso says improvement in
pddition will alter one's ability in multivlicetion becauss cere
tain other processes, for example eye movements and inhibitions
of all seave arithmetlic impulses ore in part common to the. two
functione, >0

All the sbove experimental evidence eppears to be in
egreement that trensfer does take plece. The importent question |
of the more recent experiments iss How does transfer teke place?

Two genersl theories havé been proposed: (1) the
theory of identloel elements or specisl connections; (2) the
theory of generslization or common cepacities,

The only theory of identical elements to arouse wide-
spread discusslon is thet of Thorndike. According to this
theory, training in one activity influences another activity only

ronu—

‘ 30 L. W, Cole, "Interference Between Releteod Mental
Processes," Journal of Edugationsl Research, 1928, 18, 32«39,
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in so fer es~the two have elements or aspects in common. Thus,

treining in addition transfers to multiplication because ade
dition 1s necessary to multiplicetion -~ thet is, identical with
one phase of multlplicotion «=~ plus the fact thet other events,
such &8 eye movements and resistence to othsr stimull outslde
the problem, ere common to the two sotivities .t
The hypothesis that transfer occurs by means of gener=
elized hsbits, principles, methods, or ideals, which are lesrned
in the trainling series and applied to the test series, hes often
been opposed to the Thorndikean hyvothesls of identicel ele-
mentsﬁe
Thorndike end his followers, who believed in the theory
of ldentical elements, form one school; while Judd and his fol-
lowers support the doctrine of generalizetion. Thorndlke steotes
the theory of identical elements as followss

The answer which I shall try to defend is that & change
in one function alters any other only in so far as the two
functions have as factors ldentical elements. The change in
the second function is in amount due to the change in the
elements common to it and the first. The chsnge 18 simply
the necessary results upon the second function of the ale
teration of those of its factors which were elements of the
first functlon, and so were altered by its training. To

teke a ccncrete example, improvement in arithmetic will ale
ter one's ebility in multinl&cation because additlion is

31 John A, HeGeogh Paychology Humen lesarning,
New York, 1942, 435-.36, » dbe &

32 Ibid., 437.
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sbsolutely identlicsl with a pert of multivlliccotion end bew
cause other processes e.,g8., eye-movements &nd the inhible
tion of all save arithmetic impulees, ars in pert common to
the two funoctions,

Chief among such ldentlocal elements of practical ime
portence in education are associstion including ideas of
method end genersl principles, asscclazstions involving elew
mentery facts of experience such as length, color, number,
wzich %ga repeated sgaln and again in differing combinae~
tione,

These 1dentical elements may be in the stuff, the
date, concerned in training, or the attitude, method of
identities of substence and the ldentities of procedure.

Identlity of substance~-«Thus speclial training in ebllie-
ty to handle numbers glves an ability useful in many acts
of life outside of school classes because of identity of
substancey due to the fact that the stuff of the world is
often to be numbered snd counted, The date of scientists,
the grocer, the cerpenter and eook are 1mggrtant features
of the seme date of the arithmetic cless,

Identity of procedure~~-«The hablit acquired in the
leboratory course of looking to see how chemicals do behave
instead of guessing at the nmatter or lezrning stotements
from & book, mey meke e girl's methods of cooking or & boy's
methods of manufecturing more sclentific becsuse of the
attitude of distrust of opinion and search for focts may so
possess one &8 to be carried over from the nerrower to the
wider fleld., Difficulty in studles may prepare students for
difficulties of the world as s whole cultivating the ste
titude of neglect or dlscomfort, idesls of accomplishing
whet onejgets out to do, and feellng dissetisfactlion with
fallure,.

Starch mainteins that the theory of identicel elements

33 Edwerd L, Thorndike, Zducatlionel Psychology, II,
New York, 1913, 358359, ’ ’

‘ 34 Eiwerd L, Thorndike, frineciples of Teaching,
New York, 1906, 245, '

55 iZblde, 247,




pecnns to be In hermony with experimental datne He sayst

stresses the importance of & consclous recognition of the identie
cal elements, and the dellberate searceh for ldentlcel elements as

& basis of generallzation. He sayss

argues Turther:

29

The evidence on the spread of training in school mo=
terlel tends to support for the most part the theory of
1dentical elements. The effects ears the largest where there
is 2 similarity of materials as, for exemple in the cese of
Latin upon the study of Spanish or upon the knowledre of
English gremmar, The fact of the identity of materisl or
the similerity of procedure mekes possible a crecter cone
trol of the spread of improvement through methods of teache
ing whereby ldentity or use of ldentical material mey
emphasized in &8 many deslireable relations as possible,

Ce He Judd formulated hls theory of transfer which

When one studles psychology of generallzation he bee
comes awere of the uselessness of some of the formulas which
have been proposed by those who hold that transfer of treins
ing tekes place in cases where there are ldenticsl elemenls
present. The identlical element ls usuaelly contributed by
the generellizing mind, On the other hand, thers may be
identical elements potentially present in vaerious situa~
tions, but wholly unobserved by the untreined or lethargle
minde In fact the discovery of ldentical elements in a
siltuation 1s in some ceses the whole problem of training.37

Judd es one of the foremost exponents of generalizatiocn

Transfer depends on the power of generaslizetion. The
first and most striking fact which is drawn from school eXxe
perlence is that one and same subject matter nmey be employ
with one and the same student with wholly different effects

