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CHAPTER I
NATURE OF THE PROBLEM

Introduction

The primery purpose of this investigation is to inquire
into the cause of the disaggreement which exists among tﬁose
investigators who have attacked the problem of the effect of
‘practice on changes in varisbility. It may be said, therefore,
that this study as a whole deals with a special aspect of the
general problem of the effect of practice on changes in variability,

Among the perennial questions of education few are to be
found of more importance to the worker in that field than the one
whioh asks what the effect of practice is upon a group. To state
this same question in slightly different form: - Do egual amounts of
education, or treining, tend to meke people more alike or to increase
the differences already existing within a group? Furthermore, are
the intensely stimulating conditions of much modern education a
significant factor in this connection?

For more than e quarter of a century the guestion of how
practice affects individual differences has been debated. During
this time much experimentel evidence has been obtained, and yet the
investigsators are far from being in agreement as to the interpretation
of the resulits of their experiments. This problem lies within the
general field of nature and nurture, It desls with the question of

the extent to which training can change individual differences, A
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survey of the field of nature and nurture todey will show a distinet
tendency to arrive at a balaenced position with respect to the importance
of heredity and environment. There is also a tendency toward con-
sideration of specific problems which may be attacked experimentally,
rather than toward general speculation and conjecture.

This study deals with the general guestion: Which exerts
the greater influence in learning, native capacity or environment?
It does more, however, than to repeat again what has been so often
done, that is, simply to study the effects of practice upon some
particular function chosen to be sbtudied,

The importance of this problem cannot be denied but the vast
number of factors involved as well as their complexities defy a
comprehensive answer to thits important query. At present the best
the investigator can do 1s to select some specific phese of the
general problem for which an answer based upon experimental evidence
can be given., SBpecifically, whicﬁ is the more potent factor in the
ascquiring of a given skill, the native capaocity of the individual for
thet skill, be it mentel or physical, or the environment as made up of
the learning situabtion, in which, and by virtue of which, the means
and opportunities for acquiring the given skill are afforded? For the
educator this guestion is vital, It means in the one case that he
may expect to find the initial differences in his students perpetuated
or increased with the same training. It may mean, on the other hand,
that he has a right to expect those individuals who show only mediocre
or poor abilities at the start, in any given skill, to approximate the

standard of excellence set up for, or by, the best of the group. The
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I{}ajority of those workers who attaakea the problem during the first
decade and a half of this century definitely favored the beliefl that
practice served to inerease individual differences in most cases, A
survey of the more recent experiments made in studying this problem,
such as those of Kincaid (38)#*, Peterson and Barlow (50), Reed (55),
and Hunter (32), show a greater amount of evidence for believing that
the effect of practice is to reduce the variability, or lessen the

individual differences within a group.

Statement of the Problem

This study is composed of two separate experiments each one
having for its purpose the investigation of one aspéct of the problem
of the effect of practice on individual differences. The first
experiment is by far the more extensive. Its aim was to study
motivation as a factor in changes in variability. As the practice
periods were rather well distributed in the first experiment the
second experiment sought to determine the effect of meszsing practice
upon changes in variability under ordinary and high motivation.

The aim of this investigation may be said to be threefold,
First, it is interested in repeating what has been done many times,
but under new conditions, It asks: What is the effect of practice
on changes in variability? Second, it is especially interested in
how motivation is involved in the changes which take place under

prectice., Third, this study seeks to discover what the effect of

* A single number in parenthesis refers to the bibliographical
item as a whole, A second number, where it occurs, is the page
reference of that item,
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distributed and massed practice is upon changes in veriability under
varying degrees of motivation,

In order %o find out the effect of a high degree of motivation
on variability it was first necessary to know what changes in varisbil-
ity ocecurred under ordinary motivetion., For this purpose control
groups were used. In setting up the experiments advantage was taken
of upwards of seventy experiments already done. These are summarized
in Table I, Chapter II, as well as being discussed there, The
statistical treatment most widely used end accepted has been employed
in this study. The functions studied are two in number. One ,
addition, used in the first experiment, has been among the most widely
studied, and so yields data comparable to those obtained by meny
investigators over a considerable period of time. The other function
studied, code writing, used in both experiments, is unique to this
investigation, The materials themselves are radicelly different to
work with, In the caée of amddition, every subjeot, as a college
student, possessed some previous training in this function. The
code writing, on the other hend, was entirely new to every subject
who took part in the investigation, In a number of previous studies
of the effect of practice upon individual differences, college
studentshhave served as subjeotss thus meking it possible to compare
the results of this experiment with results already obtained. The
speeial motivation used in the first experiment in connection with
the strongly motivated group waes a combination of knowledge of results
and competition., The scores for the motiveted group were posted
every day. Each member of the group knew his own score for the

previous day, as well as the scores of the rest of the group.
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The second experiment studied only the function code
writing. Although it employsd the same control group type of
procedure, it was as a whole a much briefer experiment, It was
designed to repeat part of the first experiment, the practice all
took place in less than an hour while in the first experiment the
practice was spread over a period of six weeks,

These experiments sought to answer a number of questions:
Whet 1s the relative effect of a strong and ordinary motlvation
upon college students in the functions studied? Does the perforu-
ance of such groupsvbeoome more or less varieble with practioce?

%ill the effect of practice be the same in both funetions studied?
What is the effect of special motivation upon the variebility of a
group and is this effect constant for both functions studied?

What is the effect of massed or distributed practice both on the
control and strongly motivated groups? Finally, and most important,
deoes the factor of motivation provide an sdequate explanation of the
present disagreement as to the effect of practice on changes in
variability?

Some of these questions have been st least partially
answered by previous investigators. Others of them have not heen
touched upon. One of the most important parts of thiskstudy is
that showing the day by day change in variebility of the. control end
motivated groups in both functions. This part of the study presents
& picture of what occurs in terms of variability when a group of

college students under-goes practice in the two functions studied,
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It shows further a day by day record of how the special motivation
influenced changes in variability, Nowhere in the extensive
literature on the effects of practice is there anything which deals
with this particular problem,

This question of the effect of motivation upon changes
in variebility is one having important implications for education,
If by the use of strong motivetion the lower ranking members of a
group may be brought up so that their achievement will compare
favorably with that of the more proficient members of the same group,

education needs to know that fact. If strong motivation serves to

increase varlability, education also needs to know that.
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CHAPTER I1I
ANALYSIS AND SUMMARY
OF PREVIOUS EXPERIMENTATION

Status of the Field

The experiments deslt with in this chapter cover the years
from 1908, when Thorndike (65) first attacked the problem of the
dffect of practice on individual differences, down to Ewert's (22)
experiment reported in 1933. The guantity of material contained in
the summary table presented in this chapter bears testimony to the
lively interest the problem has aroused since Thorndike's initial
work.,  With the exeeptlon of Whitley (78), Thorndike and most of
his co-workers, among the; Chepman (11) and Wells (77), have held as
a result of the investigations that the effect of practice upon in-
dividual differences is to inorease those already existing, 1In
more recent years Thurstone (73), Starch (59) and Race (52) have
come to that opinion through experimental work of their own, Hunter
(32:620), writing in a recent publication, agrees with this point of
view, At the seme time he admits that the bulk of the evidence is
on the other side.

Among those who early came, as a result of their experi-
mental work, to the belief that the effect of practice is to reduoce
individual differences, are Whitley (78), Peterson (46), as a result
of his experiment on ball tossing in 1917, Perrin (45), whose work

deelt with snalogies and mirror reading, end Gates (26).
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More recently Reed (54) pointed out that the conclusion of
leading psychologists that practice increases individual differences
was false because of the measures on which it was based. He said
that this conclusion was justified when gains were measured by
absolute increases in amount of work per unit of time, but that an
entirely opposite conclusion is reached when gains are measured by
time per unit of work, and that, because of this conbradiction,
neither measure is valid,

In the same year, 1924, Barlow (5) reported the results of
three preactice experiments with cerd sorting, mental multiplieation,
and substitution tests, He found that the card sorting tests showed
a decrease in variability, and that the mental multiplication and
substitution tests showed an inerease, He concluded that the more
complex the tralt learned, the stronger is the tendency for the
individuals to become more unlike with equal practice, and the simpler
it is, the stronger is the tendency for them to become more alike,

Kineaid (35), a year later, made an experiment in changes
in variability, using Braille writing and dart throwing, She
concluded that differences generally decrease with practice.

Three years leter Peterson and Barlow (50) published the
co-efficients of warisbility for most of the studies of the influence
of presotice on individual differences that had been published before
that date, forty in all, . Of these, twenty-four show a reduction in
variability, five show no definite change, and eleven show an increase.
They also reported three new experiments of their own. In only one

of these is the change in vaeriability grest enough to give the study
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any weight. In this one, which dealt with weekly tests in a
psychology course, all sections showed a marked reduction in variabil-
ity over a pericd of twelve weeks,

Reed's (55) study made in 1931 reviews all of the studies
mentioned eabove, He critieizes many of them on the score that the
measures used to determine whether variability inoreases or decreases
are invalid. Reed tabulates the resulis of seventy-one experiments
cn chenges in variebility previously made and ranging over the years
frem 1208 to 1922, In fifty-nine of these using the retic of the
average of the three highest divided by the average of the three lowest,
he found that 95 per cent showed a decrease inIVariability and that

5 per cent showed an increase, none showing a lack of change.

S5.D.

e to seventy of these experiments, he
Average

Applying the meessure

found that 77 per cent showed a dscregse in variaebility, 19 per cent
an increase, and 4 per cent no change at all. Out of [iftyeeight
of these studies, by using the measure, correlestion of initial per-
formence with per cent of gasin, he found that 93 per cent showed a
decrease in variability, 7 per cent an increese, and none a lack of
change .

This work seems to show that the contradictory findings of
previous workers on the guestion of changes in variebility were due
largely to lack of velidity in the measures used,

Two new investigations are next reported ¢f.the influence
of training on changes in variability, The first of these is Reed's

experiment on motor skill using the yo-yo top. IHis subjects were
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10

thirty-seven college sophomores. They were divided into three groups.
One group practiced ten minutes a day for eighteen days, another,
twenty minutes s day for nine days, and the third group sixty minutes
once a week for three weeks. Using the measure for the index of

variability —S.D. , he found there was a drop from 1,02 for the
Average

initial performence to .25 for the eighteenth or final trial. The
correlation between initial performence and per cent of gain wes found
to be -,43, which would slso indicate a decreasse in veriability.
He found that the ratio of the average of the three highest scores
divided by the average of the three lowest, which was 99.44 for the
initiel performaence, became reduced to 1,31 for the findl trial, These
end other measures used are all in agreement in indicating a marked
decrease in variability. However, this procedure might be questioned
in one respect, that is, in the grouping together of distributed, less
distributed, and messed practice periods, all into one table of data.
He sayd, "In calculating the influence of practice on changes in vari-
ability, no sccount was taken of the effect of the distribution of
practice.” It is conceivable that enough of the low students might
have been in the group where the practice was massed to affect the
variability of the whole group. Reed may have controlled this factor,
but the experiment as reported gives no evidence of his having done so.
Pechstein (43) found learning to be considerably influenced by the
distribution or massing of practice.

It may be noted that in the first experiment of the present
investigation prectice was distributed; in the second experiment, it

was massed.,
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The second experiment which Reed reports is one made by
Je C. BEdwards (21) under his supervision. In this investigation one
hundred thirty-seven puplils ranging from the second to the eighth
grade were the subjeots. Standard tests were used in reeading,
arithmetic, dictation, language usage, history and literature, nature
study and science, The correlations of initial socore and per cent of
gein for all ten tests used in all grades were found to be negative
end to range from -.42 to -.75 over the period from October to May.
Using the ratio of the average of the three highest scores divided by
the average of the three lowest, he found that there was convergence
in 98 per cent of the cases from OUctober to February, and convergence

in 96 per cent of the ceses from Cectober to May. Using the formuls
3.D.

Average

October to February to be 76, while that from October to Yoy was 85,

as a measure, he found the percentage of convergence from

The percentage of decrease in variability for Grade II wag 63; for
Grade I1IL, 47; for Grede IV, 22; for Grade V, 24; <for Grade VI, O;
for Grade VII, 33; and for Grade VIII, 12,

In his conclusions, Edwards says that the tests were made
under school conditions without any special effort at individusl
instruetion. He says, "It is possible that if every pupil had been
encouraged to do a maximum amount of work, thet the results would show
8 greater variability." He does not advocate that the best pupils be
held back in any way, but he believes that the poorer pupils can be
made to approach the level of the best ones by training.

Using the term homogeneity as being synonymous with the term
variability, Carrol (10) sought to discover whether a group of college

students would become more alike or unlike through practice on the
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following: First, in the complex skill of silent resding as measured
by stendard tests for that purpose, and second, in the simple skill of
making marks as rapidly as possible in groups of five, using the left
hand (or right hand if left-handed). He found that in the case of
the silent reading the coefficient of variebility, which was 26 for the
initial practice, became reduced to 15 for the final practice. Prac-
tice extended over twenty-eight periods. The total range of flustua-
tion in variability was from 28 on the seventeenth trial to 12 on the
twenty-sixth trial.

In the case of the simple skill of making marks, Carrol found
that there was a drop from 24 to 16 in variability betwsen the initial
and forty-fifth or final trial. He found also that the fluctustions
in}variahility were much less marked than in the silent reading., He
concluded that, in the case of either a broad or a narrow mental function,
practice has the effect upon a falrly homogeneous group of retaining
the homogenelity or of making the group more homogenecus. In other
words, Carrol's conclusions were that, regardless of the type of mental
function, the effect of practice upon & fairly homogenevas group is to
meke that group more alike,

Table I presents data based upon sevenpy-six studies which
dealt with the problem of the effect of practice on individuael differences,
Some few of these studies, MeCall's (40) for example, were not mede by
their authors with the purpose of studying the effect of practice on
individual differences, The data have been utilized by others for this
purpose, however, Sims' (58) study was primarily interested in motivation,
as will be shown later. The seventy-six studies presented in summarized

form in Tuble I are grouped under seven headings, and arranged
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IABLE I

SUMMARY OF EXPERIMENTS OW THE EFFECT OF PRACTICE
ON INDIVIDUAL DIFFERENCES

e

Investi- . . Unit of measure Measures used end Reoslou~ R
gator Subjects| Practice| ™ yogivation findings of author lated by New findings
ARITHMET ICAL FUNCT IONS
Addition
Thorn-~ |19 ecoll. 7 Time
dike '10 |students| periods |Competition with |Corr, initial rank with % Veriebility in-
own record of gain. Ind. diff. re- |Kineaid oreased .26 to
duced + 29
Wells 5 30 Work Similarity in learning Variability in-
'12jadults | periods | Immediate know- |ourves, Ind. diff. in- Reed creased .12 to ,13
ledge of resulis j[oreased
Donovan 29 30 Work Av, gross gains of Variability re-
& Thorne |echildren] periods | Not controlled groups of four, Ind, Peterson | duced .37 to .25
dike '13| grade 4 diff, increased
Kirby 1350 75 Work The higher the initial
'13|children] minubes | No mention of rank the more the gain
motivation
Hahn & 102 S0 Work .
Thorn- |ehildren| minutes | Comp. with own Gross gains, Ind. 4iff, Reed Variebiliity re-
dike '14 record, Encou- incressed duced H9 to .33
reged to excel it
Chapmen {22 coll, 10 Work Ind, diff, increased,
'14|students| periods | Subjeets paid. (espe in complex Kincaid | Variability re-
Knowl, of results|material) duced ,29 to .26
Thorne |11 colll 10 Work Gross gain, Ind, 4iff, Variability re.
dike '"16]students| periods | No mention of Mot}increased Kincaid duced .26 to .21

21
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TABLE I (Continued)

Investi- Sub Unit of measure ‘Measures used ghd Recalou- New
ubjects|Practioce findings of author lated b L s
ga-tor Motivation & V| findings
Addition (Continued)
MoCall 72 18 Work Variability
'16|children|periods | Names of 3 high-|Ind. diff, not MeCall's increased .45
o5t announced problem Reed | to 51
daily
Race 53 10 Work Comp. av, gross gains of Veriability
'22 |children|periocds | No mention of highest and lowest 4ths. Ind.| Barlow ineressed
motivation diff, increased «52 to .82
Gates 23 29 Time & work Gross & relative gain, Variability
122|college |periods | No mention of Ratios good to poor. Ind. Barlow reduced
students motivation diff. reduced .16 to W12
Reed 140 60 Work Variability reduced ,80 to
124 |college |minutes | No mention of W21
students motivation
Division
Kirby 1350 60 Work Curve showing positive re-
'13jchildren|minutes |No mention of lation hetween initial rank
motivation and geiny Ind. diff, in-
creased
Mental Multiplicatioen
Thorn- 28 50-96 |Time corrected |Ratios of worse to better Variability
dike '08|adults |examples|jKnowledge of records. Ind. diff, Kincaid inereased
results increased +37 to .42

A
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TABIE I (Continued)

Recglouw

Investi- Unit of measure * Meesures used and
Subjeots [Practice | —— findings of author ‘New findings
gator Motivation lated by
Mental Multiplication (Continued)
g Time .
Whitley | college 20 Paid for ser- [Gross and relative gains, Variability
'11 | students |periods | vices Position at finish correlat- reduced
‘ ed with initial rank, Ind., | Kinecaid 55 to 37
diff, reduced
10 Work Correlation of initiel score Veriability
Chapman | 22 periods | Paid for servi- with gross and relstive Peter- reduced
114 | adults |2 daily | ces and know- |gains, Ind, diff. increased son .28 to 20
ledge of results
Thorn- 11 10 Work Gross gain. Ind. diff. Verisbility
dike '16 | adults |dally No mention of [|increased Kinecaid increased
pract, motivation «28 to .40
8 14 Time
Starch college | daily Subjeets told |[Gross end relative gains. Variability
t19 | students| prac- to work hard Ind, 4iff, inoressed  Reed - reduced
tices and carefully
Gates R3 Time and work |[Gross and relative gains, Veriabiliby
'22 | college R2 No mention of [Ratios good to poor used. Berlow reduced
students periods | motivation Ind, diff, reduced +45 to ,43
12-20 Work , Given Variability
Barlow 20 periods | Said to be good Variability inoreased by incressed
'24 | children! 20 min. | (by Peterson) Reed .28 to ,34
each
Peterson 96 882 Time : Given Variability
and Ber- | children problems| Said to be high [Variability reduced by reduced
low 28 7 per= (by Barlow) Reed «37 to 432
iods
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TABLE I (Continued)

Investi=- Unit of measure Measures used and Recalote-
Subjeots| Practics) New findings
getor Motivation findings of author lated by
Multiplicetion by Substitution
Work Compared average gross gains Veriability
Race 56 20 No mention of of highest end lowest 4ths, increased
'22 |children|periods | motivation Ind, diff, inoreased with Barlow «17 to .35
practice '
DISCRIMINATIVE FUNCTIOKS
Anslogies
21 Time Curves plotted, 1Ind, 4iff, Variability
Perrin |ecollege 1o Prize given. reduced Reed reduced
t1g | students| periods | Knowledge of re- .53 to .41
sults
Cancellation
Whitley 9 20 Time Gross and reletive gains, Veriability
111 lcollege [pericds | Peid for ser- Ind, diff, reduced Kincaid increased
students vices 27 to 30
Werk Gross and relative gains. Variability
Chapman 22 10 Paid for servi- |[Ind, diff,., increased Kineaid inereased
114 [adults |periods | ces. Knowledge 12 to ,14
of results
Thorn- 11 10 Work Gross gain. Variebility
dike '16 |college |periods | No mention of Ind, diff, increased Kinecaid reduced
students motivation 125 to .09
MeCall 17 18 Work Ind, diff, not McCell's Variability
116 |children|periods | Names of three problem Kinecaid reduced
highest announced «40 to .29
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TABLE I (Continued)

