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CHAPTER I

PHE PROBLEM AND ITS SETTING

I, INTRODUCTION

\ Eduoators have for some twenty years been attending seriously
fo the result of expérimentation. The contagious urge of science has
- reached the gchoola and a2 considerable body of seekers after trp.’sh
has grown up around the field of experimental pedagogy.'

Phere is evidence of this in the numerous investigations of
specific édueational pra‘blems,' and in the great volume of articles
appearing in the professional jourhals, setting forth the virtues of
newly developed prinoiplel or proscesses, or exposing the fallacies .
or waste of the 0ld ani long used. The constant influx of staniardized !
measurements and tests is , 500, an evidence of the energy being
expenied by the soientifically minded to cleanse the processes of
learning of false theories and wasteful methods of appliocation,

To professional psychologists is due the ocredit for initiating
in their laboratories the scientific investigatioms which have taken
'the 'fedagogi&al world by storm. The pioneers in this field dealt
more partionlarly with general psychological prinsiples, and did not
meet the needs of students who were i.nterested in the pgychologiosl
aspects o: edncation; their aehievements have, however, served to
stimulate those who would bridge the gap between educational theory
and sucoessfﬁl application. |
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Prediticnel educabtion still hssg e valwe, and still hes many

pporters, for it hes grown oub of centuries of use wad we cannot
afford to cast into the scerap head the rosults of nioncers'!
experiences. They form the ballast for our sregent nsychology of
leeraing. Froblols of education have become exceeding oly complicated
end cannot be setisfectorily disvosed of by expressicns of opinion

by nhesty investigubion. There is, therefore, an urgent denend
for uaprejudiced =nd extensive study of every problen vital to the

well being of learners in every field of eandeovor. The only means

of “eter :ining the value or sorthlossaness of an educctional process
is by scientific exnerineatation uwadsr controlled conditions,

subjscting the theory evoelved to the searching test of rigid

apnlicetion.

There is = denand for nore speed in education., The time element

has entered into ocur cclculations znd the »ublic is dencnding &

wasteless school; every nocur of the »upil's tine st count for an
P &
hour of progress; wuseless subjects st be dropyeld cxnd washeful

'.l-

Co

u on elimincted; yet the nrogress cf scilence is
slow. Iavestigators are not agreed in 2all notters of educctional
aethod;  nmeny btilames their expericents shew divectly onposite results.
Jonceriiing: no ph.ose of peligouy is there grevter divergence of

oninion thacn with regerd tTo the suestion of wiole versus part methods

in lecraing. This is the problem we aave chousen fer investi oction,

b

The whole waethicd cons the ctudy of wn entive nass of subject meiter
s o ucit, i.e., the revectition of the entire mwss of nuterield

viised - tove the thressthiold of memory. In the pure
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part methed, the learains is accomplished in piecemeal fashion,
complstely nmestering snall units =nd latbter connecting them in proper
‘serial order. llodified part methods very the ordier in which the
nerts are lesrned =2nd connesbted.

The guestion is one of consequernce for &ll who have 1o naster
extended letrning vroblems. 4 considerable body of litercture
attests to the vitality of the issues raised, and makes possible
certalin gencrelizations. A nwaber of significant questicns in this
Tield rencin. unanswered, howewver, and the present resecrenh is
direesed to their solution.

Before attempting thiis exneriment, the writer sttenpted to

[}

valuate the extensive litercture on the subject. Following is

& brief swuiury of the major srticles read.

There have been nuwaerous investigetiocns end experiments in
he past gquarver of e cenvury, having as their zim the scluotion of
the problen that we cre now gtteciing. The ost important studies
or our purnoses tre vhose of Steffens, Tyle cad Snyler, Granam,
Freenwn, Dolan, Fechsteln, Reed, end Brown. Tacir exrnerimental
and vheoretical results will ve eviewed in the order indizoted.
£ brief evielustion of these resalts will fellew, cnd finslly &
genercl swwwry will be prescnbed.

Steffens. As early as the yeur 1900 Zottie 3teffens published
the results of socie experiments in memorizing. She used nonsense

syllcbles and pexrts of Byron's "Childe Hzzold." She undertook to

determnine risther there is acny limit to the anplication ol the
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whole method to the lesrning of poetry. Her findings were in favor
of *he whole method of learning especially in the field & noetry;

but shne used no larger unit than one stanza. Later exneriments

155

have, in the main, confirmed the esrlier worli o Steffens{ Hendersonf

referring to the work of Steffens, says that the psycholeozist gives no

rule as to the length of unit th .5 is most eccnomicol to use in

connitting to naemory. Ebbiﬂghausasays without citing th:ie authority

thet it has been oproved thwt, in crder to learn a leng poem, ronolugue
or piece of prose, this should not be divided into parts. It is

uneconoinicsl to Llcorn each stanza or senteance seperately.”

Pyle and Snyder. The sbove stateents cnd Iindings stirmlated

Pyle and Sny&er#of the University of liissouri to try te fetvermine

whether these findin gs would apnply to longer selections & well as

They worked only with poetry and used units renging fronm 5 to 240

lines. The experiment reguired the comn 1uting of 2500 lines and

"‘l

extended over a neriovd of six months. Cnly one subject did systematic

work and therefore, oaly his results were rejorted. The whole method
=nd two Torms of the part method were used. - The resulis of the
woeriment are sunmmerized as follows: "ihether 5 lines or 240 lines
of noetry sre nemcrized, l.orainge by wholes is, without excention,
more econcmical than lezraing by »erts, cnd the relative suving is

1. Steffens, L., dAnerlmlnuell Beltrage zur Lenre von ockonimishaw

TLernen, Zebt. F. D. Psyeh., XXII, 1900, ppn. 921-382

N., & Study of Ienory fcr Connected Trains ol Thought,
Psych. Rev. Ifon. Supp. fo.25, 1905.

av]
*
[
4
(]
ha
s
[yl
(&
=
w
O
[
=

-
\’_‘
.

3. Gbhbingheus, H., 1885, Jenerdas Ged wenlaiss, »p. 110, 122.

4. Pyle, M., d. 2.4 Saylier, J. C , The wost seoncnicel unit For
conmitt;nb tc nenory. . Jour. of Ed. Psych.,Vel. XV,
D0 133-142.
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much greater in the case of the long selections that require more than’fﬁ

a single sitting. Corroborative results were obtained from teésts
upon school children."

Graham. Ida E. Graham]of the University of Missouri supported
the conclusions of Pyle and Snyder in the same memory tests given to
public school children. One half of the children learned by the |
part method, and one half used the whole method. She found the
average time of those using the whole method to be loss than the
average time of those using the part method. Miss Graham summarizes
.her findings Wifh reference to the whole method substantially as

follows:

1. The imperfect association in the part method is
detrimental to learning.

2. Forgetting parts already learned causes less of
time and work.

3. Extra time is required to fix together the small
units in the part method.

4. The subconscious fixing of maberials in intervals
between learning periods when leerning required
more than one sitting seemed to be in the favor of
the whole method.

5, General conclusion is that the whole method is superlor
to the part method.

Freemen. Freemaﬁbsays that the whole method is in general better

rm——

than the part method, that the whole methed avoids false associavions
and melzes associztions with the thought easier; that the part
method loses in associating the last word of the part learned with

1. Graham, Ida B., Unpublished menuscript, University of I7issouri.
2. TFreeman, ¥, N,, How Children Lezrn, Pp.,202-203.
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the first word of the same paragraph; and that the learner 1is, o
therefore, unable to proceed without considersble confusion and

1loss in time and energy. He also claims that in whole leerning,

2
3]

as

socisztions are formed with the whole piece of material to be

7,
e

1ezrned and that it therefore takes the form of logical memorizing
and is more permanent. He finally admits that difficult parts

mist have exira time ond that unususlly lon~ selections mey, to the
advantege of the learner, be broken up into smaller units. Also,
that some individuszls may be unzble to use.the whole method,
especially young children, due to the discouragement that comes wikh
ress; confiﬁence igs therefore lost.

. 1 _
Dolan. 17iss Tdith Dolan, Mery Dill Elementery- Schccl, Cincinnati,

)

failure to see »ro

Chio, has made a oontrlbuulon in her svpeciel study of the relative

velues of the whole and port methods from the standpo int of the L. Q.f
of the ovupils tested. Miss Dolan chose twelve eighth grade boys

i1ls from ner own 33hool. rhese were Aivided iato Two Zroups.
Group I consisted of fhree beys and three girls whose I. Q.'s ranged
Trom 125 to 136, Jroup II consisted of three boys and three oipls

whogde 1. Q.'s »roazed froy 80 Yo 20

‘ )

[
-

. These groups met at a
definite time each school day for thirty minutes to study materials
chosen from Schott, "Lay of the Last Minstrel.’

iiss Dcolan used four methods of learning in this experiment;
they were the whole method, the pure part method, the direct repe-
titive part method, and the progressive part method. The findings
in this study were as follows:

1. Dolan, LEdith, “hole Versus Part ilethod in Lesrning FPoetry Verbatim,
Unpub11 shed Laster's Thesis, Uaniversity cof Cincinncati, 1925,
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1. Some form of the part method is most econcmical.

2. The I. Q. of the subject has considerable to do with
success by eny method .

3. The individual has great weight in the success of
learning by any method.

4, Learning levels are not the same for sll classes
and ages.

5. Children score inaccurately.
6. The part mebthod lacks in connecting facilities;
the repetitive part method recuires useless repe- :
titions, the progressive part method shows some waste
in constantly repeating from the first in the
tying up processes; and the whole method is too dif-
ficult in long selections for slow children.
7. The final conclusion is that it is not so much a
netter of method of learning s of the capacity
of the learner, the desire to learn, interest in the work,
forming appropriate images end associaticns, mental
reorgani zabtion of materials, practicing recall, -
and maklng use of rhvthm and other devices to aid
learning =nd retaining.
. ' ) .
Pechstein.In 1916, Pechstein made an extensive study of
"inole Versus Part Methods In lMotor Learning®. Dr. Pechstein realized .
the hitherto meager contributions to this field of educationzl
metho 4 and gave his research varticularly to the determination of
similarities in the results of whole and part methods in rote and
logical learning and in learning of the sensory-motor type, using
both humens and animals fo determine whether these laws hold for
animals as well &s hurmen under sinmilear conditions.
‘The findings in this research do not verify the almost universal
opinion that the whole method is superior to the pert method in any

1. Pechstein, L. A., %Whole Versus Part llethcd in lotor Learning, Psych.
¥onogrevh, No. 99, 1917 -
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of its forms. Dr. Pechstein shows that the part method can be

modified far superior to the original whole method.

Significant conclusions from this research are listeg as

folloﬁs:
1.

o

%

The weaknesses of the "part"™ method are not due to
negative transfer in the learning of the motor units,

.disintegration throusgh time, retro-active inhibition,

contiguity of unit functicning, nor unit incompatibility
in a larger series., The weaknesses are due to failure
in the act of connection, the conditioning factors being

traced to the positional uspects of the temporal snd
spatlel series.

"Part" procedure possesses certain 1nher°nt advantages.

These are mainly the complete utilization of the
trensfer items and the avoidance of diminishing returns
due to the excessive lenght_of the motor problem.

The strength of all types of improved ("modified"™) part
methofs rests upon the progressive eliminetion and
distributive handling of the emotional end positional

factors, together dlth the inherent advantages of any
Tpart™ procedure.

The complex motor problem is »nrobably always best
mestered by one of the several "medified part"™ methods.

The one universally to be nreferred is the "proaressive
pars”

Distribution of the Lesrning effort is of value for the
"whole"method but not for the "part™ procedure.

Distribution of the learning effort is of value for the
exploring and eliminative stages of learning, not for the
repid mechanizing steage. Here effort should be massed.

Fhen the conditions of leerning call for a massing of
learning effort, the "wiole"™ pzrt becomes increa31ngly
inelfinient with increase in problem conmnlexity, the

art™ methods increasingly more efficient.

The conclusions drawn apply solely to the motor type of
learning, though they suggest that thg rote and logical
type need additional experimentation.”

Above statements are selected from the summary by Pechsteln,

np. 67

aend 69,
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Later Pechstein}made further investigation with two series
of nonsense syllables by part and whole methods. In the first
“series the errangement was consecutive, in the second the arrange-

ments was in pairs as 1 and 2, 3 and 4, ebte. The syllaobles were

arranged on a drum and could be revolved at the wish of the subject.

Three modificaticns of the part method were used, in addition to the‘_,
pure part method: The progressive part mcthod, the difect repeti-
tive method, and the reversed repetitive method.

Three conclusions were drawn from this investigation, First,
all part methoés prove superior tc the whole method, both for the
maze and for nonsense syllables Tor all the three criteris of
leerning, namely trials, errors end time. Second, the progressive
pert method is consistently superior throughout all.the‘various
learning tests, also superior in maze lezrning. Third, motor
learning and learning verbatim ohey the same laws of learning, és
witnessedlby the fact that part methods are more efficient than
the whole method in trials, errors mnd time. Pechstein +therefore
guestions the superiority of the whole method in the fiéld of
meaningful materiel until further investigation shall determing the
value of the modified part method more fully.

Reed. Perhapns the most spirited controversy over this subject
has taxen plece between Reed?of Grinnell, Iowa, and Brown of the
University of Californie.

Reed does not kxnow Why psycholegists favor the whole method.
He says that facts seem to favor the part method =as mich or even
1. Pechstein, L. A., “hole Versus Part Illethod in Learning Yonsense

Syllables, Jour. Ed. Psych., Vol Xv, pp. 109-115. "

Reed, R. B., Part and 7hole liethod of Leerning, Jour. of Ed.
5
Psych. Vol. Xv., pp. 1C7-116

O
.
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more than the whole msthod, and that Ieumann's book, "The Psychology
of Learning™, has twenty-five pages given wholly to the support of  

the whole method, while there is only'one experiment, that of Steffeg‘
supporting its claim. He alsc states that the facﬁs of lfeumann's owh 

labbratory as published by Ebert, Meumann'and Pentschewgfavor the

part method in so far as economy is :easured by time saved.

Reed feels that the experiments h¢ve been too limited to
esteblish a psychological law, and hgs. therefore repeated some of tie
experiments of Ebert and Mbumann‘which dealt with nonsense materials,
and found the whole method poorest for learning and next to the
poorest for relearning. He finds what he calls the mixed method most
economical as measured in units of time &nd most adjustable to the
menory span of the learners.

In addition_to repeating two experiments by Ebert and Meuménn,
Reed did first, four experiments ﬁith singie individuals, second, a
group experiment, showing the influence of the pert and whole methods

of reading upon the conprehension of prose, and trhird, a group
experiment with a lasrge number ﬁf individuals, showing the influence
of method cn the learning of poetry.

In the first experimeﬁt, using only a few individuals in
memorizing parts of Arnold's "Essay on Mumbers', he found that the
results both for learning and relearning were generally favorable
to the part method; the cases, however, were too few to do more than

suggest 2 possible condition.
1. Evert, B. & Meumann, E., Weber einige Grunafragender Psychglogie

der ebungs phanomene im Bereiche des Gedachtnisses, Arch.p.d.
Ges., Psych. Vol.4, pop. 1-232

2. Fentschew, C., Unterouchungzen zur ockonomie und Technik des
Lernens, A. P. D., Ges. Fsych. I, 1903, 417-426

-9
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Having this matter of number of cases in mind, he arranged in
the second experiment to use as subjects 169 students, and as
materials three chapters from Freeman, "How Children Learn”. Somé.
read all the chapter without stopping, while others read each
paragraph twice before proceeding to the next. The groups were
equal in intelligence or as nesrly so as possibleé and changed
method at eéch chapter change. After the reading a test was given
to both groups to ascertzin the comprehension of the chapters.

Thirty of the subjects foﬁnd the part method better, eirhteen found
- the whole method better, and the remszinder of the group found the
differengg sufficiently slight to be negligible.

Two hundred and twenty-six students from the department of
experimental psychology formed the group for the third investigation.
They memorized poetry using the part, whole and progressive part
methods. In this experiment, the progressive part method showed
an sdvantage of 12 per cent over the whole method.

