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INTRODUCTION

Ay plan whi_ch has as ite objective an attenpt to
evaluate teaching methods in terms of Pupii accomplishment is
eminently worth while. The problem as here set forth has
purposely been limited in scope; because the four ﬁmaamanfal
operations of arithmetic can be handled écnvenieintly, in an
experinent such #s is proposed, in a satisfactory manner.

It is practicable no§ only to measure the general
conditions of arithmetio teaching throughout a school, and
growth in ability and effieciency from year to year or grade o |
‘grade, the ‘defeqte and needs of any one grade or grades, bub
the effects of changes in method or procedure as wells By a
peries of testis thrqughout a number of ysars it }ought to be
‘possible to build up a real science of teaching and to determine
by étrictly experimental method the truth or falsity of any
teaching hypothesiss

The evaluation of teaching methods is not a;gplica‘oie
‘o maihematica alone. Comparative teaching methods have lent
therﬁselvea and will continue to lend fhams’elves to other subjectss
Vhen one feels certain that a method is being used 'which has
been provem valid (measured in terms of results secured) the

element of uncertainbty will disappear, and confidence together



with the right method will ensble one to secure better resulis.
The way in which a thing is presented to the mind of the learner
is éonsmered. vital in the learning processe

Today we heer a great deal said aboub thié or that
method of teaching, but 1ittle ‘i:s" ﬂbeing done to detordine by
experimental methods the relative meorits ;of the different mothods.
Ich talk is current concerning individuslized instructicn.
Carleton Weshburn, Superintendent of Schools ab Winnetka, Illinois,
telievea in individualized instructlon, and hag orgenized his ‘
school on this baéﬂs; The Gary Schools are also commented much
upon and praised by educators for the fihe work they are doings
The plan of instruction here as in Winnotka is largely individual.
The Dalton plan is Iar@:'ely‘;:'m‘of individual instruction in the
secondary school divisions There ave many other schemes being
evolved all over the country, but it seems that in all the major
emphasis is being placed upop individuelized instruction which
allows each child to proceed }a,t his own rate, that iz, & rate
where achievement is comparsble with aﬁili*by&i The guestion
to be asked here is vhether each child gets as much out of his
work when he is setting his own pace or does he get more out
of »ééhaol work when the pace is set by a follow classmate?

Ag a result of the emphasls which has boen glyen to
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individualized instruction, many work books dealipg with
different subjects have been placed upon the market by

the different publiahinghouae;a. These books make use
largoly of the element of self-competition. They come

off the presy highly advertised, and their sales are

pushed by high pressure salesmens For arithmetid many
work books are represented to remedy all the defectu in

the children's work in a very short period of time.

There 1s no doubt but that the material fotmd in the

work books is good, mach of it ab ieas‘t, but how much

uge should be made of it is the guestlon of paramount

igsuwes. For example; will these books serve as a good
substitute for much of the work which has been carried on
in o different way? Can formal drill work be carried on as
effoctively whan_ these books are used as can be carried on
without them? How can the fundamental skills of arithmetic
be baat fixed, by drill vhere the indlvidual compotes with
himself, or by drill vhere competition is with oi:hers? There
is no question but that remedial work can be carried on as
effectively one way ag the a'ahér‘.' ‘In the 1ight of Osburnt's.
{6) recent findings, the relative difficulties of numbers
and their combinations are l;nawn, This m‘beﬁal is now made

available in a good many courses of study in arithmetic,



especially the Ste lLouis and Denver a‘tmrses;_

If 1% is discovered that better reaulfa can be
éecureé. by means of work books iﬁ, arithmetic, then no ex-
pense should f:se spared to provide them for the childrens
On the other hand, if it is discovered that ag good results
' may be secured without them, thia money may be saved and the
funds devoted to more worthy and profitable causes.

In conclusion it may be éai& that any work which
is carried on in the right way and vhich attempts to evaluate
teaching procedure is worth while. vyﬂﬁhbusmds of books are
leaving the press each year which are represenﬁeé‘. a3 the
panacea for many of the existing shortcomings of school room
instructions A geientific evaluﬁtianﬁf thig material is
neededs  Individual ingtruction is now receiving a great
impetus in many school gystems, but whether this method of
instruction will secure the desired results in formal drill

in the fundamentals of arithmetic is guestioned in this study.



CHAPTER II -

. Rolated Studies

In 1ooking over the 1'1{;erature which is rel;a.ted
to the problem of this thesia, very li-btle was found. which
related itself direc*&i{y to the evaluation of drill methudu
in arithmetic.

Hany different mai;hod.s have been used in teaching
."bhe fundamental operations in arithmatic but lit*ble hasg
been done to evamate the diffez*en‘b methodss  Good results
| 'ha'va"neen secured by the use of many of these methods, but
111;1:19 or no sclontific means have been used to check tha
results secared in one mathcd with thcse secured in others.
| Of'bea teachers become vi'ball,y intareated in auing thinbs by
one parbicular method aua qp.:tte cf‘ben the results are
»countevd. goud; Io 1‘2: not proba’ble’ tﬁhat’ a diffe‘rent method
pushed as en'ﬁhusiasﬁiaany would have secured‘resuite aés ‘good
and perizapa battersy | | |

It is very often true that a novel plan for doihg
things is suggested and teach&ra. adopt it with great eager-
ness. Sometimes the method is a good one and secﬁrea good
results, sometimes it brings a‘boﬁt‘»good results largely be-

cause of the enthusiasm of the teacher, and often it fails in
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spite of the intereat’wiﬁh vhich the teacher receives it.