Investi-

Unit of Measure

Measures used and

©

N Subjects Practice Recalcu- New findines
gator Motivation findings of author lated by &
Cancellation (Continued)
Raoce 59 8 Work Compared average gross gains Variability .
t22 |College periods | No mention of of highest and lowest 4ths. |Reed reduced
students motivation Ind. diff., reduced 215 to .13
' Color Neming
22 10 Tork Gross and relative gains, Variability
Chapman | college periods | Paid for servi-| Ind, d4iff, increased Kineaid reduced
'14 | students 15 min, | ces, Knowledge .13 to .11
sach of results
' Mirror Reading
Perrin 21 7 Time Curves plotted., Superior Variability
'19 | college periods | Knowledge of subjects improved less Reed reduced
students results +60 to ,50
Substitution
20 10 Work
Starch sollege periods | Subjects told Gross gain. Ind, diff, Variability
t19 | students ~ 120 to work hard inecresased Reed reduced
minutes | and carefully
Reed 108 400 Time ;
'24 | college substi- | No mention of Veriability increased
students tutions | motivation +53 to .56
Reed 59 400 Viork
124 | college substi-| No mention of Variability reduced .43
students tutions | motivation to W42
Barlov‘v 20 12 Time Veriability incressed
#4 | ohildren periods| Seid to be good| ,15 to .18

(by Peterson)
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TABLE I (Continued)

s m—

e — — —

Investi- "Unit of measure + Measures used and Reocalcu-
Subjects {Practice ] . New findings
gator Motivation findings of suthor leted by i
Substitution {Continued)
36 12 Work Gains
Sims college |periods 1st,sec,ordinary, 34,8
'28 |students |2 min- 2nd sec. group 38,6
utes 3rd sec, individ, 59.2
each
Ewert 94 oocll. 20 Work
133 students [periocds Not stated Contradictory
MOTOR~-DISCRIMINATIVE FUNCTIONS
Cube Fitting
Time
Myers 14 23 Some knew re=- Veriability
'18ladults periods sults. Some did Nature of change in Reed stationary
not doubt 212 ~ L12
Sorting
Wocdrow |20 feebld Work Normal geined 46% Variability ine
(forms) [minded 13 Urged while Feeble-minded gained creasedFeeble~
'17|childreny periods | working 49% Kincaid minded ,14 to .18
16 normal Normal .13 to .13
Myers Work 1Av.Dev,. Variability
(ocarads) 27 80 Some knew scores Av, Ind, 4iff, increased
'18{adults trisls |Others did not not affected by praoc- Reed .08 to ,13
tice
Barlow 6 Time Variability reduced
(eards) 20 periods |Said to be good .15 to .12
'24 |children 720 (by Barlow)
sortings
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‘TABLE I (Continued)

Investi- Unit of measure _ Measures used and -Recalou~
: Subjects | Practice e T . New findings
gator Motivation findings of suthor lated by
Sorting (Continued)
Whitley 8 20 Time Correlation of initial end Variability
(count- |eollege | periods | Paid for ser- final rank, Ind, diff, Kincaid reduced
ers)'ll |students vices reduced +32 to ,08
Brown 26 Time corrected Gain of lowest 4th Variability
(cards) |college 8 Competition; exceeded that of Barlow reduced
‘14 |students | periocds | Knowledge of highest 4th 213 to ,10
results
Weight Discrimination
Whitley 9 16 Brror Gross and relative geins, Variebility
'11l|college | periods | Paid for ser- Ind. 4iff, reduced Kinceid reduced
students vices «21 to .12
MOTOR SKILL FUNCTIONS '
Archery
, 30 Work Per cent and gross gains
Lashley 19 periods | Prizes given, used. Ind. diff. reduced ,
t15|adults 12 shotq Knowledge of RN BN
esch results oy
Ball Tossing Bl b
Peter- 28 Time RN B
son college 30 Record of per- Variability increased Sl ),
'17 |students | periods | formance kept .28 to .40 REEIN S
by subject SRSTRRELE T
Dart Throwing ’ >
Kineaid 28 40 Not given " Variability reduced
'25]college | periods| Not known «38 to W31
students

6T
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TABLE I (Continued)

Investi- t Unit of measure . Measures used and { Recalcu=~
| Subjects|Fractioce o ‘ ; Nev«"findings
gator Motivation findings of author lated by
Javelin Throwing
Murphy 20 100-150 Errors Standard deviatdon used, Variabllity
116 jcollege |periods | No mention of 1 Ind, diff, reduced Reed reduced
students motivation 234 Lo .24
Average of first 5 triels
Johnson 14 Work compared with average of Peter- Varisbility
23 | adults Self competition last 5 trials, Habure of son inoreased
change in doubt .16 to ,b19
Meking Marks
Carrol College 45 Work
132 | students|periods | None stated Variability reduced .24
to '16
4 Meze Running
Whitley |9 ocoll, 20 Time Gross and relative gains, Variability re-
'11 | students|psriods Subijects paid Ind, 4iff, reduced Kincaid duced ,30 to .25
Mirror Drawing
Reed 58 coll, 15 Time Variability reduced
'24 | students|trials None mentioned «32 to .24
Ewert 40 coll,] 100 Time corrected Slight inorease in
133 | students|trials Cash prizes variability
Rifle Practice
. Work Per cent and relative
Lashley 9 30 Prizes given; gein used; Ind, diff,
' '15 | adults |periods | Knowledge of reduced

results
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TABLE I (Continued)

WW
-Recslcou-

Investi~ Unit of measure .Measures used and
Subjeets Practice - - Hew findings
zator Motivation ffndings of author lated by
. Tepping
Gates 23 coll, 22 Time and Work Gross and relative gaing Variability
'22 [students periods None mentioned Retios good to poor used; Reed increased
Ind. diff, reduced «10 to 12
Yo-Yoing
Reed 37 18 Work Variebility reduced
'3ljoollege periods No mention of 1.02 to +25
students 180 min, | motivation
TANGUAGE FUNCT IONS
Language Completion
Race 31 10 Work lowest fourth gesined mors Variability re-
Y22 {children periods None mentioned then highest fourth Reed duced .11 to 0%
Opposites
Chapman 22 1o Work Gross and relstive gains; Variability
'l4]oocllege periods Subjects paid; S8light increase of Ind, Kineaild reduced
students Results known diff, «21 to ,15
Holling~- 13 175 Time Author believed changes
worth college trials Prizes given due to gualitative
114 |students Renk known changes in test
SCHOOL ACHIEVEMENT
Arithmetio -
Henmon 128 9 perilods Work Highest fourth made most

124

children: 1 per:

month

Subjects watched
" own improvement

gross gain

e
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TABLE I (Continued)

Investi- Unit of measure Measures used and Recalcu-
Subjects| Practice ' ‘ . New findings
gator Motivation findings of suthor lnted by <
History
20
Rece o7 periods Wb?k In?egt 4th exceeded highest Variebility
122 |ohildren|800 min, | No mention of £%h in gain. Ind. diff. Reed reduced
motivation reduced 234 to .26
Reading
Henmon 128 G periods Work
120| childreny 1 per Subjeots watched |Gross gain; Ind, diff,
month own improvement increased
45 12 Work Per eent of improvement:
Sims college |periods lst.see. ordinary 8.7
128 |students|3 min, 2nd sec, group 14,5
each 3rd sec, individ. 24,7
Carrol |oollege 28 Work Variability reduced
132| students|periods Hot stated 026 to L15
' Spelling
Henmon 128 |9 periods Work Gross gain. 1Ind, diff.
'20|{children} 1 per Subjects watched | inereased
month own improvement
Stanford Achievement Test
Edwards |Grades 8 Work Variability reduced
12612 to 8 |months Normel school Oct. Feb. May
conditions 045 28 «26
Writing
Henmon iR8 9 periods Work Gross gain, Ind, diff,
120|children| 1 per Not known increased
month

32
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"TABLE I (Continued)

Investi- Bnit of measure Measures used and Recalcu-
Subjects Practice - ‘ New findings
gator ‘ Motivation findings of aubhor lated by
: ' MISCELLANEOQOUS
. Braille Writing
Kineaid |31 ecoll, 47 Not stated Variability reduced
'25 {sbtudents periods Not stated «29 to L17
Copying
20 Work Variability
MeCall 75 periods Nemes of 3 high« Ind. diff. not reduced
'16 |children 260 est announced MeCallt's problem Reed «36 to 423
minutes daily
_ Intelligence Tests
15 Work Lowest fourth gained , Variability
Rece 38 periods Ho mention of more than highest fourth, reduced
122 lehildren 30 min, motivation Ind. 4iff, reduced. Reed +28 to L18
gach
Psychology
Peter- | 224 Work
son & college 8 = 10 Competition; Veariability reduced

Barlow students weeks

Papers scored

«30 to .18

128 and returned
Saying Alphabet Backwards
Reed 129 12 Time Variability reduced
124 |college +trials Ne mention of «59 to .42
motivation

students

€3
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TABLE I {Continued)

Investi- Unit of measure Measures used end ‘Recalcu~- .
Subjects|Practice New findings
gator Motivation findings of author lated by
Telegraphy
Thur- 165 100 Work Stendard deviation and Petor- Variebility
ston§18 adults Jhours No mention of quartile deviation. son reduced
' motivation Ind., diff., increased «74 to .52
Typing
Thorn=- 11 10 Work Veariebility
dike college [periods No mention of Ind, diff, reduced Kincaid reduced
116 | students motivation 41 to .18
Myers 14 25 Time Av.Dev,
'18 |adults |periods No mention of mean used. Ind,
motivation diff. not changed by
practice
Chapman |19 high 180 Work Variability
- '19 |school |periods Urged to do Interested in curves Peter- reduced
students very best only son «16 to 07
Sandi=- |10 high Work Variebility
ford |school 360 Reed reduced
students|hours Not known .09 to .02
Color Neming
23 Work and time |Gross end relative geins
Gatefzz college 22 No mention of [used., Ind. diff, ; ‘Reed Z:gi:bzllty
students|periods motivetion reduced .21 ts 17
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alphabetically under each head. These are as follows: Arithmetical
Functions, Discriminative Functions, Motor~-Discriminative Functions,
Motor S5kill Funotions, Langusge Functions, Echool Achievement, and
Miscellaneous.

An examination of Table I shows thet iIn twenty-eight of
the studies tabulated the authors found that prectice increased
“individual differences. In thirty-four of them the authors concluded
that the effect of practice was to reduce individusl differences.
In the other fourteen studies, for various reasons, no definite
conclusion was reached by the authors as to the effect of practice
on changes in variability. Of foriy recalculations made, seven
agres with the original studies that variability or individual differ-
ences are increased by practice., There are seventeen which agree
with the original findings that the effect of practice is to reduce
variability. The remaining sixteen are in disagreement with the

original calculations,

Motivation Used

Table I shows that in the seventy-six studies tabulgted,
the kind of motivation used may be grouped under ten types., 1In
meny of the studies more than one type of motivation was used, ‘A
checlkt-up will show that in some cases the motivation was simply
school conditions; in others it was reported as uncontrolled. In
three experiments some subjects were motivated more than others,
though Jjust which ones these were or why this practice was followed

is not made clear, In three experiments competition served as a
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motivator. Four experiments are alleged to have had good
motivation, In five cases prizes of wvarying wvalues were offered
and in five other cases the subjecls were urged to do their best,
Ten experimenters paid their subjects for their time. The type of
motivation used most was some form of knowledge‘of result, This
was used in twenty-three cases, fn thirty-bne of the experiments,
or more than 40 per cent of them, the experimenter failed to mention
- what sort of motivation was used.

Sinms! study already referred to should be nobted in
connection with motivation, HHe studied the simple function sub-
stitution and the complex one reading. In the study of both functions
‘he used three sections of twelve subjects esach equated és to initiasl
score. One section he describes as working under normal or ordinary
motivation., This is celled in the experiment, the control seetion,
One section he ocalls the group-motivated section, This section was
divided into two perts, one part competing against the other. The
third section is known as the individuslly motivated section. This
section was divided into two groups, the members of which chose members
from the other group to compete with. The relative effectiveness of
the two types of motivation is shown in Teble I in terms of per cent
of improvement., It is unfortunate that the data from this experiment
are not available, as they would probably he very valuable for the
present proﬁlem.

Among the experiments which had for their nejor interest ﬁhe
effect of practice upon changes in veriability, Ewert's (22) is unique

as one where adequate attention was given to motivetion. He used =

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



system of reward and penalty, together with e substantial prize,
which assured a very high motivation in studying the funoction mirror
drawing.

Summary and Need for Present Study

One thing clearly shown by Table I is lack of attention to
the motivating factors involved in the studies summarized therein,
The fact that in more than 40 per cent of the experiments no mention of
any kind is made of motivation foreibly illustrates this fact.
Various studies of motivation convince one that this is a serious
oversight, Arps (3) found that knowledge of result increases speed
and efficlency on the part of subjects working with ergograph.
Chapman and Feder (14) found that knowledge of results in the form of
publieghion’of the previous day's work and presentation of learning
curves exérted considerable effect on the amount of the produee in
cancellation and substitubion but net in addition. Starch (60:178)
reports an experiment.by L. J. Cubal using standard tests in writing,
spelling, and arithmetic, where the pupils who were kept informed of
their records more than doubled their gain in the school year.,
Ross (57) found that the gain of en informed group over a partially
informed group was from 2.2 per cenbt to 8.5 per cent, and that the
gain of en informed group over one working without knowledge of results
was from 4,5 per cent to 12,6 per cent. . Deputy (18) found that
knowledge of results in studies may be a motivating factor with college

students.l

1
For a more complete summary of experiments on motivation

and of the general theory of motivation; the reader is referred to the
following reference: Diserens, Chas. M., and Vaughn, James, "Experimental

Psychology of Motivation', Psychologiocal Bulletin, XXVIII (Jervary, 1931),
15-65.
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In summarizing, it may be seid that Chapter II and
particularly Taeble I shows the complete lack of agreement among
treined investigators as to what the effect of practice upon changes
in veriability really is, it further shows a neglect of one of
the most imporfant conditions in any experiment on learning: namely,
the motivation vwsed. The present investigation, including two
learning experiments, esch employing two comparable groups, one
working under ordinary motivation and the other under special condi-
tions of motivetion, aims at pointing out the effect upon: changes

in wvariability of that special motivaticn.
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CHAPTER III
PROCEDURE

The First Experiment

Scope.-The subjects of the first experiment were eighty-six
college students who worked on the practice materials five days a week
for six weeks, or a total of thirty practice periods. The practice
material was of two types. One type was designed to measure progress
in addition in terms of the number of columns added in five minutes'
fime. The other type of material was designed to show progress in
éode writing. The practice period in each case was five minutes.

The subjects were divided into two groups of forty-three each. These
groups were equated on the basis of scores on an intelligence test,
an English test, and tests for initial ebility in both functions
studied. One of these groups, the control group, worked under ordi-
nary or normal motivetion. This consisted of being told what to do
and doing it as part of the regular school program. In addition to
this form of motivation, the strongly motivated, or experimental
group, had their scores presented to them each dey so that their
additional motivation took the form of knowledge of results and also
competition with their fellows.

In order to obtsain ﬁhe dete upon which the conclusions of
this part of the report are based, it was necessary to admiﬁister,

score, and record some six thousand individual tests. These tests

29
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were distributed over a period of six weeks. About the seme length of
time was occupied in the preliminary part of the investigation. This
consisted of collecting psychological and English scores of the sub-
jects, developing code writing and addition testing materials, and giv-
ing preliminary tests used in equating the two groups.

The second experiment repeated with some modifications the
portion of the first experiment on code writing. Its main interest was
in what effect the massing of practice would have on chenges in varia=
bility under normal and accellerated motivation.

Subjects.-The subjects of the first experiment were all mem-
bers of one or the other of two sections of third quarter freshmen
psychology at the State Teachers College, Jacksonville, Alabama. These
students formed an unususlly homogeneous group. Their ages ranged from
31 years to 16 years, the mean being 20.36 years. They were divided
according to sex as follows: 45 per cent male and 55 per cent female.
They were all American born. One hundred per cent of them were high
 school graduates, Their regular instructer in psychology agreed to
give these students credit for participating in the experiment, as
a substitution for their regular laboratory work in psychology. Thus
the experiment became for them a part of their regular work, This
arrangement solved one of the most pressing problems of the investiga-
tion: i.e., the problem of how motivation was to be secured for the
control groupe.

Charts and Lists.-Two charts or graphs, measuring eighteen

by twenty ineches, were provided and ruled off into convenient units,
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so that the average progress of the motivated group in each material
ecould be shown each day. A list of the names of the members of the
motivated group, together with their scores in both materials, was

posted on the bulletin board each day between the two graphs.

Code Writing Materials.~The code writing material consisted of

mimeographed sheets of thirteen lines of English which were to be put
into the code as rapidly as possible. The number of lines was changed
from thirteen to fifteen for the last two weeks of the experiment., All
the English selections were from Bacon's Essays. This source was chosen

because of the general uniformity of the work and hence the evenness of

diffioculty. The key to the code writing is given herewith:
AlB |C JIiKIJL SiT |U
D|EIF M{N|{O VIiW X
GIHJI PIQIR Y Z

The symbol for sach letter consists of that portion of the figure in
which the letter occurs. For exsmple, A is written thus .-J and

B thus U « In the second group the letters are differentiated
from those in the first one by placing a dot in the symbol, and in the
third group two dots are used. For example, A, J, and S are all written
alike except that the first is wathout & dot, the second has one dot, and
the third has two. Thirty different specimem sheets were prepared for
The score in

the code writing and a diffefent one was used every day.

code writing was always the number of letters correctly translated
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into the symbols in five minutes, For a specimen 6f these practice
sheets see Appendix A,

Addition Materisls.-The addition material consisted of mimeo-

graphed sheets of columns of numbers. Each column wes made up of ten
single digits (the ome's and zero's were omitted), Each sheet contained
three rows of these columns, twenty-two to the row. Ten different sheets
were prepared end they were rotated over a period of ten preactices, i,.e.,
& period of two weeks. The score in addition was always the number of
columns added correctly in five minutes. For o specimen of these prac-
tice sheets see Appendix A,

Questionneirgs.-Three different questionnaires were used during

the course of the experiment. These were worded in such a way as to
reveal the attitude of the subjects toward the experiment, end also
obtain certain facts as to age, training, etc., For information con-
cerning these questionnaires and the tebulation of the answers to them

see Appendix C.

Physical Conditions Surrounding Experiment.-With the exceptiom

of the preliminary tests, which were given in the regular classroom and
at the regular class period, all the tests of the experiment with bé‘bh
sections were given in the same room. This room served as‘ a regular
‘laboratory and was not used for any other purpose whatever during the
whole experiment. This room measured twenty feet by forty feet, and
accommodated fifty tablet-armed chairs, allowing them to be spaced in
such a way that all subjects had ample room in which to work comfort-
ably. The room was clean, well lighted, and cheerful, end was finished

in the same memner as the other classrooms of the building., This room
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was fitted with an electric wall clock which was used for timing
throughout the experiment,

Every subject who took part in this experiment did so under
the same conditions to the extent that all had eredit to gain in
psychology by so doing. This srremgement had the virtue of eliminating
almost entirely the undesirable factor of having any subject simply
loaf through the daily procedure without attempting to improve his
score,

The students who took part in this experiment were told
that the practice wérk which they were to do was a part of their

regular course and that they were expected to cafry out instructions
and cooperate with the experimenter in every way, just as in any

other part of their work in psychology. This was explained to them

by their regular instructor. At the same time they were reminded by
him thet the essence of en experiment is the controlling of conditions
under which it bakes place and that, therefore, they were not to
practice the various tasks which the experiment involwved, except at
the regular experiment periods. He also warned them that failure to
comply with this request was easily detected by the person conducting
the experiment., The subjects were told emough about the aim of the
’experiment to enable them to follow instructions intelligemtly. That
is, they were told that the experiment itself was an investigation in
the field of learning and that both groups would not follow identically
the same procedure, In the explanation of the experiment, the point
was emphasized that they were to receive credit, not for how much of
each material they were able to cover in a given time, but for how

well they cearried out whatever instructions were given them. It was
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made plain to them that differences in scores were to be expected, and
that a low score was no reflection on its meker, while a high score,
though desirable, was evidence of individual ability along a particular
line rather ‘qhan of superior intelligence, and that in any event, the

- thing of importance was to see how much each person could gain each day,

i'ega.rdless of what his original score was.
Method of Equeating in First Experiment

Procedure in Securing Composite Scores.~In order to investi-

gate the effect of motivabion upon changes in variability through practice
it was necessary to heve two groups of subjeots as nearly alike as pos-
sible. The ideal situation would have been to have two groups both with
the same initial abilities in the two materials and also with the same
potential abilities or capacities for gain in the two materials, This
ideal could be httained only where two materials cauld be devised whose
correlation was perfect and whose individual correlations with whatever
measure of intelligence used were also perfect, and where the measure
of intelligence was a true and absolute measure of capacity for gain.