Brown. Brcwntof the University of California calls Reed +o
a "stricf accountability™ on his stetements and on alleged omissions
in his figures end =rguments substantizting the progressive pert
method of learning. :

Brown says that no one has ever claimeé that wntroined lesrners
adopt the whole method spontenecusly of willingly. Steffens likewise
says that untrained learners choose unecononical methods if left to
themselves, Brovn criticises Reed, also, because he considered time
only end not the nunber’of repetitions or the amount of retention.

An additional heuling over the ccals is adninistered o Ir. Reed
for allying himself with Steffens egezinst Pentschew and lleumann,

1. Brown, Jalter, Part and Whole lethod of Leerning, Jour. of Ed.
Psych., Vol XV, pp. 229-237.
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yet accepting only such parts of their data as would support his
contention, and also for recording only the time element in his
repebition of the work of Ebert and liewmann,

Reed replies to Brown in "A Turther Hote" in which he defends
the results of his investigaticns by a lenqthy review of the
materials, methods and Tindings of those who have investigated the
relative values of the two methods of leerning. In closing he says,
"Conélusions based on results obhteined from 177 subjects are not
ezsily invalidated; therefore, the universal endorsement of the
whole method by educationel authorities is quite uwnwarranted.”

Evaluation. The weight of evidence is, so far, in favor of

he whole method as contrasted with the uvnmodified part method.
Certein of the claims made and arguments advanced mey be profitebly
reviewed.,

Pyle and Snyder found learning by wholes "without exceptiol
more economical than learning by parts.™ But Pyle and Snyder
reported the results of only one subject and they ;dmit that the
materisls used were s0 unoo“"l in difficulty thét it was hard to
compare the accomplishments from ceyv to lay.

ifisse Graham used school children for subjects in her verificetiam
of Pyle and DBnyder's findings. She rests her case for the whole
method largsely onAthe claim that imperfect associations are mede in
the pert method. She also allezes that there is a tendency to

forget one small unit vhile learning another, thus consumi

ving Be¥cie - extra
tirie to relecrn and assenhle the small units. Plnally, she regerds
he whole method as superior in subconscious Tizxetion of meterials
in the int als between learning periods when learning requires

more than one sitting

O
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Pyle znd Snyler, howsver, used an adult in their exveriment |
and Miss Graham used children. Freeman of the University of Chicago, -
who supperts the whole method, does not claim that it is better
than the part method for children. . It would seem then that there are
not comparable subjects in the Pyle-Snyder and Graham experiments.
Freeman fevors the whblé method because "associstions are formed
with the whole piece of material to be memorized and that it there-
fore tekes the form of logical memorizing and is more permanent.”
Iiiss Dolan's contribution is enhanced in value by her selection
of groups of children differing so widely in intelligence that it is
unlike any other exveriment reported here. 1liiss Delan found that
the I. Q. of the subj ect had considerable bearing on success by
any method.
Pechstein made a timeiy contribut ion in his first experiment
to the field of motor learning. It is difficult to compare this
investigation with those precedingit, due to the imtroduction of a
group of new modified part methods, the use of animel azs well as
humen subjects, and the restriction of the studyto motor learning.
Pechstein later made further investigation with nonsense syllables,
in which he verified his findings in the motor field. These pointed
neither to the whole method nor the vure part method, bub rather to

certein modified part methods as most efficient,

‘o

The Reed-Brown controversy, regardless of the merits of the
conflicting clzims, has been of value in renewing interest in the
matter of economical learning. In so far as number of subjects

is of value, Reed has mzde a convincing argument. However, Reed
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repeats only one experiment, thet of lleumann, as a means of sub-
stantiating his views; he relies as much on opinions and theories as
he does on scientific investigstion. One feels that this debate can
be finally settleé only by further evidende.

A recent summary by Pechstein‘attempts "to cover the entire
range of experimentastion, holding for motor, quasi-meaningful, and
logical material of poetry type, for animzls and humans, and for
varying degrees'of intelligence.” This summnary may be qguoted as
follows, to serve with brief supplement as a general summary of

the literature.

1. "Some form of the part method is more effective
than the whole. This is universal for animal
end human learning, and for motor, quasi-meaningful,
and meaningful material.

2. The progressive and repetitive part methods seem
the most effective of the modified part methods.

%. The narder the problem, the more essentisal to
breck its learning into parts; massing the learn-
ing effort is of value with the use of part

methods; massing is disastrous with the whole
method.

4, 1In corollary to the above for humans, the lower the
I. 2., the greater the inefficiency of the whole
method; the higher the greeter its efficiency, al-

nough it rerely with an individuval, and never with
the entire group of high I. Q. learners, surpasses
certain forms of the part method.

5. The factors of attitude, emotion, xnowledge of re-
sults, ete., are vowerful. The law of effect 1is
probebly underestimated in votency; frequency,
overestimated.

6. Port methods are most adventegeous during the dis-
covery or the eliminative stages of learning; the
whole method, for the final mechanizetion.”

1. Pechstein, L. A., The Whole vs. Part liethols in Learning;

Comperison end Summary, Psych. Rev. Mon. Supp. XXIII
F¥o. 2 o
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In suonplement to the sbove items, which are derived primarily
from Pecustein's own experimentetion, may be listed the follcowing:
7. Results in the field of learning prose have to date

been confined to & comparison of whole and pure part
methods.

8. Age of learner is a conditionirg factor, the whole
method having especial disadvanteges for children.

9. .In some experimentation, the criterion for the mea-
surement of improvement has been a major factor in
determining the relative superiority of the methods
studied.

10. None of the revorted experiments has involved pro-
longed practice, or studied the effects of practice
upon the relative merits of the various methods. '

. 3. Specific Problems
The present research is directed primerily toward the solution
of the »nroblem suggested in item 10 above, in the field of learning
nonsense materials verbatim. Specific questions to which the ex-
perimentation discussed in the following chavpters is directed may

be raised as follows.

1. “hat are the general effects of practice in learn-
ing nonsense materials?

2. How do verious whole and pvart methods compare as to
efficiency at the beginning and a2t the end of pro-
lonzed »ractice?

What ave the reletive effects of practice upon the
efficiency of the various methods

3t

4, 7hat factors are resnonsible for the effects of
practice?

5. To what extent does presenvstion of materizls by
whole or part methods control the proceiure of
the learner?

What individual differences are found in the re-

aqtlon of learners 4o whole end. part methods of
presentation?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

CHAPTER II

ITETHCD AND PROCEDURE

Ten University of Cincinnati students, five men of graduate
renk and five young women of sophomore rank, served as subjects,
The materials for learning consisted of fifteen series of nonsense
syllables, twenty-four syllables to the series.

Five methods were used,- the pure part, the whole, the
progressive part, the direect repetitive, and the reverse repetitive.
The methods are explained as follows:

1. The pure pert method means the complete learning of one
divisions ér unit of the series (six syllables) before attacking
the next division. The second division is then completely learned,
the third is then mastered, and so on until the entire series is
learned, unit by unit. The four parts are then assem:led and
learned together. The following formula will illustrate: I, TI,
IT:I, IV, I-IV,

2. The whole methed means the straight forward reading of the
entire body of meterials each time until verbatim mastery is sttained.

Forrmula: I-IV.

5. The progressive part method means the study of each unit
until learned, and then iis immediate connection with all the parts
previously learned. Tormula: I, II, I;II, IIr, I-11I1, IV, I-IV.

4. In the direct repetitive method the subject learns one unit
of six syllableé, znd then goes on into the second unit, repeating
the first each time with the second until the second as well is

leerned, ‘When units one and two are thus mnastered, unit three is
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added, repeating one, two and three until verbatim mastery of the
three is attzined. Then the fouirth unit of six syllables is added,
repeating one, two, and three with four until all are mustered
Tormula: I, I-II, I-III, I-IV.

5. In the reverse repeﬁitive method the subject learnsthe
fourth wnit of the series first; as soon as this fourth unit is
mastered, the third is attack ed and mastered, the subject working
through this and also through the previcusly learned fourth unit.
Then the second and the first in the order named are learned, the
subject ending each trial by gcing through the previocusly learnedA
units. This is the reverse of the direct repetitive method 1
mentioned 2bove and has this formula: IV, III-IV, II-IV, I-IV.

The subjects began with different metholds, e.g., subject A
began with the pure part method and used the remeining methods on
successive days as Tollows: whole, progressive part, direct
repetitive, and reverse repetvitive. Subject B began with the whole
method and proceeded regularly with the progcregsive nart, direct .
repetitive reverse repctitive and pure part. Subject C besan with
the progressive part method and nroceeded resulsrly with the direct
repetitive, the reverse reretitive, the pure psrt, and the whole,
Subject D besan with the direct repetitive and proceeded regulerly
with the reverse revetitive, fthe »ure pert, the whcle, and the
prorressive port.  Subjeet E begen with the reverse repetitive and
vroceeded recularly with the ~ure part, the whole, the »rogressive

pert, and the direct revetitive.

1. For a dsteile? ﬁcooridtion of these fundenentcl methods of whole-
part learning, see Pechstein, L. A., "Whole vs. Part Ilethcds in
“otor Lecrningt A Comporative Study. Bsych. Ion. o.99, 1017,

2. "lwo groups of subjecté were used, each consisting of b5
individuals, here designated as subjects A-E.,"
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The method of rotation is shown in detail in Table A4,
which follows.
TLBLE A
Table to Show Rotetion of Learning Methods.
Sybjects
Days A B c . D E
1 Part Whole Prog. Part Dir. Rep. Rev. Rep.

2 hole Prog. Part Dir. Rep. Rev. Rep. Fari:

o Pro. Part Dir. Rep. Rev. Ren. Part Whole
Dir. Rep. Rev. Rep. Part Whole Prog. Part
Rev. Rep. Part Whole Pro. Pert Dir. Rep.

Pro. Part Dir. Rep. Rev. Rep.

© O = o O
R
)
]
ct
=i
o
}_.J
®

nole Pro., Part Dir. Rep. Rev. Ren. Part

Pro. Pert Dir, Ren. Rev. Rep. Part Whole

Dir. Rep. Rev. Rep. Part Whole Pro, Part
10 Rev. Reyp. Pert Whole Pro. Part Dir. Rep.
11 Pert “hole ro. Part Dir. Rep. Rev.Ren.
12 “Thole Pro., Part Dir. Rep. Rev, Rep. Part
13 Pro.Part Dir, Rep. Rev. Rep. Part. “Thole
14 Dir. Repn. Rev. Ren., Part thole Pro. Part
15 DRev. Rev. Rar Thole Pro. Part Dir. Reop.

=3

he above te Dle shows that ho two subjects used the sanme

)

2]
(61}
<t
&
[e]
u

on the sanme day. By the end of the fifth day esch subject had
learncd a comnlete series of syllaebles by ecch of *he Ffive m-othods.
Subject A Legon with the »nure pvert method; therefore, the method

fellowing profited or was hinfered by the pracztice on the pure peort

method. OSubject B he~an with *he whole method and only ended his five

series with the part nethed. It is eas
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second may vary, bthe extent of Su@h&being perhaps primarily a function

of the method employed, the number ofiseraas j w 1e arned,
or the two in some combination. In the u&&ﬁ,
nethod profited (or was injured) by 2ll t e D

ginning

Subjects C, D, and E proceeded in similar me
with a aifferent method and ending with the method that had been

first with the subject immediately preceding him. This procedure
attenpts to equates the effect of practice within each round of

five days work.

The materials for this experiment were constructed with
considersble care. The syllables were made DY the writer in the
following manﬁer: Each sylladble consisted of three letters- a vowel
between two consonants, the syllable itself rejected if it in any
way carried meaning (e.g., cab, run, etc.). The vowels were used
with equal fregqueney, bubt arranged so that there was no regalarity
in their use, €.g., instead of tnelr apnearlng in the order a-e-i- o—u;

vhich arrangemnent might assist the suo1ect in remembering the next
svllable, they appeared in rﬁnﬁom order, such as o-a-u-e-i. No
syllables were repeated in any of the 1ists. The consonants, one on
either side of the vowel, were S0 ary anged that they too were usé€d
an equal number of times through the entire lists. Finally, the
svllables were so arranged that ﬁSJllable never uegan or ended with
the consonant possessed by its two adjacent syllables.

These syllchbles were arranged in fifteen series of twenty-four
syllables each and mounted on a mechanically driven drum of the
type developed in the Psychological Laboratory, University of Chicago.

4
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The drum was arranged to expose only one syllable 2% a time. The

regulerity of the movement of the drum was qg;? éi .3h% 8 metronone.
For the purpose of study or original ; .eﬁgqugzggﬁyiﬁyllable

.'.{D
.Q.J .e

was exposed to the learner's eve81ghn for a-be;n

v
Sees et o

until all +he syllables counstiituting the particul a unlt of learning
(the whole, a part, or some combination of parts) had been exposed.
If the whole method was in use, the drum was rotated regularly
until all the twenty-four syllables had been exzosed. Reburning
then to the beginning, the subject tried to recall and write the
Tirst syllable of the series. Subjects were allowed not to exceed
four seconds for recall and writing this first syllable. After this
trial at recalling syllable one, the first syllable was exposed and
the learner wes permitted to see whether or not he had written it
correctly. He then tried to recall and write the second syllable of
the series and after trying, the second syllable was exposed, and so
on through the series., In every case, four seconds vas allowed

Tor recall and writing, excent in such cases as the individual "gave
up" more guickly and indiceted his readiness to have the drum
advenced. These two periods constituted a study or learning period
and e reproduction or testing period. This zlternszte study -
eproduction procedure continued until the series was learned and
written twice in succession without error. One study-reproduction
secuence constitutes a complete trie

the pure part method was in use, six svyllables were exposed

in order, before the first revroduction. Study =nd reproduction
alternated until the six syllables were masitered, with two seconds

of time allowed Ffor learning each syllable

, and a maxirmum of four

seconts for recall and writines
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In the modified part methods, the method of using the drum énd
of study and reproduction were the same as in the whole and pure vart
nethods, but the subject continued to study and write the partsA
already learned in connection with the new divisions of the series.

One minute was allowed at tue end of each trial, not
pvarticularly for rest, but to give the experimenter time to teep his
record accurately, shift the drum, etc. |

The trials, errors and time were recorded on blanks prepared
especially for that purpose.

The first group, the five graduate men, began their part of the
experiment on the morning of February 23, 1928, and vroceeded
regulerly and without interruntion, tThe same hour of the day, five

davs of the week, until the fifteen series of syllables were
U s

.The second zroup, five undergraduate women, began their part of
the experiment on the morning of larch 16, and proceeded regularly.
Due to their schedule of classes, they were not able to appear at the

ame hour each 3ay, bdut there was & définite time assignment for
each day. It was thought best, due to the hezvy schedule these

young womaa were already carrryiaz, to use

ten series in their nart of
the experiment instead of fifteen used in the case of the mex.
Subsequent compnarisons do not ignore this difference in number of

zeries lecraecd.

The physical conditions were kevt as nearly uniform as it was
possible to have them. The temperature of the room and the light
were constant, the subject szt in the same chair in the same position

each day, and the experimenter toolx the same vosition each day. The
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room was large and well ventilated and no one was pernitted to enter
to interrupt the subject during the experiment. The blanks

provided for the subjects were of good paper, white and ruled to-allow
for fifteen columns of sylleavles, thirty-six the column. Seldom

was 1t necessary to use all of this for one series, There was ample

H

room for notes at the bottowm of the sheet, for the experimenté'
to jot down his observatiéns. Tnen one column of syllaehles was
written, the paper was folded or the syllableé were carvefully covered
so that they could not be seen while filling the next column.
T™e subjects were given specific instrustions as tothe meaning

f the names of methods, e.g., "In the progressive part method, you
are to learn the first six syllables of the series, tﬁo consecutive
writings withoubt error heing conszidered satisfactory; then the

second zroud of six; the two divisions o

Hh

six are then written
tozether; the third section of the series is learned anewnt and added
to one and two already learned; finally, the fourth is learned

and the four scections assenvles =2nd made the wnit of learning.”
Instruction similar to the zbove was givenkfor each metiod to the
subjects individaally, not to the group, before the experiment was
begun. Subjegts were also urged to concentrave on the syllables to
the exclusion of all else as the drum revolved.