As &aa staﬂeafabova, very little has been done
in ﬁhe scientific evaluation of different methods for
handling drill work in arithmetics A brief sketch of the
literature which has been found helpful in woiking out
this problem is glven belows (The numbers in parenthesis
after the names of those quoted corresponds with numbers
given for ﬁﬁe study in the bibliography.)

Migs Lilllan Shenk (1) in her Master's Theois
attempted to prove the relative values of three types of
arill work in arithmetic. She set to work to find out
the vailidity of the parﬁicalar‘kind of drill work in the
Studebaker, Courtis, and dictated drill typess The dictated
drill type as defined by Miss ":s’jhemc’ 1s drill given by the
conventional methods The tea;hef dictated the problems
and the pupils worked thems No rivalry was sbimlated save
that which naf;urally wonld exist between certain ind.ividﬁals
in thé réomsf The Courtis and éfu&ebaker material piobably
needs no explanation, since it has becn quite widoly adopted
and useds Suffice it to say that in using this material

the children use small work books and solve grgded exercises
in the simple operations of arithmetic. The cxercises are

all timed and the individual scores recorded., The authors



provided carda uvpon which is found the drill materials

¥iss Shenk tried mit each drill ﬁypé‘in a differen‘b grade
building in 'Ehc eity of Imwrence, .Kansam The éxpezimen*b
ran for 20 dsys. The Courtis Reaéarch Test was given as
the initial and final tesbts On the basis of rosults
gecured, liss Shenlk conolude& that the Practice Sets were
more effective in teaching the _fuml:amenﬁals of arithmetic

in grades five and six, and that dictated drill is more
effoctive in grades four, sevenn and eight. 1Miss Shenk
did no more to equate the taachers who taught the different

drill types than to say that they we:?a equally good and

o competents The children were not equated on any other basis

gave builédings as far as could be discovered in reading her
gtudy. 'The rcéiiability ‘of the differences werc not showne
8¢ A+ Courtts (2) has experimented extensively
with his testss Bis axgexjiment performed in the Detroit
Schools is published in "The Anrmal Accounting Series"s lire
Courtis tsiaima his téets %o be st»:f.péwrior i‘ér t‘m'e‘e reasons,
namely, (1) the material is stsndardized, (2} the material
makes provision for swmivisory Yeat and repc;rta, and (3)
mokes a direct appeal to the instincts of the éhnd.; Ve
Courtis reports the use of his practice materisl in many

of the large city schools. He also reports great gain in



accomplishment where the Courtis Practice material is

- ugeds Nothing ig sald dboub g;iving an equal ampunt of
time in drill to those chimrm; who did not use the
Courtis Practice materials

In "The School Bfficlency Yonograph® (7) an
account is given of a comparative study mﬁe in the schools
of Cincinnati, Ohios The x’»éauim secured from the Courtis
Practice latorisl and from othey I»zinds of practice mater-
ials ave reporteds  The pupils v}hc used the Courtis
material always excelled those who aid na‘i:; A% 10xmst «
they avomgad 859 vetter in division, and at the mghest
they ,éverage‘d. 8007 vetter in subtractions Nothing ié’ |
sald 1:;. the Honograph as to Just imw the other ﬁrills‘ were
garried on, ‘ar how much $ime was given to theme |

_ Je Cs Browm {4) tested seventh and eighth grade
pupils with Stone's Fzm&amen‘ml Tests Somo children were
uaéd as control groups and given no ﬁrii!.l at ally  the gain
as reglotered by the finnl test greatly favored the children
who were taking the drill.

We Zo Osburn {6} points out the lack of adeauvate
content in the Courtis Practice Sets, He determined by
‘atudying the relative difficulties of nunber combinations
and cortain arithnotical processes, that Courtis had not

provided for eridugch drill on certain combinations while too



mch was probably given to otherss Osburn's major
criticism of the Courtls Practice Pads was that the
cantcnms‘ware notwpremen$ea hccording $0 the relative
éiffiaulty of the drill maﬁeriai;‘ He calls attention
%0 many conbinations w,ﬁich are necessary for a child to
learn in order to become skilled in handling the funda=
mentals of arithmetic, but which we have been wholly
wiconscions of in‘onr tenching.