There were available for the subjects of this investigation
the scores made by them on the Thurstone Psychological Exemination for
high school graduates and college freshmen, 1931 edition, and also the
scores made by them on the Columbia Researech Bureau English Test, Form
B, for upper high school grades and colleges. Preliminary tests in the
code writing and the addition were given to eighty-three subjects. The
results of these four tests were used as & basis for forming the two
equal groups necessary to carry out the investigation.

In equating the two groups, one of the methods suggested by

Garrett (25:279) was followed, The standard deviation for each of %the
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four testS'ﬁas calculated and found to be as follows: Thurstone 47,50,
‘English 26,37, code writing 13.32, addition 5.37. In order to make all
theksigmas approximately equal, as there seemed to be no good reason
for giving one test more importance than another, the sigma of the
Thurstone Examinetion was multiplied by 7/12, the English by 1, the

- code writing by 2, and the addition by 5. These multipliers gave the
following new values for sigma: Thurstone 27.72, English 26.37, code
writing 26,54, addition 26.85., The actual scores of each of the eighty=
three subjects were multiplied by these same multipliers and the pro=-
ducts added to obtain a single composite score for each subject. Table

II shows the process.

TABLE II

SCORES COMBINED AND WEIGHTED
ACCORDING TO VARIABILITY

Thurstone} English| Code Addition

Sigmas 47,50 26,37 13,32 5,37
Multipliers 7/12 1 2 5
New Sigmes k 27.72 26,37 26,54 26,85
Subject ¢ 1l's* score 112 115 35 22

Subject ¢ 1l!'s weighted
score (all tests equal) 65.31 115 70 110

* See page
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For example, subject ¢ 1l's composite score is 360, or the sum
of his weighted scores., This procedure was carried out for each subject,
giving a composite or combined score for each one. The composite scores
of all the subjects were then arranged in order from the largest to the
smallest, This arrangement showed a renge from 484 to 142, Table IIIX
shows the arrengement,

Procedure in Pairing Subjects.-Beginning at the bottom of the

list, the first» two scores were combined to form the first pair and the
next two scores to form the second pair, snd so on through the whole
list until forty-one pairs had been formed. As there were eighty-three
subjects in the list, it was of course necessary to omit some one. It
fell to the lot of subject number 15 to be omitted, as his score was
considerably lower them that of the subjeoct above him amd higher than
that of the one below him, However, a partner .was later found for him,
Those subjects by whose designations appear stars were originally
designated as ml9 and m32. They are numbers 42 and 71 respectively in
Table III. Subject number 42 was dropped from the experiment because
her attitude and record indicated that she was not trying to improve
her score, Subject number 71 was dropped from the experiment because
of her irregular atiendance, |

Of the forty-one pairs formed in the menner just deseribed,
one member of each pair was placed in the control group and the other
member in the experimental group.

Between the time that the forty—qne pairs described above were
formed and the actual begimning of the experiment, ten late comers were

added to the two classes whose complete persomnel this experiment
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TABLE III
ARRANGEMENT OF SUBJECTS ACCORDING TO COMPOSITE SCORES

Number | Thurstone | English | Code | Add. | Composite | Designation
1 202 172 62 14 484 ml5
2 168 179 44 20 465 clb
3 189 183 29 22 431 e29
4 147 148 68 12 430 m29
5 165 149 55 14 425 ml2
6 158 161 37 19 422 cl2
7 156 127 44 23 421 c 4
8 121 156 52 15 406 m 4
9 177 142 40 16 400 c42

10 140 133 34 20 394 mé2
11 148 162 40 13 393 c 9
12 119 129 42 22 392 m 9
13 109 128 81 156 389 m22
14 126 126 34 24 288 c22
15 155 114 56 13 381 c28
16 155 95 33 23 366 m 1l
17 112 115 35 22 360 cl
18 76 116 27 29 359 c38
19 156 125 47 9 355 m38
20 164 115 38 13 352 c 6
21 125 132 38 13 346 m 6
22 83 106 46 18 336 c 3
23 Y73 165 36 10 330 n 3
24 1565 115 42 8 329 m 2
25 76 108 45 17 327 c 2
26 67 119 51 13 325 m26
27 64 104 41 20 323 c26
28 | 119 123 38 11 323 el0
29 103 107 37 16 321 ml0
30 103 157 24 13 320 »18
31 76 107 24 24 319 cl8
32 84 112 40 15 316 c27
33 69 111 39 17 314 m27
34 92 150 24 12 312 m 7
1 78 100 43 16 312 ¢ 7
36 136 76 43 13 306 cl2
37 70 74 40 22 305 m21
38 80 92 45 15 304 ml4
39 30 104 18 21 298 cl4
40 163 80 23 15 296 m31
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TABLE III (Continued)

Number | Thurstone | English | Code | Add., | Composite | Designation
41 119 82 23 19 292 63l
42 37 i 84 50 13 291 ' -k

43 84 90 40 14 289 cl9
44 134 68 i 43 11 287 " m35
45 79 132 34 8 286 ¢35
46 71 115 25 14 286 mél
47 75 107 19 19 284 o4l
48 126 87 36 10 283 m25
49 93 113 30 11 282 c25
50 93 90 46 9 281 m43
51 90 90 36 13 280 c43
52 102 89 28 15 280 37
53 73 115 24 14 276 m37
54 61 123 39 8 276 c40
1 95 97 24 15 275 m40
56 70 101 23 17 273 cl3
87 59 95 25 17 264 ml3
58 81 92 25 14 259 cll
59 87 103 12 16 258 mll
60 109 104 34 4 256 m39
61 88 107 25 9 253 39
62 92 82 18 16 252 ml7
83 41 93 34 12 245 el?
64 51 107 28 10 243 c36
65 98 83 17 12 234 m36
€6 50 85 21 16 231 c24
67 34 78 18 18 . 224 m24
68 60 116 45 16 221 n30
89 81 86 30 4 213 ¢30
70 87 77 25 9 211 e32
71 44 103 11 11 2086 —
72 29 94 10 13 196 c34
73 42 91 24 6 194 m34
74 88 75 13 8 192 c20
75 ¥ 80 27 3 188 n20
76 56 97 11 7 187 cl3
77 T4 87 11 6 182 mlé
78 39 95 10 8 178 c 8
79 26 - 89 10 9 169 m 8
80 42 99 9 5 167 ¢ 5
81 57 84 17 3 166 m 5
82 58 44 17 8 152 m23
83 18 70 18 5 142 c23

*These subjects were omitted
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included. As the practice periods had been assigned as & part of the
regular work in psychology for the two classes before mentioned, no one
in either class could be omitted from the experiment, Furthermore, it
seemed desirable to have as meny subjects as possible and it wes hoped
that some of these ten new sdbjecté might be used to fill the places
of any of those who might, for one cause or snother, be required to
drop out. Such proved to be the case end five of these ten were used
in the expefiment. These ten subjects were, therefore, given the
preliminary tests in code writing and addition before the regular prac-
tice periods begen and were divided between the two groups, four of
them being plaeced in the control group and the other six in the
motivated group. Teble IV shows the data for these ten members,

TABLE IV

ARRANGEMENT OF TEN ADDITIONAL SUBJECTS ACCORDING TO THEIR
COMPOSITE SCORES

Number | Thurstone| English | Code | Add. Composite | Designation
1 187 131 50 20 423 m28
2 123 - 142 27 12 328 m33
3 67 117 30 19 311 ©33
4 96 93 36 6 291 ml9
5 84 157 21 8 288 B
6 a7 85 18 13 243 e
T 18 91 43 7 223 ———t
8 71 79 20 12 220 m32%
9 20 73 22 8 168 -

10 45 112 6 2 160 "

*These subjects were omitted
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Those subjects by whose designations appeer stars were
omitted because there were no partners for them, Subject number I
in Teble IV was matched with subject number 15 in Teble III, who had
lacked a partner., Subject number 4 in Table IV took the place of
subject number 42 in Table III, whose record was dropped from the
experiment., Subject number 8 in Table IV toock the place of subject
number 71 in Table III, whose record was also dropped from the experi-
ment, The composite scores of the subjects number 2 end 3 in Table IV
were close enough together to permit them to become partners, as one
of them had been put in fhe control group and the other in the motivated
group. This procédure added two pairs of matched subjects to the
original forty-one pairs. This investigation is based upon the data
secured from these forty-three pairs of subjects.

The subjects composing the control group were arrenged in
alphebetical order and numbered from 1 to 43. The small letter "o
was placed before the number of each subject in the control group.

The subjects of the motivated group were given the corresponding
numbers of their partners with the small letter "m" in place of "e",

These symbols, that is the numbers from 1 to 43 preceded
by either "o™ or "m", will be used throughout the rest of this
report to designate the various subjects. Teble V lists the forty-

three pairs of subjects with their composite scores.
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TABLE V

COMPOSITE SCORES OF FORTIY-THREE PAIRS
OF SUBJECTS USED IN THIS EXPERIMENT

Subject |Comp. Score | Subject Comp. Score | Subject |{Comp. Score
el 360 c 8 178 clb 465
ml 566 m 8 169 mld 484
c 2 327 e 9 393 clé 187
m 2 329 m 9 392 mlé : 182
¢ 3 336 cl0 323 cl7 245
m 3 330 mlo 321 ml7 252
c 4 421 ell 259 cl8 319
m 4 406 mll 258 ml8 320
] 167 cl2 422 cl9 289
md 166 mi2 425 ml? 291
c 6 352 ¢l3 273 c20 192
m 6 346 ml3 264 m20 188
¢ 7 312 814 298 c2l 306
m 7 312 ml4 304 m21 306
c22 388 ¢30 213 c38 359
m22 389 m30 221 m38 3566
c23 142 ¢31 . 292 c39 253
m23 152 m31 296 m39 256
c24 231 c32 211 c¢40 276
m24 224 m32 220 m40 275
e25 282 ¢33 311 c4l 284
m256 283 m33 328 mé4l 286
026 325 ¢34 196 c42 400
m26 323 m34 194 mé2 394
c27 316 c35 286 c43 280
m27 314 m35 287 mé3 281
028 381 036 243
m28 423 m36 234
c29 431 c37 280
m29 430 n37 276
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This method of forming the two groups resulted in‘a very close
resemblence between them, in terms of the distributions of composite
scores in each group. A comparison of the two groups shows the mesn
of the control group to be 288,7 and the mean of the motivated group
to be 287,3, The standard deviation of the control group is 79.7 and
that of the highly motivaeted group is 79.1l. This gave two groups with
elmost exactly the seme index of variebility. Calculetion shows it

to be .276 for the control group and .275 for the experimental group.

Daily Procedure in First Experiment

Daily Procedure with the Control Group.-The experimenter

was permitted to use a part of the reguler chapel period as the meeting
time for the control group. The control group, therefore, met every
morning at 10:18, Before the regular practice meetings began, two
charts of the seating arrangement of the room were drawn up, one for
the control group, and one for the highly motivated group. These
charts permitted the checking of attendance while the tests were in
progress. The nemes of the students who were teo occupy each seat in

| ‘Ehe morning group and in the afternmoon group were typed on slips of
peper end pasted on the arms of the cheirs., Thus each chair had two
nemes pasted on its‘ arm, the neme of the subject who was to occupy it
in the control group each morning and the name of the subject who was
to oceupy it in thé experimental group which met in the afternoon. This
procedure enables the subjects to find their places from the very start

with a minimum of delay and confusion.
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It was the experimenter's practice to distribute code writing
end addition meterial each day before the door was opened and the students
allowed to come im., This materiel was laid face down on the arms of
the chairs, At 10:15 the doors of the room were opened end the subjects

 were permitted to enter and teke their places. The subjects then turned
over the two practice sheets end wrote their names on them, together
with the date. The date was written daiyly on the blackboard at the
front of the room., After the names of the subjects and the date had
been written on the practice sheets, they were again turned wrong side
up. When all the subjects were ready to begin, the experimenter would
caution, "When the clock moves the next time we will begin.” He would
then watch the clock until it meke the olick characteristic of electrie
clocks. At this click he would say, "Go." At the word %go,™ all would
turn their papers over and begin on either the code writing or the
eddition, depending on the instruction for that particular day. A
notice telling the subjects which material to do first each day was
kept on the blackboard é‘c the front of the room, along with the date,
This was chenged each day, so that the code writing, which came first

’ the first day, came second the second day, ete., throughout the whole
six weeks of practice. The method for doing the code writing was
explained twice to the subjects in both sections - once when the
preliminary tests were given, and again at the first practice period
of the regular experiment. The subjects were told at the time the
preliminary tests were given that, with the addition, they were to

add the columns as rapidly as they could snd get the right answers,
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and nothing more was ever said about it, At the end of five minutes
the experimenter would say, "Begin now on the addition," or, "Begin
now on the code writing," depending on which materi\al had been used to
start with. The subject would stop work only long enough to change
from one material to the other, never more than s few seconds, After
five more minutes hed elapsed, the experimenter would say, "Time up,"
At the words "time up," the subjects would stop at once, no matter
where they happened to be, and turn their papers over as they had been
instructed to do. They had been warned beforehand that they were not
to cound their scores from day to day, or_“bo try to keep up with what
they made in eny way. After the papers had been turned over, the
experimenter would say, "That's ell for today," or, if a questiommaire
wes to be filled out, give the instructions for so doing. When the
subjects were told that that was all for that day, they would
immediately rise and leave the room., The practice sheets were al-~
ways left on the arms of the chairs, collected et once by the exlperi-
menter, pleced in envelopes, and labeled.

Deily Procedure with the Highly Motiveted Group.-The deily

procedure for the motiveted group was exactly the same as that described
for the control group, with a few additions. No attempt was mede to
keep the subjects of this group from counting their scores immediately
after the tests each day. Two large charts were posted each day before
the subjects of this group ocame into the room. These charts showed the
position of the group in each material as shown by the average score.

In addition to these charts, the scores of all subjects for the previous
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day in both materials were typed and posted on the bulletin board each
dey, with the highest score and the corresponding name first, and the
second highest next, on down to the lowest. When they came in to tseke
rtheir tests, the subjects of this group were sllowed a few minutes
each day to look at thelr scores for the previous day. The time for
meeting for the motivated group was 3:30 in the afternoon.

Procedure Common to Both Groups.-The daily practices were

held every school day (five days a week) over a period of six weeks,
beginning April 3, 1933, and ending May 12, 1933. This particular time
proved to be well chosen in that during the whole practice time of the
experiment there was not a single holiday to mar the continuity of the
’wozy'k. The weather, which might have influenced greatly the attendance
of the subjects, was very neerly ideal during the whole course of the
experiment,

Whenever a gquestionnaire was to be answered, it was placed
on the arm of the chair with the other materiel. It was customary
to have these filled out after the regular tests had been teken,
Whenever an absence occurred in the control group, the absentee was
required to come in at 3:00 o'clock of the seme day, if possible, and
take the test he had missed. If the tests were not made up the same
day, they were made up as soon as possible by appointment. Whenever
an ebsence ocourred in the motivated group, the aebsentee was required
to meke up the test he had missed at 10:00 o'clock the following day,
- or if this were impossible, as early as possible.

The test papers for both groups were scored each day and the
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scores were entered on a large chart which wes prepared in such a way
as to provide a place for each score in each material every day for
every subject., The scores of all subjects in both materials, as taken
from this chart, are to be found in Appendix B.

A brief daily record of the routine procedure of the experi-
ment was kept by the writer. This record showed the absences during the

experiment to be less than two per cent.
The Second Experiment

Procedure.-In the second experiment a control group technique
was also used. The subjects were members of eight of the regular classes
in the Teachers College of the University of Cincinnati summer session.
There were in all one hundred and thirty-two subjects. Only one
function, code writing, was studied. The same material was used as that
listed in Appendix A, page [OZL .

The subjects were divided into two groups, one numbering
sixty-three end the other sixty-nine. The former served as the control
and the latter as the experimental group.

The general procedure with these groups was similar to that

described for the control and strongly motivated groups (pages to ).

However, in this case all the practice was given at one sitting. This
practice consisted of six periods of three minutes each with intervening
rest periods of two minutes. The practice material was presented to
both groups in the form of six sheets stapled toggther. A sheet was

used for each practice,
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Procedure with the Control Group.-The group which served as

the control group was told enough ebout the experiment to enable it to
intelligently follow directions. The cooperation of thelgroup as &
whole was asked in the interest of education and psychology. The members
of the group were requested not to try to keep track of their scores in
any way, snd to turn the test material wrong side up during the period
of instruction and the rest periods,

Procedure with the Experimental Group.-The same procedure described

above was followed with the experimental group with the following additions
and exceptions. The members of this group were allowed to count their
scores, It was pointed out to them that the arrengement of the practice
ﬁaterial was such as to facilitate the kmowledge of progress. After

the initial practice, a prize consisting of a rather popular recent

book was offered to the person who gained the most during the experiment,
Statistical Treatment of Experimental Results

Choice of Measures of Variability.-Before reasons for choosing

éertain measures of variasbility can be adequately stated, some definite
statement must be made as to what is meant by variability, as used in
connection with this experiment. The term may mean: (1) changes in

the output of an individual from one time to another, (2) changes in the
average output of a group from one time to another, (3) the amount of
‘scatter or dispersion in the outputs of the individuels of a group, or
(4) the retio of the dispersion of a group to its average performence.

It is with definition (4) that this study will be concerned. Probably
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the term "variation" is a better ome for the first two usages. The term
"vapiability™ will be used in this investigation as practically symonymous
with "individual differences". By & reduction of variability is meant
a becoming more alike on the part of the group. By an increese in
veriability is meent & becoming more unlike on the part of the group.
There are several measures of variebility in the sense of
dispersion, such as the semi-interquartile-range, the average deviation,
and the standard deviation. It is true that these measures are con-
cerned with the spread or scattering of the distribution, but it is
also true that none of them has significance for this experiment
when considered apart from e measure of centrmal tendency. Not only is
it possible but it often occurs that the standard deviation of a group
inecreases from the initial to the final performence, while the index
of vgriability, or the standard deviation divided by the mean, together
“with other reliable measures of variability, shows definitely that the
_varbebility of the group has actually decreased, Kincaid (35) in 1925
~attempted to solve the problem of the influence of practice on individual
differehges by applying an unusually large number of measures to the data
of most of the studies published up to that time. From this large number
of measures she selected the following upon which to base her conclusions:
The standard deviakion in the initial performance as compared with the
standard deviation in the final performance, the ratio of the worst to
the best in the first performance as compared with the same ratio in
the final performence, the gross gain mede by the highest 25 per cent as
compared with the same made by the lowest 25 per cent, the correlation

- between initial ebility and gross gain, the correlation between initial
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abilibty and per cent of gain, the standard deviation divided by the
average in the initial performence, and the same in the final
performence.