The subjects of Gréup I (the graduste group) were chosen
individually. The experimenter personally solicited their cooperatim
in this test of learaning. He took those who were willinz to serve

without consideration as to their ability or fitness for this tyve

of work. As shown by the datae they were of varying aptitudes for

the learning task set.
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mhe subject of Group II were all volunteers., None wes
solicited individually. The egdsrinsater vis ited a sondhomore class
in the Department of Psychology, =and after explaining briefly the
nature of bthe experiment that was being carried on, asked for
volunteers. Slore reésponded than were needed. The intellectual
quality of the students from this class was excellent. Judging from
standards found in colleges, the I. Q.'s were 120 per cent or¥ better.

These ten subjects, five mature men and five young women, gave
every objective sign of doing their hest with the learning, There
was little evidence of a feeling of Arudgery, hut gensrolly ons of
eagerness to do the experinent and interest in the results. The
results, however, were nov made vnown to the subjects until afber
the experiment had been finished. There was more of the contest

pirit shown by the young women than by the men.
ne method and procedure may bé summerized as follows:

1. Ten university students, five greaduate men and
five undercraduate women served as subjects.

N

The materials consisted of fifteen series of

nonsense syllables, twenty-four syllables to
the series.

5. TFive methods were used, - the pure part, the whole,
the progressive part, the direct renetltﬂve,
and the reverse venetltlve.

4. L method of roteting the methods to equete the
effect of przétice was deviged.

5. Tactors such as time allowed for studying and
recclling each syllable, method of rpcordlrg,
regular 1tv of time of leerning trisls, etc., .
vere ca refull" controlled.
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CHAPTER III
GENERAL EFFECTS OF FRACTICE

I. DPROBLEIS IHVOLVED

Before presenting and discussing the experimental results,
it may be in order to note several problems which are involved i
a consideration of the general effects of practice.

1
Individual Differences. Thorndike says "the causes of

individual differences in improvement may be considered under three

heads: (1) Differences in methods of work which can be taught to one

ke’

erson as well as to another, or somewhat nearly as well; (2)

tJ

ifferences in previous training which, at any given time, must be
accented, but which could have been prevented; and (3) Differences
in original nsture which must be accevnted and allowed for. It is of
utmost importance to the educotional theory of any function that the
individual differences in the rate of improvement in it should be
refereed to their specific causes elong these three lines.”

These subjects are not exceptions to the "causes of individuwal
differences in improvement™ as stated by Thorndixe. 'Je will proceed
with this understanding; therefore, in considering the improvement
of individual subjects in terms of initial and final status, we will
not feel oblizated to argue deenly concerning the e xact commen-
surability of thgse'inﬁividuals in respect to gains, for it is at
once evidlent that only those individuals who ere slike in initial
or final status can be compared without assumption.

1. Thorndikxe, E. L., Zducational Psychology, Vol. II, T. 161
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“ Efféét‘OI‘bhbibblbf‘cbiﬁéfibn. ~ Differences in methods of

portraying.pgactice.¢ata often leaq to various conclusions. To
illuétrate; 1Qt us gonsider some ﬁables of Smythe Johnson, found
on pages 169 and 170 of Thorndike, Educational Psycholqu, Volume II.,
These tables were made from five supposititious cases] each heving
seven trials, and using as a score unitg of gross amount., The _
individuals he dgsignates A? B, C, D, E,. In_the first computation,
using units of gross amount, D improves most, and A and C improve
least. | _

This}same fable turned intp upits of time required to do one
unit of work, using hundredths of a second as a basis, shows that
E improves most and C improves least,

The two sets of curves plotted from this data show in the first
case that differences are increased by practice, in the second,
considerably diminished.

The inference is then, that the change from the use of one kind
of unit of estimate to another in expression of one and the same
performance makes an appreciable change in interpretation, The
writer galls attention to these facts in order that his interpre-
tations,Awhich are in terms of the three criteria of triasls, errors
and time, may not be misleading.

Scores as only pertial measures of learning. No one is

Justified in interpreting every change in score as a corresponding
change in efficiency. On looking at a curve which rises from point
50 to point 100, one is tempted to believe that the particular

function has become twice as efficient- to think of the subjects'

ability as having doubles. But a given change in score does not
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alwaysvmean a porresponding ind;vidual qhange in ebility. It may
mean many different things, according to the meaning of the score.

A given score is the ;esultant of many :orces. Sometimes certain
of these are dominant, sometimes others.

The scores of individual subjects, in particular, are subject
to chance fluctuations. When the scores of a group are combined,
these fluctuations due to chance become less and ten@ to disappear,
leaving the trend of progress more clearly indicated.

Why failure to improve may oceur. Quoting Thorndike/again,

"So far as I am aware of the facts, no mental function has ever been
deliberately practiced with an eye to improving'it, and with proper
Qpportuniﬁy‘for the law of effect to operate, without some improvemem
as a result.” But improvability has been denied to some funetions.
Thorndike says in response to that, "then an investigator's failure
tq find improvement is due to one or more of the following causes:
(1) He 4id not inform his subjects whether they were right or
wrong in their judements, nor what the direction and amount of their
error was. Hence the wrong bond was given as much advantage as the
right bond. (2) He gave his subjects no adequate motive o improve,
(3) He gave practice in so narrow a function that the limit of
improvement was reached very quickly.”

It would, perhaps, not have been surprising, in view of the
ebove, if the subjects used in this experiment had not improved.
They were not informed of their progress; their scores were not
revealed to them until after the_experiment was finished. No

records of any kind were offered, and no assurance was given ghat

1. Thorndike; Edueational Psychology, Vol. II, p.1l518152
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any one would know the individual results ofvthe experiments.
Effort to improve was doubtless conditioned by the desire
of the subjects to coopgrate with the experimenter, and their
interest in his problem, the general nature of which was familiar
to»them, The_subjects of course knew when they had mastered each _
learning unit, and had a fair idea of the time required. In genersl,
they were aware of good days and poor ones. Witpout these condition-
ing factors, improvement would perhaps not have occurred.

Factors conditioning improvement. Improvement is conditioned

by the rgalization of satisfaction, likes and dislikes, by being
content and being annoyed. These factors of improvement have
received little consideration, and they are thought of rather vagﬁely
as "aversion to work or zest for success."™ Every one can, however,
appreciate their importance in the improvement‘of abilities to
accomplish in any field of endeavor. In this, the field of nonsense
syllable learning is no exgeption. The effects of the emotional
tone, born of satisfaction, on‘the progress of the school child
doing his sums, learning his assignment in language or history
cannpt be overlooked. The same aepplies to any game of skill; play-

| ing at marbles, golf, etc. Satisfaction is conducive to unremitting
de#otiqn to a task, be it learning nonsense syllables or playing
& game, and the greater the satisfaction, the more assured the
improvement. This matter of interest in and zest for the job
influenced more than a little the results of this experiment. MWany
of the fluctuations of the learning curve, as evidenced from day to

day, are due wholly to the emotional set of the subject on that day.
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Thé'limitS'Qf'imprbvement. Is there a limit to improvement?

'NQ doubk there.is a limit to improvement in any funetion, but it is
rarely reached, "save in the_case of extremely narrow functions,
such as}knowipg the meaning oflone or a few_wordg, being able to
repeat a poem, or typewriting a single sentence"{ Usually limits
arevnot reached save in work or play where excellence is sought with
great zeal and intelligence.

Learning nonsense syllgbles may belong in the category of the
"extremely narrow function"; even so, the writer believes that a
me jority of his subjects did not reach their limits. Boredom and ladk

of zest for the task of learning account for many of the reverses
incident to this experiment.
2. INDIVIDUAL AND GROUP LEARNING CURVES

It seems appropriate now t6 review the individual and group
learning_curves’of the ten subjects in the light of these brief
remarks on the genersl effects of practice.

Graphs T to X inclusive show the effects of practice on the
learning acnievement of the individual subjects of Groups I ahd II.

Group I

Graph I, Subject A.

Subject A began with the pure pert method and proceeded with the
whole, P.P.; and D. R., and R, R., in order named until esach method
was usgd three times. It will be observed that the second day the
trials, errors and time all increased. This was explained &bove;

changing from the pure part to the whole method accounts for the loss

1. Thorndike, E. L., Educational Psychology, Vol II, p.l77
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This particular subject had the feeling that it was impossible for
him to learn twenty-four %yllables by the whole method. The emotiond
set toward the whole method proved a heavy handicap.

The third day the subject seemed to have had a baptism of .
confidence and enthusiasm and for three days the trials, errors, and
time were considerably decreased. The losses following the f£ifth
series were, in the subject's introspecticns, charged to a condition
of over anxiety to improve; emotion entering again into the learning

process. Improvement came with the series following the seventh, with

the exception of the errors on the twelfth'day, when the whole method
was aftacked for the third time. vThis subject and in fact all
subjects were willing to sacrifice both triasls and errors for im-
provement in time,

Graph II, Subject B.

‘vSubjeqt B began with the whole method and proceeded with the
P.,P.,, D.R.,, R.R. and pure part methods in the order named until
each method had been used three times. The correlation is fairly
clbse; the fTirst discrepancy appears on the second series when the
errors fall from 145 to 95 and both trials and time increase. The
whole method is especially prolific in terms of errors due to the
limited memory span of thé subject. There was, therefore, a greater
possibility for improvement in errors than improvement in either
trials or time, Subject B was not disturbed by en emotional set
toward any particular method as much as other subjects were, dbut
fluctuated regularly, reaching the pesks of efficiency on the third

and eighth days. His learning curves all show & loss on the fifteenth

:
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day. The subject and the writer are agreed in charging this to the
fact that on this day'the subject was heavily burdened with an
experiment of his own, and that there was a tendency to relax or slow
up because of it being the last series. '

Graph III. Subject C.

Subject Q~began with the P.P. method and proceeded regularly with
the D.R., R.R., purepart and whole methods in order named until each
method had been used three times. This subject made & promising _
beginning, showing considerable aptitude for this type of mémory test{

but, true to what secems the custom with this group the subject lost
consistently uptil the fourth day when he showed improvement in all
three measures. The fifth day he used the whole method procedure for
the first time and the curves representing all three meaéures of
efficiency rise. T his 1s‘especia11y true of the ®Brror curve. This.
is true also on the tenth apd fifteenth days of the experiment when -
the whole method was in use. Subject C was unfortunste, especially in

the last three days of the first round of this expefiment and to some
degree throughout the experiment, inhaving a member of his family in
the hospital. This, with the attendent loss of rest and anxiety,
undoubteﬁly impaired his ability to work up to the limit of his
capacity,
Graph IV, Subject D.

Subject D was a consistent performer. His curves correlate
almost perfectly. His improvement is slow but consistent. He lost
gradually until the f£ifth dey of the experiment when the results of

practice began to function. This subject mentioned in his
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intrqspectiqns a method of attaching'meanings to syllables that helped
him,yery materially in remembering the order of the syllables., I%
took the subjept four days to perfect this syétem of recall; after
the fourth day, the only bresks in the progress that cannot be |
accounted for by chance fluctuationé are the two points of change
from'a‘modified part methqd to the whole method. Subject D was not

eépecially susceptible to the usual emotional influences, and the

_only times that émotional set toward the task in hand seemed to retard

his progress was at the beginning of a series by the whole method

- procedure. The discouragement of a study reproduction sequence result

ing in_the retention of only one or two syllables was telling,

Graph V, Subject E.-

~~ Subject E made the best record in trials, errors, and time of
any of the subjects of Group I. Subject E started with defermination

to excel in this experiment, he. thoroughly believed that he could,

and he did. This subject uéed every means at his command to do the

series in.thé shortest time with the least possible number of trials.

and efrors. Because of this concentrztion and ultra effort, the

- subject reached his peak before the experiment was more than two

thirds done and then a 8light resction was observeble. This is énothe

evidence to the writer that one cannot hold his schievement at the

- peak of his capacity for many successive days.

Combined Learning Curves for Group I.

e GraPhSIKXXIﬁXXXEE?‘anﬂHXXXiII summgrize  the ‘imdividuel..curves for

~ Group I. These graphs show the same genersl trend that the individual

curves show, rising abruptly'at first, before theeffects of practice

had acerued sufficiently to take care of the daily change of method

and falling with equel abruptness after the subjects found themselves

and were able to realize from the effects of prectice,
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The characteristic ups and'downs of all learning curves folloﬁ
the fourth day of practice,~but there is geneial improvement until
near the end of round three, then there was evidently a generzl let
down. The men became tired of nonsense learning near the end of the
experiment and lost'spme of the zest and snap that characterized
their earlier efforts. This tendency is not at all novel; fiom an
experiment by Wéllsi 1912, in which he uses five adult men and five .
adult women 150 minutes each practicing addition Qf one place numbers,

the writer finds that five of the ten subjects, two ﬁenand three
women, make & poorer showing on the final practice period than they
did,qn the periods immediately preceding thé final practice. Book,a
1908, finds in his experiment on learning to typewrite'that curves
rise rapidly and continuously so long as many possibilities of
improvement exist, but as possibilities grow less numerous the raté
of improvement grown 1esé and the curve tends to become _a straight
line gnd at times an actual loss of efficiency is experienced. The
first stages of learning are common to all, but few become masters
of apything. As prectice continues there are fewer adaptations to
maké, and those that remain are uniformly hore difficﬁlt; The final
process of polishing off the speéial associations which frequently ofs
fer the only avenue to contimied improvement often proves too
laborious and the subject stops short of the expert stzge and in the
stopping drops below his previous record of achievement. Practice,

than, has contributéd improvement tq Group I as follows:

l. Wells, F. L;,'Thorndike‘Educational Psychology, Vol. II, P. 236-7
2. Bock, N. F., Thorndike Educational Psychology, Vol. Ii, P. 238

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



() Trials. The daily average number of trials for Group I

| was 55.6. Tpe ngmber of trials Qn'the first day was 54, on
the last day, 56. On the second, third and fourth days
the numbers were 68, 73, and 71 respectively, which
accounts for the high averege. Thé ninth, tepth and
eleventh days showed the greatest improvement, the numbers
on those days being 46,45, and 46 respectively. Pfactice
seems to have contributed little in fhe way of improvement
in the number of trials necessary for learning nonsense
syllables. _ o

(b) ZErrors. The daily average number of errors was 269.3. The
Jumber of errors on the first day was 336, on the last
day, 272, After the sbrupt rise of the fourth day the im-
prevement was regular, reaching the best point on the
thirteenth day. The fourteenth and fifteenth days show
a loss, which will be expleined later in the chapter. The
general tendency is for improvement in the number of errors
to fpllow practice. |

(e) gigg. The average number of seconds consumed each day was
9624. Thg number of seconds required for the first day
was'11565, for the last day 7995. After the aﬁrupt rise
shown on the secon@ gnd third days the general tendency
was to improvement, reaching the peak of accomplishment
on the thirteenth day. This and the loss on the fourteenth
and fifteenth days correlate perfectly with the curve
representing the errors. The improvement due to practice

is here found more regular and more outstanding than by

either of the other criteria.
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| | GROUPR II
Graph VI, Subject A. |
) Subject A began with the pure part method. The subject
showed very little improvement and very little fluctuation in trials
throughout the experiment. This would indicate that this subject
began near the peak of her ability so far as -trials mey be used as
a measure. The losses measured in errors on the second day of
practice, and on the seventh day are due to the use of the whole
method procedure on those days. Other than these two whole method
peaks, the errors curve is quite regular and shows an improveﬁent
from the first to last amounting to the difference between 41
errors and 13 errors.

The time element, which we believe the most reliable measure'
of the effectivenesslof method, shows & conservative improvement
with few ?luctuations. 411 in ell, Subjeet A was a consistent
performer, not easily disturbed.and showing almost no discomfiture
from emotional influences.

Graph VII, Subject B.