He Gs Childs (5) experimented with the Courtis
Practice Padse He diséo&ered that there was little or
no transfer of training from one operation to anothors

e L ﬁhls'(ﬁ) points out the value of certain
standard tests in ari%hmetic for the purpose of diagnog=
ing pupils' diffiewitys It seoma that a great mény errors
in work may be pointed out and corrections applied by ﬁhé
intelligont use of practico setss

Batson and Gombeizick {13} collaborated in make
ing a‘atq&y of the relabive aumbaﬁ &iffiéuiﬁiaa, by study-
ing the reaction time of pupile bo number combinatlons.
They point out that in many of the standard text books in
“arilihmetic drill‘material does not appear in fregpénqy

according to its difficultys



10

Fs B. Knight {12) recorded om the basis of
~research the importance of ‘builéing driil material
. eccording to esact specifications. Mghipomts
- out the careless haphamz‘c}. manner in which drill work
48 usually given and suggpests this a8 ‘bhe reason for
children failing to master the fundamentals as they
showlds He attempts o present drill fin his own work
books according to the needs of the children aad rela~
tive difficulty of test materialy
After reviewing the abevé material, there still
appoars to be a need for scientific evaluation of many
of the methods used in tcaching drill mﬁﬁx in arithmatics
Tho question which this study proposes to
answer, especially for tho School at Herenlancum, Missourd, |
ig one —bhm has hot been satisfactorily answered in the
‘mind of the writer, that is, which of the two types of
drill mentioned in this study will excel in the grades

at Heroulanoums
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CHAPTER III

Specific Statement of the Prablem‘

Ouestions to be Angwered and Hothod Used,

Do the pupils in grades four o ei'ght inclusiva
of the schools of Herculaneum, Mssouri, achieve mora in’
the mumber of problems worked right and in accuracy when
drill in the i’fxur fundamental operations of arﬁhmtie
{addition, subtraction, mltiplication, and division) is
glven soumas to encourage group or individual competition,
or do these same pupils show greater improvement in the
nuriber of probléms worked right and in ac‘;curaéy, when drill
is given so as to siress self-competition? Accgraéy as
here used means the ratio of kpz-qblema"mrlcea right to those
attempled ar’%riea..s For exemple, pupil A works & problems
right out of 10 attempted or tried on an addition ieat;
After 50@&;9-9 of drill jbhé sane pupil mxfkyavs prbmema ;‘igh-b
out of ten attemﬁtéﬁ.. _ Pupil A made an aceuracy score of
40% on the first test and 60% on the second tests He gains
205 in aceuracy and 2 (6*4-) in Rightas | |

An abtempt will ve made to answer these quostions

in comnection with the studys What type of drill and in what
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operations do the grades show‘thavgréa'best 1m§rovamen‘h
for sccuracy?  \ihat ﬁy‘pa of éixill ﬁnd in vhat éperations
 do the graaea show the greatest improvements for Righte?

At the outget of the expaiimeni it was planaed
to use grades three to eight imlmive » but it was foun&
vﬁscessnry to carry the work over a perioed of two years;
and the eighth grade for the first ;sreair was lost through
v@:mdua‘cibm The grades actually used in this study are,
then, Grades three to seven inclusive for the school yéar
1925-26 and grades four to eight inclusive for the year
192627
| In the beginning, an initial test (IT), the
Ccnitis Research Test &n Arvithmetic, Series B, Form 2, was
given to 511 graﬂ.éa above the thirde The material found
in the Courtis Ressarch Tests was too difficult fbi the
thirdrgrade, so multiplication and division were eliminated
and instead of using the nine addends which appear in the
Courtis addition problems, only the lower five‘ware used.,
In subtraction the first four digits in the minuénd were
taken and thé first three in the subtrahend ("first" here
means haginning at the left of the problem)s Thia'waa( ‘
done in order to make the test maﬁerial comparables

After the problems were selected for the third

’grade, coples we:e mimaographed for each pﬁpila The third



15

grade took all the initial and final tosts taken by the
other grades only in the abbreviated form outlined aboves
In giving all of the initial and final tests, the
instructions printed on the Courtis Rssearciz Toots were
carefully followods | ‘
The following ropresents the procedure followed

in working out the problems

A meeem I e FF! o FIY o EFY o FIV cmmeems 25 - 26
B e T e GF e FBT e EFY e PO e 26 - 27
‘Whore IT reyz'esém’sa the initisl test —— EP
aix weeka of rlic*ba%ed. grill for six minutes per days w*
xaﬁrcswﬁa‘ the finel test for the first six weelk drill |
perlods EF" 18 the second experimental factor, or the
driil ma‘ahéd. uging self-competition. FI" is the final
tesﬁ coming after the gix weeks of drill in which self-
competition ig used«
| "At above was carvied on during the ééhoo.l year
1925 and 1’3:86; . "B" ig identical with "A" bul was carried
on during the fim;part of the sehool yoar 192627
ITY opposite "A" was given the first Honday in
Tobruary, 19268 FI" é:aﬁ givén in Maye melve weelks of

time elapsed betweon IE? and FT%.
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During the school year 1926~27, as suggeste
ed above, the same experiment in the same order was
repeated beginning in Octobers October was set as the best
" time to give the initianl test becanse this allowed three
weeks of schooling and time %o wear off -l;ize rust accumi- ’
lated during the summer. The children did enough drill
work during this three week period %o restrengthen the '
bonds which had wéakened during the pummer vacations The
resulte of the initisl tost in October showed the children
hod made 1ittle or no progress since the last test in iiay;
The methods were rotated in order to élimiﬁéte

as much transfer as possible. If one method had directly
followed amthar and the experiment sbopped there, the
growth in ebility to do the fundamentals that took place
during the second drill poriod might have ‘neen‘und.u'ly ine
fluenced by the first drill method.