Two measures employed by Kincaid are probably reliable
measures of variability, as the term is used in this present experiment,
They ere: the index of wvariability and the correlation between initial
ability and per cent of gain. The others are at least questionable as to
their reliability.

It seems probable that no judgment can be made on the change in
vgriability of a group by a simple comparison of the standard deviations
alone., A standard deviakion has meaning only in relation to the average
’of the group from which it is computed, and states the range from the
average within which 68,26 per cent of the cases fall, but it has no
meaning in relation to another standard deviation when the averages
are disregarded., Its size is dependent on the sizes of the average
end of the céses from which it is computed. An iﬁcrease in the size
of the standard deviation, from the beginning to the end of practice,
does not necessarily mean that the variability of the group has in-
ecreased, because the average of the group may have increased relatively
more than the standard deviation.

The correlation between initial performence and gross gein is
not a reliable measure of the variability of the gpoup from one sbtage
off practice to another. Table VI illustrates this fact. The pupils
with high initial scores may make larger absolute gains then the
pupils with low initial scores, but their relative gains may be much

smaller, If so, there will be a positive correlation between initial
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TABLE VI

ARRANGENMENT OF THECORETICAL SCORES TO SHOW THAT
GROSS GAINS MAY CONFLICT WITH RELATIVE GAINS

Subject Initial Pinal Gross | Relative Gain
‘ Score Score Gain in Per Cent
A 14 19 5 36
B 10 14 2 40
c 6 9 3 50
D | 2 , 4 2 100

performance and gross gain, and also a positive correlation between
initial and final performance, butb a negative correlation between
initial performance and relative gain., By relative gain is meant gain
in relation to initial score, often called per cent of gein. If two
individuals are far apart at the beginning of practice, and the high
one mekes a smaller relative gain than the low one, the two will
eventually come together. If their rates of relative gain remain

constant, the low one will overtake the h:’gh one.
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The coming together, through practice, of a group of individuals who
are far apart at the beginning means that their veriability hes been
reduced, Negative correlations between initial performence and gross
gain or negative correlations between initial performence and relative
gain would be indications of reduced variability, but e positive correla-
tion between initial and final performance mey mean either an increase
or & decrease in variability. However, a positive correletion between
initial performance and relative gain would be & reliable indication of
an increase in variability. From what has already been said about gross
gains, it follows that calculations based upon this measure are not
reliable measures of changes in variability from one stage of practice
to another. An individual with a high initial score often gains more
abéolutely during a given period than one with a low initial scors,

but less relatively.

The ratios of best to worst or of next best to next worst,
etc., are not reliable measures of changes in vaeriability from one
stege of practice to enother. They compare only the extremes of the
group; and what is true of the extremes of the group may not be true
of the group as a whole. But the most serious error is that it rarely
happens that the worst and best or next worst and next best at the
beginning of practice continue to oceupy the same positions at the
end of practice. Consequently the ratio of worst to best at the end
of préctice usually represents a comparison of different individuals
from those at the beginning of practice, and tells nothing about the

convergence or divergence of the initially lowest and the initially
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highest individuals. If, however, the ratio of the worst to the best
at the beginning of practice is calculated and then the ratio for theée
same individuals at the end of practice is caleulated, it will at least
show whether these particular individuals have a tendency to converge
or diverge during the cowrse of practice. If this is done, it will
vield valusble informeation, for it may very well be that those who

are at the extremes of the distribution at the beginning of practice
converge or diverge a great deal more during the course of practice
than those near the average., Even when used in this way, the ratio

of worst to best has the limitation of not measuring the varisbility

of the group as & whole, However, the ratios of worst to best, next
worst to next bebt, ete., &t the beginning and the end of practice,
when taken regardless of the same individuals, mean very little,

The percentage of gain by the highest 25 per cent of the
group as compared with that of the lowest 25 pef cent of the group is
subject to some of the seme criticisms as the ratio of worst to best,
Not all the individuals in these groups at the end of practice will
be the same as those at the beginning of practice. However, meny of
the shifts in rank that occur do not change groups or divisions,

Hence this measure is far supefior to the rgtio of worst to best;

for in the latter, as has been stated, the same individuals rarely
occupy these positions at the beginning and the end of prectice, If
the perceﬁtage of gain by the highest 25 per cent is smaller than thet
’of the lowest 25 per cent, it is almost sure to be an indication of

reduced variability, and the opposite, if it is larger. It may,
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therefore, be accepted as one measure of change in variability.

An ideal measure of variability would be calculated as
follows: First, the ratios of the best to worst, second best to
second worst, third besﬁ to third worst, and so on, would be
ealoulated until the ratios of all those above and below the average
of the first practice had been found. Second, the ratios of the
members of each pair at the end of practice would be calculated,
Third, the average of all the ratios at the beginning of practice
would be calculated. Fourth, the same would be done for the final
practice., If the average for the fourth step was lower than the
average for the third step, the variability of the group would have
been reduced, while, if this ratio was larger, the variebility would

| have been increased. The objection to this method of calculation is
thet it is too long and tedious, Practically the seme result is ob-
tained if the correletion between initiél performance and relative
gain if found. For example, if the ratio of best to worst is taken
at the beginning of practice, and it is found that the ratio for the
same individuals at the end of practice has decreased, it means that
the worst individual made a larger relative gain than the best. On
the other hand, if the ratio hes increased, it would meen that the
best individual made a larger relative gain‘than the worst., The same
reasoning applies to the ratio of second best to second worst, third
best to third worst, etc. In other words, a decrease in the ratios
would mean a negative correlation between initial performance end
relative gain. Consequently, correlation between initial performence

and relative gain is a relisble measure of changes in variability in
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S.D.

Average
is also a valid measure because it is an approximation to the ideal

the course of practice. The coefficient of variability

measure. This measure is referred to as V; in this experiment, In-
stead of being an average of the ratios of pairs of individuals above

and below the mean, it is the ratio of their deviations to the mean,

This ratio, however, has a disadvantage in that the numerator of the
formula represents only that distance on either side of the meen within
which the middle 68.26 per cent of the cases fall, It therefore does not
adequately represent the whole group, particularly the lowest and highest
sixths, If this reasoning is correct, it follows that Kellay'# measure

of variability obtained by dividing the difference between the ninetieth

snd tenth percentiles by the median, EE?E;::E%% is a better measure
median
than S.D. for the reason that the numerator includes the middle
Average

80 per cent of the cases. This measure is referred to in this report
as Vo,

When it is asked whether practice increases or decreases the
variability of a group, what is meant is, does practice increase or
decrease the ratio of dispersion to central tendency? When it is asked
" whether practice increases or decreases the variability between the
highest and lowest individuals of a group, what is meant is, does
practice increase or decrease the ratio of their output? And when it
is asked whether practice increases or reduces the variaﬁility of
certain sections of a group, whet is meant is, does practice inerease
or decrease the ratio of thé average oubput of those sections. In

determining chﬁnges in variability, ratios are more properly dealt
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with than direct scores because of their comparability.

Measures of Variability Used in thiés Investigation.-From what

has been said, it follows that relisble results in changes in variability
may be obteined by the use of the following four measures: The ratio of
the best to the worst at the beginning of practice compared with the
ratio of the same individuals at the end of practice, the coefficient

of variabilé.’cy, A.i____;i;g__e > or Vi, also 90?3- :37 » or Vs , and the
correlation between initial performance and relative gain,

The folloﬁing measures have a fair reliability: Correlation
between initial performance and gross gain, the percentage of gain in
the upper fourth as compared with thet in the lower fourth when the
individuals in the two sections are kept the same, the ratio of the
average of the highest to the lowest fourths, or of the seventh to
the first octiles at the beginning of practice compared with the
tatio of the same individuals at the end of practice. The following
measures have little or no validity as measures of changes in varia=
bility during the course of practice: Correlation betwepn initial
and final performance; correlation between initial performence and
gross gain; ratio of best to worst, next best to next worst, ete.,
at the beginning of practice compared with the ratios of best to
worst, next best to next worst, etec., at the end of practice; gross
gains in emount of time per unit of work of the initially high
individuals as compared with the initially low individuals;
standard deviation and other like measures, when taken apart from

their measures of central tendencies,
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The measures which have been adopted for use in this experi=-
ment are as follows: The index of variebility as measured by the
formulae, _SeDs » and the formula, ..‘-3_9.7;0._:._4.% s the ratio of the

Average median
average of the initially three lowest to the initially three highe
est at the begimning of practice as compared with the ratio of the
averages of the same individuals at the end of practice; and the
correlation between initial ability and relative gain. Other

measures will be used, but those given above ate the ones upon

- which the conclusions reached in this study are chiefly based.*

*The arguments snd conclusions presented in this section
are largely taken from Reed (55:19-28), The wording is not identical;
hence quotation marks are not used, but the writer makes full acknow-
ledgment to him for having borrowed them. Some of the conclusions
are similar to those reached by Peterson and Barlow (50).
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CHAPTER IV
RESULTS

Orgenization of Data

Arrangement of Findings.~ This chapter is divided into

three sections, The first section deals with the effect of
practice upon changes in variability, in the first experiment, In
this section tables and calculations are presented to show the effect
of practice on variebility in four different instences in the
following order:; The control group in the function code writing,
the control group in the function addition, the strongly motivated
group in code writing, and the strongly motivated group in addition.
Date sre next presented to show the daily fluctuations in variabil-
ity for both the control and experimental groups in both functions,
The second section is concerned with the effeot’of moti-
vation on changes in variability, also in the first experiment. In
this section of the chapter many of the tables already presented in
the first section are referred to in presenting the further data which
show the effect of'motivation, first on schievement, in the ocase of
both funotions, and then on variebility. Data are first presented
and comparisons made which point out the effects of variance in mobi-
vation cn the function code writing. The same thing is then done for
addition. Data from a recalculation comparing the sixth and twenty-
first practices instead of the initial and final ones are next

presented in order to show more clearly how the additional motivation
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of the experimental group affected variability, Hext the data
showing the day by day fluctuations in variébility for both groups
in both functions are referred to and re-stated to show how the
additional motivation of the experimental group sffected the day
by day changes in variability,.

The third section deels with the second experiment and
is concerned with ﬁhe effect of messing the practice time, In
this section are presented tables and figures dealing with this

phase of the investigation,

Effect of Practice on Changes in Variability

‘ The @ontrcel Group in Code Writing.- In Table VII dgte

are presented for the individual members of the control group in code
writing.
TABLE VII

INDIVIDUAL 3CORES AND GAINS FOR THE CONTRCL GROUP
IN CODE WRITING FOR INITIAL AND FINAL PRACTICES

W
‘ Scores Gains
Subgects Tnitial Finel Gross Per cent
practioce practice
024 g1 180 89 98
¢35 87 265 178 205
028 83 2%% 150 181
029 77 281 204 265 \
c 6 70 207 137 196
e 2 68 140 72 106
c25 65 : 235 170 262
040 65 303 238 366
- 59 243 184 312
CER 58 287 229 395
039 57 . 291 164 288
o 4 56 195 139 248
o 3 53 110 57 108
clo 53 200 147 27T
c27 52 204 152 298
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TABLE VII (Continued)

Subjects Scores - Gains
Initial Final Gross Per cent
prectice prectice

cl4d 50 228 178 356
el3 48 247 199 416
clb 48 183 135 281
c34 48 226 178 371
cl2 47 ‘ 177 130 277
c42 47 213 156 353
c43 47 207 160 340
033 45 246 201 447
¢32 41 193 152 371
c38 41 169 128 312
cll 35 184 149 426
e37 35 185 150 429
o4l 34 239 205 603
¢ 8 33 204 171 518
c3l 33 224 121 579
cls 22 185 153 ) 475
¢l8 31 246 215 694
¢36 ' 30 203 173 577
cl? 28 203 175 625
e21 28 252 224 800
c23 27 83 56 207
¢ 5 R3 201 178 774
¢ 7 21 220 199 948
c20 ' 17 140 123 724
cR6 16 147 131 819
e20 14 306 292 2086
c 1l 11 249 328 2164

Computation, based upon the date presented in Teble VII, shows
thet the stenderd devigtion increased from 19.44, for the initial
prectice, to 46,5 for the finaml practice, However, owing to the fact
that the average of the group increased in a much greater ratio, from
45,5 for the initial to 212,8 for the final practice, the wvariability

SsD
of the group actually was reduced by practice. The formula pverage

or Vy, shows this decfease to be from .42 to .21, while the formule

90% - 107

- or Vo
median, !

shows that the reduction wes from 110 to .86,
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The ratio of the average of the three initially lowest
~seores to the average of the three initielly highest scores is 5.68.
The corresponding ratio of the averages of these same groups of
éubjects for the final practice is .87, a reduction of 4,.,81. These
retios indicate that, for the extremes of the group, the effect of
practice was to decrease markedly individual differences.

The correlation between initial scores and per cent of gain
wes found to be -.69, P.E. .054. Betwsen initial score and gross
gain there was a correlation of -.23, P.E, .048. Initial and
finel® scores, however, gave a correlation of .22, P.E. .098. The
Pearson product moment method was used in ocalculating all correla-
tions in this experiment,

The negative correlation between initial score and per cent
of gain shows that the variabiliﬁy of the group has been reduced as
explained in Chapter III, page 49. This would have held true even
if the correlation between initiel score and gross gain had been
positive instead of negative as it was. In this case, however, the
two measures were in agreement,

All these measures of variability - Vl’ Vo, the ratio of
the averege of the three highest to the average cof the three lowsest
of the initial performance compared with the ratios of the averages
of the same groups of subjects for the final performance, the correla-
tion of initial scores and per ocent of gain - are in &greemeht in show-
ing’that the variability of the group has been reduced, It may safely
be said thet the control group became more alike in code writing

through practice,
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The Contrcl Group in Addition.- Data from the control group

in the funetion sddition are presented in Table VIII.

TABLE VIII

INDIVIDUAL SCORES AND GAINS FOR THE CONTRCIL GROUP
IN ADDITION FOR INITIAL AND FINAL PRACTICES

Subjects Scores Gains
Initial Final Gross Per cent
practice practice

cl8 23 36 13 57
¢33 23 36 ‘ 13 57
38 23 3b 12 52
c 4 20 30 10 50
cR2 19 33 14 74
cld 18 A 11 61
¢l 17 35 18 106
cl2 17 26 9 53
eld 17 31 14 82
¢ 3 16 19 3 18
(321 16 26 10 63
31 186 26 10 63
¢34 16 25 9 56
037 15 20 55 33
C4e 15 21 6 40
¢ 9 14 17 3 21
c28 14 27 13 93
o R 13 12 -1 ' -7
c29 13 28 15 115
036 13 25 12 92,
cl® 12 1lé 4 33
40 12 27 15 125
cl0 11 18 7 64
ell 11 19 8 73
c24 11 21 10 g1
¢ 6 10 19 9 80
e 7 10 17 7 70
cl7 10 27 17 170
e2l 10 27 18 180
c4l 10 17 7 70
cR5 9 20 11 1282
eR7 o R3 14 156
035 8 25 17 213
¢ 8 7 18 11 157
cld 7 19 12 171
e20 7 13 6 86
odd 7 17 10 141
cl3 & 27 21 350
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TABLE VIT {Continued)

. scores Gains
Subjects Tnitial Final Cross Per ocent
practice orectice
632 5 10 4 67
023 4 6 2 50
G639 4 10 6 150
e S 3 15 12 400
630 3 12 9 300

From the date shown in Table VIII it was found that what had
occurred in the case of the code writing had also occurred with the
addition: e.g., that though the standard deviation of the group in
addition had increased from 5,27 for the initial practice to 7,14 for
the final practice, the corresponding aversges of the group had
ineressed from 12,2 to 22.4.

The variability of the group, using the formula for Vi,
became reduced from .43 to .32, The formula for Vy showed e reduction
in variability from 1,10 to .97, a two point greater reduction then
V1 had showne

The ratio of the average of the three initially lowes®t scores
to the average of the three initially highest scores (including, in
both cases, ties for these positions where they occurred) is 5,02,

The retio of the averages of the scores of these same groups of indi-
viduals for the final practice is 2.53, a difference in favor of
reduced variability of 2,49.

There was found te be & correlation of «,8l, P.E,, 085

between initial scores end reletive gain. The correlation between

initial score and gross gain wes found %o be .10, P,E, 092, while
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the correlation between initial and final score was found to be .79,
’E.E. 2038,

As hes been pointed out, the correlations between initial
standing esnd gross gain, initial and final standing, when positive,
are not teliable messures of changes in veriability. It therefore
is practically certain that, as both formulae for the index of varia-
bility, i.e., Vl and Ve, the ratio of the average of the three lowest
to the average of the three highest, and the negative correlation
between initial score and per cent of gain, ell show that variability
became reduced through practice, such was actually the case, This
means that the control group in addition became more alike with
?ractice.

The Experimental Group in Code Writing.~ The dats presented

in Table IX are from the group in code writing which worked under
special motivation, The concern here is not with the motivation,
which will be treated in the second section of this chapter, but with

the effect of practice on variability,

TABIE IX

INDIVIDUAL SCORES AND GAINS FOR THE MOTIVATED GROUP
IN CODE WRITING FOR INITIAL AND FINAL PRACTICE

Seores Gains
Subjects e -

Initiel Final : Gross Per @gent

practice praotioce
meo 86 382 295 344
mls 83 325 242 292
mea 77 289 212 275
mléd 65 195 130 200
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TABLE IX (Continued)

Scores Gains
Subjects
; Initial Final Gross Per cent
practice nractice
m 1l 65 229 164 344
m 4 64 242 178 263
mes 62 180 118 190
ma26 56 248 192 343
m38 54 233 179 331
m 9 51 260 209 410
me7 50 217 187 334
mlo 49 303 304 620
me5 49 196 147 300
- ml2 46 265 219 476
m30 45 151 k 106 236
mé 45 339 264 653
m39 43 223 180 419
mll 43 252 209 486
m35 41 174 133 224
m 2 39 189 150 385
mél 38 , 205 167 439
mlg 37 282 245 662
m33 37 235 198 535
m37 36 183 147 408
mlé 36 295 - 259 719
m31 33 224 191 579
ml7 32 251 219 684
m 5 32 175 143 447
m43 30 184 154 513
m2l 29 243 214 738
ma23 29 139 110 379
m3e6 28 121 93 332
m40 28 136 108 386
m-7 24 188 144 600
mao 24 127 103 429
m42 23 289 266 1157
‘ m32 22 269 247 1214
' ~ m 8 22 187 185 750
ml3 22 165 143 650
me4 19 233 224 ) 1179
m34 17 127 110 a47
m 3 14 152 138 986
mlé 4 147 143 3575

The standerd deviation of the motivabed group in code writing

inereased from 17,92 for the initial practice to 61 for the final one,
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The average score for these same practices inereased from 40.2 to 220.4.
The formula for Vl showed a reduction in variability during preoctice
from .44 to ,27. The formule for Vg, when applied to the same dats,
showed a reduction from 1,22 to ,72,

The ratio of the average of the three initially lowest scores
to the average of the three initially highest scores is 7.07. The
ratio of the averages of the scores of these same groups of subjects
at the end of practice is 2,34,

The correlation between initial score and per cent of gain
was found to be -,58, P.E. .068, The correlation between initial score
and gross gein was found to be R9, P.E, 094, while the correlation
between initial and final scores was ,57, P.E., .079,.

The measures applied to the motivated group in code writing
are the seme as those used with tﬁe control group in both functions,
These messures are sll in sgreement in showing that the effect of
practice on the motivated group in code writing is to decrease variae-
bility, or meke the group more slike.