Subject B began with the reverse repetitive method. The subject
showed - very little improveme nt and few fluctuations in trisls,
indiecating that this subject also began near the peak of her ability
so far as trials may be used as & measure.

Subject B made 13 errors on her first series and 3 on her last
series. The only decided reverses were on the third and eighth
series when the whole method of procedure was in use; thus showing
again the inferiority of the whole method measured by the number of
errors made. The time element shows improvement beginning withl9?®
50" the first series and ending with 9' 30™. The only conspicuous’
reverses are on the third and eighth series when the whole method

of procedure was in use. The curves representing the time =iid
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errors of Subject B correlate very closely. It is quite evident
from these curves that the whole method, estimated in time and

errors , is the most expensive for Subjeet B.

Graph VIII, Subject C.

Subjeet C began with the direct repetitive method. The
subject shows a very slight improvement in trials, with the usugl
ups and downs, fluctuating between eleven, the greatest number, and
five the lesst number, Subject B was very nervous at times, and
her desire to excel brought 2bout & hasty, Jerky performance
which was conducive to errors and the errors precipitated greater
anxiety. This was esvecially true on the eighth day of practice.
On this day the curves all show a loss.in efficiency, especially
the curvesrepresenting errors and time.
On the fourth day the errors curve shows & conspicuous rise.,
This was Subject C's first attempt to learn by the whole method.
The first four trials by this method were mostly errors, the
learning then proceeded rapidly. The subject made 24 errors on
the first series and 15 on the last. .
The time element shows imbrovement as practice proceeds,
beginning thepractice with 23' and ending with 15' 30". The rise |
of the curve on the eighth day is the nost conspicuous fluectuation.

The correlation between time and errors is only fair,

Graph IX, Subject D.

Subject D began with the progressive part method. This
subject's beginning was not at all promising. The trials, errors
and time on the first series were 18,83 and 48' 45" in order nemed.,

The second series shows a marked improvement. This improvement
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was not due to increased ability due to the one practice, or to thev
difference in_the‘effectiveness of the methods, but to the subject's
emotional set. The subject approached the first series with the
feeling that it was an impossibility. She found that she could

do it eﬁd the improvement was immediate.

The curve representing the trials made by Subject D shows -
little improvement after the second day of practice., It seems
evident in this case that there is little if anyfcorrelation
between the amount of practice and the number of trials necessary
to learn nonsense materials. The curve representing the number of
errors made is quite unususl, having three especially high points,
the first series which has been accounted for zbove, the fifth
and the tenth series. The fifth and the tenth were learned by the
whole method‘which accounts for the increased number of errors on
those series. There is a general trend of improvement due to
przctice, that is, there are fewer errors in series 6 to 10 inclu-
sive than in series 1 to 5 inclusive.

The’time curve shows a general tendency to improvement due to
practice., After the first sharp drop, alresady accounted for, there
are the usual variastions accounted for by chance fluctuation,
differences in the physical condition of the subject and veristion
in the difficulty pf the series.

Graph I, Subject E.

Subject E began with the whole method. The curve showing
the pumber of trials from dey to day indicates a very slight but

regular improvement. Practice again seems to mean little in the
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matter of trials. The error curve starts at the high point of {

87 and drops'abruptly on the second series to a point only three
above the final series. This abrupt improvement must not be credited

entirely to the effectiveness of the progressive part method whieh -
was the second method used. The whole method being the first one
used by.this subject, there was an emotionsl set which added to
the difficulty. There is a conspicuous reverse on the éixth series
which is the whole method the second fime. The part of the curve
representing the other eight series shows little to distinguish

it from the usuel practice curve. The loss both in time and errdrs
on the last day is due to & condition of fatigue which the subject
could not overcome. The subject was engaged in an.extra activity
on that day and had lost rest the preceding night which made'it
impossible for her to matech her previocus achievement.

Com bined Learning Curves for Group II.

Graphs XXXIV, XXXV, and XXXVIsummerize the.individual curves for
Group II. These graphs show the general trend of_the individual
graphs. The number of trials, shown in Graph XIV, decreases
regulaply until the fifth series .when there is a gain of eight
trisls, lost however on the sixth series after which the curve is
almost straight. The fluctuation on the fifth series is due to
the performance of two. subjects,D and E. D changed from the part
method, which was not the most econbmical in trials for her, to the
whole method, which was her favorite measured in trials. S ubject
E changed from the reverse repetitive method.which, according fq

the records,was not her favorite measured in trials, to the pure
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part mgthod, which, &according to the records, was her best in
trials. Thg sum of these two gains account for most of the
fluctuation. On.:the fdllowing day, each of these subjects,
D and E, changed from'her fevorite method, estimated in trials to
her poorest, end the combined loss of the two raised the number of
trials to fhe level of the fourth day!s accomplishment,
The curve representing the errors for Group II drops abruptly

until the beginning of the second round. There improvement due
to practice seems to have ceased. The usual up and down fluctuations‘

characterize the last round, which seems to indicate that the limits

of improvement in errors through practice are closely drawr. The
time curve shows a consistent gein from the first to the last series.
The greatest gain in time was from series one to series two, showing
the superior adaptability of the group. The writer believes this
time curve is the best measure of the effect of practice that

the study of Group II provides.

Group IT
Table 20 indicates the trials, errors and time for the first

five series after each subject has used each method once, Group}II
did not make as great a gain measured in per cent as Group I diad.

The subjeets‘of this gfoup started nearer their maximum; there was.
therefore a smaller margin for improvement. The general tendency
was to gain slowly from the beginning._ Three subjects A, B and

G show a loss, measured in errors made, near the beginning, but

the other two show gains sufficient to equalize>thehloss, Grdup II
was nmore modifiable than Group I, that is, they could change

from one method to znother with less loss or disturbance.
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Group II shows the following_results of practice.

(a)

(b)

Trials, ?he daily average number of trisls for Group II‘
was 38.8. Tﬁe number of trials on the first day was 54,
and on the last day, 35. This group improved consistently
from the beginning throuéh the fifth day of practice.

The~group showed a loss measured in trials on the sixth

~day, and gained slightly afterwa:ds. With the exception of '

the fluctuation on the fifth day, this group, unlike Group I,
mede & conservgtive gain, in number of trials throughout

the experiment.

Errors..The daily average number of errors for this group

was 128.7. The number on the first day was 248,on the last ‘
day 98. There was rapid improvement through the first_round,
going from 248 on the first day to 86 on the fifth day. |
Through tbe second round the usual ups and downs charscterize
the curve, with little improvement. Practice resulted in a
very conspicuous gain in the beginning, indicating the

tendency of this group to reach the limit of efficiency

early in the experiment,

(c) Time. The average number of seconds consumed each day was

8967.5. The number required for the first day was 8790,
for the last day 4575. The improvement due to practice was
rapid through the first round;' in the second round_the

improvement was very slight, qorrelating clcsely with the

other criteria of measurement.
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d. IDIOSYNCRASIES OF THE LEARNING CURVES

, ?ables I, II and III, and Graphs I, II, III, Iv and V show the
initial skill of the subjects of Group I as well as the grcwth of
skill as practice proceeds. Table I indicates the trials, errors
and time for the_first five series after each subject has uséd

each method once. Comparing the first series with the fifth, there
is a general tendency to improvement, especielly in errors and time.

Little skill in learning nonsense materials was indicated in

the first series. This is due to lack of experience in this type of
learning. It took some time to‘form habits of reacting to
nonsense situations effectively. Graphs I to V inclusiye show a
general rise in the learning curve for the second trial, and with |
some for the third also. The first change of method was the most
confusing. All subjects stated to the writer thaf the second series
would have been easier to master without the experience of the first.

This is not at all surprising to the writer. When but one method of
doing a thing has been established, confusionand discomfort are
frequently occasioned by variations from the usual procedure.

Ga@esﬂ says "to:.attempt to read or to memorize more rapidly, to
‘learn by distributed rather than by concentrated ?ractice, or by

the whole instead of the piecemeal method, or to adopt some other
new device may lead to temporary difficulties. Temporary confusion
and often loss of efficiency should be expected"., In the light

of the above, we explain the tendency to increased trials, errors

and time on the second series. An examination of graphs I'to v

1. Gates, A. I., Psychology for Students of E&udation, P.293.
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ipclusive, which shéw the gains and losses from- day to qay-may
help to appreciate the variableness of the ability to master
nonsense materials,

The ups and downs of the curves following the initial rise
which is quite abrupt for Group I, are not unusual in the learning
process. These may be charged to chance fluctuations exaggerated
because of the fewness of cases, conditions governing the learning
abilities of the individual subjects, variations in the difficulty
of the tests and the like. Distracting conditions sgkin to the
personal affairs of the subjects.of Group I are responsible for many
of ﬁhe fluctuations of the group; 1i.e., illness in the family of
one, the burden of dissertation writing bearing down upon three,
ete.

The fluctuations become less conspicuous with the increase of
practice. The learning curves tend to approech the straight line as
the experiment progresses. This is due to the falling off in
possibilities of improvement, the unit of learning capacity becoming
more standardized.

| The curves representing the three criteria rise on the four-
teenth and fifteenth series. The writer 3elieves this due to (1)
Becoming tired of the job, boredom; (2) the gengral let down in A
effort which is.common to the last hour of school in the afternoon,
Fridey afternoon classes, the day ﬁreéeding a vacation, ete; and (3)
fatigue.
Group II

The fluctuetions of the learning curves representing this group

are not unusual, The rate of improvement the first round exceeds

that of Group I, because subjects of Group II are more modifiable
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thanvthg subjects of Group I. They could adapt themselves tp
Qhanging conditions more readily; their learning habits were
apparently not so permanently established. They, thereforé, made
earlier improvement than Group I. The variations £rom dey to day
in the second round are due to chance fluctuations, variations in
the physical conditions of the subjects and the varietions in the
difficulty of the series learned. The writer can trace some of
phe losses directly to the effects of extra preparation made the
night preeeding(for pending examinations in courses being pursued
by the subjects. Other changes find their sources in the ebb and
flow of attention and interest. |
Thorndike{ gives ué four definite leads in the matter of
fluctuations in performance and improvement due to practice:
v“l, There is a 1limit to improvement.
'2. Rate of improvement changes, becoming less as practice
advences, showing both long-time and short-time
fluctuations from week to week and day to day.

5. Individual eccentricities account in large measure
for fluctuations in improvement.

4, A fairly long period of fairly slow progress somewhere
or other will, of course, be found oftener in practice
curves, but even about these vague, moderate fluctuatims
not enouch is -nown to tell with certainty whether they
require any separate explenstion apart from that which
accounts for the minor ups and downs thatit characterize
all practice curves,”

1. Thorndike, E. L., Educational Psychology, Vol II, pp. 88, 111,
239, 242, 284, 285,
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10.

4. CHAPTER SUMMARY

The causes of individual differences in improvement may be

considered under three heads:
(a) Differences in methods of work which can be
taught to one person as well as to another.
(b} 1Influence of differences in previous treining.
(¢) Differences in original nature.

‘Change from the use of one kind of unit of estimate to another

in expression of one and the same performance makes an
appreciable change in interpretation. _
Improvement is cenditioned by satisfaction and annoyance, by
likes and dislikes.

There is a limit to improvement; few, however, reach the limit.
Emotional set influences improvement.

Rate of improvement changes as practice advances,

The subjects of Group I became tired of nonsense learning and
lost some of the zest that characterized their earlier efforts.
Group II was more modifiable than Group I.

Group II showed consistent but conservative improvement in
number of trials, & rapid improvement through the first

round, little through the second round in errors, 2 rapid

Aimprovement through the first round, little through the

second round in time.

The idiosyncrasies of the learning curves are due to (a),‘
confusion due to change of method, (b) becoming tired of the
job, (e) chance fluctuations, (d) fatigue, and (e) an end

slump.
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CHAPTER IV
THE EFFECTS OF PRACTICE ON THE RELATIVE EFFICIENCY
CF WHOLE AND PART METHODS
" I. INTRODUCTION |

It has ﬁeen shown that practice tends to bring improvement
in efficienecy in learning nohsense materials, when the results
from the various subjects and methods of presentation are combined.
To a certain degree, the same generel tendency appears in the |
learning curves for the individual subjects, with method disregarded.
The problem of this chaﬁter is to analyze out the influence of
practice on the relafive efficiency of the various methods of
presentation which have been studied.

Significant questions to be answered may be stated here.

(1) Under practice, do the differences in efficiency of the methods
become scecentuated or tend to disappear? (2) What are the relative
amounts of improvement shown in theefficiency of theAvarious methbds?
(3) To what extent is there corelation between the values of the
"methods at successive stages in practice? These quéstions will be
discussed in the following sections. _ _ )

The date are presented in Tables e S and /// ,}‘K v XN/
and in‘Graphs XVI, XVII, and XvIII. These present the combined
scores, for each criterion, of all subjects in each group, for each
method in each round. By "round" is meant a sequence of five days,
during which each of the five methods is employed once for each
subject, and likewise once on each day of practice.

The data are discussed in terms of the three ceriteria and of
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the two groups ;eparately before generalizations are made.
2. THE TENDENCY OF THE METHCDS TO APPROLCH EQUALITY
OF VALUE.
(a) Trials
Grpup I. Graph XVI shows the trénd 0f the methods measured in _
trials. In the first pound there were 57% trials by the part method,
81 by the whole method, 58 by the progressive part method, 50 by
the direct repetitive method and 59% by the reverse repetitive method.
The difference in triais between thé best and thé poorest mefhods _
is 31l. In the third rqund there were 452 trials by the part method,
45 by the whole method, 56 by the progressive part method, 50'by
the direct_repetitive method and 47 by the reverse repetifive. In
this rgund, the difference in trials between the best and poo;est
is 12%. The difference between the extremes has decreased 60.5
per cént. The fact that the methods fdund best and poorest in the
first round do not hold their relative plasces in the third round
will be discussed leter. _

Group II.vIn the first round by Group.II, 55% trials were made
by the part.method, 41 by the whole method, 512 by the progressive
part method, 41% by the direct, repetitive method, and 39 by the re-
verse repetitive method. The difference in trials between the best
method and the poorest method is 122. 1In the second.rcund, 34 trials
were made by the part mgthod, 31 by the whole method, 413 by the
progressive part method, 35% by the direct repetitive method and 36
by the reverse repetitive method. The differgnce in trials between
the best method and the poorest method is 10%. ?he difference

between the extremes has decreased 17.6 per cent.

{
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_ - (b} Errors | )

Group I. In the first round by Group I there were 324 errors
by the part method, 799 by the whole method, 187»by the progressive
partvmethod, 163 by_the direct repetitive method, and 212 by the
reverse repetitive method. The difference between the best method
and the poorest‘ﬁethod measured in number of errors is 636. In the'
Third round there were 196 errors by the part method, 348 by the
whole method, 143 by the progressive part method, 155 by the direct
repetitive method and 131 by the reverse repetitive method. The
difference between the.best and the poorest in this round measured
in errors is 217. The difference between the extremes has decreaseéd
65.8 per cent;

Group IT. In the first round by Group II there were 139 errors
by the part‘method, 330 by the whole method, 121 by the progressive
part method, 92 by the direct repetitive method and 100 by the
reverse repetitive method. The difference between the best method
and the poorest metﬁod expressed in errors is 238. In the second
round, there were 112 errors in the part method,211 in the whole
m ethod, 75 in the prpgressive part method, 54 in the direct
repetitive method and 56 in the reverse repetitive method. The
difference between the best and the poorest in this round expressed
in errors is 157. The difference between the extremes has decreased
34 per cent.