| " While the pupils who were being given drill Em
might have been helped some by the feéulﬁs of drili EFY the
very fact that EF' followed EF" the next year should have
cared for auy franafer that might have taken places

| The sum of the gains_ma&a by the different claaseyaA
in Rights and Accuracy in each operation for the two six

~week drill periods where the method of self-competition was
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used, compared wiﬁh'ihé sum af tha.gaina mada.in each
peration for the %wo six week meviaﬂs in which competi-

- %ions between members of- ﬁhe alaaa regigned, should give
some insight into the relstive merita of the two systems,

In order to cerry on %5a:wark in 1F" {self
Competition) the Courtis Practice Sets wero used ag
bagic material in all the grades taking part in the experi-
mente Six~m1nutea of drill were given at the beginning
of each arithmetic periocd on the fundamentals of arithmetib,
addition, subtraction, division, and multiplications.

For EF' drill work was carried on by the teacher
dictating problems in the four fundsmentals and allowing
the pupils to compete with one another individunlly or in
groupse The members. of the olnss worked with this drill
material either at the blackboard or at their seabs. éhey
were all kept bﬁayg This " drill was carried on largely
in the conventional mamner. The idea stressed fn motivate
this type of drill was, work.tb excélvthe other pupil or
papilés Compebition ﬁas not linited 16 certaln membors
of the clasg, but every menber competed with all. - Yo reco&&s '
at all wore kept of individual or class scorjeéa

The drill BF" (Self-Competition) followed drill
EF' (Group or Individual Competition)s | The final test for

EF' also served as the initial test for EF"« Directions
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outlined by the author of the Courtis Practice Sots

were folléwed, excopt for the time limit. Bix minutes

of formal drill were~given cach day for 30 dayss The
pubils in Berculaneum were ruch below the‘average‘pﬁgil
’in handling the fundamentals of arithma%iczfor their
particular grades, so sufficient material was provided

in the Practice Sets for each assignment to keep all the
pupils busys Bach drili oﬁérciéé was done and individual
seores recorded either on graphs provided by the aushor

of the Practice Sets or on ap@ciaiiy prepared graph . sheets
made by the pupils under ihe supervision of the instructor,
Dyuring tﬁia drill perfocd +%he pupils recorded their scores
in such manner that each knew from dayd to day and week %o
weel just whab brogress he ﬁaa making in his work. Mach
of the test materﬁai found in the Practice Sets is compar-:
able, meking it possible for a pupil bo express graphically
hisg accbmpliahman% over a period of time. During this |
entire drill period nathing_wés sald or done, purposefully
bnithe‘part of the teacher, o call attention to any pupil
the scores éf others. No scores were advertiseds ;Each pupil
worked so far as the situation could be controlled, to
better his own previous performance without thought of

eﬁcelling the othersg
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Dm-ing the em‘a:lre run of the test period. the
'/gmdea ‘bhree to six inclusive Wae taught by

arithme*tic

| one temher,‘// “’h .. ‘,arithmetic for the seventh amd eigh'hh grades
S
‘was tought by ;am%her. Bn*t:h teuchera were well trained to

. teach }méithmeti o Each had had savem}. years of teaching
o gxpexiema’ zx‘r;& Jentereﬁ. inﬁa the emeriment with enthuaiaamo v

bo eachy Bo'ish ﬁeachars we;'e strongly urged to 'be ag entlmsiastie
:j;n/ wzvina one (3,4:*5,11 aa 'i,he “othery el ther axpresaed a mind
slyb in favor fuf either R, f.me;s: gocnmed very amzious o do
wpw:b cov.ld /we &oxw ta emlu&'te %,ha 'bwa drill -byma for the
;ffermzlanez;m SGlmoB. :m ‘berms of results secured in R:S.gh‘t;a
an@. 'Aﬁcuiwy. ”Tm %permﬁement of Schaols wha had S.nitiated
the y)raﬁlefn vi:éi‘i:ed. tha c:laase& often &uring the experiment
and gga{ra 1 Mok saram supexvisions ALl of the initial
and finaz* }beata we:»: mivan by the Supermtena.ent s the papers
,gxad.bd h;}' 'Lha ‘imacéhﬁris a.nd, then carefully checked in the
0f£1ce. / | /'// “" \ ' ’ o .

f b&vem‘i punil% wha we:-e in school when the experimen‘b

-
beg,an dﬁ'opnea‘ upl; aii‘ schno‘l before its completion. Ho

scores *évezie ta’b}ilmed nor uaed. in connection with this
wo::k u.nlea)s tizu pxzpii Was preaen‘e to taka &1l the tests.
It mighﬁ 'be g m:ed ha;cé that & check was made to determine

relative attem{ance fot the two EF'ses The per cent of
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‘abtendance for all the pupils during the two drill periods
of E, F' was 97,5, and the per cent of attendance during

~ the two drill periods of EF*Y was 97,6+ There was no
grade showing a difference of more than 1.5% in favor of
attendance for' either drill periods It is therefore seen
that the factor of attendance ;Slagve& 11%5:1@ or no part in
favor of either drill.