, 37
New York, 1915, 414,

36 Sterch, Educational Psychology, 233
C. He Judd, Psycholory of High School Sublscts'
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according to the mode of presentetions If the lesson is
presented in one feshion it will produce a very large transe
fer; whereas if it is presented ln an entlrely different
fashion it will be utterly barren of results for other
pheses of mental life, Formellsm and lack of trensfer turn
out to be not cheracteristic of subjects of instruction,
but rather to the mode of instruction in these subjects <t

The important peychological fect involved in the above
Ptataments is that the extent to'whioh a student generalizes his
treining is 1tself a measure of the degree to which he has
gecured from eny oourse the highest form of training. One of the
me jor characteriaiica of human intelligence is to be defined by
lealling ettention to the fact that & human being 1s able to
generallze his experience.

Judd's theory of generalization implles that 1t is not
so much the fact thet thé elements need to be present in two
functions, so that training treansfers, as 1t ls necessary thot
the individuel be taught to dissoclate the element from the com
plex and then recognlze the ele&enz under whatever form it may
appear 1n‘the new situation. The subject matter is not of much
importence,s The method of teaching or study and the degree of
self activity in the pupil are the all important things.

It is interesting to note that the two theorles pre«
gented sbove are not dlametrically opposed. Thelr supplementary

nature is characterized by Inglis as follows:

38 Ibid., 412-413.
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No two situations in life c¢rlling for asction or the
part of any individual are ever exactly allike in all rew-
spects, Hence training for an absolutely fixed and speci-~
fic reaction to any given situstion is en lmpossible and
velueless process, Strictly spesking there is no such
thing as specific discipline, Fortunately, for the economy
of mentel life and efficiency in behavior 1t is possible
for the mind to select certain parts of any total sltustion
and react to those parts with minimum of ettention to other
parts of the total situation, Since such parts of total
sltuations may be essentislly the same it 1s possible to
#stablish what in all importaent respects are specific
situations, response connections, and hence it is possible
to assign values to specific dlscipline. However through
this same characteristic of the humen mind comes also the
possibllity of mbstracting from & number of total spseific
situations, differing with respsct to most of thelr cone
stltuent elements, any gliven element which may be common to
ell the total situstions or & majority of them. Thus we get
the law of disassociation expressed by Thorndike,.J 9

In any glven situation whether or not disaaaociation.or
generallization tekes place depends on two factors «- mentsl ate
titude or mind-set which the individusl brings to & situstion,
end the eharacier of the situation experienced. Subjective ele-
ments are no less important than objeciive elements, It iz per-
fectly possible for generalizaetion to be potential in eny set of
situstions without thet generalizetlon teking plece because of
the mind's attentlon to other elemente than those involved in the
disassoclative element. On the other hand, it is perfectly
possible for the mental attitude to project into objective sit-
uations & generallzing factor thet is not fostered by the site

39 A. Inglis, Principles of Secondory Edycstion
Kew York,' 1918‘ .397*980 ’ “-; ’
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gation ltself apart from subjective elements, though there must
pe something to which the mindeset mey be atteched .0

The best theory of trensfer is the composite theory of
rhorndike end Judd.

Thle composite theory could be summarized by the
following key words: (1) identical elements; (2) consclous
disessociation; (3) generalization; (4) wide application.¥l
Professor Judd says that transfer is not autometic when
ne stotess "I do mot think thet any subject transfers automati-
eelly and in every cese. The resl problem of transfer is & proe
blen of so orgenizing training thet it will carry over in the
minds of students into other flelds. There i1s 2 method of teache
ing & éubject 80 that it willl transfer and there a2re other methe
ods of teaching the subject so that the transfer will be very
smell,"42 |

' Sterch says thet two points should be borne in mind:
(1) any effect of transfer, even though 1t is slight, would pro-
bgbly be worth while if extended to all or 2 large number of
aépacitiesz (2) that while the trend would be tc reduce the time
devoted to some subjects, perticularly in high school and

““) MO » 399*

The National Coungil of Zgachore of Mathemeticss
.Elth»Yearbgog"Eg_gg, New }';Qx‘g, 1930, 17 ’

42 Ibide, 179
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gcollege, as Nhot being conduclve to transfer we must be sure thot
|we put something better in their places.*3

In the composite of the views of Thorndike znd Judd,
each hes his adherents, Thorndike for his'thaory of identiocal
elements, and Judd for the theory of generelization. ,

Thorndike claims thet identicsl elements may be in the
gtuff, the date concerned in the trelning, or in the attitude,
the method teken with it. His followers include some femous exw
perimenters such &s J. Brown, principel of a Joliet High Sehoolj
L. I, Gates, professor of education et Columbis University; 2. M.
Jordans Ruediger and D. Starch of the University of Wisconsin,

"Judd’s theory attempﬁs to explain spread of improvee
ment in terms of the recognition of application of an experience
obteined in one connection to other ccnneations,“M says Starche
Judd's followers were: W. C. Bagley, Cs Bede, Dewey, N« J,
Lennég, We H, Pyle, D« Starch. Starch seems to support both
‘theories.
 oreto gives two summaries on transfer which seem come

plete, One gives a summary of the experiméntal findings from

-

43 D. Starch, Educationel Psych., 255.
44 Iblde, 253.
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1927—1935#5 a;d another mare recent one in 1941,46

Assuming that they possess & falr degree of validity
and reliabllity, all the studies of 1890-1935 may be generallized
as followst to date no fewer then one hundred sixty-seven ob-
jective studies were mede, ninety-nine of which were made from
1890-1927 and sixty-eight from 1927-1035, Forty-seven or nearly
thirty per cent show considerable transferj eighty or nearly
fifty per cent show appreciable tranasfer; fifteen or less than

ten per cent show little transfer; six or leas than four per cent

Jshow no trensfer, and the rest, which comprise six per cent,gshew

both transference and interference, Since interference is ine
[dicative of transfer of & negstive character,; it is safe, says
[orato, that all doubts with reference to possibilities of tronse
fer of treining may be cast away.