(ec) Time

Group I. The sum of the seconds required foreach subject
of Group‘I to do one series in the first round by the part method
is 13208, whele method 14420, progressive part method 11315, direct
repetitive method 9198, and reverse repetitive method 11880,
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The differenqé in time between‘the best and poorest methods is
5222 seconﬁs. In the third round the time for the part method was
7435 seconds, whole method 8005 progressive part method 8055 _
direct repetitive method 7795, and reverse repetitive method 7625.
The dlfference in time between the best and poorest methods is 620
seconds. The difference between the extremes has decreased 91
per cent. |

‘ Group II. In the ﬁirst round the part method consumed ‘
6440 seconds, the whole method 7975, progressive part method 7425,
the Qirect repetitive method 6540, and the reverse repetitive method
6520. The difference in time between the best and poorest methods
is 1635Aseconds. In the second roupﬂ the part method consumed
5630_seconds, the whole method 5150, the progressive part methad
4780, th9 direct repetitive method 4490, the reverse repetitive
method 5045. The difference in this round between the best and the

poorest method is 1140 seconds., The difference between the two
extremes has decreased 30 per cent.
(d) Summary

Groups I and II both show a' tendency for the differences found
vetween the best and poorest methods in the first round to beconme
markedly smaller in the final round. This statement is true by
all criterla employed. The tendency is shown more markedly for
Group I, which had three rounds of practice, than for Group II,
which had only two rounds.

Although thé tendency for differences in efficiency of the
various methods to be diminished is apparent by all criteris, it
is most marked as to time, and least marked as to trials.

Time is probably the most significent criterion of efficiency,
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as will be shown later in this chapter. The difference between the
best gnd poorest methods by this criterion was reduced on the third
round, for Group I, to 9 per cent of its size on the first round.

Ehe claim is commonly made that practice accentuates differences
between individuals. ‘However that mey be, practice appears to re&qce
differences in efficiency between whole and part methods, so far
as this experiment is concerned. For the subjects with longer
practice, and by the most important criterion, these differences
were reduged almost to the vanishing point,

3. THE RELATIVE AMOUNTS OF IMPROVEMENT UNDER THE
METHODS STUDIED
(a) Trials ‘ _
Group I. Table XVI shows the sum of the trials‘for each method,v

round by round. The geins made in rounds two and three are as

follows:

Part Whole P. P. D. R. R. R.
Round Two 15% 30 (Loss )32 5% 71
Round Three 82 6 52 (loss)s: 5%'
Total Gain 24% 36 9% 0 122

The whole method, which started with the highest number of
trials, shows the most improvement. The direct repetitive method,
which started with the lowest number, shows the least improvement.

Growp.II. Table XXXI shows the sum of the trials for each

method, round by round. The gains the second round were as follows:

Part ' Whole P, P, D. R, R. R.
1% 10 10% 6% T3

The progressive »art method, which shows the highest number
of trials in the first round, made the most improvement. The part
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method which made the lowest score in trials in the first round,

made the least improvement.
(b) Errors

Group I. Table X shows the sum of the errors for each method,

round by round. The gains made in rounds two and three are as

follows: » . _

| Part Waole  P. P, D. R.  R.R.
Round Two 45 558 28 : 54 93
Round Three 83 92 16 (Loss)46 (loss) 12
Total Gain 128 450 44 8 81

The whole method, ﬁhich started with the highest number of
errors, shows the greatest improvement. The direct repetitive
method, which started with the fewest errors, showed the least
improvement, Both this method and the reverse repetitive lost
on the third round. '

Group IT. Table XXVIV shows the sum of the errors for each
method, round by round. The gains made in round two are as follows:

Part Whole P. P. D. R. R. R.
27 119 T 46 38 44

The whole method, which started with the highest number of
errors, shows the greatest improvement. The direct repetitive method
which started with the fewest errors, shows the least improvement . |

| (o) Zime |

Group I. Table V shows the sum of the time for each method,

round by round. The gains made in rounds two and three are as follow

Part Wnole P. P. D. R. R. R.
Round Two 3763" 4495m 1858" 1443" 1630"
Round Three _2310 1920 1400 (loss) 10 2625
Total Gain 6073 6415 3258 1403 4255
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The whole method, which was most expensive in time in the fifst-
round, made the greatest improvement. The direct repetitive meth 04,
which was the most economical in time in the first round, made the
least improvement. A _

Group II..Table XXIII shows the sum of the time for each method,
round by_round. The gains made in the second round were as follows:

Part WhOle Po Po D.' Ro Ro Ra
810" 2825™ 2645" 1850" 1575"

?he whole method, which was the most expensive in time the firg
round, made the most improvemént. The part method, which was second
best in time the first round, made the least improvement. This is -
the only time in whieh a method other than the one that was best_of
2ll in the first round showed the smallest amount of improvement.

() Summsry
The methods making most and least improvement from first round

to last round may be indicated in a summary tabulation.

Most Improvement Least Improvemen
Triais: Group I Whole ' Direct Repetit®
Group IX Progreésive Part Part
Errors: Group I Whole Direct Repetitive
Group II Whole Direct Repetitive
Time: Group I - Whole Direct Repetit ive
Group II Whole Part

In every instance, the method which made the greatest
improvement was the least effective in the first round. In every
instance but one, the method which made the least improvement was the

most effective in the first round. In the one exception, the methoﬁ

which gained least was ne xt to most effective in the first round.
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4, THE CORRELATION BETWEEN THE STANDING OF THE
METHODS FOR SUCCESSIVE ROUNDS OF PRACTICE ’, , e
Graphs XVI and XVII and XVIII show the gross seores of Groups If

‘and II in trials, errors, and time. It is our purpose ‘to analyze

these graphs and account as far as poss1b1e for the changes in

correlation emong the five methods.

Group Ié It will be noticed that the giaphs»showing the
learning progress in trials, errors anl time for Group I show a ‘
perfect correlstion for the first round. The gains by all methods-;*f
from the beginning to the end of the first rouﬁd, shown in Table I,
are quite conspicudus. By the end of the second round the correlatiif
for this group was not destroyed but disturbed. _
The whole method advanced in time from fifth ‘position to fourth :
in errors remalned Tifth, and in trials advanced from fifth to

second pos;tion. QThe pure part method advanced in time from fourthﬁ .

position to thirg, remained fourth in errors, and advanced in tfialéf?
from fourth to third. The reverse repetitive method went from thirdlé
position in time in the first round to f£ifth position in the
second round, advanced in errors from third position to second, and- N
in trials lost, going from third position to fourth. The progressive
part method continued second in time, but fell back from second tb B
third in errors, and from second to fifth in trials. The direct
repeti@ive method continued first throughout the first and second
rounds.

AtAthe end of the third round the whole method is fifth in timé,
fifth ig errors and second in trials. The'pure pert method is firsf
in time, fourth in errors and first in trials. The reverse repetitiwe
method is second in time, first in errors and third in trials. The

progressive part method is fourth in time, second in errors and fifth
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in trials. The direct repetitive method is third in time, third in -
errors and fourth in trisls, |

Group II. The whole method took fifth‘position in time, fifth
in errors and third in trials the first round in Group II;' in the
second round this method was fourth in time, fifth in errors and g
first in trials._ The‘progressive part method took fourth position infft

time the first round, third in errors and fifth in trials; in the ‘_ :
second round the same method was second -in time, third in errors, and .f
fifth in tria}s. The reverse repetitive method took the third posi%:‘55
tioh_in time, second in errors and second in trials the first
round; ih the second round this method was third in time, second
in errors and fourth in trials. The pure part method took the
second position in time, fourth in errors and first in'trials the
first round; in the second round it was fifth in time, fourth
in errors and second in trials. The.direct repetitive method is
iirst bpth rounds in time and errors, fourth the first round in
trials and tbird the second round.

Summary. If the rankings of the methods for the first round
are compared with those for the second round, it will be noted that
the resemblance is fair for time for both Groups I and II; very
close for errors for Group I, and perfeet for errors for Group Ir,
very confused for trials for Group I, but fair for trials for Graup
II. _

If the third round is now compared with the second, it will be
found'thaﬁ so far as ranking is concerned there is practieally no
relationship to be discovered.

Another group of comparisons mey be made: comparisons of re-

sults by the various criteria, one with another. The significant

facts may be briefly noted.
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For the fiist round, Group I results by all criteria agree
perfectly; Group II results not very closely. After the first rourd,
the three eriteria give results which are decidedly out of agreemep@g
These results call for comment as to the significance of the
criteria ﬁsed, and their relative importance.
5. ' SIGNIFICANCE OF CRITERIA
_“Gomparison- of the ampunt and rate of improvement of one
individﬁal in a given mental funetion with the amount and rate of
another individuel in the same function is by no means simple and
straightforward; and the statements of ordinary life about the
amount and raﬁe of learning - such as that John improved twice as
much or three times a8 rapidly as James or that John improved in
addition very much more and faster than he did in subtraction -
would in most cases require for Justification a rather elaborate
set of hypotheses about. the measurement of change in mental
functions.?’ - ‘ i
| Take ép example fron Wells' (1912) experimept in improvement
in.addition. Thorndike says of this: fconsider, for example, in
conngctiop with the datea about addition, the question, 'Who improved
most,- No; 2, whovfnom 180 attained to 380 additions done in five
minmates; or No. 10, who from 290 attained to-540?' Shall we
compare the 380-180 with.the 540-290; or the 380-180 with the
ST . , 55—
540-290 or using the time required per addition, compare the
200 300 with the 300 3003 or is there still some better way?"
180 — 380 290 ~ 540
Suppose that a boy progressed from 60 to 90 in the mark‘
attained in geography and from 100 to 200 in the mark for additions

1. Thorndike, Educational Psychology, Vol. II, p.léd
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done in five minutes. Who knows whether the former represents

only half as much improvement as the latter? Suppose then that a

method of learning nonsense syllables shows an improvement &t the

end of the second round of 1000 seconde. Who kndﬁs Just what degree
ofyimprovement in trials and errors would constitute an equel gain;
or what degree of correlation the laws of learning and the amount,

' rate and limit of improvement presuppose? We know that possibili-

tiee of improvement vary with varying conditions and aptitudes. Itz _
seems reasonable to assume that a given per cent“of gain or loss meaé;i;
sured_in trials does not necessarily represent the same fact that
the same per cent of gain or loss in errors does.

After careful study and consideration, the writer is using the
time element as_the primary eriterion for the evaluation of the
various methods, although the other criteria are not neglected.
An 1nvest;gation of experimentation in addition by Welle/and
Thorndike, substitutien tests by Dearborﬁzand Starchf'typewriting
by Swift and Schuyler, telegraphy.by Bryaﬁ‘and Hapter% improvement
in mentai maltiplication by Starteh and Thorndike, improvement in
ability to memorize by Dearborn and improvement in tossing balls by
Swifﬁfshows that time is used by all of these investigators as the
criterion for the measurement of progress.

: 1. Wells, The Relation of Practice to Individuel Differences, A. J.P
; ~ Vol. XXIII, 75-88 '

2. Dearborn, W F,, Experiments in Learning, Jr. of Ed. Psych. Vol.
- I, pp. 375-388"

3, Starch, Daniel, Transfer of Training in Arithmetical Operations,
- Jr. of Ed. Psych., Vol. II, pp.306-310
4, Bryan, N. L. and Harter, N., Studies in the Physiology and

Psyc¢ch. of the Telegraphle Language, Psych. Rev., Vol, v, PP. 27-%
Vol. VI, pp. 345-376

S5.. Swift, The Learning Process, Psych. Bull., Vol IV, Pp.307-310
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"It may seem:to superficial thought that the number of words
or letters written is a better meagure of the amount of exercise
of the funcétion than-the timengpent +« To write a letter ten times,
one mey claim; is surely ten times writing it once. It is not.
The first writing of & word may mean an exsmination of the key board
and the selection of the right response from many.'_The re jection oi
the other responses is as truly a part of learning as merely hitting
the one key. The thousgndth writing of a word is physiologically |
a vestly different thing‘in the amount of exercise which it gives
the function in question. I.do not, however, assert that 'one minute
of practice is more truly equal to another minute o£ practice' than
one word written is equal to_another 'word written', though that is
my opinion. Units of time_are better_as the units of amount of
practice because they are slways easily intelligible, and can be
used uniformly for all functionsf"

"Pime spent has the advantage of simplicity, uwniformity,
intelligibility and compara.‘nili‘l;y.‘o‘2 )

It seems probable that it is easier to think in terms of hours,
minutes and seconds, than in terms of numbers added, number of let-
ters substituted, number of syllebles learned, number of trials at
learning, or number of errors in the learning, Time is the same for
8ll functions and &ll subjects, regardless of the nature of the
experiment, the machinery for carrying it oh, or the rules and
regulations which govern the practice. Every one understands the
meaning of the terms hour, minute, and second. Time is a common

1. Thorndike, E. L., Educational Psychology, Vol II, P. 245
2. Ibid, p. 295

-
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"1anguage. . But numbers added, errors made, triais,.and the like‘Hqu?dﬁ

to pe defined and interpreted. AIf funetions are comparable at 4l,
time‘enables us to compare them. Furtﬁermore, we make‘our plaﬁs _
fpr‘learning in schools and trgdes in terms of time. An eight h9ur ‘11
day, a.twgnty hour school week, a f£ifty minute period; there is,
therefore,_an advantage in thinking of learning in terms of time.
é. REASONS FOR GREATER IMPROVEMENT IN MORE
DIFFICULT METEODS

Possibilities for Improvement. There is greatest possibility

of improvement in the method that is most difficult at the beginning. .

If one is'already habituated to some degree to a certain set of
conditions, he is obviously likely to be closer to his limit of |
skill for these conditions than for ones to waich he is not habituatéf 

at all. . |

This is especially true in the use of the-wholg method. Few
subjects are in the habit of using the whole method, therefore, it
required a longer period of practice to reach the limit of skill in
the whole method than it does in the methods thét are more in use.
The_rate of improvement for all methods changes, becoming less eas
pfactice adﬁances; vfhe mgthod showing the grestest decrease in
improvement ia the one that wal employed in the beginning with
greatest_ease. Negetive acceleration is not & universal rule of
learning, but we find two cases in the third round of Group I where
the scores fo; t@e dipect repetitive method, representing the num-
ber of trials, errors, and time show a loss (increased score) by
all criteria. The direct repetitive method up to this time Was;the_
best; it was the easiest of all methods to employ in the beginning.

Effort on hardest methods. Another tendency that influenced

the correlation of these results was the effort of the subjects to



bring the record of the methods that were the most difficult in

the beginning'up_to the Staﬁdards of the methods that were easiest

in the beginning. For example, subjects generally felt that it

was a greater accbmplishment to do a given series by the whole

method in a giVen time thén it was to do a series in the same time

by one of the modified part methods. This had a tendency to pro&uce‘f:
what Thorndike ¢éalls a "positive opposite change™, or the strengtheﬁ— }

ing of one bond or function at the expense of another. There enterédfrg

here also the element of satisfaction. "Whatever does favor the
pepetition gnd satisfyingness of the desirable bonds, end the disuse.
aqd annoyingness of the undesirable bonds, will, other things being

equal, favor improvement. The most noteworthy psychological eonditians/

of improvement come under this head.“ When a subject finds satis-
fection in a certain improvement, he works at his maximum power fo
accomplish it. )
7. CHAPTER SUMMARY
l. Practice tends to decrease the differences in the effective~- .
nes of the various methods.
2« For Group I, the difference between best and poorest methods
was reduced, from the first round to the third round, by
25 per cent in terms of trials, 65.8 per cent in errors,
. &nd 91 per cent in time.
3. For Group I;, the difference between best and poorest methods
was reduced, from the first round to the gesédondround, by
17;6 per cent in terms of trials, 34 per cent in errors,

and 30 per cent in time.
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4. The method that was the most difficult to employ at the

beginning of pragtice showed most improvement. This is
_ the whole method. . |

5. The method that was the best at the beginning of practiee
showed the least improvement. This is the direct repetitive
method. v

6. The graphs showing the learning progress in trials, errors,
and time for Group I, show & perfect correlation for the
first round.

7, The correlation became less perfect as practice proceeded.

8. There is 1ess change in correlation in Group_II than in
I; bdbut Group II practices less than Group I.

9. It is not rggsonable to expect identical rates of gein by

all criterisa.

10. Time is used by most investigators as the criterion for the
measure pf progress, and is regarded as the most important
}eriterion in this invegtigation.

11, Possibilities for impfovement are greatest in those methods
- which are most difficult at the beginning of practice.