The Experimental Group in Addition.~ In Table X date are

presented from the motivated group in eddition.

TABLE X

INDIVIDUAL SCORES AND GAINS FOR THE MOTIVATED GRCUP
IN ADDITICN FCR INITIAL AND FINAL PRACTICES

Scores Gaing
Subjects Initial Final Gross Per cent
practice practice
m 1 23 ' 43 20 87
m21 19 31 12 63
m4e 19 31 12 63
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TABLE X (Continued)

Scores Gains
Subjeots
Initial .. Final Gross Per ocent
praotice . practice
m 9 18 35 17 94
m28 17 39 22 129
m24 17 27 10 59
n26 17 26 9 53
m30 16 31 15 94
neg 16 22 6 38
m 8 16 22 6 38
m 4 15 28 13 87
ml7 14 35 21 150
m32 14 33 19 136
mll 14 20 16 115
mae 13 35 22 169
n36 13 Rl 8 62
mn33 13 25 iR 92
mlo 13 26 13 100
m4l 13 21 8 62
ml & 13 19 6 46
m31 12 20 8 67
m37 12 21 9 75
ml3 12 25 13 108
m 7 11 17 6 55
m27 11 25 14 127
mld 11 34 23 209
m35 11 =7 16 145
ml2 10 23 13 130
m 3 10 16 6 60
m43 9 17 8 89
m40 9 20 11 122
mlo 8 24 16 200
ml8 8 29 21 263
m39 7 17 10 143
mlé 7 17 10 143
m38 7 23 18 229
m20 6 14 8 133
m 2 5 16 11 220
m25 5 13 8 160
m 6 4 16 12 300
me3 4 13 9 225
m34 3 © 13 10 333
m 5 1 8 7 700
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Calculations based upon Table X show that, though the average
of the group inecreassed during the practice from 11.5 at the stert to
23,9 for the final triel, and the standard deviestion incregssed from 4,81
for the first trial to 7.6 for the last one, the index of variability,
br V1 showed that the variability of the group beceme reduced from .42
to ¢31ls The formula for Vg showed a decrease from 1.02 to .88 of the
group during practice,

The ratio of the average of the three initially lowest to the
average of the three initially highest at the beginning of practice was
6,58, The ratio of these same groups of subjects at the end of prac-
Tice was 2.80.

The correlation of initial score and per cent of gain was
fouﬁd to be ~.65, P.E. .061l. The correlation between initial seore and
gross gain was .32, P.E. .,090, and the correlation between initial and
final scores was .79, F. E. 028,

All the data presented thus far are in agreement that the
effect of practice is to reduce individual differences. This holds
true in this experiment regardiess of which of the four measures -

Vi, Vg, ratio of highest to lowest at beginning and end of practice,
‘eorrelation of initial score and per cent of gain -~ is used. It also
holds true with both groups studied in both functions studied.

In the second section of this chapter thé'day by day fluc-
tuations in variability (V1) are shown. These data are presented

k graphically in Figure 3, Reference to them will show that except

for the fourth and fifth days' practice of the control group in
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addition, the variability at no time, regardless of group or funetion

studied, ever regched the initial point,

Effect of Motivation on Changes in Variability

Attention has been called earlier to the differences betwsen
the econditions of motivation under which the control and motivated
groups worked. This highly motivated or experimental group was given
special stimulation as described in Chapter III, pages to .

It is the purpose of this section of the chapter to show
first that the special motivation given the experimental group produced
a differential effect upon achievement. its next objeet is to show

what the effect of this motivation was upon changes in variability.

Effect of Motivetion on Achievement.- Figures 1 and 2 are
~graphic records of the progress mede from day to day in achievement,
as measured in terms of the daily average of the group, by both groups
in code writing and in addition. These reccrds show that, although the
- motivated group made a lower average score in both ceases to start with,
the average score of that group in code writing caught up with and ex-
ceeded that of the control group for the sixth practice. The same thing
ceeurred in addition for the ninth practice. From the sixth practice
in code writing, the motivated group maintained its lead through the
thirtieth meeting. From ths ninth practice in addition, the wotivated
group held its lead through the thirtieth practice, in spite of the
irregularity in the progress of both groups.

In interpreting Figures 1 and 2, it should be remembered that

what 1s shown is not the difference in daily progress between a motivated

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

67



235

230

220

RS 3
2.
a0 1/ ! ?7

‘\/\./—1

Xeo 1 ISR S O 4 "4

19y

110 ' ’

2218y
78571 " 'F’;_ ]
igo
ns

NG
3

+
3
AW
Y
4

170
165
lso _| ¢0.7]

Fi VvV E MINUTE S

~4
b

Ise
1457
140
185
”0 Z B : T
ns R B I
120 )4
1S 4

, of
108 fess et / |
Joo 1A '
o8 » 1 sy
9 dodL~ i

o BA 7 g
80 7, X3 /
75 7‘74‘ ]

70 f S

(14 3
0.3

®
b
X
N
—
2

PER

130} s /

LETTELS
~,
P
3

OF

NUMBELL

gREA o
I
I;N
N

I 23 8 & 6 7 & 9 10 1t 12 13 14 15 16 11 I8 19 20 21 2% 13 2% 2F 26 27 28 29 $@

PRLACTICE PERL)Y O D S
Fla.1. CERAPRN"SNOWIN-& THE EFFECT OF THE SPECIAL
ConuTroL Grour SoLip Line MOTIVATION OF THE EXPERIMENTAL GROUP ON ACHIEVE-
MOTIVATE D GROUP BROLEN LINE MENTIN CODEWRITING.DAILY AVERAGES ARE VSED XsoMWfuang
4ju j3e

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



69

AD2FBWO) SNWwn"10D) 0 AHAIWNN IHL 4o SWAF | N 3¥02S

»slsls
SNung-Hary SANVIIAY 4N 0¥ 40 SWIA Nt IWY S3AVEe G ATiv( NI NINodg SMOWD & ILVAILOW
AH] *wotrLiady NI ALNFWIAZIHOY NO daoW) IVLINIWIEI4 XA FHL 40 21 01196 ancID AeBiNed
NOILVAILOW 1VID3dS FHIL 40 1234473 IHL D NrMmoOre-S—rdveS "7 'O1 ]
s a (o] 1 N 3 g a0 10 L O v %8 (d
°f 62 ¥ LY 9y Sr Hr €£x TY T e o1 @1 LI eI SI  #1 €/ L (Y] 3 8 I3 L 5 v € ¥
™~ g P T T T T TN TN T e g P o o W e e B e b T e e
.
31 \\
I S ~\
/ \ | <
{ o bl
/
9! L'y
I/ 1l M
/
/
n.mw\\
39/ \al \m.\_ V..
r‘“/ \\ \H.J—
69//\8 £ £UAL9
i // \\ /
1l Ysu L
[
9 €8l !
P i
oINS AT R
o6 f
Nt TVOLI==RS I
\ /\ <ol \\ (LU ANy No\_\rmz H
Vo el 61 Yoo |\ Voo
‘0 . / Al
480
& y\m.& T deer |/ Trox
o) 7 AN\ Lﬁd« ~SJ
7. N7 (D7AEN s 313
iz .I.m..N \\ /,\.
h—N ; o—N
. vz Jere \\ rey
/1N ANy
\~ // \\ /\u.mN
/ \ /
resz (124

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



group and a non-motivated group, but the difference in progress
between a control group rather well motivated and an unusually well
motiveted group. All subjects of both groups had cfedit to gain in
psychology by complying with the conditions of the experiment; the
main one of these conditlons was to try to improve their scores as
mueh as possible each day, This was a strong motivating factor,

In addition to this the experimental group was motivated by a
knowledge of results and competition, What is shown in Figures 1
end 2, therefore, is a graphic representation of the effect of a
strong motivaetion as compared with normal motivetion in code writing

end zddition, in terms of the daily averages of the groups.

The Effect of Motivaetion on Chenges in Variability in the

Case of Code Writing.~ Reference to the dabta presented in the first

section of this chapter will show that certain differences occurred

in varisbility between the control and motivated groups in code writing.
As these groups had been earefully eguated, and all conditions controlled
during the experiment 4o a very high degree, it seéms quite legitimate

to attribute this difference in change in variability to the difference
in conditions of motivation under which the two groups worked,

These differences are as follows: The measure V, showed that

1
the variebility of the control group was reduced from .42 to .21
through praoctice - a change of .21 in variability, The formula for

Vo showed this change to be from 1,10 to .66 - a difference of .44,

The ratio of the three highest to the three lowest was 5.68 for the
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initial practice and the ratio for the final practice of the same
individuals was .87 - a change of 4,81, The ocorreletion between
initial score and per cent of gain was found to be -.69,

The corresponding changes in variability for the highly
motivated group are as follows: For Vl a change from .44 to .27, or
a difference of ,17; for V, a change from le22 to .72 - a difference
of ,50; for the ratio of the three highest to the three lowest a
change from 7,07 to 2,34, or a difference of 4.73. Initial score
correlated with per cent of gain -.58,

These date are presented in Table XI in a compact form so

thet comparisons may be readily made,

TABLE XI

SUMMARY OF DIFFERENCES IN CHANGES IN VARIABILITY
POR THE CONTROL AND MOTIVATED GROUPS IN CODE WRITING

. Practice Amount of Change | Greater
Neasure Group Initial | Final| Increase Decrease | Decrease
Vl Control 42 «21 21 Control
Motivated o4 o 27 17
Vo Control 1.10 56 044
Motivated 1,22 72 «50 Motivated
Ave3d high Control 5.68 +87 4,81 Control
Av.3 loW Motivated 7,07 2.34 4,73
Correlation of initiel score Control group  =-.69
and per cent of gain Motivated group  =,58

It would be difficult, if not impossible, to draw a definite
conclusion from Table XI concerning the effect of motivation on changes

in variability in code writing. The three megsures which are in
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agreement indicate that the effect of the motivation was to prevent
the variability from being decreased in the motivated group to bhe
seame extent that it was in the controel group.

Reference to Figure I will show that in code writing the
motivated group crosses over the control group in achievement on the
sixth day of practice and meintains its lead from there on. Further
examination of the same graph will show that at the twenty-first
practice the control and motivated groups in code writing were further
apart than at any other point during the whole thirty practice periods,

It seemed reasonable to suppose that, provided the effeet of
motivation upon variability was to ceuse it not to decrease as much
as it normally would in the control group, measures applied at these
two new points (the\sixth and twenty-first practices) would show fhis
tendency clearly,

Accordingly complete recalculation of the date on dode writing
wes made at these new points in practiece rather than at the initial and
final points of practice, Table XII contains these new data,

Calculation based upon the dete presented in Teble XII shows
that the average for the sixth practice was 84,7 and that it increased
to 167.6 for the twenty-first practice. The standard deviation alse
increased over the same period from 22,7 to 33,7. The formula for Vj
showed that the variability decreased from .27 to .20, The formula
for V, showed & decrease from 70 to .49.

The ratioc of the average of the three lowest for the sixth
practice to the average of the three highest for the same practice was
3.17, while the ratio of the averages of the same individuals for the

twenty~first practice was 1,10,
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TABLE XII

INDIVIDUAL SCORES AND GAINS FOR THE CONTROL GROUP
IN CODE WRITING FOR THE SIXTH AND TWENTY-FIRST PRACTICES

Scores ' Gains
Subjects Sixth Twenty-first
. d Gross Per cent
practice practice
¢ 9 138 188 50 36
e2b 120 204 84 70
e28 120 221 101 83
c29 119 267 138 116
¢35 114 197 83 73
c4l 111 187 76 68
c21 110 188 78 71
c40 110 200 920 82
c24 108 184 76 70
c 6 101 181 80 79
c 4 99 150 51 52
¢33 96 194 98 102
cl4 g2 178 86 93
c27 92 177 85 92
cl9 91 191 100 109
cll 90 180 - 90 100 -
c22 88 212 124 141
el2 87 150 63 72
cl3 86 185 99 115
c32 86 151 66 78
c42 85 131 46 54
c 7 84 151 67 80
cl0 84 172 88 105
cl7 84 176 91 108
e37 83 135 52 63
¢36 82 187 75 91
e30 ' 81 215 154 165
c38 80 158 78 98
c 2 78 123 ' 45 58
c 3 76 110 34 45
c26 75 89 14 19
c 8 T4 166 92 124
c43 74 123 49 66
¢31 73 166 83 114
el 69 155 68 1256
¢23 59 85 26 44
¢34 59 152 93 158
cl6 57 168 111 195
¢20 56 99 43 7
¢ 5 52 154 102 196
cl8 43 200 157 365
clb 40 168 118 295
c39 36 199 163 453
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The correlation between scores for the sixth practice snd per
cont of gain was found to be =,62, P,E, ,063,

Teble XIII gives the results for the motivated group in
code writing from the sixth to the twenty-first practice.

Computation based upon the data presented in Table XIII
shows that the stendsrd deviation, which was 28.6 for the sixth
practice, increased to 54.4 for the twenty-first practice., The
Vy calculated for these two points was found to have chenged
from .33 to .29, The formula for Vo shows en increase from .79
for the sixth practice to .86 for the twenty~first practice,

The ratio of the average of the three lowest for the
sixth practice to the average of the three highest for the same
practice was 3,86, while the ratio of the averages of the same
individuals for the twenty-first practice was 2,08,

The correlation between scores for the sixth prectice
end per cent of gain up to the twenty-first practice was found to
be -.,44, P.E. .083,

Table XIV presents the results in compact form for the
code writing from the sixth to the twenty-first practice.

Table XIV shows definitely that, in the case of the code
writing, the effect of motivation was to prevent the variability
from decreasing to the same extent as it did in the control group.

In this instance all four of the measures are in agreement
and the effect found here is the same as that indicated by Table X,

It may safely be said that the effect of special motivation on
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TABLE XIII

INDIVIDUAL SCORES AND GAINB FOR THE MOTIVATED GROUP
IN CODE WRITING FOR THE SIXTH AND TWENIY~-FIRST PRACTICES

Subjects Sixth Twenty-first Gross Por cent
practice prectice
me9 158 336 178 113
nl0 156 270 114 73
mlb 1563 272 118 78
n22 1356 277 142 105
mi9 124 244 120 97
m 9 124 221 97 T8
ml2 116 249 133 115
m4 106 214 108 102
m 1l 104 195 91 88
m33 101 211 110 109
m35 100 167 67 67
m3l 98 205 107 109
m26 98 194 06 98
m 5 97 177 80 82
m 6 9b 273 178 187
ml4 95 182 87 92
ml8 95 235 140 147
m32 89 210 121 136
mél 89 156 67 75
m28 88 188 100 114
m 2 86 170 84 95
m39 84 160 76 90
m2l 83 187 104 125
n38 82 192 110 134
m37 81 150 69 856
mll 79 232 153 194
ma2 79 222 143 181
m30 78 132 54 69
ma7 74 208 134 181
m24 74 183 109 147
m25 69 173 104 151
m23 67 137 70 104
m 7 64 146 82 128
m20 64 114 50 78
m40 62 96 34 55
ml3 62 102 40 65
ml7 6l 207 146 239
mlé 58 125 67 116
m 3 56 102 46 82
n36 52 110 58 112
md4 51 103 52 102
m 8 47 183 136 290
mé3 23 142 121 526
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TABLE XIV

SUMMARY OF DIFFERENCES IN CHANGES IN VARIABILITY
FOR THE CONTROL AND MOTIVATED GROUPS IN CODE WRITING
FROM THE SIXTH TO THE TWENTY-FIRST PRACTICE

Practice Amount of chenge
Measure  Group Sixth | Twenty- Greater
first Increase] Decrease decrease
v Control 27 | «20 <07 Control
1l Motivated ¢33 29 04
v Control 70 +49 +21 | Control
2 Motivated 79 «86 07
Av,3 high Control 3.17 1.10 2.07 | Control
Av,3 low Motivated| 3,86 2.05 1,81
Correlation of sixth score Control group -,.62 Control
and per cent of gain Motivated group ~.44

veriability in the case of code writing is to cause it to increase
or, if a reduction takes place to mrevent that reduction from being
as great as it would normally be without the special motivation.

Effect of Motivation on Changes in Variability in the Case

of Addition.-Reference again to data presented in the first section
of this chapter will show that certain differences also occurred in
variebility between the control and motivated groups in sddition.
The conditions surrounding the two groups in code writing, referred
to on page s were the same for the two groups in addition,

These differences in variability between the two groups are

as follows: The measure V; showed that the variability of the control
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group became reduced from .43 to .32, The corresponding change in the
motivated group was from .42 to o31; that is, both groupé showed a
reduction of .11. The formula for ¥, shcwed’that the variability be-
cane reduced from 1,10 to .97 for the control group and from 1.02 to .88
for the motivated group, or a difference in reduction of .01 in the
direction of less decrease in variability for the motivated group. The
ratio of the average of the three initielly highest to the average of

the three initially lowest for the control group was 5.02. The ratio

of the averages of the same groups of individuals at the end of practice
was 2.53, & reduction of 2.49., The corresponding ratios for the strongly
motivated group was 6.58 to 2,80, a reduction of 3,78, which was 1,29
greater than the control group. The correlation between initisl score
and per cent of gain for the control group wes found to be -.61, P.E, .065,
while the corresponding correlation for the motivated group was =,65,
P,E. ,06l. This showed a differgnce of .04 in favor of reduced
‘variability for the motivated group.

Tablé XV presents these facts in compact form and indicates
that the effect of motivation on addition was to cause the variebility
to become further decreased than was the case with the control group.

It is to be noted, however, that in spite of the fact that three of the
measures of variability are in agreepent, the differences in some ceses
are very smell, It would probably be more accurate to say that the
effect of motivation, as used in this experiment, upon chenges in
veriability is negligible, then to say, on the basis of Teble XV,

that it serves further to decrease varisbility,
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TABLE XV
SUMMARY OF DIFFERENCES IN CHANGES IN VARIABILITY
FOR THE CONTROL AND MOTIVATED GROUPS IN ADDITION

p A BDEe | Grester
Measure Group Initial |PFinal Increase] Decrease | decrease
v Control «43 32 o1l Equal
1 Motivated 042 31 o11 change
v Control 1.10 .87 .13
2 Motivated 1.02 .88 14 Motivated
Av.3 high  Control 5,02 | 2.58 2.49
Av,3 low Motivated 6.58 | 2.80 3,78 Motivated
Coreelation of initial score Control group =.61
and per cent of gain Motivated group =.65 Motivated

Since the results for the effect of motivation on variability
for addition contradict, to some extent, those for code writing, it wes
believed that the only solution to the problem was to calculate the

variability for every dey using the formula SDe_ ror ¥

o Thi
Averege 1 *8

measure was chosen as it has been used by more investigators in the
past than any other, and has thus become a sort of standard measure.