In round numbers, seventy per cent support the pPro=

position that the effect of practice is generel and therefore

[transfer takes place most effectively through conscilous generslie

zation, wheress about thirty per cent mey be clascified as sue

[porting the theory that practice is specific and that therefore

45 Pedro Orato, "Transfer of Treining end Educctional

Pseudo-Science,” ﬁ@&m Administretion
upervis ’ l§35, 21, 24%1 a8 —

46 Pedro Oreto, "Recent Research Studies on Transfer
Ff Training with I@plications For Curriculum Guidance and

?rgﬁgnel Work," Journel of Educeatiopel s 1941, 35,
o pe.d




35
trensfor tokes place through identlcal elements, The teacher's
job is to trein for transfer.t7 ’

A+s Ay Douglass, summing up his views on trensfer says,
"In the minds of meny psychologists & theory of transfer becsed
upon the process of genersalization 1s not opposed to one which
concelves of trensfer es occurring through identical elements,”
On the contreary the two theordes are useful supplements to eeach
other,48

The difference between Thorndike and Judd is this:
to Thorndike the identical elements are the cause, wheress Judd
polnts out they are the effect of transfer. Vwhen two sltuatlons
are identlcal the problem of transfer dlsappears and, &8s Judd
claims, the process of discovering the identlcal elements by
generalization and application is what constitutes the transfer
of training, The only entity that ie identlcal in both situa-
tions before transfer takes place 1s the individual himself,
Thorndike maintains that the identlical elements are inherent in
nature swelting notice whersas Judd holds that they are to be |
discovered much in the same way that & sclentist dlscovers scien=

tific laws and principles. "If Thorndike is right," says Orato,

47 D, Sterch, FZducationel Psyche, 255.

1008 48 A. A+ Douglass, Secondsry Education, Chlcago, 1927,
98.
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"ghen all generslizatione should heve been maede at the beginning
of time except those thet arise as a result of natural evolu-
t1ion.49

In the final snalyeis, Thorndike holds that the iden-
tical elements are loglcel in nsture, wheress Judd meintains that
they sre psychological} in the former, transfer takes place autos-
matiocally; whereas, in the latter, transfer 1s very lergely
conselous and deliberate, 0

In the more recent article published by Orato he cone
firms those findings on trensfer from 1927-1935 nzmelys:s (1)
transfer 1ls a fect revealed by eighty per cent of the studles;
(2) trensfer is not &an automatic procese that can be teken for
grented, but it is to VPe worked for, even as demoecracy as a way
of life has to be nurtured from the cradle to the grave; (3) the
amount of treansfer is condltioned by many factors emong which are
age, mentel ability, time interval between learning end transfer
degree of stabllity attsined by the learning pettsrn; knowledge
of directions, favoresble attitude toward the learning slituation
end efficient past experience, accuracy of learning; conscious

acceptence by the learner of methods, prbcedures, principles,

’ 49 Pedro Oreto, "Transfer of Training and Educational
Pgeudo~Science,” al of Educationel end Adminjstretion end
Supervision, 1935, 246, |

50 Ibid.
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gentiments, and 1deals; meaningfulness of the learning sltuationj
personality of the subject, greater transfer in extroverts then
introverts; method of study; sultable organizeation of subject-
patter presentation; and provision for continuous reconstruction
of experdence,ot

Orato summerizes the results in trensfer of training

in the following tables,>2

51 Ibid.
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TABLE I

STATISTICAL RESULTS OF EXPERIMENTS ON THE TRANSFER OF TRAINING
COMPILED BY ORATA FOR THE YEARS 1890-1940 SHOWING THE
ABSENCE OR THE DEGREE OF TRANSFER PRESENT IN
T%0 BUNDRED AND ELEVEN EXPERIMINTS

18901927 1927-1935 1935-1941 Total
Amount of . ; ‘
trensfer cleimed '
Noe % No. % No« % Ko %
Considersble 32 | 32 15 | 22 6 |14 |55 | 25
Appreciable 49 | 49 31 | 44 15 | 35 [95 | 45
Values with cone
dition of lesson 4 T 12 | 28 | 16 8
Very little 8 | 8 7 | 10 5 12 [20]| 9
No trensfer 2 2 5 8 2 5 9 .3
Other duplica~
tion exeluded g 3 6 9 3 6 18 g
100 (100 68 |100 4% 1100 |211 | 100

The above teble csn be summarized into Table II.
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TABLE IX

A SUMMARIZED STATEMENT OF THE RESULTS OF EXPERIMENTS ON
THE TRANSFIR OF TRAINING COMPILID BY ORATA FOR
THE YEARS 1890~1940 SHOWING THE ABSENCE
OR THE DEGREE OF TRANSFER PRESENT
IN TWO HUNDRED AND ELEVEN