Up until the school year 1925-25 very little
if any formal drill work had been given in the school for
poveral yearse All the drill which the puplls had re-
ceived in the fundamentals of azfi{*hrrmié was veceived in
connection with the regular work in arithmetie, ihat is,
no regular drill period wes given over to the magtery of
the fundemental skills in arithmetice The school rooms had
been badly crowded, the temure of teachers not more than
two years and most of the time just ones

The twon has a population of about 2500« It
is striﬁtly industrial in natures Lead smelting is the
principal industrys Qhavpnpulaﬂcn consisha largely of
unskilled workmen, There is mich illiteracy among the
parents of the school thl&reri_‘. O‘n the bagis Qf Ie¢ Qe
determined by means of the National InteXligence Test,
the children here are below the mean of the ahildren:in
the average commnitye There is a possibility that home

training and environment as well as heredity influenced
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these scores, The character ()f the people, the past
conditions of the school plant, and the general nature
of the town all contributed to a lack of adeguate
learning on the part of the pupilass The first initial
test in arithmetic pointed out very clearly the need of
more emphasis on drill in the fundsmentalss Progress in
the development of these skills naturally has been slows
The problem to solve, of course, was the evaluation of
the drill methods, The status of the children at the
beglnning of fha experiment doesntt mabter muchs Tne
above conditions are pointed out merely to imiéate:the
| general situation, so that a 14tt1e more light might be

shed on the resulis herein tabulated.



CHAPTIR IV

Prosentation of Data

Explanation of Table 1A

Thig %able is road as followss - m&*ﬁ;}m&& grade
worked 87 problems vight in addition on the Courtis Reéearchi Tesh
and attempted 97, This gave the clasg a per cent of auéuraey: of
8841s The Righte divided by the attempis equals the mccuracys
Thege results were secnved for the initial test under EF': On
the f£inal test for EFY (Group or Individual Competition} the
clase Waﬁzefl 78 'xmﬁblemg c:}rr@%m and atbempted 159+ The per cent
of accuracy here for additlon is 24908, The results m&hié second
teot nlao served ag the initial test for IWe {Sélf-compatition);‘
I{z might be well to gtate in this r;unnewivn‘again that the
Courtis Research Tests we‘ré uged in all cases for the initial and
final testo. 'Dii’i'armt serict wore vaed each time tfd' avoid any |
famlliarity with the tests | . | |

For the third and final test after the class had baeﬁ
given drill on EF" for six weeksy the é;ra&e worked, 129 problems right
and attomptod 242 for an accuracy per ceut OFf 55447
A The nurbers in parenthosis aftey each gra&e represents
the number of pupils taking part in the expmi@@zi‘bs |

The scores for all grad.éa in the three test A5 read
the same as addition for the third erades

The results above were secured during the latter mrt

of the school year 1925=26s
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TABLE I A

SCORES MADE BEFORE AND ' AFTER EACH
DRILL, PERIOD BECINNING IN MARCH
1926

initial Test Pinal Test For Final Test

for B.F. ‘ EFl and Initial for FEg
‘ ‘ Test for EFp )
GRADE B A AMCER A ACHE R A ACH

Brd Grade (24)

Addition B7 97 56,1 78 159 49.06 129 248 55.47
Subtraction 15 60 2B 50 111 45.04 68 185 56476

4th Grade {53) | o
Addition 15 91 165 40 116 55.4 . B6 17 2.1

Mpltiplication 1 88 26s3 64 127 50«4 176 BO7 578
Division 0 351 0 92 274 536 210 515 6.9

Subtraction 10 77 12,9 38 685 44.7 68 180  57.2
5th Grade (54) A )
Addition 54 167 2044 77 189 40.7 97 202 46402

Maltiplicationl® 119 16,9 80 150 53,3 74 168 4646
Division 9 111 8.2 17 103 165 37 129 21.7

Subtraction 42 145 2849 76 189 40.2 124 :12 B85
6th Grade (23) | |
Adéition 60 167 55.93 101 184 B4.35 135 216 6245

MltiplicationB8 120 45,58 88 152 57.9 105 176 59431
Division 41 83 49,39 68 119 57,14 112 149 75.2

Subtraction 110 180 61.11 122 187 64.49 167 210 79.52
7th Grade  $15) |

Additton 38182 Bl 73 157 465 84 150 56 °
. Maltiplicationd® 108 475 92 159 57,87 102 141 725
Division = 86 73 40,81 75 114 65.79 69 101 5395

Subtraction 75 129 58,7 108 161 67.1 125 162 75,93
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Explanation of Table B<A

This teble is read as followss The Fourihgrade worked
158 problems right and attempted 194 with a per cent ofb
accuracy of 71.2. For the finnl test for EFY and the
initial test for EF", which came after six weeks of drill in
which the class compoted with each other and with grou.p’s,v the
 fourih grade worked 165 addition problems correctly and atbempted
| '2&.2, geguring & por ceant of accuracy of 68419 |
| For the final test xmé.er EF"y coming after six weeks
ot drill in which self-competition was used, the foorth grade
| worked 290 problems right and attempted 5566 for an accuracy
per cent of 8leSs