Daily Fluctuations in Variability Showing the Effect of

Motivation on Code Writing and Addition.-The calculation of Vq for

every day gave & complete picture of what occcurred during the whole
experiment with both groups in both functions in terms of the index
of variebility. Tables XVI and XVII contein ell the data of this

calculation.
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TABLE XVI

DAILY AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS
OF VARIABILITY FOR THE CONTROL AND MOTIVATED GROUPS
IN CODE WRITING

¢ 0O N T RO L ¢ R O U P

Practice Aversge Sigme vy
1 45,5 19.1 «424
2 47 .4 14.8 »314
3 60,3 18.4 «301
4 6443 18.8 0R92
5 75 .4 R3.6 312
6 84,7 2247 «268
7 8742 21.5 «R47
8 7945 21,3 +R68
9 93.5 21.5 1230

1o 95.1 24,1 .253
11 104.0 25.5 «245
12 110.0 24,7 224
13 118.0 R9.2 «R48
14 126,5 31.8 +250
5 135,3 3l.4 $R233
16 129.4 30,6 «R36
17 151.2 31.7 .210
18 147.5 32.6 +2R20
19 163.7 32.1 »196
20 168.1 3646 «218
21 167.6 33.2 .198
R2 17043 37.1 .R18
23 180.0 39.3 218
24 182.2 3749 «209
25 193 .6 40.7 <210
26 182.0 40.3 «R20
27 203.0 43 .6 «214
28 190.4 42.2 2220
RY 204,8 38.6 .188
30 R12.8 46.4 «200
¥ o T I Vv A T E D G R O U P

Practice Average Sigma Vi

1 ‘ 40.2 17.0 423
2 | 42,0 16.2 .386
3 ‘ 46 .4 16.4 $ 353
4 55,3 20,3 $ 371
5 74.6 2842 «378
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TABLE XVI (Continued)

I

M 6 T I Vv A T E D R C
Practice Average Sigma Vy
6 87 .4 28.6 « 327
7 90 .4 3247 0362
8 92.8 34,3 «369
9 105.5 36 .5 + 346
10 105.5 42,1 0399
11 113.1 45,7 <404
12 120.1 46.0 «383
13 131 .4 44.1 « 336
14 136.7 51,0 «373
15 145.2 53.1 «366
18 149 .5 54,6 . 365
17 16047 52.8 »329
18 ‘ 172.4 5549 o325
19 177,3 57,7 «325
20 177.5 56.0 «315
21 187.2 54.4 +290
22 187.7 59.9 +380
23 196.8 58.0 284
R4 197.7 56,8 .288
25 205 .9 60 .6 294
26 198,53 58,0 292
27 208.0 64,7 «310
28 2135 55,7 «260
29 217.6 60 .4 $277
30 RR0 .4 64,2 +290
TABLE XVII
DATLY AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS
OF VARIABILITY FCR THE CONTRCL AND MOTIVATED GROUFS
IN ADDITION
¢ 0 ¥ T R 0 L R 0 P
Practice Average Sigme vy
1 12.2 5427 «431
2 14,0 5456 » 397
3 14,9 5,79 «389
4 14.7 6.76 +460
5 14.8 6486 2464
6 16.2 6.04 #3372
7 16.7 6.16 +369
8 17.5 6.14 +350
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TABLE XVII (Continued)

¢ ¢ N T R O L 0

Praotice Average Sigma A5
2 16.2 6405 .374
10 16.8 6447 384
11 16.4 6,02 367
12 20.0 6.87 +343
13 18,5 6.37 344
14 19,4 6432 « 330
15 19,0 6.97 » 366
16 1843 6.7 342
17 18,5 6457 « 355
18 19.3 6 .65 o344
19 18.3 7,05 . 382
20 19,9 6.58 <330
21 18.5 5.93 «320
22 20.5 6442 +313
23 20.2 6,64 «328
24 21.0 7.32 +349
25 1.3 6.98 . 328
26 1.2 6498 . 389
27 2045 6.66 «325
28 Rle2 7425 344
29 21.0 737 «350
30 2.4 7.41 ¢330
M 0 T v A T  E D @ R P

Practice Average Sigma Vi
1 11.5 4.81 «418
2 13,3 5,19 «490
3 13,7 5.54 «404
4 12.6 5.08 +403
5 14.6 5.43 372
6 15.8 5.12 34
7 1642 5.86 . 361
8 17.0 6.38 376
9 16.7 6.04 » 362
10 17.5 6415 351
11 16.9 7.12 0419
12 20.4 6.72 «329
13 19.5 6.48 #3382
14 19.8 6453 «330
15 12.1 6423 326
18 19,1 6.65 «348
17 19.9 6 .66 2334
18 21.0 6480 =323
19 20.7 6,38 «308
20 20,3 6.58 324
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TABLE XVII (Continued)

M 0o T I Vv A& T E D G R O U P
Practice Average Sigma vy
21 20.8 664 «320
22 2l.6 6487 «318
23 20,7 €492 333
24 22.1 7.02 317
25 1.9 €450 «297
26 23 .2 7460 #3R7
27 R2,3 5.69 «255
28 24,0 7.13 297
29 22 +4 6.92 ¥ 308
30 3.9 7,74 2324

Figure 3 presents a gfaph of the daily fluctuations in the
index of veriability (V;) for the control and motivated groups in
code writing and addition, Part "A" of this figure shows the index
of variability as calculated for each day for the code writing.
Part "B® shows the same thing for the addition. This graph shows
clearly that in the case of the code writing the veriabllity of the
motivated group did not decrease nearly so much as was the ocase with
fhe control group. This picture of what happened agrees with the result
obtained from a comparison of the initial and final, as well as the
_sixth and twenty-first practices, In the ocase of the addition, a comparﬁ-
son of the initial and final practices had led to the belief that the
effect of the motivation was to cause the variability to decrease to a
greater extent than was the case with the control group. This is
borne out by the graph in part "B" of Figure 3, An examination of
the greph of the twe groups in addition will reveal the fact thet out

of thirty practice periods there are twenty times when the variability
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of the motivated group is below that of the contrél group, that there
are two times when it is the same, and that it is above the control
group eight times,

Upon the basis of all the calculations made so fer in
this report, it may be said that the effect of special motivation on
the group in code writing wes to prevent the variability of that
group from becoming reduced as much as it normally would have been
under ordinary motivation,

Probably the effect of special motivation on addition

should be considered negligible,

Effects of Massing Practice

Results in Second Experiment.-~ When the practice material

for the second experiment hed been scored it wes found that fifty-
seven pairs of subjects could be chosen with very close initial
scores. A maximum difference of two letters in initiel scorss
- wes allowed. This gave two groups with meen scores of 21.45 and
21,17 and with standerd devietions of 11.12 and 11.19. The data
from subjects who could not be paired were ignored.

Table 18 presents initiél scores, final scores, gross
and relative gains of the individual members of the control and

experimental groups.
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TABLE XVIIZI

INITTAL AND FINAL SCCOREE WITH GROSS AND RELATIVE GAINS
FCR THE SUPFLEMENTARY EXPERIMENT

Control Experimental —
o Initial Final Gross Relative Initial Final (Gross [Relative

Score Sgore Gain Gain Score Score |Gain Gain
4 10 6 150 5 11 6 120
4 7 3 75 6 10 4 67
5 15 10 200 7 15 8 114
5] 15 10 200 7 18 11 157
6 2] 3 50 8 16 8 1100
7 19 12 171 8 33 25 312
7 46 29 557 8 40 32 400
9 42 33 366 9 21 12 134
10 19 9 20 10 42 32 320
10 23 23 230 10 19 g 90
10 17 7 70 10 34 24 240
10 . 31 21 210 10 31 21 210
10 23 13 130 11 34 23 209
10 13 3 30 11 9 18 163
11 34 24 218 11 48 37 336
11 33 2R 200 12 49 37 308
13 40 27 207 12 28 16 125
13 48 35 269 13 26 13 100
14 31 17 121 - 13 48 25 192
14 28 14 100 13 36 R3 177
14 25 11 78 14 83 49 350
15 28 13 86 14 30 16 114
15 33 18 120 14 29 15 107
18 29 13 81 14 20 18 114
16 74 58 368 14 46 32 229
16 45 29 181 15 39 24 160
18 29 11 61 16 42 26 163
18 40 22 1e2 17 49 32 188
18 21 b 10 18 54 36 200
21 53 32 152 1e 45 26 142
22 46 24 109 20 24 4 20
22 33 i 50 21 56 35 167
22 33 11 50 22 35 13 59
23 54 31 1356 22 67 35 155
23 57 24 148 2R 35 13 Ho
23 42 19 83 22 52 30 136
23 33 10 44 22 35 13 59
24 52 28 117 24 62 18 75
24 68 44 183 25 62 17 68
26 51 25 96 25 48 23 92
27 35 8 29 26 69 43 165
27 29 2 7 26 38 12 46
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TABLE XVIJI (Continued)

Control Exverimental

Initial | Final Gross | Relative Initial | Final Gross |Relative

Score Scaore Gain Gein Score Score Gain Gain
27 46 19 70 26 36 10 28
29 34 5 19 27 50 23 85
31 51 20 65 29 53 24 83
32 45 13 4] 30 38 8 27
34 57 23 68 33 48 15 45
34 57 23 68 34 43 9 26
36 ' 76 40 111 37 6l 24 65
38 48 10 26 37 70 33 89
%8 Sl 13 34 38 46 13 34
9 86 47 121 38 51 13 34
40 59 19 48 40 56 18 40
40 68 28 70 471 T4 33 80
41 62 21 51 43 86 43 100
49 54 1 10 51 77 26 41
54 64 10 19 52 60 8 15

The same statisticel measures of variasbility were used in the
seoond experiment as in the first experiment., These were:; (1) the
' <D
index of variability as measured by the formule, Tean ' (2) the index
of variability as measured by the formula, 2%2%9 3 Tthat is, the
ninetieth minus the tenth percentile divided by the median; (3) the
ratic of the average of the three lowest scores to the average of the
three highest scores at the beginning of practice compared to the ratio
of the mverages of the same groups of individuals at the end of practice;
{4) the correlation between initial score and felative gain.

The question as to whether or not the experimental group

“really is wore highly motivated then the control group seems to be

enswered by the data presented in Figure 4, where it is shown that, in

spite of the fact thaet the average score for the experimental group at

the first practice wes slightly below the control group, from that point
on the experimental group maintained a steady lead in terms of the aver-

age score for each prectice period.
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Computetion shows that in both the control and experimental
groups the effect of practice was to reduce varigbility. The vari-
ability of the control group as measured by the formula, Eégﬁ or Vl .
for the initial practice is ,518 and for the experimental group .529.
The mean score of the initial practice for the control group is 21.45
and for the experimental group 21,17, with a standard deviation for the
control group of 11,12 and of 11,19 for the experimental group. These
figures show the two groups to be very close together at the start of
practice. For the final practice period the variability of the control
group as measured by the above formula becomes ,444 and that of the
experimental group becomes .389; In other words, the effect of the
special motivetion is to cause the variability to become reduced by

»140 rather then by 074, as was the case with the control group.

90-10
ned.

Using the formuls for finding the index of wvariabil-
ity or what is known in the first experiment as Vg, it is found that
the variability of the control group becomes reduced through practice
from 1,58 for the initial to 1.15 for the final practice - a change of
#43, In the case of the motivated group, the reduction is from 1.65
to.1.07, or a change of .58.

A comparison of ratios of the average of the three highest to
the average of the three lowest at the beginning of practice with the
ratio of the averages of the same individuals at the end of practice
shows that in the contrel group this ratio dropped from 11.08 to 5,62 - a

: &hange of 5.46, and in the experimental group this fatio is reduced

from 7.79 for the initial to 5.28 for the final practice - a change

of 2,51 due to practice., This indieates that the reduction in
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veriability wh coh took place during practice due to motivation did
not affect the extreme cases but rather the central portion of the
distribution,

| The fourth measure of changes in variebility, tﬁe corre-
lation between initial score and relative gain, shows that in the
conbrol group this relationship is -.562 f +061 and that for the
experimental group the correlation is -,592 i 059

Table XIX: presents the above results in compaet form,

TABLE XIX

SUMMARY OF DIFFERENCES IN CHANGES IN VARIABILITY FOR THE
CCNTRCL AND EXPERIMENTAL GROUPS IN THE 3ECOND EXPERI -
MENT FROM THE INITIAL TO THE FINAL PRACTICE

Drectice Anount of Change

Measure Group Initiel Final | Increase | Decreas Jreater Deorsase
vy Control .518 444 074

Experi-

mental 529 389 »140 Experimental
Vg Control 1-58 1.15 43

Bxperi-

mental 1.65 1.07 .08 Bxperimental
Av. 3 high| Control] 11,08 5.62 | 5.46 Control
Av, & low | Experi- A

mental 7679 .28 2,51
Correlation of Initial Control group -.562 5.061
Seore and Per Cent of Experimental
Gein group -.592 7.059 Experimental
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CHAPTER V

CONCLUSIONS

General Summery.-This investigation was concerned with

three aspects of the general problem: What is the effect of practice
on changes in veriability, 1In the first place, it sought to
determine the effect of practice on variebllity in the two functions
studied, end under normal conditions of motivation. In the second
place, using the same two functions, addition and code writing, it
aimed to discover the effect of unusually high motivation by setting
up an experiment in such a way that this factor with its effect
might be singled out, In the third place, it endeavored to reveal
the part played by massing the practice instead of distributing it.

Two experiments were performed., In both of them the
control type of technique was used. In each experiment the control
e.nd highly motivated groups were chosen and equated in such & mesnner

a8 to give as nearly as possible groups of equal ability., Statistical
measures applied to scores made &t the beginming of esch experiment
indicate that this aim was largely achieved,

In the first experimént two types of practice materiel weas
used: code writing and addition. Addition has often been used by
those who have investigated the effects of practice on changes in
varisbility. On the other hand, code writing does not sppesr in
the literature of this topie at all. In the second experiment only

one type of material-code writing was used.

80
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The subjects of the first experiment were college students
of the State Teachers College, Jacksonville, Alsbema., In the second
experiment the subjects were summer students at the University of
Cincinnati and were somewhat more mature.

Table XX summarizes the statistical results of the
investigation as & whole,

TABLE XX

SUMMARY OF STATISTICAL RESULTS OF THE INVESTIGATION

) Emount of
| Practice change Greater
Measure Init, | 6th | 21st } Final % Incr. Deecr,| decrease r

RESULTS FOR THE CONTRCL GROUP OF THE FIRST
EXPERIMENT IN CODE WRITING

Vl .42 021 021 COﬂtrOl
v, 1,10 .66 44 |Experi-
mentel
Av, 3 high 5.68 .87 4.81|control
Ave 3 low
.. of init.score
"¢ of gain Conbrol | =69
V]_ 27 20 «07| Control
V2 «T0 o49 «21| Control
Av, 3 high 3.17 | 1.10 2,07| Control
Ave 3 low
of init.score
s .b -.6
~Fof saim Control 2
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TABLE XX (Continued)

e e
Amount of

91

_ Practice . change Greater
- Measure Init, | 6th ; 21lst !F‘nal Incr. Decr.| decrease] r
RESULTS FOR THE EXPERINENTAL GROUP OF THE FIRST
EXPERIMENT IN CODE WRITING
Vi W44 o27 «17| Control
Vz 1.22 72 +50 | Experi=-
mental
Av, 3 bigh 7,07 2.34 4.73| céntrol
Av, 3 low
init. score
Tof gain Control | =.58
vy +33 o29 +04| Control
Vo o 79 +86 07 Control
Av, 5 high 3,66 2,05 1.81| Control
Av, 3 low
init. score - 44
of gain '
RESULES FOR THE CONTROL GROUP OF THE FIRST
EXPERIMENT IN ADDITION
Vi 43 32 «11 | Equal
Vo 1,10 97 +13 | Experi=
mental
Av, S high 5,02 2453 2449 | Experi-
Av, 3 low mental
init. score
% of gein -.61
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TABLE XX (Continued)

Amount of
change Greater

Prectice

Measure Init, {Sth 21st |} Finall Iner, Decr,! decrease | r
RESULTS FOR THE EXPERIMENTAL GROUP OF THE FIRST
EXPERIMENT IN ADDITION
Vi 42 31 «11 | Equgl
Vz 1 .02 .88 014: Experi-
mental
Av, 5 high |4 5 2,80 3,78 | Experi-
Av, 3 low mental
init.score )
7 of gein Experi- -s65
mental
RESULTS FOR THE CONTROL GROUP OF THE SECOND
BEXPERIMENT IN CODE WRITING
Vi 618 JA44 +074 | Experi=-
mental
Vg 1.58 1.15 43 | Experi-
mental
Av, 3 hiy 11,08 5,62 5.46 | Control
Av, 3 low
initicseord Experi-
- ! - 562
‘.‘7-‘0 of ga&m mental .
RESULTS FOR THE EXPERIMENTAL GROUP OF THE SECOND
EXPERIMENT IN CODE WRITING
Vi 599 | +389 .140 | Experi-
mental
mental
Av, 3 high |y 79 5.28 2,51 Control
Av. 3 low
- Init. scor Experi-
% of gain mental 4.592
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A careful consideration of the results of this investigation
leads one to the belief that in them is to be found an explanation of
why disagreement has so long existed among previous investigators as
to the effect of practice on chenges in variability. These may be

- said to form the major conclusions of this investigétion.

l, The results of the first experiment show that with
practice material of a fairly intellectual nature, such as code
writing, the changes in variability during practice are very
definitely influenced by en increase of motivation.

2+ The results of the first experiment show further
that with practice material, such as addition, the changes in
variability during practice are only slightly if at all affected
by ean increase in motivation.

B 3. The results of the second experiment indicate that
with practice material,such as code writing, the massing of the
practice has a very decided effect,

The following are further detailed conclusions of the study.

1. Where variability in the functions of code writing and
addition is measured by any of the four measures used in this study
with college students as subjects, practice does reduce variebility,.

2. This decrease in variability is fairly constant throughout
practice,

3. The effect of increasing motivation with a college
group in the above mentioned practice materials is not constant but
varies with the function studied,

4, The effect of an unusually high degree of motivation in
the case of code writing is in the direction of increasing the
variebility of the group where the practice is distributed,

8, Where practice is massed the effect of high motivation
in code writing may be toward furthering the decrease in variability
of the group.