12. Effort to improve is greatest for those methods which are

most difficult at the beginning of practice.
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CHAPTER V
ANALYTICAL AND COMPARATIVE STUDY OF METHODS
I. METHOD BY METHOD

A, 3ure part _
From TablesVI, XI, XXIV and XXIX we find the pure part method.

:ourth in value in both the time consumed and the number of errors

made, Since the pure part method is inferior to all the other formsv<7

of the part method, there are evidently some elements of weakness
involved in this method. ‘
aﬂhe:e was throughout the experiment, as shown by the records,
a heavier loss due to disintegration through time by the pure part
methods than by any other o: the part methods. The syllables of
units 1 and 2 of the series, Which had been learned and written
correctly twice in succesdion, not infrequently seemed entirely
gone when the subjeet came back to that part of the series
after learning units‘s.and 4 of_the se:ies. This pure part
mgthod required then, more time, and was conducive to. many
efrors in the final process of assembling units 1, 2, 3, and 4
of the series. i
A large percentage of the learning by all methods was
accomplished through the use of place association. The subjects
remembered that "xuc" came fifth in the series rather than remem-
bering that "xue" followed "zof", etc. This association once.
broken up, there was a condition of general demoralizatioﬁ until

e new set of associations could be formed.
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‘Another eustom.common to &ll subjects and all methods was
the one of aﬁtaehing meanings to the'syllables. No difference
how meaningless the sylleble, most of the subjects could devise o
a sentence, jlngle, or story by attaching some Xkind of si gnificance;f
often far fetched to the materials presented. There was no way
of prevegtlng this - it was wholly subjective and had to be
admitted.
vTherewas‘more waste in connection in the pure part than
in any other of the part methods, less evidenee of positive
transfer and less improvement due to prasctice. Two individuals
of Group I made their best time reeords in the pure part method,
agd one individual of Group II made & better time record in the
pure part method than in any other of the part methods. Thie same .
individueal, D, made her best time record in the whole method,
At no time was the pure part method superior to the other..forms

of part method measured in terms of errors.

B. The Progressive Part

Tables VI, XI, XXIV and XXIX give the per cent of total time
and errors charged to each method. The progressive part method
appears second in value measured in time and errors.

Much the same may be said of place association and its
relation to the progressive part method of learning that has ben
said above of its relation to the pure part method. Thesubject
loses less because of disintegration through time, since the parts
of the series learned first are reviewed with each new unit,

keeping those syllables first learned fresh in mind. There is,

therﬁfore, less of loss in connection,
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ThereAis:no evidénce of greacter transfer in this than in
the pure part method, nor is there greater improvement due'to'
practice. ' _ | »

The need}ess»repetitiogs of parts already known cdﬁsume time77§7
unnecessarily.i For example, unit 1 of the seriesiis.léarned .
independently of all otbhers; is then rewritten at least twice,
and generally more than twice, with unit 2; 1is written again | .
at least twice with 2 and 3; and is finally written at least twice
with 2? 3, and 4. If there were no}errors'made in the whole
series, wihich wauld be most umsual, the first unit of the series
must be written at least eight times. In most cases, the first
unit of a series, when ﬁsing the progressi&e part method is
written twelve.or_more times, This seems a needless_expense of
time, and this, more than any other element of waste, accounts
for this method being other thah best among the methods.

Four subjects of Group II each doing two series by the
progressive part method made only eight errors in the first unit
of all the eight series after the first correct wfiting, but the
Tirst unit was written forty-nine times after the second correct
writing. Allowing one error to a writipg, which is the leest
possible estimate, there would still be forty-one writings of
this particular section without an error. This is an extravagance
of time and energy.

C. Direct Repetitive

Measured in trials, errors and time, the direct repetitive
method is the most economical, Teables VI, XI, XIV and XIX fur-
nish the data for errors and time. From the original records it

is found that six of the ten subjects made the fewest trials in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



62

direct repetitive method, three made an equal number in the
direct repetitive and the reverse repetitive method, anﬂ‘only
one, subject D of Group II, made the fewesttriasls in the reverse
repetitive method.

The particular advantage of this method is that there is =
continuous expansion of the unit of learning. As soon as the
first‘division of the series is learned, the second division is
added and mastered, the learner reviewing each time the familiar
syllables while learning the unfamiliar. There is no loes in
associgtion in this procedure as there was in the pure part
method, where the learning of each fraction of the series as an
independent unit tends to erase the associations previously
fonmed in the preeeding.sections. This is true also of the
progressive part method, in which each part of the series is
;earned independently beiore attempting to Join it to the part
or parts slready learned.

It is the uwnanimous opinion of the subjects that there is an
unnecessary extravagance in time and energy in the numerous-
repetitions'of the firstvand second units of the series in the
direct repetitive method. In this, as in the progressive part
method previocusly diseuseed,.the first_unit of the series is
written_at least eight times. The average number of times Group
IT wrote the first unit of each series by the direct repetitive
method was 9.5. This means ninety-five writings of the first six
syllables by the five subject of Group II, eaeh doing two series by
the direct repetitive method. This count does not include those

trials up to and including the first correct writing of the first

unit.

!
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There were ten errors by ell the subjects of Group II in
the first unit, after the first correct writing; it is therefore
evident thet this first unit of the series wes written without
error at least eighty-five times after‘the first correct writing.

The factors oi advantage, however, especially the gradual
growth of complexity of the learning situation, are probably
sufficient to show the direct repetitive method the superior one
in the early stages of practice.

D, Reverse Repetitive .

$his method is the reverse of the direct repetitive discussed
above. In it the subject learns part 4 of tne series first,
he then attacks part 3, continuing through part 4 each time until
both 3 and 4 are mastered., Parts 2 and 1 are added in like .
fashion, . This necessitates the writing of part 4 as many times, .
unnecessarily, as part i was written in. the direct repetitive
method..v

Advantage rests in - the gradual growth of the learning
situation, and in keeping the connections fresh in mind by the
constant repetitions of the learned with the unlearned. Subjedts
generally prefereed, however, to attack the strange portion of
the material for learning at the close rather then et the begin-
ning of the series. In this reversed repetitive method, the last
of each study period was always spent on the familiar, giving time
and opportunity for the loss of the new and unfamiliar. |

E. Whole Method

In the .five rounds of the methods, three by Group Iand two
by Group II, the whole method was fifth (fifth is the poorest)

three times end fourth twice in time, fifth without exception in
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errors, fifth once, third once, second twice, and first once
in trials.

In as much as the whole method is best only once and poorest
nine times out of the fifteen, there must be some element of
weakness not common to the other methods. |

(1) The first disadvantage of the whole method which the writer
wishes(to record is the emotional reaction of the’éﬁbjects to‘the
method. Most of the subjects faced it with a feeling of fear, a
feeling that it could not be done. Twenty-four syllables is so
far beyond the memory span that it was discouraging to the subject.
He could see no progress for the first few trials at %east. This
discouragement often developed into a state of mental confusion,
in which the subject seemed wholly incapable of concentration.

(2) The introspections of subjects show that they were not
able to make progress until they ceased trying to memorize the_
series as a unit and began to concentrate on pivptal syllables,
generally at the beginning and end of the series.

(3) The learning was generally accomplished ultimately by
place association.

(4) The =dvantage was in the continuity of the assocliations.
When the series was finally memorized, it was seldom that the
subject failed to‘write it the second time correctly.

F. Summery ‘

1. The pure part method loses hecause of disintegratiqn
through time and the complexity of the act of connection. Fre-
quentl& the syllables learned in the first unit of the series
seemed entirely gone when the subject came back to that part

of the series after learning the last units. The associations

had faded out.,

|
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2. The progressive part method loses less because of
disintegration through time; the parts learned first are
reviewed with\each new unit. There is, therefore, less of loss
in connection. The needless repetitions of parts already known
consume time unnecessarily, and more than any other element of
waste, accounts for its being other than best among the methods,

5. The particular advantage of the direct repetitive method
is the continuous expansion of the unit of learning. There
is an unnecessary extravagance in time and energy in the numerous
repetitions of first and second divisions of the series of this
method.

4, In the reversed repetitive method, part 4 of the series
is written as many ﬁimes unneceséarily as part 1 of the direct
repetitive is. The gradual growth of the unit of learning is
an advantage. The subjects were unanimous in the opinion that
having the unfamiliar precede the familiar in the study-repro-
duction sequence was a Gistinct disadvantage.

5. The whole method is conducive to emotional instability,
fear and discouragement. Twenty-four syllables is far beyond the
memory span of any subject; mental confusion is the result.
Learning was generally accomplished by place association. The
chief'advantage of the whole method was in the continuity of the
study. No breaks betwegn parts, and no lost connections occur,

2. GENERAL FACTCRS
A. The Bmotional Set

The first particularly significant observation of the writer
was the emotional set of the subject on approaching the whole
method procedure. There was a feeling that it could not be done

that way,'and there was an effort to conjure up some way of doing
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vthefwhple method in parts., ‘This emotional attitude was by no
means an asset to the learner.

Booﬂ'says: "But what about our question, the retroactive
effect of pleasant and unpleasant feelings upon the learner's
ability_to do and to improve?.... Pleasant feelings, had un-
deniably, in our experiments, a stimulating and helpful effect
upon every part gf the work, unpleasant feeling a depressing,
retarding effect. DPleasant feelings produced something like an
inereased irritability in the neural basis of every psycho-
physical activity in operation at the time, Success brings plea-
sure and the pleasure spurs the learner on to greater effort am
more successful work. An unpleesant feeling tends to interrupt
the natural, easy and correct movement of attention by taking
forcible possession of consciousness and dominating.it, Instead
of consciousness being focused on the details of the work, it is
filled with unpleasant feelings, which not only take attention off
the details of the work, but create a 'set' of mind iunfavorable
for the work.

"In all moderate degrees unpleasant feelings serve as a
distractiod and produce, or further aggravate, a failure of
attention., If exceedingly severe, they may, however, serve as an
incentive to'efficient effort and thus entirely counteract their
usual effect. That is to say, one's mistakes or the unpleasant

feelings which follow, may in rare cases, serve to arouse the

1. Book, W. F., Psychology of Skill, pp. 206-207

|
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1earner to greater volunfary endeavor and so prove advantageous.,
Pleasant feelings always seemed to stimulgte the right flow and .
mpvement Qf attention and, therefore, made every part of the work,
g0 betterf Every increase in effectiveness‘caused more pleasure,
it seemed, and the pleasurable feeling gave, in turn, the proper
"set" of attention for still more easy and successful work. The
learner coulq try both harder and more effectivelyAwhen he was
feeling good. He had‘to waste no effort in trying. Only when
success led to complacent seif—satisfaction and slackened voluntary
attentipn did the effect of the pleasant feeling become disadvan-
tageous. When it lessens effort to a considerable degree, its
unconscious helpful.effect may be more than counteracted. 1In our
experiments however, this never occurred. All pleasant feelings )
attending the success had a helpful reactionary effect on the work."

Thorndike/says: "There is a conflict of theory and of
practices with respect to the value of emotional fervor in learning.
.In the case of inﬁellectual funetions, the balance of opinion is
that, apart from the eager but quiet zest for the work itself and
for success in it, all emotional excitement is distracting,
that not only violent love, grief, humiliation and disgust, but
also even moderate fear of on-lookers, exultation at success,
and anger at competitors or at oneself, are to some exbtentwastes
of energy and preventitives of improvement."

In the part methods there was a feeling of confidence

generated as the experiment progressed that transferred from one

1. Thorndike, B. L., E.d. Psychology, Vol. II, p. 226
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part method to the other; and from unit to unit in any one

part method; but this confidence in’ability did not function in
the whole method procedure. The habits and attitudes that aided
in the part  and modified part methods were impaired wheﬁ the whole
method was attacked.

B, The Difficulties Within the Learning Units

Graph XXI, showing the number ofvtimes each syllable was
missed by all the subjects of Group I in the part method, shows
the syllable missed least frequently to be number 1 and the 6ne
migssed most frequently to be number 17. It is reasbnable to expect
the subject to remember the first syllable or syllables of a series,
since some such factor as primacy or intensity is no doubt‘operative.
In a1l the graphé representing the part methods the curve is low
on syllables 1 and 2, 7 and 8 and fregquently 13 and 19. This is
due to the divisions of the twenty-four syllables into sections
of six syllables each. The initial syllable of eech section, num-
bers 1, 7, 13, and 19, are remembered better than those near the
middle or at the end of the series, Syllable number 17 was missed
most often by the part method, this, therefore seems 2 point of
unusual difficulty in the pure part method.

Syllable number 17 is also the one missed most frequently by
the whole method. The writer kunows of no reason why the 17th
syllable should be missed more fregquently than the 15th or 18th or
any other gsylleable near the middle of the series of 24 syllables,
and can conjecture only that this syllable is per se very

difficult to grasp.

l
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In the whole method of procedure (Graph X¥II) the ourve
rises with comparative regularity from the firgt t0o the middle
or near the middle of the series and then fzlls with about the
same regularity to the last syllable. This is probably due in
the first place to the application of the laws of primacy and
recency, and also to the fact that most of the subjects made an
effort at first to retain only & limited nunber of syllables at
the beginning and end of the series, adding a few each trial
adjacent to those st the beginning and end. Obviously this would
cause the'syllables near the middle of the series to be missed
most frequently, but should not be construed to mean that they are
more diffieult or that they could not be learned as easily as any
other of the syllables. If, for example, the subjects should »
concentrate on the six syllables nearest the middle of the series,
adding a_few each trial, gradually meking progress toward the
extremes, it wbuid then appear that the syllebles near the ends
were more difficult for learning or that the subject was less able
to retain those syllables than those of the mid-section.

Graphs XXIII, XXIV, and XXV show the frequency of errors for the
progressive part, the direct repetitive, and the reverse repetitive
methods,

Syllable number 11 is the most frequently missed in both the
progressive part and the direct repetitive methods, with |
syllables number 5 and 6 of both methods second in frequency. The
rise and fall of both graphs is easily accounted for, inasmuch
as the points of high frequency invariably occur between the

beginning and end of the subdivisions of the twenty-four syllable

series,

|
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Graph XXV is unlike the others in that the high point.of
frequency is on syllable number 23, next to the last one. This
is due to the backward learning in this method. The last six
syllables of the series are repeated many more times than the
others, giving opportunity for more errors there than in those
syllables nearer the beginning of the series. It is not at all
surprising that syllables 1 and 7 should have the fewest exrrors
recorded against them, begin the initial syllables of the first
and second divisions of the series., | _

Graph XXVI sinows the frequency of errors for the group, all
methods.» Beginning with sylleble number 1, it rises regularly to
numher 5, Numbers 5 and 6 are practically equel in number.of errors
and then there is a sharp drop on number 7. ’

The same is true of numbers 13, 19 and 24. Syllable number
17 is the high point for the entire group, as it was for both thé
part and whole methods. Syllables'number 11 end 23 also rise
considerably above the average. ,

Summarizing these points of difficulty for Group I, we find
the point of greatest difficulty in the pure part method to be
syllable number 17; whole method, syllable number 17; progressive
part method, syllable number 1l; direct repetitive, syllable num-
ber 11l; reverse repetitive méthod, syllable number 23,; all
me thods combined, syllable number 17.

Syllable number 17 is evidently the most difficult, having
been missed by the.subjects of Group I twenty-two times more than

any other syllable. Syllable 23 appears second in difficulty and
syllable 11 third.

i
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In Group II the syllable showing the greates qifficulty
by the pure part mefhod~is number 9; whole method, number 16;
progressive part method, number 23; direct repetitive method,
number 9 and 10; vreverse reptitive method, number 17; all the
subjects of Group II five times more than any other syllable.

The fact that the points which seem to offer the greatest diffi
culty to both groups I and II are consecutive syllables is at

least interesting. It suggests that the general location of
greatest difficulty was at about syllable 16 or 17, i.e. about
two~thirds of the way through the series, but that chance may
account‘for the particular point found most difficult by a given
group.