éhe nurber after each grade in parenthesis equals the number
of pup:iis’ participating in the worke
B The initial test for ERY in table B-A was given in
October of the school year 1926-27s The final for EF' and the
initial fox"EE’" vas given after 50 days of’&rili in group or
individual competitions The final for EF" cams afber 30 days
of 6,:111' in a’e&.f—-émpetitiam Sixty days of drill elapsed
for each grade from the time of the first test until the
© laste |
The scores for the other grades and operations are read

from table S-A the same as addition of the Gurth: srades



TABLE II A

SCORES VADE BEFORE AND AFTER EACH

DRILL PERIOD BEGINEING OCTOBER

1928

23,

Initial Test

I:‘inal eaiz for Tinal Test
for EF Py & Initial  for EFp
e ..Teat for EFp .. ,,
GRADE R A& acch R A Acch B 4 Aced
4th Grade (%} |
Addition 138 194 71.2 165 242 68419 290 556 B81.5.
Subtraction 92 155 60,12 127 212 56,2 162 245 G641
5th Grade (58] | '
Addition 57 169 53,7 U7 177 45,6 103 202 50,9
Mmltiplication 35 117 30 B3 156 40.4 84 178 49.6
Division 17 42 40,6 28 93 30,13 . Bl 131 3849
Subtraction "3 178 41.6 86 168 Bl,1 113 196 57.6
6th Grade {34)
Addition 116 208 55,5 112 222 5045 126 240 573
Multiplication 85 150 56,3 97 188 5.6 116 215 54i4
Division 57 110 47.3 68 136 43,6 Bl 144 56.2
Subtraction 147 257 62 156 207 75.5 168 261 644
7th Grade (13) | | 3
Addition 106 178 59,55 141 219 64445 145 220 65,9
Maltiplication 87 135 64,4 118177 66467 = 135 233 b57.9
Division © BY? 110 47.3 68 136 "45.6 81 144 56.2
Subtraction 147 257 62 156 207 V5.5 187 229 8L.6
8th Grade (%) ’
Addition 85 159 6l.22 105 162 64481 91 161 56452
Mltiplication 84 118 70.8 78 149 b2.3 92 152 6053
Division 62 085 72.9 105 136 6844 96 122 79,51
Subtraction 129 145 88,96 116 150 Y7.33 115 160

71.87
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Explanation of Tables 3-A and 4=A

~ The data for these tables ove 'calcen from tables
1A and 2h. Referriﬁg t0 table m, the third g;rade worked 57
p;qb;ems(rigght in gddition on the initial test for ERY
and at the cozﬁclusion of the 30-dny drill poriod, the olass
mrked. 78 probiemév correctlye Se.venty-beighﬁ is fnun:lpnéer
final tost for EF's The gain botween tho sumber right on
the iﬁitial test and the nurber richt on the final test
, {*}aﬁsv) i 431, Forty-one is i‘mx‘id.,?.n the first colum of
table 3A u.naer Righte (R) |
| In attempts the third grede in ndaimon gamed
6_2. Referring again to table m 97 probleme were attompted
on the initiéi.test for EFt and 159 prcsblams were attempted
in the final test for EFt, The difference between the
attomyts here s 62 Sixty-two 15 found in table BA under
la} attenpts for HNM. | |
- The difﬁevence botween the accuracles i‘or the
| initial teaﬁ; for EFY and the final test for Epe on toble
1A 49 (49406% = 38‘1% ) o¥ 10.96?5‘ Tig per cent gain in
accuraay ia fmmd in i;able 34 under accuracy for EF'e The
gaina for the other grades in all the different ogeratione
hava been securod in the same manner as those for the third.
grade and a:ca road in the pame ways
Thegaina in (B} rights, (A) attempte, and
‘accuracy {accs) in table 5A under the EF" are taken from

table 2A.



, The fourth grade ('Bhe thirrl grade tha yoar hei‘ere)
vmrked. 138 addition problems right in the (IT) initial y
best for EF' and 165 correct in the (PP} finel ?eeat for EF*s
Twentyusaven nrcvbz.ema is aqual to the gains in rﬁ.ghﬁa between
tha inl’cial and. fi.nal test fo:: Em'* tn ta‘ble 24, for fourth
grade adﬁitinn. This score 27 is ﬂmna mﬁer (R} i‘ar fourth
grade addi“binn and under 2nd ERFf in table BAe
The attempis aml.accumeies in thig table are

figured in the aamg way és Ma_Ri@i:a; |

. The combined e;aiiz for teble BA is found by adding
the gaing in righte for both Q.ril;é as‘well ag the ga.f.na in
‘attempts and accur‘acie.s; For re::am;)ieg 43, pius 27 is ,e:j_uai f.o
the ,tatai,.gain resulting from the two drill z:eriodé in ERY
{Group or Individual Competition)s- Sim;gr-»wa ping 48 is ‘éq‘(?.al
to0 110, tho guing in Attempts, These combined gains are for

fourth grade addition. |

Table %A is rea& the same as table BA. The
gaina v:hich are i,aoulsatec}. on thw tcﬁ)le thou@h are for ERT
(Salf Gompetitienh 'I.'ba differenee between the auorea made
on the initial teats and the final tests for each EF" inﬁ"
ta‘ble ‘LA. and 2A mmmateé, is equal to tha gam rasulting from
the m"a. Referring sgein to table LA, “bha third gra&e L
worl:efl 3’8‘ pro‘blema right on the initial $est for EF* and for
the Final meat tha ¢lass worked :ZQ pm’olems correctlys The
gain here is &1. Figty-one is found in the first columm
of %a‘bia l{A‘ i |