EXPERIMENTS
S—
18001927 1927-1935 1935-1041 Total
Amount of , — ,
transfer clainmed

Nos % No. % No, % Hoe %

Clegr Evidence
of transfer . 81 | 81 50 |73 33 |77 |16 78

Very little no
trensfer Ambigu-
ous~interference 19 | 19 18 | 2 10 | 23 | a7 22

Evidence which tends to disprove Thorndike's theory of
identical elements continue to eccumulate, despite Woodworth's
efforts to rehabllitate the theory by changing the word "identi-
cal" to "component.," Cook pointe out thot the theory of identie
egl elements offers little insight into problems of cross eductw
tlon,37

The most outstoending work on transfer durlng thils

53 ibid.
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period in 1941 was thet of George Ketona who undertook an ex=
heustive study of this problem., Katona experimented with a large
number of human subjects in school and life situstions snd
attempted, with great success, t¢ distingulsh between mesnlingful
and senseless learning. He measured the relstive effects of
understanding and repetition as .methods of learning, to solve
problems upon retention and ability, to apply what is learned to
problems or situstions, His experiments were repeated meny times
to safeguard ageinst errors, and the results proved to bs cone
sistent in showing that while senseless learning does not transe
fer meaningful learning dcas.sa

Brownell supports Katona's implied theory of trensfer

as reconstruction of experience when he says:

The process of learning thus becomes one of organizom
tion and reorganizetion of bshavior experlence. The fundaw
mentel lesue in leerning 1s not practice but rather the
creation of & geries of reaction patterns, each of which in
turn gives way to o pattern at a higher level of orgenizéie
tion. Denger lies, not in the absence of practlce, but in
possible complacency with performence at & low level, and
this denger is a resl one when intelligent adjustment is
involved as 1t is involved in %Ea kind of 1ife we should
set as the goel of experience,

After reviewing the litersture here discusssed, the

writer is led to the conclusion that in the process of transfer

the presence of the identical elements 1s Just as necessary es

54 Ibid.
55 Ikid.
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the ability to recognize the common elements, and thet neither
one 1s adequate in itself, They must both be present if the
process 1s to continue,

It is the common view of all the writers here reviewed
that transfer does take place even though, because of faulty
technique in experiments, some investigetions have not been able
to prove it. All agree that theré is positive transfer, and e
lerge majority egree that there is a possibllity of negotlive
tranafer and zero transfer owing to interference effects. Katona
end a few recent experimenters have shown one~hundred per cent
trensfer, The majority show a residusl amount betwsen twenty to
thirty per éant..

Meny suthors have shown thet trensfer is largely dee
pendent on methods of tesching. Most have said that to obtain
transfer one must specifically make it his aim in teaching,

The balance weighs heavier in favor of general elements
or generalization, then speciflic or identical elements.

‘A veriety of methods have been tried, but the most
common and most satisfactory in recent investigetions 1is the
two-group met od of an experimental and & control group, the
control group serving as 2 basls for the measurement of transfer.
This 1s the method used by the writer and desoribed in the
following pages,




CHAPTER III
DESCRIPTION OF EXPERIMENTAL MATERILLSe-PROCEDURE FOLLOWED

The materisals used in this experiment were lessons
teken from the puplle' own Algebrsa text.l The experiment exe
tended o;er-a perlod of twenty deys. Tests were mede from those
thet came with each chapter unit. Reasons for the chclce of thils
meterial were as followa: (1) materisl was interesting and
followed loglcelly the pupile' work of the yeer; (2) economy in
terms of time was important (the experimenter wes in service and
the pupile had & definite plan of work to be covered); (3) the
meterial wes devold of extreme complexity since the experlment
had to be conducted with individuaels in a group situction under
limitations of class periods of & normel high school; (4) the
text supplied a teecher's manusl that also gave help in best
method of epproach to the exercilees.

The effectiveness of trensfer was to & certelin extent
to depend on three fectors; nemely, the pupll, the teacher, and
the method of lnstruction.

1 R. Shorling, R. R. Smith, J. Rs Clark, Algebra
First Course, New York, 1949.
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In the two classes of algebrs taught by the writer
there were sixty-two pupils, thirty-one in each group. These
groups were sorted so that each group still had thirty-one puplls
after equating.

The group furnishing the date for this experiment were
girls from both parochial and public school population of the
South Side of Chiéags, The girls represented an IQ renge from 91
to 122 esteblished by the Otls Gamma Test., The mean IQ's of the
two groups, experimentel and control, were 105.7 and 104¢7 and &
stendard deviation of 8.10 and 6.05, respectively. Their age
range wes from twelve years to fourteen years and seven months.
211 came from aversge or better than average homes, Many of the
mothers worked part time and others were housewives working in
the homes. The fathers ranged from skilled leborers to busliness
men, dentists, doctors, office clerks and sone executives,

The groups were equated by two sets of intellligence
tests nemely, the Kuhlmenn Anderson Test end the Otis CGamma Test.
Most of the puplls had taken the Ruhlmann Anderson Test or eome
standerd test in the eighth grade, and the Otls Gamma Test was
the placement test given to sll the freshmen who entered school
in September. From the two clesses, only those IQ's thet agreed
within e score of ten points in the two tests were used in this
experiment. Since there was asgreement between both sets of

tests, it was thought the Otis results would be used, slnce them?
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were glven most recently and et the same time in & Chicago high
schoot,

When the groups weﬁa equated sccording to 1ntelligenoe
and used as matched groups.2 the teacher, the writer of thie
thesls, planned‘tha lessons in slgned numbers so that the puplls
in both clesses were taught the same lesson each dey., The pupils
vere informed thet since the numbers used in thelr problems would
be very elementary thefe would be no question of difficulty as
far as the numerical combinations were concerned, The real probe
lem in both addition and subtraction wes the menipulation of four
sets of slgns; nesmely, -

*> - +
-

+ - *

and that the signs would occur through the different processes,
addition, subtraction, multiplication and divislon.