It is a more notable finding, from the graphs discussed in
this section, that errors tend to be distributed within the limits
of the learning units for the verious part methods after the same
fashion as within the wider limits of the whole series for the
whole method. Herein lies a strength of the part methods; for &
slight piling up of errors at each of perhaps four points in the
whole series (one point fqr each unit) is preferable to = single
heavy piling up of errors, with gradually shading off on each side,
as found for the whole method.

The fact that errors do not, however, shade off uniformly
from the point of greatest difficulty for the whole method, but
rather are noticeably diminished at certain points, raises a

further question which will be discussed in Chapter VI.
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C. Distribution of Errors According to Method

Group I. Table IX shows the distribution of errors among
the methods by the individual subjects of Group I. Subject A
made the fewest errors in the reverse repetitive method, B and
D in the di:ect repetitive method, C and E in the progressive
part method. All of the subjects of Group I made more errors
in the whole method than inany other.

Table X shows the group distribution of errors among the
severel methods. In the first and second rounds, this group made
the fewest errors in the direct repetitive method; in the third
round, the reverse repetitive method is the best.

Table XI shows the distribution expressed in per cent. The
direct repetitive method shows the smallest percentage of errors
made and the whole method the greatest; the difference is 31
per cent. Thererrors made by the whole method procedure were
3.7 times those of the direct repetitive method procedure.

Group II. Table XXVII shows that subjects A, B and D make
fewer errors in the direct repetitive method than in any other.
Subject C made the fewest in the progressive part méthod and
Subject E the fewest in the reverse repetitive method. Four of
the five subjects mede more errors in the whole method than in
any other. Subject D made four errors ﬁore in the progressive
part method then in the whole method. Table XXVIII shows the
group distribution of errors among the several methods. The
fewest errors were made both the first and second rounds by the
direct repetitive method procedure.

Table XXTX shows the distribution expressed in per cents.

It shows a difference of 30.6 per cent of errors hetween the

i
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direct repetitive method inwhich the fewest errors occur and _
the whole method in which the greatest number of errors occur.
There are 3.7 times as many errors in the whole method as there
are in the direct_repetitive method.

Further data, showing the same tendency for the whole
method to yield more errors than the direct repetitive method,
may be found in Tebles IX, X, XI, XXXII, and XXXIII.

The reasons why more errors occur with the whole method
than with the direct repetitive method have been largely
indicated in the early part of this chapter, wherein the strengths
and weaknesses of each method were outlined.

D. Difficulties in Connection

Pechstein! finds that waste ;n part learning in the maze
problem "occurs only in the act of connection and is here traceable
almost entirely.to the influence of place association." He says,
"It seems logical to assign the difficulty ‘of the act of
connection in part»learning to the break up of these specific
positional factors. "™ By "positional Pfactors,”™ Dr. Pechstein me ans
place association which refers to the "definite location of an
element of a problem in reference not only to the remaining details
of that problem but to the entire environment.”

The present writer found little difficulty of connection in
methods other then the pure part. There were 90 errors made in the
act of connection in thg pure part method by all the subjects,

This is an average of 3.6 errors in connection to the series.

Inasmueh as there were 1280 errors made by all subjects in the

1. Pechstein, L. A., Whole Vs. Part Methods in Motor Learning
Chapters IV and V.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



74

part method, it does not seem that 90'of these is an exorbitant
share to occur in the act of conneetion; The difficulties were
less in the process of connecting than in the ability to retain

the syllables between the connections.

E, Learning Effort in Relation to Length of Material to be

Learned

It would be a difficult matter to find a more accurate basis
for comparing the length of materials used and the learning effort
than that furnished by the use of nonsense syllables. The lists
are equal in length and as nearly equal in difficulty as it is
humanly possible to have them,

InAthe whole method, twenty-four syllables was the unit of
learning. In the part method, six syllables was the learning unit.
Is it reasonable to assume that one-fourth of the time required
for learning the twenty-four syllable should be required for
learning the six syllables? Figures taken from the records of the
experimeht will answer the question. The average time regquired
for the subjects of Group I to lesrn a series of syllables by the
whole method was 2896 seconds. The average time required for the
same group to learn the first part of the series (one fourth of it)
by the part method was 242 seconds. The series were in length
as 1lto 4, the‘time was as 1 to 12. Many similar data may be found
in the tables, all pointing in the same direction. This indicates
thet diminishing returns are secured for the expenditure of-

energy beyond a certain point. The above statements agree with

Pechstein's findings}

1. Pechstein, L. A.,

Whole vs. Part Methods in M :
Chapter VI, 1 otor Learning,
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5. CHAPTER SUMMARY

1. The pure part method suffers loss because of disintegration
through time,

2e Mbre errors are made in the act of connection in the part
method than in the modified part methods.

5. Modified part methods consume time unnecessarily in the
repetitions of parts already learned.

4, The particular advantage of the modified part methods is
the continuous expansion of the unit of learning,

5. The whole method is conducive to emotional instability,
fear and discouragement. The advantege is in the
continmuity of the study.

6. Syllables are missed more frequently near the middle of a
series than at the beginning or end,

7. 3Syllable number 17 is the one missed most often by Group I;
syllable number 16 is the one missed most often by Group II.

8. In the whole methqd, errors are piled up toward the center
of theAsefies very heavily; in the modified part methods,
errors are piled up to a2 slight degree within each unit of
six syliables, but total errors are fewer.

9. The difficulties experienced in the act of éonnection by the
subjects in this experiment were not serious.

10. The relation between learning gffort znd length of material
to be léarned is one of diminishing returns.

11. Measured in errors, the direct repetitive method is the
most econonical for Groups 1 and II and the whole method

the least economieal, The ratio is 1 to 3.7.
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CHAPTER VI
THE POSSIBILITIES IN PROLONGED PRACTICE
I. INTRODUCTION

An snalytical and comparative study of_the methods employed
hasvbeen presented in the preceding chapter. This was based
ﬁpon the data for fifteen practice periods for Group I, and ten
practice periods for Group II. What would be the results, were
practice to be continued indefinitely? ,

Answere to this question must be speculative, of course, but
it_is ppssible to review some considerations bearing upon the
problem. In the present chapter, the following points will be
discussed; the tendencies found in the data; the extent to
which control of objective conditions controls the process of
learning; and the special case of whole method presentation as a
control factor. In large part, the chapter will summarize the
findings of preceding chapters.

2. TENDENCIES FOUND

It is in order here to restate the facts noted in Chapter IV,

with a view to their implications for extended practice.

Diminishing importance of method as such. In Chapter IV,

" we have shown that the relative importance of method decreases
| with the growth of practice. In respect to time, the scatter
of'the methods for Group I was reduced almost to the vanishing
point (Graph XVIII). This was accomplished in Pifteen periods
of practice. ?he difference between the best method and the
poorest method, at the end of five perios of practice was more

than 500 seconds; after ten more periods of practice the
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difference between the same two methods was less than 250 seconds.
There was & general tendency to improve, but the rates of
improvement under ‘the various methods were such as to bring them
nearly to a common value in the third round of practice. This is
true in part also with respect to trials and errors for Group I,
though the scatter is not reduced to the narrow limits that _
characterize the time scores. Group II shows the same tendency,
although not so pronouncedly, its practice extending through only

ten periods.

Greatest improvement with methods at first least effective.

ihe methods that were most difficult at first made the greatest
gains. This is true for all criteris and for both grouns. Like~
wise, the methods in which the subjects were at first most successfi
mede the least gains. The facts have been presented in Chapter IV.
In general, it is the whole method which proved poorest at
the start, and which improved most. Specisl attention will be |
given to the whole method in the later sections of this chapter.
3., CONTROL OF OBJECTIVE CCNDITICNS AND CCNTROL
OF LEARNING

It is possible to control conditions of improvement,that are
externa;, such as length of practice period, time cf day, amount
of food, and the like, but it is not possible to force the indi-
vidual learner to take advantage of the controlled conﬁitions if
he chooses to accept the condition but not the advantage.

It is possible to prevent the child's counting on his fingers
but he can usehils toes: or nis teeth for the same purpose, Lip
readers can be frowned upon sufficiently to break the learner of
moving his lips in silent reading, but he can continue to vocalize

without moving his lips. It was possible to arm the beardless
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shepherd boy with Saul's armour and pub a helmet‘of brass on his
head and a coat of mail around him and to gird a sword upon his
armour, but when he met the enemy, he cast agside these cumbersome
"external conditions” for something that would function in his
hour of need.

One may present fifty lines of poetry, a chapter from
American history or from the Bible as a whole, but is there any
assurance that such material will be learned as a whole? It is
éltogether probable that some lines or parts will appeal to the
already accumulated fund of materials and will be retzined after
one or two readings. The more difficult portion will form
independent learning units, and though the parts learned easily
may be repeated with the more difficult, the act of controlling
repetitions will nqt control_subjective mental experiences, ‘
sensations, images, memories, feelings, emotions, and impulses.
While the experimenter is presenting as a whole, the subject may
practice recall of the difficult lines or portions, thus meking
a modified part learning from a whole presentation,

4, WHOLE METHOD PRESENTATION AS A SPRECIAL CASE

The tendency to break nonsense meterisls into small units
for the accomodation of the memory span is as great as or greater
than the tendency to subdivide the mesningful materials mentioned
above. It’is impossible for the learner to retain an entire series
of twnety-four nonsense syllables the first trial. For him to
devise a plan to assist his ret-ntive powers is to be expected.

(Ine introspections shown later will illustrate this point.)

k
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Tne following description of the acgquisition of a learning
unit of twenty-four syllables under whole method conditions seems
to the writer to be typical. The subject undertakes to retain

+  the first two or three syllables and the last one or two the first
trial; he does not attempt to remember or reproduce the interven-
ing-syllables., The second trial, the general tendency of the
subject was to retain syllables number 7, 13, and 19 and make these
pivotal syllables; from these three pivotal syllables and the
two extremes, the subjects closed the breaks between, usually
finishing near the middle of the series. The series of twent&-four
syllables was, therefore, made into four learning units. The
presentation was by wholes, but the writer believes the learning
was by perts.

The whole method has shown the greatest capacity for
improvement so far. This superiority measured in improvement is
the result of (a) overéoming a feeling of fear and inferiority‘
when attacking the whole method procedure, (b) adjustment of
the materials to the memory span, (c) development of a technique
of learning long series of syllables, (d) cultivation of habits
of control in attention, (e) establishing pivotal points by which
connectiong were made more secure and special relationships were
simﬁlified, (£) and ultimately the development of a modified part
method.

HOwW long improvement can contiaue or just what the limits
ot improvability are, is, in its finality, a matter of individwm 1l
capacity. Until the limit of efficiency is reached, imnrovement
is possible., Under the proper stimlus to interest and effort,

achievement in both the whole and part methods should contime:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



80

much beyond the limits of this investigation., The writer believes
that the feeling of necessity has so far goaded the subjects into
a more intensive effort to excel.by.the whole method procédure
than by the part methods., Is it not possible, then, that the
whole method is at_the end of fifteen periods of practice as near
or nearer the limit of efficiency as any of the part methods?
The whole method as such, in the opinion of the writer, would never
be superior to the modified part.methods in learning nonsense
syllables, On the other hand, the possibilities whieh lie in
meking divisions according to the individuel memory spans of
subjects may reveél a strength in whole method presentation that
has not yet beén recognized. |

5. CHAPTER SUMMARY

1. TUnder practice, method of presentation as such showé
diminishing -importance.

2. The methods of presentation which are most difficult
at first, and notably the part method show greatest
improvement.

%. Control of the external conditions of learning does not

~control the actual procedure of the learner, ’

4. In parficular, the whole method of presentation allows
the learner to develop special skills and devices.,

5. The development of such skills and devices together with
the change from undesirable emotional énd volitional
attitudes to desirable ones, account for the improvement
under the whole method.

6., It is very evident that the limits of improvement were

not reached for any method in the present investigation.
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7. It is not Imown whether the whole method of presentation

would ultimately surpass the other methods in effieciency

under further practice.

A

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



|

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

81

CHAPTER VII
INTROSPECTION OF SUBJECTS
I. INTRODUCTION

Statements were secured from a;l subjects as to their
general reactions to the experiment. While these have been used
as a basis for much ofAthe earlier discussion, it seems well
to quote them directly. -

Group I consisted of subject who had had more psychnolagical
training than those of Group II. The reports from Group I are
accordingly more complete. The following excerpts seem most
significant. .

2. GROUP I

Subject A. This subject states that his greatest difficulty

in learning nonsense syllables was to convince himself that he
could accomplish the learning by any method.

"After a few trials I found that I could learn six syllables.,
This encouraged me to continue with another six and so on until
the twenty-four syllables were learned in parts., Then the task of.
putting them ﬁogether seemed hopeless but was finally accomplished,
The leurning of one group of six syllable seemed to completely
erase from memory those'previously learned. There seemed to be
no means of associating, no reason why they should stiek., I
approached the whole method with‘a feeling that it was impossible
for me to_accomplish in that way. The first trials resulted in
confusipn, discouragement, disgust and what then seemed to be

fatigue. To learn twenty-four syllables as a whole is, to me, an
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impossibility. The only way that I could do it was to learn not
to exceed five syllables at a time,‘to practice recall on these
while the others were being exposed. With the first division
learned I would add to it a few more., The modified part methods
were easier for me because of the gradual growth of the learning
difficulty."

Subject B This subject is not easily confused, has
confidence in his ability to do what he attempts, never hurries.
He says that he knew before sbarting +the experiment that he could
learn nonsense syllables by any method but expected it to take
longer than it did.

"I began with the whole method and could see no progress
until the sixth trial, when 1 was able to remembef a very few of
the syllables in order. I could remember the syllaebles but the
difficult matter was to place them correctly. It was necessary
to establish two or three points between the beginning and end Qf
the series from which I could connect both forward and backward.
Another advantage taken was in using the full time allowed in
the study-reproduction sequence to practice recalling forward
two syllables and backward three or more as time would vermit.

The second and Tifth series were more difficult and confusing than
the first. The pure part method was the poorest one for me, as the
disconnected parts were as hard to put together, after learning
them independent of the whole series, as the learning itself was.
The reversed repetitive is my favorite.”

Subject C. This subject began with the progressive part

meﬁhod. His introspections show that he believed in-his ability
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to learn nonsense materials but found that it required more time
than he anticipated. u

"I found learning nonsense materials more exhausting than
I had expected. The whole method was especially expensive in
nervous energy. After finishing s series by the whole method
there was a‘feeling of fatigue or nervous tension. The difference
in the time, necessary for completing a series did not depend
as much on the method as on the condition of the subject. Some
days, &ue to illness in my family, I was not as capable as others,
The unnecessary repetitions in the modified part methods were
confusing and to me a useless expense of energy. The pure part
method was weak in connecting facilities. There was lack of
continuity. However, if I were choosing & method for_my own
convenience it would probably bevthe pure part method, because it
is easy tq learn the short units. My second choice would probably
be the whole method. Either method seems to avoid needless
repetitions.™” _ ‘

Subject D. This subject made a very discouraging start,
losing by all criteria until the fifth series, when he gained in
one day all that he lost in the four days preceding. The subject's
determination to improve was a very telling asset.

"It seemed impossible at first to learn nonsense syllables by
any method, but unpromising as the first day's work was, it
was more.than doubled in difficulty by the end of the fourth
practice. It was a case of accumulating discouragements rather
than a case of accumulating results of practice. Something had to

be done. I therefore conceived the idea of attaching meanings to
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the syllables. This helped a very great deal. When using the
whole method procedure, I made no effort to retain more than five
syllables the first one or two trials; the four were numbers

i, 7, 13, 19, and 24. After learning those and making pivotal
points of them, I was able to close the gaps usually Tinishing
with the portion of the series between syllables 13 and 19,
Improvement came with prectice, but it was largely practice in
menipulation rather than practice in remembering. The pure part
method was next to the whole method in difficulty until I learre d
to practice recall of the connecting syllables all through the
learning., The direct repetitive is my favorite of all the methods.,
The connections are kept intaet and the division into four points
eliminates the disadvantages of the whole method."