» Table 4A 1 s.z.milar to BA, excepﬁ that 5.*!;
ropresents the galn in (R), (&) and (Aca.) whieh ook place
as a rafmm of H". The data for tuble &b are taken Trom
»'I;a‘b}k.“a 1A and 24, Referring to table I!A, the initial tests
score in rights for the third grade additlon under EF" is found
to be 78 and the final score 129. "'Ms is a ;«_:,?ain of 51 in
righbeg "Lhe gain in ebtemphs is 83, ana the gain in acouracy
is &.41, e &?hese geing ere placed in the appropriaste colums
in teble 4he o

~ From table 24 the "galng® for B ave caioulated
in the same way as for EFte “i*he sobal gains are also shown

in todle 4As



TABIE III A

TOTAL GRIN RESULTING FROM
(EACR IEy

27

G@up Compatition

'Groap Competition v Total

Gain in 1st ¥y Gain in 2nd EFy Gadn
(RADES R A Ae$ R A Mced R A heo
Grade 9
Additlon 41 62 10496 27 48 +3,01 68 110 7.95
Subtraction 356 51 20,04 55 59 «4,92 70 86 15420
Grade 4
Maltion 26 25 18,9 20 8 9.8 45 33 78.7
Multiplication 63 89 4777 28 59 10.4 91 120 56461
Subtraction 26 8 51,8 15 =10 946 41 =2 21.8
Grade 5 |
Addition o
Mdition 45 22 2045 =3 14 «4,8 40 54 1545
Multiplicats 61 5L 28,8 12 88 =4,7 73 69 24.l
Division 8 - o3 16 26 =5.7 24 18 4.6
Subtraction 5& 44 11.3 9«30 13,8 43 14 24,6
Grade 6 |
Addition 481 17 18,42 35 41 4,88 76 58 20,50
Multiplioationd6 52 14457 351 42  2.27 67 74 16484
Division 26 56 7.75 86 53 12,75 8% - 89 2048
Subtraction 12 7 3488 11 28 4,85 23 55 <1.07
Grade 7 | |
Addition B35 55 15.40 20 23 5.59 55 58 18.99
Multiplics 45 56 10437 =6 31 =18,5 37 87 -B.13
Divisfon 59 41 16448 41 51 =445 = 80 92 11.98

B2 7ok =13 5 «11,68 20 57 =4.23

Subtraction 33



PABLE IV A

TOTAL GAINS RESULTING FROM EACH EFg

 RBe

Gains for

Gains for , Total for EF,

First g Second EIp
GRADES R A ACH% R A ACHS B A ACH
Grade 3
‘Additdon 51 .83 4.41 1556 114 13,51 186 197 17,72
Subbraction 18 74 -8.28 36 55 10,0 53 107 2,62
Grade 4 ‘
Addition 16 B8 ~B.3 26 25 Tek - 42 83 4.1
Division 118 40 353.3 23 38 8.8 141 78 421
Subtraction 30 95 =7.5 27 28 6,6 57 1R3 -1
Grade b
Addition 20 13 752 16 18 2.8 36 31 10,12
Mltiplies 14 15 1.9 19 25 =87 33 38 =4.8
Division 20 26 9.5 13 8 126 53 34 221
Subtraction 48 23 18,5 18 - 5% ~10.9 60 67 7ad
Grade 6
Addition 34 32 8,15 4 1 1.47 38 36 9462
Maltiplicse 156 24 14l 17 B6 =B477 52 B8O  =7.36
Division 44 30 18,06 5 6 0 49 56 18.06
Subtraction 46 23 16.03 42 22 11.55 87 45 26,58
Grade 7
Addltion 11 =7 945 S14 =1 =B8.29 =8 -8 L.zl
Maltiplicationl0 ~18 1443 14 3 B8.23 24 =15 22.66
Division =6 =13 2461 =7 =14 11,11 «13 =27 1l.49
Subtraction 15 1 BiB3 =1 10 ~Bs46 14 11 B.37
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Pb_:_.plaxzaawn of xable &é.

| The total gain for R tmﬁ. EE’" in the five
classes and in each Gparation for Rxghts (B), Attempts
(A), and Aacu.racy (Acc.! are ahown in thia i:able,
comparisons made batwem the gains in each E&‘ 10 detarmixie
vhich con&ibuﬁe& to the gﬁeater gaine | o
- The i’ourth grade made a ta'bqi improvement of 68‘ :uz "

Rights, 11T in Attémpiss; and ;Z@Q@‘% in Aqduracy'for the two
arill parifcds EFfe The same grade ﬁé&e 8 total main of 176 in
Rights, 197 in Attempts, and 17?,27:&1 Accuracy yau'ring the drill
periodé EFs  All the above gaih‘s are tww from gourth vgra&.e
addit’icﬁg‘ The improvements of all the grades in the different
Qperationa' are read the same as that :E'dzf Tourth grade "aamion.