During the first five days additlon wes taught and
drilled. The puplls were instructed that in addition there wvers
elght possibllities of sipgns in eny set of signed nunmberss

+6 ) +6 Y -l +4 wli
+4 wly P +4 +6 =6 +6
+ - + - S+ - +
aleo, 0 0 +6 )
6 _=6__ *:an,“wﬂ_h

=6
SO
Lod

2 Henry E. Garrett, Statlstics in Psycholopy and
Education, 1947, New York, 213,
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The drill consisted of individuel board work each dsy &nd home
work each night provided by the text book, This 2lso served =zs
extra drill,

During the next week subtractionof signed numbers wes
taught to the two groups, For the saké of assocletion as well as
repetition the same numbers were used 1n the teaching of sub-
traction as were used in addition. Stress wes plcced on the sube
traction rule, "To subtract one signed number from another,
chenge the slgn of the subtrshend end proceed &s in addition."

+6 -6 +6 -6 Y. 1 wl} +4  «4

+4 s -4 44 +6 -6 -6
+* - + - - + +

+6

slong with,

0 o +6 -5
26 =6 o _ 9.

At the end of & week of work end drill exercises, a review of the
|exercises in both addition and subtrsctionof signed numbers was
lglven, The review exerc;ses contained both columns 1,, e.,
vertical as shown abové and horizontel as indliccted here:
“(4) «(=6) +(=6) =4 = or (=d) «(6) +4 ~(«b)=

(4) 4(=6) =(=6) +4 + or w{wd) 4(=6) «4 4(=d) =
Both types were given in the tests es may be seen in the sample
tests in the appendix.
The development and use of initisl end finel tests were

lmportant, &s both tests had to be of equal difficulty for the
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testing of addition end subtrection of signed numbers, The
slgebra text which the olagsea used furnlshed chapter tests for
the teachers use, From these the writer made two sets of tests
of equ:l difficulty containing fifty items esch, To determine
time for completlion of the tests a third or trial test was made,
similar in diffioculty but diffegent in content from the other
two, and administered to & third group that had been taught
addition end égbtraction of signed numbers, The result weas thet
in & class of‘thirtynfiva. thirty-twe finished in fifteen mine
utes which was therefore, Judged to be ample time for the tests
of this experiment,

When the addition and subtraction had been reviewed,
until the experimenter thought each pupll hed sufficlient ope
portunity to be drilled and supervised on the work, & test wes
given, Thie was the initlsl test thet was given to both groups.
The time limit was fifteen minutes and the test was scored acw
cording to the number correctly answered,

Lfter the initiel test was scored 1t was found thet
both groups hed & mean average of 40,5 and & standerd devisztion
of 8.70. This meant thet there was no significent difference
because of sampling} the group also shovwed no significant dif-
ference according to their mean IQ's.

Now thet the group was similar with respect to ln-

telligence and performence on the initiasl test,a definlte
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prectice procedure had to be followed in order to obtein valid
”an& relisble data. The experimental group was taught multiplicas
tion and division of signed numbers., Thls group precticed ten
deys and through thlies medium of multiplicetion end division it
ves hoped thet the experimental group would improve 1ts scores in
addition and subtrasction of signed numbers. While the experi-
mentel group had this practice period the control group wes given
a study perlod in which to do their homework or some other work
that was not algebrea.

To the experimentel group only multiplication and
division of signed numbers was taught stressing the sign rulesi
"The product of two numbers which have like signs is positive,"
"The product of two numbers which have unlike signs is negae
tive." "The quotient of two numbers which have two like signs
is positive," "The quotient of two numbers which have two une
like signs 1s negetive.” Multiplications

46 =6 46«6 +h b 4k eA
sh  ch  oh  +h 46 =6 -6 _s6

+ + - + + - -

Divisgions

The multiplication and division, unlike addition and subtraction,
could be teught simultaneously as the sign rule was the same for

both processes. The sign rules did not hold in the zerces &s
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the answer was always zero whether it wes & product or & guotient

and therefore did not hesve any slgn.

At the end of the ten déy prectice perlod, whan all thej
pupils had egual opportunity to be drilled and supervised by the
teacher, & re-test was given. This, ;he final test, was glven
to both the experimentzl group which hed been practiced in mule
tiplication and division and the control group that had no prace
tice in algebra for ten days. The results were recorded and the
formula for transfer was used on the results to determine whethexy
trensfer had teken place.