Subjeect E. "I began the experiment without an opinion as
to the relative difficulty of the methods. The first series
seemed very difficult and effects of fatigue were very evident
during the last fourth of the period. Improvement came much
faster than I expected and I reacned the peek of my performance
in the second round. After that my enthusiasm waned somewhat,
and the results followed the decrease in enthusiasm, The whole
method was mést difficult at first. After developigg & system
for subdividing the series and attaching meanings to the syllall es,

it became as easy or perhaps the easiest Qf the methods. Of the
part methods, the pure pert is my favorite. The modified part
methods are burdened wiﬁh the machinery of method, making them

inefficient for my use."
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d. GROUP II

Subject A. "I approached the experiment without knowledge
of what I was to do apd withott forming an opinion as to the
difficuly of the task. It did not worry me in the least. The
whole‘method was too long to remember any of the syllables at
fipst. I learned, after a few trials, to concentrate on a few
syllables each time until all were learned. The pure part method
was harder for me than the whole method. I couldn't remember one
part while learning another. The modified part methods were
easiest. I do not xnow whichwas best, they were so much alike."

Subject B. "I did not expect anything in the beginning,
Jjust learned the syllables and did not care which method would
finally be superior. The direct repetitive method seemed to fit
my menroy best. The whole metheod took so long the first time,
so I tried learning it in halves the second time and got along
much better.”

Suﬁject'C. "Nervousness caused me to make many mistakes,
especially in the last of a period when I.was tired. The pure
part method was the most difficult for me. It was so herd to
hold the Tfirst part of the series, while learning the lasi pért
and connecting up the series was equal in difficulty to doing it
from the beginning. The direct repetitive method was easiest
for me, the learning unit increased in size so gradually and the

connections were all made when once through."

Subject D, "It was not as difficult a task as I expected

and a little »nractice worxed wonders. It made me tired and

nervous &t first but after the first round I enjoyed it, After

the initial round the direct repetitive method was easiest and

l
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the progressive vart method was hardest. The whole method did
not seem harder than the part methods, for I tried to learn only
five_syllables each trial and did not worry about the rest of

them,"

Subject E. "I felt before beginning that it wculd be an

easy task, but it was not as easy as I expected it to be.
Improvement was encouraging, and the satisfaction that came from
the work inereased from day to day. Learning was accomplished
almost entirely by place association. The whole method was the
most difficult in both.rounds.. The Whole method was not so
difficult in the second round, I divided it into three learning
units and attached them one at a time. I cannot say which of the

rart methods was easiest for me, it was juét a matter of chance or

the conditicn of the learner.m
4, CHAPTER SUMMARY

1. The subjects of Group I are generally egreed that:

(a) The emotional set was a disadvantage to learning
long lists of syllables.

(b) Long series were more easily mastered after they
learned to divide them into smaller parts.

(¢) The pure part method is less efficient than the
modified part methods.

(d) The differences in value among the modified part

methods are small.

|
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2. The subjects of Group II state, generally, that:
(a) They began the experiment without a detrimental
emotional set.
(b) They did not worry about results.

(e¢) They manipulated materials to accommodate their
memroy spans, egspecially in the whole method
procedure.

(A1) They modified part methods were most economical

in terms of expenditure of uervous energy.
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CHAPTER VIII
SUMITARY AND CONCLUSIONS

The chapters of this experiment have beep summarized one by
one. It is the purpose of this chapter, therefore, to draw
together the summaries thus far made and state the final conclusions
I. Erevious>investigations.

a, There is a lack of agreement as to the_relative values of
fhe part and whole methods of learning.

b. Most investigators have found the whole method the most
economical.

¢c. Results are frequently unstable because of insufficient \
data to substantiate the conclusions.

2 The general effects. of practice.

a. Practice tends to decrease the differences ;n the effec-
tiveness of the various methods, thus causing them to
approach & common value.

b. Practice in learning nonsense materials tend to improvement
by all methods, the methods that were most economical in the
.beginning showed the least improvement.

c. There was less of correlation as practice proceeded.

d. It is not reasonable to expect a commensurable rate of gain
in all criterisa.

e. Time is used by most inveétigators a s the criterion for the
measurement of progress.

3 Comparison of improvements in the various metheds,

a. The whole method made the greztest improvement.

b. The direct repetitive method made the least improvement.

|
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4., Analytical and comparative study of methods.

a. The pure part method is weak because of disintegration
through time. The leck of connecting facilities is also
‘a source of weakness.

b. The frequent repetitions in the progressive part method
overcome the losses enumerated in the pure part method -
procedure. Ngedless repetitions, however consume time
unnecessarily.

¢c. The advantage of the direct repetitive as well as the other
modified part methods is the continuous expansién of the
unit of learning, There is an unnecessafy extravagance in
time and energy in these modified part methods in the
repetitions of the first and second divisions of the series.

d. The whole method is conducive to emotional instability,
fear and discouregement.

e. The chief advantage of the whole method is the continuity of
the study. There are no breaks between parts and no
lost connections.

f. The points of greatest difficulty in this experiment were
syllable number 17 for Group I and syllable number 16 for
Group II. |

g. Length of units of learning and learning effort are not
commensurable.

54 The effects of controlling objective conditions of learning.

a. It is possible to control externel conditions of learning

but it is not possible to foree the learner to conform

to the external conditions.

l
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b. Whole method presentation does.not assure whole method
lesrning., ' _

c. The whole method is as near, probably nearer, the limit of
efficiency in this investigation as the part methods are,

d. There are possibilities in dividing materials presented by
the whole method not yet recognized.

.+ CCHCLUSIONS
I. The general effects of practice.

a. -Ability to léarn nonsense.materials by any method
increases with practice. -

b. Practice tends to decrease the differences in the )
effectiveness of the various methods.

¢. The methods approsch a common value as prectice proceeds.

d. As practice increases, the correlztion among the criteria
of measurement decreases.

€. The rate of improvement varies as practice' advances.

f. Practice contributes more to the methods that are diffiecult
to employ in the beginning than it does to those that are
less difficult. |

2. A comperison of the efficiency of the whple and'part methods at
the beginning and ét the end of practice.

£t the beginning of practice the relative merits of the “
methods, named in order of efficiency, were as follows:
Group I, all criteria.
Direct Repetitive, progressive part, reverse repetitive,
pure part, whole, |
At the end of practice the positions, according to effigw.

iency were as follows:

Reproduced with permission of fhe copyright owner. Further reproduction prohibited without permission.



91

Trials: Pure pgrt, whole, reverse repetitive, direct re-
petitive, progressive part.

Errors: Reverse repetitive, progréssive part, direct re-
petitive, pure part, whole, _

Time: Pure part, reverse repetitive, direct repetitive
progressive part and whole methods tie for fourth
position.

The difference in time is so small that it is negligible,

Group ;I | |

Triels: Pure part, reverse repetitive, whole, direct Te-
petitive ﬁfogressive part.

Errors: Diregthepetitive, reverée vepetitive, progressive
part, pure part, whole.

There is little difference in number of errors between the

best and'the poorest of the part methods of this group.

The whole method shows a greater number of errors than all

other methods combined. ‘

Time: Whole, pure part, direect repetitive, reverse

repetitive, progressive part.

The finishing positions were as follows: .

Trials: Whole, pure part, direct repetitive, reverse
repetitive, progressive part.

Efrors: Direct repetitive and reverse repetitive, tie,
progressive part, pure part, whole.

Time: Direct repetitive, progressive rart, reverse repet itie
whole, pure part.

3. The relative effects of practice upon the efficiency of

the various methods.

a. All methods increase in efficiency with practice.
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b. .The modified part methods show the least improvement from
practice; the subjects began nearer the limit of efficiency
in these methods,

C. $he pure part method showed more improvement from practice
than the modified part methods. There were greater
possibilities in this method than in the modified part
methods for improvement in the connection of parts.

d. The whole method showed the greatest improvement. The
possibilities in this method were in the control of emotions
‘the adjustment of the series to the memory span, the
development of devices to assist retention, and the
formation of habits of concentration.

4, The factors that control the results of practice.

&. The emotiona2l tone is an influence in the learning process
that cannot be overlooked.

b. Improvement is conditioned by satisfaction and annoyance,
by likes and dislikes,

c. The effects of practice depend'in & measure on the relative
difficulty of the methods used.

d. The possibility of using devices to aid retention is
responsible for much of the improvement.

e. Interest and effort were powerful factors for improvement
in this investigation.

f. The individual eccemtricities of the subjects account fer
nany variations in the results of practice.

5. Does the method of presentstion econtrol the procedure of the

.learner?

a, It is possible to control external conditions of lezrning .

l
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but it is not possible to control the procedure of the
individual.learner.

b. There is no way of controlling the subject's inner
awareness, his confidential relations with his mental
processes, his percepts, images and emotions.

Ce A portion of the material used in this experiment was
presented by wholes, but the subjects revealed in their
introspections that they chose to accept it in such

arté as would best accommodate their memory spans.

d. Whole method presentation, therefore, doces not assure
whole method procedure in learning.

6. Differences in individual reactions to whole and part methods,.

a. The emotional atiitude is highly individuel. The effective-
ness of study in this experiment was many_times conditioned
by the emotional responses of the learner.

b. The degree of initisl efficiency varied among the subjects.
A rapid initial improvement indicated an early limit in
efficiency.

c. There was a tremendous difference shown by the various

subjects in the amount of interest in and zest for the work.

\
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Table XIII

Comnarison of the errors of the whole and direct

resetitive metncds by rounds, Groun I.

" Jirect
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Teble XLTT1T

ime suent on esch nethod by Groun II

e

Part Jncle . F, D, R., . R,

"~ v

Series i
1=-5 {4400 737on TAZHY 6340"; 8620"

- :

Series

G110 55207 A150"™ 4720" LAQQM 5045/Y
Totsl 12070" | 13125" 11205" 168:0% 1164557

5
3
D
5
A
O
o+
or
Y
'_J
-
H
o
(,’3
o
. G)
ot
o
1
P
@
OJ
®
A
>)
)
5
2
~
.
%
O
-t
3
o)
i~

L erh hole ».7. D. R, R. R.
eries
-5 1 18.5 2.9 21.2 18.2 1¢
S.ries
£-10 PRI 20 E 19 12.5 20,1
Totel 20,5 DT 9 o G
o 2U. 2 55 6o 1 (SIS i 1‘5.8
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statistical Findinvs in tine For ezch individnal of
Jrovp IT, ten ceries
crrorison of fime re-uired for essh ethod in the
Tirst =nd sezoend rounds,

Part hole N D R, 2. R.

subjecst A 1 2070 1530 1265 1375 1370
2 1280 1170 965 | 102 1030

Cotil 350 2700 2230 2495 2400
subject B |1 720 1500 915 | 745 1170
2 720 850 715 550 920

Tot=1 1440 2550 1630 1305 7090
subjeet T |1 1560 1500 1110 1380 1410
2 1510 208 230 1095 1220
dot el 2070 3495 1 5040 2475 2540
Subject D (1] 122 1020 2925 1620 15650
211230 1145 1500 1025 1145

Tot=l 4 20 2165 4425 2705 2795
“ubject = :l 870 1425 1210 1160 1020
21 210 220 670 790 720

Totol & 1780 2415 1880 1950 {1740
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3
9

hle VI

+
(

ser cent  of whole time thot ench individusl of Groun IIT
save to ecch mathod.

Poert “hole ?. P. D. R. e X

Subiect L 25,6 20.6 17 18.2 18.9
siibiect B 16.3 26.1 13.5 14.8 28.7
Subject C 29,¢ 25.4 4.8 18 19.2

o’
()

0]

Q

ot
l_l
(o)
O
I_J
R
r_.J

50,9 15.9 19.5

5
=

Subject

8.3 24£.8 19.2 20 17.9

Lsversse 19.8 22.8 20.08 18 19,7

Tehle XLIVIT

Swaber of errors aade by esch subiect of Groun IT i
arious nethods

]
,(,D

U
o
o’
Ay
(42
[
ot
¥
¥
O
(@]
=
02
f1aN
N\
n
IRV
IRy
J
Ul

@
=,
&
—}
[©
(@)
ct
w
139
O
[&y]
w
[
A
=
(&)
-
()]

ouniecs O 87 93 27 47 48
suniect D 48 06 100 40 4
subject 3 o5 159 &2 52 26

Tmber of errors atde in enelr ehhoed by SGreun IT

serics 1-5 159 550 121 o2 100
serics 6-10 117 211 75 D4 56
lotal 2HL1 He4l 126 146 156

crrors in esch aetrod

19.4 41 .S 5.1 11.¢ 12.1
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Table XX

Statistical findings in trials for each individual for
Grour TII, tTen series.

A comreriscn of trizls reqsuired Tor eszch nethod in the
Tirgt and second rounds,

Part ‘Thole P, P. . R. R R,
Subjeet Al1 | 10 9 8% 8 4%
2 B 6 74 7.k 7%
Totel 17 15 16 15+ 12
Subject Bjl 5 8 7% 54 7
21 4% 5 75 53 5%
Total 93 1% 15 11 | 12k
Subjeet ClL | 74 8 9= g2 11
2| 9% 5 8% 7% 8%
Totel. 17 13 17 15- 19%
Subjiect D{L | 7% 6 18 93 82
21 62 7 10+ 7% 7
Total 14 13 282 175 157
Subjeet m{l | 5% 10 8 9 7a
2 6= 8 4 7 7k
Totol %12 18 16% 164 15
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Prials made on ec~h methed by CGroup

Tebhle

J—
.4{..“...:\.

Part “mole T, P, D. R, R, R,
First round
series 1-5 355 41 51 415 %9
Seccnd round
series 6-10 54 31 41% 35% %6
Totel 694 72 93> 765 75

Table IT0IIT
Ter cent of tricls by e=ach ncthed, Grecun II.

Part Whole Tl P, D. R. R. H.
oixmgt round
series 1-5 17 19.6 24,8 12,9 18.7
Second round
serieg 6-10 19.1 7.4 2040 19.7 20.2
AVerage 18.0 18.6 26.7 19,8 12.4

Teble XXITT
rer cent of his vhole rnuamber of trisls &t esceh individuel
mede on each ethod, Groun IT.

Part “hole P, P, D. ®. R. 2,
susjest A 22.4 1:.9 218 20.% 1.2
sunicet B 15.4 21.1 24,4 18,7 1¢.5
subject C 20.4 i2.6 21.0 1¢.5 2.4
subieet D 15.8 14.7 21.9 1.7 17,9
subieet I 15.4 2548 21.23 2L.0 19.5
SYRTE e 17.9 1¢.C 25,506 1¢.8 1.2
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Table XTIV
Gains of Groun II

Part Fhole P, P. D. K. R. K

Trisls recund 2 over 1 1% 10 9+ 6= 3
Syrors yround 2 over 1 27 119 46 38 4.4

ver 1 810 2825 2645 1850 1575

Geing of round 1 to 2, 2 to 3, Groun I

Part inole T, ¥

o)
o
rd
=]

cins of trizls
round 2 over 1 153 30 22 5% 7
Gain cf errocrs

round 2 over 1 45 258 28 54 93
Gzin in seconds round

2 over 1 3762 4435 1854 1442 1630
Godin of tricls
round 3 over 2 82 ) 5% 5% 5%
Gain of error:s
round 3 cover 2 8% 9% 16 45 12
Gain of tinme
round 3 over 2 2510 1920 1450 40 2625
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Table XXVI

The follcwing semnerison of errors wrich sccrved
te the whole snd direst renstitive method for each suhieecd
cf Groun II eve teken from Tanle XHIVLL.
Irrors in srrors in Direet
Subjects wnele method Repetitive metncd Compsrison
A 124 22 5.6 to 1
B 89 10 9.0 fto 1
C 93 4.2 2.2 to 1
D 96 40 2.4 to 1
z 139 52 4,3 to 1
Table XCVIT

,
the

: ison of errors ©
direcet renetitive metnods by

the wneole and
rounds.

hole method Direct Renetitive Comvnerison
Round I 250 e2 .5 to 1
Rowad I 211 | 54 5.9 to 1
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