This study is admittedly & laboratory one dealing entirely
with a laboratory set up in so far as it studies the effects of

practice., It is not claimed, even by implication, that its results
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are directly applicable to school-room situations even with college
students, and far less with pupils of e different age and educational
level,

However, it does seem reasonsble to infer that its results
“have some educational importance. The study as a whole indicates the
prime importancelof the factor of motivation in the learning situation,
It shows this factor to have a great deal of importance even in lesrn-
ing situations which are more formal than those of the most conventional
school, If, therefore, the successful progressive school is by
‘definition one with an activity program which offers to its pupils far
more individual opportunity and hence far greater motivation in school
work than the conventionel school offers it is to be expected thet
‘mueh more learning will take pleace,

If this study tends %o increase interest in the effects of

practice, it will have served a purpose,
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APPENDIX -~ A
PRACTICE MATERIAL
A sample of the practice sheet for code writing used in

this experiment:

Name ‘ Date

I CANNOT CALL RICHES BETTER THAN
THE BAGGAGE OF VIRTUE THE ROMAN
 WORD IS BETTER IMPEbIMENTA FOR
AS THE BAGGAGE IS TO THE ARMY SO0
I8 RICHES TO VIRTUE IT CANNOT BE
SPARED NOR LEFT BEHIND BUT IT
"HINDERETH THE MARCEHE YEA AND THE
CARE OF IT SOMETIMES LOSETH OR
bISTURBETH THE VICTORY OF GREAT
RICHES THERE I8 NO REAL USE EXCEPT
IT BE IN THE DISTRIBUTION THE
"REST IS8 BUT CONCEIT SO SAITH

SOLOMON WHERE MUCH IS THERE MANY
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A sample of the practice sheet for addition used in this

experiment:

Date

Name

0~
© 0
o~
0

O 0

8 9 9 9 8 5

7 :
2 3 4 5 6 7 8 9 9 7T 7T 6 5 &4 3 9

0 0

™ 0

n ©

9 O

< ©

O~

w0

(o 30}

a ™~

9 9 9 9 9 9 5 6

<t @

0 O

8
3

O N
WO

O H -

™~ 0O Iin
O oMY
0w o o~
< O~
) O ¢ W
W0 00
© 1 I~
n oW
<O
90~
o~ O
® O 2~
™~ w0 o

<t O

4 3 3 2 2 5

n~o
0w o~
W ¥~ ®
O D O~
O 9 ©

) 0O

PO O

QUMW I O <K

)
o~
© 0
~ o0
© o
n o
o
0w o
9 ©
@~
X
Qw0
0@
0

A

0]
(o]
+o)
o~
0
wn

89 8 7T 6 5 4 3

O~ O W
O™~ 0O
0O~ Q™
X
0 oW o
QO OWR
OU~OW
oW~ ¢
00 © O
R K X
QOO
00w o™~
00O o0

OO0 O

SO0,

OO,
N~ Mmo
0 O <P~
< ) O W W0
O <> 0w
W MW OW

Lo R To 4 RN}

O~V oo
n~oon
) O W O
Lol N Te I e 1)
0 YO,
POWLO
Q=< O;
) 0 O
0o,
e 1 0 O
(o230 To BAS I o
™~ 0w
) O O W
0~
W 0w
W 0w
NSO

o 1D O W

9 8 6 7 5 6 4 5 3 4 2 8 9 7 8 6 8 7

w0 O ~0

™0 W

Lo gle B L A s

Q>0 o

0w o
(200 o
0 ) ©
<t O,
noo
0 <
o~
O 0
0 YW
> W<
(20072 5
W O Q
™~ 0w
0 O <
B O W

O~ 0

8 6 6 9 9 8 8 7 7 6 6 8 8 5 5 4 3
3 2 3 45 6 17T 8 9 9 817 6 7 6 5 6

© O o

8
4

[l o R

0 >~

7 7
6 5

™~ O~

5 7 9 8 6 4 2 9 8 6 4 8 7 5 3 7 6 4 2 65
6 4 2 3 5 7 9 6 4 5 3 3 5 7T 9 6 5 7 8 8 8

0w~ o0

0 1N W WY OW

© O <
n o0
9 ®©
© o 1)
< 0o
7944
0 X0
00 o0
© ™~ O
o © o
® 1~ 10
~ o <}
© 0
~ 0@
™~ oO
© O 9
~w
© © 10
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© 0~
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APPENDIX - B

P RACTTICE

DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE FIRST FIFTEEN PRACTICES IN CODE WRITING

P ERIOCD

194

- Subject :
l1 2 B8 4 5 6 7 8 9 10 11 12 13 14 15
¢l 11 21 41 52 42 69 65 65 92 103 112 112 98 117 128
ml 66 44 51 66 87 104 87 85 95 107 128 124 141 133 155
e 2 €68 65 66 71 66 78 82 70 B0 67 86 89 93 97 97
mg 30 61l 46 34 77 88 96 77 111 103 124 96 111 124 109
e 3 B3 47 49 63 55 %76 77 67 67 71 80 90 84 96 105
m3 14 14 B35 36 36 56 35 51 56 63 59 "3 62 U5 69
c 4 56 56 73 78 104 99 125 122 124 107 137 134 119 151 144
m4 64 65 61 73 100 106 110 121 133 143 152 164 175 181 181
e 5 8% B2 2835 27 43 52 6 €6 75 88 94 92 1ll4 112 117
mb %2 24 38 53 72 97 95 90 123 104 110 113 121 118 130
c 6 70 69 69 89 82 101 109 114 100 126 121 124 186 138 159
nm8 45 31 44 32 80 95 100 115 137 142 129 173 179 200 214
e 7 21 47 39 64 78 84 81 78 103 107 88 117 126 129 144
m? %4 20 26 38 35 64 47 63 65 68 74 W6 77 76 78
¢ 8 33 33 45 46 70 74 71 76 8l 88 101 102 114 141 131
n 8 22 41 29 42 44 47 45 62 63 55 61 82 B 65 86
¢ 9 59 60 70 101 111 138 139 ©7 119 151 168 170 159 164 187
ne9 51 66 67 87 111 124 139 141 150 159 183 170 192 182 177
¢l0 55 59 70 66 83 84 91 81 100 97 97 104 116 125 131
mlo 49 53 69 97 134 156 156 161 181 185 199 206 212 210 233
‘ell 35 28 44 62 82 90 93 81 105 102 104 109 133 131 140
mll 43 24 46 45 64 79 82 93 111 124 120 129 169 154 183
“el2 47 55 62 71 85 87 73 76 95 83 99 80 93 112 125
ml8 46 59 51 73 100 116 126 139 149 157 197 179 173 207 168
el3d 48 58 60 63 82 86 98 86 67 71 116 132 145 126 131
- ml3 28 24 26 34 30 62 73 VO 96 52 53 97 86 72 69
cl4 50 44 76 61 82 92 85 85 104 83 109 109 117 133 134
ml4 65 52 66 71 95 95 109 112 105 94 96 127 129 152 16
el5 48 .52 77 74 80 40 101 &0 101 108 119 115 121 136 146
mi5 83 68 80 101 130 153 146 154 167 173 203 197 206 223 237
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P RA CTTIOCTE

DAILY SCORES OF CONIROL AND MOTIVATED GROUPS
FOR THE FIRST FIFTEEN PRACTICES IN CODE WRITING

PERTILOD

108

Sub jeet _
l 2 3 4 &5 6 7 8 9 10 11 12 13 14 15
elsé 32 27 40 34 35 57 73 59 82 B84 93 86 92 111 129
- mle 4 16 27 17 38 58 68 57 56 73 58 58 77 82 78
¢l? 28 33 27 34 71 84 107 102 110 113 126 128 140 137 146
ml? 32 38 33 21 35 61 66 64 64 63 68 93 123 124 145
cl8 BL 54 61 45 43 43 54 53 77 67 79 179 111 118 127
ml8 386 46 44 55 71 95 83 93 112 93 119 118 145 141 152
el9 54 59 62 63 88 91 72 86 100 99 103 109 120 120 137
mnlo 37 18 53 74 868 124 122 131 137 138 166 169 182 198 197
e20 17 22 43 43 44 56 54 37 58 67 59 65 79 77 78
m20 2¢ 28 35 49 63 64 64 68 69 71 75 64 91 8O 77
ezl 28 60 84 ©1 111 110 115 92 118 119 111 136 138 142 152
m2l 20 35 22 38 69 83 69 87 101 113 99 107 141 139 147
o223 58 66 98’ 84 113 88 95 112 120 110 114 141 127 136 l€8
- m22 77 69 67 91 119 135 142 152 150 160 163 177 195 219 240
e83 87 37 24 35 40 59 91 46 51 50 45 60 49 53 68
n23 29 31 28 27 47 67 66 64 90 84 103 97 109 113 143
c24 91 63 91 106 100 108 93 67 118 150 134 122 169 153 154
ma4 10 42 52 49 70 74 81 82 95 89 78 106 117 122 146
¢256 656 74 79 €2 101 120 113 132 128 137 128 145 146 187 184
meb 49 49 54 40 73 69 91 9©3 109 108 118 103 116 130 130
ez26 16 285 52 39 51 75 53 58 49 71 69 68 V9 73 88
ma6 56 62 56 57 97 98 113 108 112 159 144 165 195 193 190
ed? 52 64 78 81 85 92 111 03 106 112 128 123 128 133 149
m27 50 54 50 73 96 74 85 84 106 120 134 160 150 160 183
e28 83 68 89 87 118 120 115 96 119 113 133 137 150 166 174
mes 62 50 B0 55 94 88 100 102 128 108 133 139 139 151 147
c89 77 64 77 89 105 119 112 104 140 139 180 158 184 219 220
ngoe 86 86 97 98 152 158 197 206 212 234 250 256 264 278 293
¢30 14 20 55 53 48 81 86 88 110 94 119 120 147 189 185
n30 45 44 47 57 66 78 82 62 75 80 79 82 100 8l 94
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P RACTTITCE

DATLY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE FIRST FIFTEEN PRACTICES IN CODE WRITING

P ERIOD

106

Sub jeet

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
e31 35 56 60 59 61 73 89 90 93 70 111 120 183 141 156
m31 33 35 44 64 89 98 106 111 123 123 146 156 150 188 177
e32 41 30 48 59 80 85 61 77 61 88 o6 117 113 131 137
n32 22 34 33 58 66 89 73 72 90 84 86 79 100 87 121
33 45 31 49 68 83 96 101 76 91 85 118 123 132 145 157
n33 3 38 47 52 84 101 108 101 111 128 129 138 126 139 154
e34 48 47 44 66 45 59 75 68 74 79 93 106 105 112 109
m34 17 27 30 41 42 51 44 51 61 19 56 44 57 69 76
35 g7 71 87 83 122 114 110 103 105 107 117 135 144 147 168
nd5 41 62 64 65 79 100 94 99 105 97 98 113 101 125 122
03 B0 40 56 66 75 B2 84 69 82 69 91 98 118 110 136
n36 28 25 42 30 51 53 44 51 46 41 56 30 65 66 84
37 35 44 62 49 72 83 B4 66 68 90 97 89 96 106 125
m37 36 34 18 41 66 8L 78 80 88 96 90 100 98 104 114
038 41 47 66 68 63 80 74 54 85 63 68 88 85 103 106
m38 B4 44 45 60 57 82 90 77 90 95 &b 105 113 119 123
e39 57 31 51 64 50 36 46 51 61 88 76 77 86 65 94
m3e 43 40 49 64 63 84 88 83 105 68 94 95 107 102 118
40 65 64 91 60 65 110 118 60 119 135 108 149 124 165 160
n40 28 B4 31 52 44 62 64 59 58 B4 73 71 77 77 84
o4l 34 35 47 65 93 111 00 96 81 80 93 96 87 94 104
mal 38 40 53 68 71 89 82 82 108 101 111 114 128 137 148
e42 47 41 65 68 79 85 95 73 86 88 82 100 98 99 105
me2 25 B4 40 51 72 79 100 91 137 139 124 158 173 179 170
043 47 32 52 46 58 74 B84 67 84 70 81 77 88 108 103
na3 30 44 50 48 52 23 53 45 55 71 62 71 86 104 106
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DAILY SCORES OF CONTROL--AND MOTIVATED GROUPS
FOR THE LAST FIFTEEN PRACTICES IN CODE WRITING

107

P RACTTICE P ERI OD

Subjeet

16 17 18 19 20 21 232 23 24 25 26 27 28 239 0
el 136 153 147 155 149 155 154 196 201 210 203 206 218 226 249
nl 166 169 190 180 180 193 197 193 196 193 201 198 216 215 229
e 2 102 108 103 120 122 123 103 120 133 162 129 128 131 153 140
m2 126 1568 180 182 194 170 186 189 190 218 169 196 203 157 18¢
e3d 84 104 99 103 108 110 104 114 121 107 119 133 108 127 110
m3 71 83 95 85 92 102 109 110 126 120 130 137 148 139 152
c 4 149 144 140 147 155 150 164 159 162 200 170 182 181 187 195
n 4 187 200 199 211 213 214 224 323 218 B2l 209 22390 227 254 242
e 5 110 136 147 180 161 154 166 183 168 184 183 204 183 203 201
mb 140 135 159 171 164 177 177 164 174 196 157 188 179 191 175
e 6 157 170 177 188 203 181 178 203 187 220 188 199 186 8234 207
neé 205 226 252 267 268 273 274 273 268 315 305 332 328 349 339
¢ 7 137 151 170 168 150 151 152 171 170 189 184 192 190 187 220
m7 95 98 105 136 103 146 140 153 180 175 174 195 199 200 168
¢ 8 135 170 178 201 189 166 176 196 192 195 182 184 184 192 204
m8 93 131 131 123 141 183 125 167 157 161 136 165 179 166 187
¢ 9 172 175 151 189 199 188 195 181 207 209 203 233 217 214 243
m 9 203 217 243 247 227 22) 248 276 248 279 260 259 259 251 260
el0 121 138 131 157 158 172 173 188 184 181 186 195 197 204 200
mlo 226 249 261 271 272 270 286 299 315 333 286 3228 335 337 353
ell 130 151 158 169 174 180 165 184 177 176 172 178 167 194 184
mll 180 185 222 221 215 232 235 240 234 235 227 243 216 248 252
elR 119 134 130 152 158 150 148 166 156 174 146 172 156 191 177
ml2 206 234 243 252 243 249 266 262 257 262 258 262 264 267 265
el3 104 168 165 183 196 185 200 226 215 256 238 245 226 245 247
ml3 58 /74 96 .82 96 102 102 128 125 117 133 156 144 165 165
cl4 121 133 132 159 160 178 162 178 185 212 193 207 206 203 228
nl4 176 175 171 148 189 182 194 196 207 173 204 217 228 231 205
eld 146 162 152 167 157 158 164 154 167 189 185 207 177 173 183
nld 256 254 272 26S 272 272 287 294 295 307 308 330 297 05 325
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DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE LAST FIFTEEN PRACTICES IN CODE WRITING

168

P R A CTTI CE

P ERI C D

Subject
i 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
16 145 145 142 155 141 168 162 177 165 196 136 197 173 182 185
mlé 93 100 106 105 101 125 105 121 116 113 129 115 138 151 147
cl7 147 168 143 152 177 175 183 18l 177 182 179 199 119 212 203
ml7 146 149 188 193 203 207 206 202 202 209 207 212 242 200 251
cls 142 164 168 170 188 200 187 212 209 221 153 246 219 221 246
wls 169 170 185 199 206 235 239 236 257 254 257 272 283 283 295
cl9 133 158 164 180 212 191 199 209 203 260 217 225 252 220 287
nl9 195 222 226 251 283 244 260 274 262 281 259 269 268 279 282
 c20 77 87 85 104 76 99 9T 108 97 142 102 107 117 144 140
m20 79 93 94 93 104 114 107 112 122 120 106 119 122 121 127
o2l 151 180 195 183 206 188 207 243 216 240 222 233 229 226 252
m21 147 169 183 189 191 187 191 201 205 237 223 239 227 254 243
c22 160 166 181 201 205 212 204 245 242 248 233 275 258 274 287
m22 222 237 266 267 265 277 271 266 266 286 271 288 304 323 289
023 60 93 67 70 106 85 82 65 82 76 6L 63 62 8L 83
n23 114 140 143 155 133 137 141 176 155 168 163 154 156 150 139
024 132 153 168 167 185 184 199 185 169 201 176 188 165 186 180
w24 141 146 151 167 168 183 196 198 190 223 210 213 218 214 233
025 163 192 189 205 204 204 206 205 210 209 205 230 217 227 235
n25 143 152 172 178 160 173 155 163 171 199 196 187 177 207 196
026 69 86 78 110 72 89 83 123 125 111 126 166 163 177 147
n26 196 209 210 207 199 194 228 222 215 216 226 234 232 248 248
27 150 164 149 173 174 177 175 190 179 196 182 192 188 200 204
n27 184 185 173 177 202 208 220 194 221 204 214 222 209 198 217
028 166 188 189 216 227 221 230 208 229 244 228 269 243 249 233
n2s 153 176 162 175 156 188 171 198 174 173 185 215 179 183 180
029 148 230 209 212 231 257 230 239 289 262 251 255 256 262 281
m29 293 300 304 324 323 336 323 343 346 355 349 371 324 358 382
30 182 228 193 224 246 215 223 250 267 257 271 294 278 274 306
w30 86 102 102 117 135 132 119 128 132 143 100 135 155 167 151
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e e e e e e e e e—ae

Subject

16 17 18 19 20 21 22 23 24 25 26 27 R8 .29 30
¢31 165 173 152 180 171 156 187 198 191 221 212 224 201 218 224
w3l 176 190 202 210 206 205 203 216 210 230 221 223 230 223 224
c32 139 134 138 152 141 151 169 160 142 166 155 178 158 177 193
m32 137 157 172 192 204 210 210 214 197 209 232 257 246 243 269
¢33 164 181 166 189 192 194 179 212 212 196 197 225 222 240 246
n33 178 180 187 181 173 211 209 218 207 232 233 240 227 236 235
¢34 115 127 126 150 166 152 163 143 187 173 166 196 194 203 226
m34 80 70 84 92 87 103 102 114 116 128 118 118 140 110 127
e35 157 161 173 188 201 197 230 220 216 228 212 247 244 275 265
_m35 118 147 154 143 145 167 138 173 156 186 170 174 183 178 174
c36 132 150 141 165 168 157 176 180 178 183 176 214 177 186 203
m36 81 82 98 82 101 110 94 103 114 117 112 97 119 135 121
c37 104 128 135 153 141 135 147 147 156 168 173 170 172 199 185
n37 125 123 127 157 152 150 146 157 151 171 169 183 181 181 183
¢38 78 136 100 138 159 158 137 135 151 165 156 176 175 179 169
m38 133 153 155 162 161 192 179 197 189 211 195 205 235 240 233
¢39 73 152 127 154 165 199 178 191 206 191 216 215 199 174 221
m39 106 120 150 155 152 160 166 176 198 172 156 205 217 222 223
c40 177 179 194 202 165 200 219 200 204 210 229 234 227 267 303
m40 77 82 86 107 89 96 101 125 108 111 105 113 125 132 136
c4l 110 149 119 142 182 187 192 190 208 212 199 253 212 R32 239
m4l 150 156 170 146 173 156 164 167 175 182 185 202 194 183 205
c42 92 111 115 115 133 131 136 131 145 164 151 180 170 190 213
w42 188 194 212 214 194 222 245 228 271 251 252 177 249 278 289
e43 104 121 137 151 154 123 140 159 156 139 163 213 179 207 207
mn43 132 119 134 143 144 142 139 175 164 169 137 174 187 184 184
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DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE FIRST FIFTEEN PRACTICES IN ADDITION