The following chapter gives an account of the findlngs
end an interpretation of the resulte.‘




CHAPTER IV
AN ANALYSIS OF FINDINGS = INTERPRETATION OF RESULTS

From Teble III 1t may be seen that when the Otls ine

telligence tests of both grcupa'wer@ equated there was no signi-

ficent difference between them,

TABLE IIIX

MEAN, DIFFERENCL, STANDARD DEVIATION, STANDARD ERROR AND
CRITICAL RATIO OF THE DIFFERENCE BETWEEN THE
EXPERIMENT/L AND CONTROL GROUP IN THE
OTIS GAMMA TEST FOR SIXTY~TWO
HIGH SCHOOL GIRLS

Experimental Gproup Control Group
Mean score 104.7 105.7
Difference 1.00
Stenderd Devietion
of Mean 6.05 8.10
Standard Error _
of Mean «T81 1.04
Critical Ratio
or "tﬂ «T7

49
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Tevle I1I shows thst both groupe were equated according

to intellligence by the Otis Ganme Test. The mezn and standerd
deviation of the experimental and control group being 104,.7 and
6.05, and 105.7 and 8,10 respectively. The critical Ratio of .77
clearly indicestes the sbsence of any resl or stetlstlcolly signle
ficant difference between the two groups for intellligence.

The table of "t" showse thet 2 score of 2.75 st the .01
level sccording to the degrees of freedom of this group is re~
quired for significence., In other words, the null hypothesils 1s
not disproved which 1s what 1s desired in this lnstence.

After the experimentzl and control groups wsre tszught
addition =nd subtraction,en initiel test wrs given to both
groups. The results indlceted a mean and standerd deviztion of
40,5 snd 8.70 for both groups. This coincidence of identicel
meensg and stonderd deviction obviously made 1t unnecessory to
calculete a criticel ratio since with no difference the null
hypothesis must be accepted for the pre-test compsrison as well
as for the ejuation of the two groups in intelligence.

bg was explained in the last chapter the experimentsal
group wes taught multinlicetlon snd division and wes prezcticed
in these processes for ten deys. £t the end of this period both
groups, those who had the multiplication and division preetice
and those who hed not, took Test II in addition and subtiraction.

The sxperimentel group had 2 mean end staendsrd deviction of
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42,06 and 8.95 while the control group had scores of 40.55 and
8.70. VWhen the caelculations were made it wes found that the exw
periment ylelded 2 positive transfer.

The small sampling technique was used to determine
whether or not the gein was significently different from what
could be expected. This 1s inown as "t" which evaluates the
significance of the difference ratio.l

Table IV glves a complete plcture of the both tests
and their findings.

In this teble it looks as 1f both grouns, since they
were egusted on intelligence previously, learned addition and
subtractionof signed numbers equally well from the results of
their meen end 5.D. of the initial test. As we examine the
table further, however, we see the final test scores show a galn
in the experimental group. This galn 1s shown according to the
calculations of "t" to be significent, since according to the
grouping, as mentioned previously, ot the .01 level "t" is 2.75
and this teble calculates "t" as 2,96. Therefore there was &
poaltive transfer shown in this experiment which cannot be

attributed to the operation of chance factors.

Ags mey be sesn in the accompanying graph, the top

Hacores of the two groups differ very little, Little or no spresd

1 Henry Gerrett, Stetistics in Psycholory and Educo-
tion, New York, 1926, 132,
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MEAN, STANDLRD DEVILTION, GAIN, STANDIRD ERROR, CORRELA-
TION, AND CRITICLL RATIO OF THE INITIAL LND FIRAL
TESTS IN AN EXPERINENTAL AND CONTROL GROUZ
OF SIXTY«~TWO HIGH SCHOOL GIRLS

Experirental Control
Group Group

0« of girls in each groupt 31 31

jean scores on initisl test: 405 40.5
SeDe On initisl tests 8.70 8470

jeen scorse on finel test: 42,06 (Ml) 40455 (ﬁg)
SeDe On the fincl test: 8495 (01) 8.70 (02)
iGaln MI-MQz 5 1.51

Stenderd Error of lesan

on finel test ‘ 1.15 1,11
ICorrelation between final scores

(Experimentel end Control groups) «90

"t" or eriticsl retio 2,06

ls seen between the scores of 50 to 48. The experimentzl group
scores sre higher throughout until the lcst score. The preatest
[difference or spread between the two groups 1s between scores 46
to 39 and egein between 37 to 18. The lower scores between 37 to

18 seem to have the greatest spread. It is interesting to note

that, suprlsingly, the lowest score of the control grouo ls
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seventesn whiie the lowest score of the experimentcl group 1s
nine. This mey account for the small transfer results. It shows
thet there must heve been some interference in trensfer for et
leest some students, as &a result of teaching multiplication and
division to improve eddition and subtrasction of sipned numbers,

Using the formules
Experimentel Score - Control Score 100,

Control Score

we obtain the per cent of improvement in transfer.2 With the
results of the finel tests of the preseont experiment, the trans-
fer obtained wae 3.7 per cent in the positive direction.

Since both grouns were exuveted according to I3 and
according to initisl test, and since, in both cases, ths differe
ences were not significant, it is evident that 2 grecter measure
of transfer might heve been obtained 1f the experimsntcl group
had 2 longer period of practice 1n multiplicetion and division

of signed nurmbers.

2 Robert, Gane, H, Foster, . Browley, "The Measure~
ient of Transfer of Training," Psychologicel Bullstin, 1948,
5eOT «




CHAPTER V
SUMMARY AND CONCLUSION

In the beginning of this experimsnt, the writer set
out to determine what were the treznsfer results, if any, from the
practice in algebraic multiplicetion and division to the per-
formancg in algebraic eddition end subtrection when eguetsd
groups of ninth-grede slgebra students were used as subjscts,

The lnvestigetion lncluded & study of the definition of the term
transfer, and a2 review of asccepted opinions of outstending
peychologists on the exlstence and neture of transfer,

From the literzture reviewed, it would seem thot exe
periments on the effect of trensfer of training heve 2 history
dating back to 1890, Studies rence from those on "formsl dis-
cipline" to the mors recent ones on generéiization end identical
elements. The most populer theorists favor interpretetion in
terms of either Judd's generalization or Thorndiké‘a identical
or specific elements. Today the pendulum swings in the direction
of generalizetion..

The llterzture gives poor techniguss as the msin
reeson why the early followers obtained little or no trensfer.

These poor technlgues included: (1) limited number of subjects

55
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for axperimentetioﬂ; (2) no control group as & basis of messure-
ment; (3) lack of standardizstion of time for reaction.

The reports sesm to iIndicste thet trensfer depends in
a2 measure on instruction, and on generslization of experience.
The amount of treznsfer in life-slituctione depends upon whether
the subject metter tsught is useful to situctions commonly en-
countered in life outside the school. Orato's most recent
repvort tells us thet the generalization theory is supported by
seventy per cent of the experimenters while only thirty per cent
support the identical elements theory. Oraeto's work seem to be
complete &3 his two reports cover experimentetion on transfer
from 1890~1940., He says while most of the early experiments
produce only & smell amount of trensfer (from 20-30 per cent),
the experiments of Katona and some of the recent experimenters
have obtalned 100 per cent.

Out of the meny types of experiments described in the
fleld, the writer chose to experiment with classroom activities.

Two clesses of algebra were eguated according to in-
telligence 2nd initiasl tests. Both the experimental and control
group were taught addition and subtrection of signed numbers
before the initiel test was given. When the initisl tests were
scered and the aroup egueted, the experimentel group wes treined
in multiolicetion and division of signed numbers, The results

of the final test showed an amount of positive trensfer which
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was signifioent et the one per cent level of confidence,

Lecording to the trasnsfer formula a 3,7 per cent gein
was recorded., This wes not as much as hed been expected, Since
both groups were eguated on intelligence and initlezl test scores
which showed no significent differences sccording to calculaw
tlons, the small measure of trensfer obtzlned mey heve been due
to several factors. It is possible, for exempls, thst if the
training period hed been axtended; the results would heve been
more encouraging.

In loocking for possible reasdns why the experiment did
not produce more effects, the writer found & solution thet mey
be plausible. Sterch hes 2 summstion: |

The transfer effects of the training sbllitlies on
school subjects 1ls very much less then 1s commonly assumed,
Thls is probebly due, in the first plece, to the fact that
improvement in cepacities exerclsed especlelly by school
subjects 1s usually hot as great as is commonly belleved by
teachers, The modificztions produced in the minds of puplls
are considersbly less then teschers assume as judged by the
modifications produced in their minds after much longer and
herder study.

The small effects of trensfer ere probebly due, in the
second place, to the fact that conditlions of securing transe-
fer ere not favoreble on the whole in the cese of school
subjects 28 in the case of the specisl laboratory experi-
ments on transference,

In formulating an opinion concerning generel treining
effects resulting from treining of speciesl cepacities, we
must besr in mlnd thet even where the trensfer is consi-
dereble, as much as one-fourth to one~third as much as in
the capaclty esyeclielly treined, it ils obviously more
economleal to give practice directly to the capacities which
we went to traln rether then to do it indirectly with the
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hooe that improvement may be transferred.l

This summation gives clearly what the writer belleves
ko be the recson for the slight results in the present experl-
ment. It 1s possible that & greater amount of trensfer could
lhave been achieved: (1) if the method could be improved so that
biore stress would be plaoced on the zero difficulties of the
lsirned numbers, beccuse 1t was here thet many made mistakes in
the finol tests; (2) 1f & longer period of time had been allowed
for the e:xperiment.
In splte of the great progress that has been made 1in
thls problen of trensier, it will always remaln & critlical one
for children and tecchers alike. Becouse of its necessity end
importrnce, it 1s hoped that some other students may continue
the seecrch in this field. TFurther invesitligation mey verliy and

broaden the arss exnlored by thls limited study.

1 Sterch, Eduestionel Zsychology, 253~254.




APPENDIX A

IQ OF EQUATED GROUPS

Experimental Control

Name 13 Nane I3
C.H, 122 CeE, 120.
G.D, 119 E+0'Ka 119
K He 118 LB, 118
EW.B, 116 J.h, 117
}.“is GQ 113 EIB‘ 115
MA,B. 113 B.E, 112
MaTe 111 Hade 112
L.P, 110 A.Da 111
MeKeDa 109 CuleGe 109
WaW, 109 PJH, 109
JeHe 109 J Ve 108
A.Sa 108 | I.O'L. 107
H,K. 107 Bal K, 107
VelWo 107 MKe 107
M,.35, 106 D.Te 106
E\S‘GQ 10‘& JOQH. 105
DKo 103 JaTe 104
D.C, 103 H. M. 103
CeSa 103 Be?, 103,
Ja.H, . 103 J K. 102
R.Ce . 102 DeMeD, 102
M, C, 102 SePW 102

oFe 101 Puloe 100
¥, R - 100 M.Ca 100
D«H. 99 JeFe o7
VoS, a7 DeSe a7
L.L. 06 N, D o6
K.0'S. o6 Lol 96
?aDQ 95 R'Fq 94
PtRQ 94 N‘Mo; 92“
MJF, 91 Cuele 92
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APPENDIX B