P ER I O D

Subject ., 5 5 4 5 6 7 8 9 10 11 12 13 14 15
¢ 1 17 18 23 27 27 26 27 26 27 29 26 29 27 29 25
‘1 2% 26 27 21 27 26 31 31 26 33 36 33 36 38 36
e 2 13 15 12 16 15 12 14 15 13 13 16 16 13 16 15
n 2 5 12 8 3 9 11 8 9 7 9 12 11 .14 18 10
c 3 16 18 16 18 19 21 24 18 18 15 17 26 20 21 21
m 3 10 13 11 11 7 9 14 8 11 12 11 15 15 12 11
c 4 20 19 22 22 24 21 20 25 22 23 22 31 25 29 28
m 4 15 16 17 11 19 18 15 17 18 18 22 23 22 17 =21
¢ 5 3 3 2 1 1 6 4 7 6 7T 8 5 T 7T 7
ms 1 6 8 1 6 15 11 9 8 9 10 20 13 10 16
c 6 10 12 15 14 14 14 14 15 15 17 15 16 16 15 17
m 6 4 8 7 8 5 10 11 14 14 16 10 15 13 16 11
e 7 10 10 12 13 11 10 15 13 16 17 12 19 14 16 11
m 7 11 12 9 9 14 15 15 12 17 19 9 17 19 14 17
c8 7 10 10 10 10 8 12 14 10 11 12 13 11 14 9
m 8 16 8 19 12 12 20 10 15 15 18 13 23 15 17 20
c 9 14 15 12 13 16 16 17 19 17 18 14 23 15 19 17
m9 18 23 23 23 25 25 26 32 23 27 28 31 29 29 27
¢10 11 12 12 11 13 14 12 11 14 13 11 17 16 15 16
ul0 13 10 15 14 14 14 19 17 17 18 16 18 20 18 =20
cll 11 13 16 11 15 15 18 16 17 20 ‘17 17 15 19 19
mll 14 20 14 20 20 20 19 23 18 24 25 26 26 26 23
cl2 17 21 20 17 17 21 18 17 19 21 24 28 22 25 23
ml2 10 16 12 13 16 18 19 15 17 19 17 19 19 23 23
cl3 6 12 13 9 7 14 16 12 17 14 15 23 21 19 16
wl3 12 15 9 14 16 17 19 14 23 17 13 26 20 23 25
cl4 18 20 16 24 23 25 25 23 22 25 22 24 22 25 30
mla 13 14 14 14 15 16 15 18 16 16 12 16 15 17 19
¢15 17 23 19 26 24 24 28 23 25 27 23 28 29 28 30
wl5 11 17 16 18 20 22 25 23 26 26 23 28 26 33 27
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DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE FIRST FIFTEEN PRACTICES IN ADDITION
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S
ubject . o 5 4 5 6 7 8 9 10 11 12 13 14 15
cl8 7 7 11 9 7 12 12 10 10 13 9 14 12 10 10
wlé “~ 8 797 6 6 6 8 11 11 10 10 11 11 13 12
cl? 10 12 12 14 11 16 17 13 8 21 13 18 18 18 18
ml7 14 18 20 18 12 15 20 20 22 20 26 25 23 29 22
cls 23 20 21 24 28 29 25 26 29 23 32 33 31 29 29
mls 8 17 12 10 19 19 20 22 23 18 26 28 23 26 27
cl9 12 16 12 12 13 15 15 16 12 15 15 15 16 16 19
ml9 8 6 8 8 10 11 8 11 9 12 8 9 7 13 12
¢20 7 10 9 12 9 9 14 14 11 6 11 11 11 13 15
m20 6 8 8 8 6 9 11 9 7T 10 6 13 9 12 12
¢2l - 10 15 14 12 17 14 16 16 14 11 15 21 18 22 21
m21 19 19 19 20 22 23 25 25 24 26 24 28 26 25 22
c22 19 21 23 24 23 26 24 25 16 25 18 28 24 29 24
m22 13 15 18 16 19 19 20 23 16 17 18 21 23 23 29
c23 4 4 7T 4 5 3 5 4 3 T 3 9 5 10 4
m23 4 2 4 8 4 7T 88 T 5 T 4 6 9 9 7
c24 11 10 11 7 11 6 13 14 11 15 16 15 15 14 20
m24 17 13 18 13 18 14 16 17 16 19 14 26 21 22 22
c25 9 9 8 13 12 13 13 12 12 9 10 15 13 16 15
w25 5 8 9 6 8 8 4 12 16 1% 9 13 12 12 15
c26 16 23 21 21 21 25 24 24 20 20 22 27 26 25 26
me6 17 19 21 16 20 18 17 25 20 26 24 27 28 26 17
c27 9 16 17 13 15 17 19 18 15 18 15 18 17 16 20
m27 11 19 21 16 20 22 22 18 23 19 21 30 27 23 23
28 14 17 16 16 ‘17 17 16 21 16 20 20 23 19 21 22
n28 17 20 21 23 23 25 23 26 31 26 25 31 27 28 29
c29 13 20 27 25 19 20 23 26 23 24 18 29 24 22 22
m29 16 19 16 13 16 19 23 21 21 21 20 20 21 20 16
©30 3 4 17 3 0 18 14 8 11 7 18 9 15 21 5
n30 16 11 22 16 20 17 21 22 18 22 2% 18 28 26 23
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DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE FIRST FIFTEEN PRACTICES IN ADDITION
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6

Subject

2 3 4 5 7T 8 9 10 11 12 13 14 15
e¢31 16 17 20 18 21 19 26 25 19 23 21 23 24 24 26
n3l 12 15 14 13 18 18 17 19 20 15 21 23 21 17 18
c32 6 4 4 5 4 6 6 1 7 6 8 10 8 3 9
w32 14 18 14 13 16 16 16 21 19 20 22 24 R6 26 24
33 23 21 26 24 24 24 25 25 25 26 2Z¥ 11 29 27 29
m33 13 9 15 15 16 17 20 17 10 22 17 22 23 19 21
c34 16 16 17 17 21 18 14 22 17 22 20 21 18 =21 20
m34 3 6 6 7 3 8 7 8 5 9 10 92 12 10 5
e35 8 11 14 11 10 13 12 21 19 =21 13 22 20 20 19
mn35 11 14 11 12 16 16 15 18 22 14 14 22 17 20 20
c36 13 120 18 13 15 17 15 22 19 16 19 18 19 17 16
m36é 13 15 15 13 14 15 16 13 12 19 16 20 20 18 16
c37 1s 13 12 16 11 11 12 15 15 17 14 15 17 19 18
m37 12 14 10 12 13 15 16 15 20 18 16 21 16 16 16
c38 23 24 28 31 27 30 29 32 31 26 30 35 36 34 36
m38 7T 8 6 13 14 15 14 17 15 18 15 18 13 19 18
39 4 8 8 13 7 11 11 13 8 10 11 16 14 11 13
m39 7 9 10 6 10 9 10 12 12 12 9 16 14 14 15
c40 12 12 13 12 17 15 11 21 21 18 14 26 20 22 24
né0 9 6 8 10 13 15 15 15 13 13 15 16 12 16 18
c4l 10 6 9 11 11 17 11 16 15 4 16 14 17 10 18
m4l 13 918 10 1B 9 12 9 17 14 19 14 14 17 19
c4z 15 19 15 12 15 20 21 19 19 18 16 26 20 25 22
m42 19 19 20 20 19 24 23 30 24 27 30 30 31 27 24
c43 7T 12 11 9 11 9 12 15 14 11 8 15 17 19 15
m43 9 10 8 7T 11 15 11 11 12 4 9 13 14 14 U4

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



DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE LAST FIFTEEN PRACTICES IN ADDITION
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Subject 14 19 18 19 30 21 22 23 24 25 26 27 28 29 30
cl 24 22 21 24 27 25 32 12 30 30 31 31 34 30 35
m1 36 35 37 38 39 40 40 41 40 39 42 38 44 37 43
c 14 14 11 16 16 15 14 15 15 17 14 15 16 14 12
) 13 13 13 13 13 14 14 16 15 12 17 18 19 17 16
c3 20 19 20 16 18 17 19 17 19 21 22 21 23 18 19
u 3 9 14 13 13 10 14 13 16 16 18 13 18 13 16 16
c 4 28 16 30 23 26 24 29 26 33 30 27 25 30 32 30
m 4 20 19 27 18 21 19 22 26 22 22 28 23 27 24 28
c5 9 8 15 7 11 11 13 11 15 14 18 1.0 20 15 15
w5 13 13 12 17 16 13 12 12 16 13 14 13 20 14 8
c 6 21 19 21 26 22 20 18 20 22 26 18 24 21 17 19
n 6 12 14 14 16 12 12 14 10 18 15 17 12 16 13 16
c 7 17 16 15 19 17 19 21 18 17 23 16 21 18 19 17
m 7 14 18 20 19 20 14 18 19 19 15 19 19 20 16 17
c 8 12 11 17 9 17 15 13 14 16 18 11 15 16 21 18
n 8 14 16 19 18 22 18 20 13 23 25 19 23 24 24 22
¢ 9 18 13 19 14 18 19 20 19 21 18 21 20 17 18 17
m 9 28 29 32 29 29 25 30 36 31 33 32 27 33 29 35
cl0 16 14 16 17 16 15 18 18 16 16 18 18 17 15 18
wlo 18 24 25 24 20 23 18 22 24 26 25 20 21 23 26
cll 18 20 20 20 21 18 20 19 22 20 22 21 20 23 19
mll 20 24 28 26 22 25 25 27 28 30 30 23 27 25 30
el2 22 23 27 26 28 24 21 26 31 27 25 25 29 28 26
ml2 21 22 24 25 24 26 25 20 25 23 24 23 20 23 23
el3 17 21 23 19 24 20 19 25 23 27 24 20 25 =21 27
nl3 11 21 23 19 20 18 25 21 24 22 25 23 25 22 25
cls 23 24 31 29 25 26 28 31 30 30 27 26 24 25 =29
mld 18 18 19 16 19 17 16 18 14 16 17 18 20 19 19
15 30 30 28 31 27 25 32 29 24 34 29 28 26 27 31
29 29 27 32 29 30 28 28 35 23 32 31 31 25 34

mls
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DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE LAST FIFTEEN PRACTICES IN ADDITION
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Subject 16 19 18 19 20 21 22 23 24 25 26 27 28 29 30
cl6 7 12 14 13 16 15 16 14 14 17 19 17 17 16 19
ml6 7 10 9 11 14 13 11 14 13 14 12 14 15 14 17
cl7 21 18 22 19 22 18 18 22 24 19 17 21 23 24 27
wl? 31 27 29 27 33 25 32 30 32 30 31 33 37 33 35
cls 28 33 27 29 29 28 33 35 33 36 37 32 38 35 36
mlg 22 25 22 23 25 26 26 23 30 26 30 28 23 31 29
19 14 14 19 12 17 16 17 19 17 23 19 15 17 14 16
ml9 15 11 17 16 14 11 20 12 16 11 19 19 23 22 24
c20 13 14 14 10 13 13 14 13 10 11 12 17 17 11 13
u20 11 13 13 12 15 12 14 13 13 19 14 14 16 13 14
e2l 18 21 17 18 21 22 19 18 28 24 22 25 27 25 29
n2l 20 24 28 27 26 28 26 25 29 28 27 2B 29 25 31
c22 26 27 26 27 29 25 28 27 28 32 31 31 31 29 33
m22: 25 24 33 22 30 29 31 24 27 27 35 31 41 32 35
c23; 7 6 8 8 8 5 5 3 6 6 4 6 1 5 6
w23 8 8 9 9 11 12 9 14 11 12 12 17 15 12 13
e24 17 13 15 16 14 14 17 21 12 19 18 19 14 21 =21
m24 22 19 25 25 20 26 26 27 27 27 30 28 28 25 27
25 16 16 15 17 16 11 17 20 17 13 18 16 15 17 20
w25 18 17 16 10 1.0 17 17 11 15 14 18 16 15 14 13
c26 26 20 23 25 23 22 31 27 28 23 27 24 27 21 26
nl6 32 31 28 31 25 25 29 23 26 27 29 28 28 30 26
c27 18 19 21 19 20 18 20 20 21 18 22 19 21 20 =23
w27 20 23 17 25 21 25 30 15 23 20 22 24 23 21 25
c28 22 21 20 20 24 19 20 22 23 22 22 23 22 24 27
w28 27 27 31 2 25 31 33 33 32 33 35 B4 37 38 39
c29 23 24 30 22 28 25 28 24 26 25 30 2 28 33 28
m29 22 22 23 17 22 20 25 22 22 24 28 18 19 23 22
30 9 10 8 7 9 18 9 11 12 13 17 9 8 6 12
m30 26 27 22 25 29 23 24 20 25 27 27 27 26 29 31
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DAILY SCORES OF CONTROL AND MOTIVATED GROUPS
FOR THE LAST FIFTEEN PRACTICES IN ADDITION
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ubject .. 17 18 19 20 21 22 23 24 25 26 27 28 29 30
31 23 27 20 22 20 19 25 24 25 27 24 24 25 25 26
n31 21 18 21 22 21 24 22 25 26 22 24 22 21 22 20
032 s 5 7 5 9 7 10 10 8 8 9 7 11 9 10
n32 24 23 26 26 21 25 25 24 25 27 30 33 29 28 33
33 o5 30 33 28 33 30 31 30 34 32 32 32 34 29 36
w33 20 19 23 20 23 23 17 20 23 22 24 20 25 23 25
c34 21 20 26 25 25 25 18 25 23 21 24 26 25 27 25
m34 7 7 12 12 9 11 14 12 12 14 12 13 14 7 13
035 14 19 25 18 22 19 22 22 24 20 20 22 21 23 25
n35 21 23 18 24 19 27 21 25 28 27 28 25 .27 26 27
¢36 19 20 24 17 15 15 23 19 21 22 22 22 21 20 25.
n36 18 18 20 20 20 20 21 22 21 21 20 18 24 23 21
37 17 19 14 18 22 18 19 20 17 18 22 15 18 14 20
037 21 20 19 22 18 21 19 18 21 22 21 19 21 21 21
38 36 34 31 32 36 32 36 34 34 35 35 33 35 37 35
w38 19 20 15 16 24 15 20 18 18 19 20 22 27 21 23
39 13 12 12 6 9 9 14 13 12 12 12 10 11 9 10
m39 14 15 17 15 13 16 16 19 15 16 15 19 21 18 17
40 14 18 15 16 18 16 21 25 17 19 24 18 13 26 27
mao 18 18 15 22 17 14 17 13 16 16 17 18 17 14 20
cal 17 19 12 9 12 10 18 14 8 13 18 12 11 19 17
mal 17 20 21 20 14 19 20 17 16 19 21 23 22 22 21
o4z 23 23 23 19 17 21 20 19 25 23 22 22 23 23 21
m42 29 25 28 27 27 32 31 22 29 29 33 28 32 33 31
c43 14 13 13 12 15 14 14 17 20 15 9 20 17 17 17
m43 14 14 14 14 13 18 13 16 9 17 8 11 15 17 17
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1.6

APPENDIX - C

TABULATION OF THE ANSWERS TO THREE QUESTIONNAIRES USED IN
THIS EXPERIMENT

During the course of the experiment these three questionnaires
wére used to find out the attitude held by the subjects toward the
experiment. A small amount of other information was also solicited.
Because some of the questions in the first questionnaire were of &
Personal nature, in that they asked for information as to whether
certain directions had been followed, it was thought best to omit the
names of the subjects. The other two questionnaires had the names of
the subjects on them. The information which the first questionnaire
requested was obtained at the eighth practice with both groups. The
first questionnaire follows,

QUESTIONNAIRE NUMBER 1

What is your sex? MALE - FEMALE What is your age? yrae

l. With which material do you prefer to work? CODE WRITING -
ADDITION - NO PREFERENCE

2. How ha.ve you felt toward the experimen’t so far? INTERESTED -
BORED - NEITHER

3« How do you think you will feel when the experiment is over?
GLAD - RELIEVED -~ SORRY

4. Would you be willing to continue the experiment even if you were
not getting credit in your psychology? YES - NO

5. Have you really tried hard to improve your score from day to day?
: YES - NO

6. Have you simply followed directions without much interest as to
whether your score was good or bad? YES - NO
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QUESTIONNAIRE NUMBER 1 (Continued)

7. Since the beginning of the experiment has your interest -
INCREASED - DECREASED - REMAINED THE SAME

8. Have you practiced the code writing at all? YES ~ NO

9. Have you practiced the addition at all? YES - NO

The answers to the question regarding sex showed that 51 per
eent of the control group were men and 49 per cent were women. In the
motivated group 62 per cent were women and 38 per cent were men.

Answers to the question regarding age showed that in the
control group the ages ranged from 28 to 16 years and that the average
age for the group was 20,53 years., In the motivated group the ages
ranged from 31 to 16 years with the average at 20.18 jyears.

In answering this questionnaire both groups were urged to be
perfectly frank and honest. It was explained to both groups that
’qnestions 9 and 10 referred'to practice outside the regular practice’
periods. Analysis of the answers to questions 1 ta:9 follows.
Question Number

1, With which material do you prefer to work?

Code writing Addition No preference
Control 31 12 2
Motivated 26 11 4
2+ How have you felt toward the expseriment so far?
Interested Bored Neither
Control 26 5 15
Motivated 31 4 6
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3+ How do you think you will feel when the experiment is over?

Glad Relieved Sorry
Control 12 29 4
Motivated 17 18 6

4, Would you be willing to continue the experiment even if you
were not getting credit in your psychology?

; Yes No

Control 32 11

Motivated 32 2
5, Have you really tried hard to improve your score from day to day?

Yes No

Control 40 5

Hotivated 37 4

6. Have you simply followed directions without much interest as to
whether your score was good or bad?

. Yes No
Control 27 16
Motivated 17 24
7. Since the beginning of the experiment hes your interest -
Increased Decreased Remained same
Control 39 0 10
Motivated 34 0 7
8, Have you practiced the code writing at all?
Yes No
Control 3 42
Motivated 4 37
S, Have you practiced the addition at all?
S Yes No
Control 0 45

Motivated . 0 41

It is to be noted that with the first questionnaire the sum
of the answers to all questions asked does not always equal eighty-six.
This is due to the omission of names from the questionnaires and hence
the impossibility of separating the questionnaires of those who were
later dropped from the experiment. It was impossible to make up this

varticular part of the experiment if any subject were absent, as the
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identity of the subject in this case would have become known. The
answers to the second and third questionnaires always total forty-three
for each group except where the subject failed to answer a question.
Althcugh the questionnalires carried no written instructions as to
answering, they were fully explained in each case, and the answer which
the subject wished to make was always underlined by him. The second
Qﬁestionnaire was distributed at the eighteenth practice. This

questionnaire appears below.

QUESTIONNAIRE NUMBER 2

Name Date

1, With which material do you prefer to work? ADDITION - CODE
WRITING ~ NO PREPERENCE

2+ Do you think your attitude toward the experiment has changed since
you filled out the last blank like this? YES - NO

3. If your attitude has changed are you MORE or LESS interested in it
than you were them?

4, Can you honestly say that you have tried to improve your score in
code writing from day to day? YES - NO

5., Can you honestly say that you have tried to improve your score in
addition from day to day? YES - NO

6. Have you ever had any training that would tend to make you good
- in addition? YES - NO

7. Have you ever worked with anything similar to the code writing
which might help your score? YES - NO

Analysis of the answers to questionnaire number 2 follows.
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Question Number

1. With which material do you prefer to work?

Code writing Addition No preference
Control 34 5 4
Motivated 25 10 7

2+ Do you thiunk your attitude toward the experiment has changed since
you filled out the last blank like this?

Yes No No answer
Control 23 20 0
Motivated 18 23 2

3¢ If your attitude has changed are you more or less interested in it
than you were then?

More Less No answer
Control 17 5 21
Motivated 18 0 25

4, Can you honestly say that you have tried to improve your score in
code writing from day to day? ,
No answer

Yes No
Control 40 b- 3 1l
Motivated 4z 1l 0

5+ Can you honestly say that you have tried to improve your score in
addition from day to day?

Yes ‘ No No answer
Control 38 4 1
. Motivated 43 0 0

6. Have you ever had any training that would tend to make you good
in addition?

Yes No
Control 7 36
Motivated 9 34

7. Have you ever worked with anything similar to the code writing
which might help your score? ‘

) Yes No
~Control 2 41
Motivated 0 43
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QUESTIONNAIRE NUMBER 3

Name Date

Place of birth: Town State
Did you graduate from high school? YES - NO

What was the name of the high school?

1. Have you taught? YES - NO How long years
2. Do you especially like mathematiecs? YES - NO
3+ Do you especially like English? YES - NO
4. Are you GREATLY - MODERATELY ~ SLIGHILY interested in psychology?

5, What is your favorite subject or study?

The answers to the question "Place of birth" showed that
forty~one of the members of the control group were born in the state of
Alabama, that one member was born in Georgia, and one member omitted
the question. In the motivated group, forty=-two meumbers were born
in the state of Alabama, and the other member in Tennessee. All members
of both groups were high-school graduates. The schools from which
they were graduated were for the most part swall town high schools or
county and consolidated schools, A very small number were from larger
¢ity high schools. Taﬁulation of the answers to questionnaire number 3

follows.

Question Number

1. Have you taught? How long?

' ' Yes No No answer 1 year 2 years
Control K] 39 1 2 1
Motivated 2 41 0 1 1 (3 years)
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2+ Do you especially like mathematics?

Yes No
Control 21 22
Motivated 22 21
3. Do you especially like English?
Yes No
Control 28 14
Motivated v 32 11
4, Are you greatly, moderately, slightly interested in psychology?
Greatly Hoderately Slightly
Control 15 23 5
Motivated 16 20 6

(1 No answer)

De What is yoﬁr favorite subject or study?
Geography History English Biology

‘Control 8 3 12 3
‘Motivated 3 5 15 1 ,
‘ Mathematics Science Home Economics Physical Ed.
- Control 7 1 1 1
~Motivated 7 1 1 1
Psychology Music = Chemistry Foreign Lang.
Control 1 1 0 - 0
Motivated 4 0 . 1 1
No answer
Control 1
Motivated 2

These three questionnaires and their tabulated answers
yield information concerning the attitudes of the two groups which
seems desirable. The most outstanding thing shown by thém is the

fact that both groups are so cloée together in almost every respect.
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