SAMPLE OF TESTS

TEST I
Time=el5 min, Neme,
1« If John's score in 2 geme 1s =30, he must meke ____ vointe to
raise his score to zero.
2+ When the tempersture drops from 0° to -10°, the chenge
is N
2« The highest of these temperature readings, 25°, 10°, 15° =2nd
=300 1g .
4. Fred's scores in a game were =5; -7; 33 <4 end 10. Hls
final scors wes .
5. ADD
+6 ~6 -6 6 -11 -1l 11 11
211 =11 21 =il -5 ) -6 +6
3 -3 0 0 6n -8n 9x
9. 0. =2 —— =hn_ 20 =8x
64 (=b)s(+5)= G4 6 Bz
6+ (+4)+(=5)= Ol Bz -12 +15¢f
~-29 - of
+64(=3)+(=5)= ~ 346 3= :35 :l7f
64 (=3)=(+5)= = Oz =48 +0L
b. SUBTRACT the lower number, subtrahend, from the uprer

number, minuend,
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9 =9 -9 «9 +4 -4 -4 4
4 -y -4 4 +9 9 -9 -9
5 -5 0 0 6n ~5b %e.
0o Do =5 5 =m % =3
Te 2dd or gubtract es indicrted.

+T=(+5)+(=3)=

T (=5)={(+3)= -%a-(22)+5e=

T+ (=5+(=3)= “(=4)4(+6)+(=T)=

Te(=5)=(=3)=
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” TEST 1I FINSL TEST

Time 15 min, Neme

le Mary's score is = «10. She must make points to have &
score of 15,

2. VWhen the temperscture dro.s from 70° to 65°, the chenge is

.

3« The hizhest of the temperature reedinge 0°%; -10; -5°;
259, ig .

D ]

4, John's gcores in & geme 103 5; =8; 133 -2, lis final

score is .
5« ADD
8 -8 a -8 -13 =13 13 +13
13 =13 =13 -2 =8 g =8 -8
-7 7 0 0 4y 70 =6a
el L =7 1 23 =6o -102
+5+{«3)+(+7)= 8+6-2=
+54 (+3) 4 (=7 )= w3462 =15 +20D
+35 -Tb
S5 (=3)=(+7)= B2 -go -i#b
| 8 210D
“54 (=3) 4 (~T)= 8-6-2=

6. SUBTR/CT the lower number, the subtrazhend, from the upper,
the minuend.

10 -10 +10 -10 -7 7 7 -7

-1 L +1 =1 0 =10 ] =10
o] 0 g «Q 5a 9a L
-9 S ) 0 +l28 =68 -10g
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- Test II (cont'd) Finel Test

ADD or SUBTRACT as indloeted.
w6 (+8)=(=4)=
«Ga (48) 4 (wdt)=
B (=8)w(+4)=
6+ (+8)=(-4)=
8be(+10b) +41=
=(«8)+(~11)-(+9)=

63




LPPENDIX G

6L

Results of the Finel end Initiel Tests of Both CGroups

Exverimental Cr

Control Group

Name Teats . Name Tepts
Nos Final Initisl Final Initiaﬁ
1. EOB. 50 50 ll‘To 50 48
Lo YaTe 50 47 CaleG, 49 48
De Mol o¥Ke 50 47 J.ﬁ. 40 50
4, DK, 49 43 KeO'Se 48 48
Se N.D, 48 47 SeF. 48 49
6. f‘ﬂ.G. 48 }4‘7 HaZ‘ZQM«; #8 &9
Te 0.8, 48 45 JW, 48 49
8. V.W, 48 &7 J o He 47 47
9; L.QO Ke 48 M DOH. &'7 47
10, MeKoD,. 48 50 KaHes 47 47
3.3,. ,H,‘n’. &8 47 Eﬁ A Ba 46 46
12, HM.J.5, 48 48 B.E. 45 44
13, G.bt 48 49 Lol 45 46
14, I.0%L. L7 40 E.E, 45 47
15, Je.H, &7 45 D. 5, 4h 45
16. JoeHe 47 &7 Pa.5, 44 45
17. D.C, 47 49 P M. 43 43
18. MQKQ 45 46 MeKe 43 5%5
19, N.,G,. 44 44 MJ.Cos 41 43
20, Coel.a 4] 39 LePe 40 40
21. R,C, 41 42 R.P,. 40 41
22, Mede 39 38 P.D, 30 38
23, P.R, 39 42 D.T. %8 .7}
24, L.B, 38 32 C.E, =T 37T
25, B.P, 38 38 Noie 37 33
26, M, C, 37 L4 4,D, 33 42
27. 2.8, 26 40 JuF, 31 b4
28, JeKe a4 B4 C.H, 28 28
29, M.F, 24 34 V.8, 25 22
30. SePo 25 24 D.ch 19 22
31, £,Cs 9 9 J.F, 17 16
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