Under "Gaing for EF' " and "Gain for B " ink the table
is shown the aifference in {R), '{A)ﬁraﬁ‘d '(fs.ccg},;févqring the
EF. For example, using the scores made in Rights for fourth grade
a&&ition a.gaih@ 88 represonts the total gain in Rights for EFt
and 176 the total gain in Rights for EE"j'sand the difference between
these Rights is 106, This imprwaxzient fa'&dra EFT, 80 198 is written
under (R) i’ar "Gains in E}?"“ Attempts and Accuraey are ﬁgm'ed. in
the panie way for all 'the operationa in sach grade.

Thig 'ba.‘ble i.ndwemes ina general wey the drill which

emcelled in each grade for the different opevations. No grade

peenms to be favored exclusively by either methods
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The g,uea‘b:ldn which this table ngtur'ally raises
is whether the differences in favor of EF! and EF" are
really significent differencess

© Reliability of Difforence Tables have been
worked out for the differenﬁgmﬁ.ea and in each operation

to determine just how reliamble the mean differences ares



TABLEV A

COMPARISON OF GAINS I¥ HACH HF

;.

Total Gaing Total Guing 'Eainbfa?oring Gain Favor-

in EI“J_ Gule — in ERs 360& » 1‘11?1 ing EE*‘?

GRADES R A Ace$ R A Ace% R A Acc® R A AcC

Grade 4 .

Add. 68 110 7,95 186 197 17.v2 1867 9.
Subtrs 70 86 18.2 B3 107  Re62 17 ’13;58 ,‘ &1
Grade B R ”

Add, 45 B3 2847 42 83 44 5 20,6 B0
Mlts 91 128 58,81 133 197 1641 42,71 41 69
Dive 101 294 23,2 141 78 42.1 216 40 1849
Suby 41 =2 21.8 BY 123 =1 | 22,8, 16 125
Grade 6

Adds 40 B4 15.5 B6 Bl 10.12 4 B 5,58

Mlte 75 69 24,1 23 38 =4.8 KO 56 2849 o
Dive 24 18 446 53 B4 22,1 9 16 175
Subs 43 14 24,6 60 67 74 17.2 17 53
Grade 7 |

Adde 76 68 25.5 38 36 9.62 38 22 15,68

Malte 67 74 16484 82 80 «7.36 85 24420 6
Dive 83 89 20.48 49 56 18,06 54 53 2,42

Subs 25 55 ~1.07 87 45 26458 - bs 15 =26,
Grade 8 ;

Mas. .55 58 88,4 =3 =8 1.21 58 66 1.
Malts B7 87 «-B.13 24 =15 22,66 2B 102 30

Dive B0 92 11.98 =13 ~27 11.49 93 119 1443
Subs 20 37 ~4423 14 11 35,37 6 =26 7.6
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Explanation ond Interpretation of Table Fifteen B

| In this table %— summard sed all the data appearing
in table 1-B to 14-B, and also that from pimilar tables not
appearing in this work.

The d" for the gaina in rights in fuu.rth grade
eddition i8 4.24, the C for -bh‘e gaima in the per cent of
accuracy 3l.8, the moan score for gains in aé&aracy 11.25%, |
and the mean sco‘re‘ for gains i-z‘;v rights 2.85; The values sbove
wore attained while the grade was being given drill on EF'
(Inaividual or Group Oornpetition). :
Under EF'" in the table ia found 9.86, vhich is
jhhe ¢ for the distribvution of gaigxs in rights, 3548 for
the distribution of gaing in aecur;zcyﬁ 81425, the mean per
cent gain in acouracyy and 7433, the mean gains in rights.
These figures arve all taken from fourth grade eddition in the
tables | |
The formmla “%—‘ is thereliability of difference

formila which is used here to ascertain if the difference,score |
under each EF for rights end accuracy is a slgnificant difference.
The #ou cthgrade class in addition made a mean score of 583 in
Rights under EF' and a mean gain in Rigﬁté of 7.35 under the’
drill EF", The question natux;zlly arises as to the significance
of the differonce. The difference is seen to be 3.50 in favor

of EF". Would further testing of the two drill methods (EF' and EF™)
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glve commaroble rosulis,oris it proboble that the results would ha
roduced t0 sowo? This diffovence probebly diverges fron the true |
Gifforence am to £ind oub vhat the divermonce is tho i'el.iamlity of ‘
the difforence was calculated. The B sorles of tobles will show how
éhm wos dono.fov. { Sigan of the avernge) was dotermined from the
Roliability ZoblesThe (Jav': vore thon oubositutod in the formila #Dice. =
(@.v‘}:‘(@v“/ . The signo of thoe difference for *rights’ in fourth grade
eddition o thus found t0 be 1.17. This 45 also the Stendard Error ui‘
the Aifference betweon tho meon scores in Yrights'( 7.33 = 303 }, 3e5e
(D122 18 intorpretod to momn that in 68 timos out of o 100 tho true
aifferance botuecn the mosns §n *rights® doos not vary from the
obtalned Aiffercnco{3.5} by nore than plus oF ninmg 1.1‘? "pightst, "‘h@
chances ave 68 in 100 thet tho %rae differonce lies within the limits,
3.5 plus or mime 1.17. ‘

- The {_ D)  betweon the meah gcore in "rights for EF¢ (3,833
ond the meen ﬁ%ﬁm *plghte for EF" (7.33) 4a S0 for fourth geade
eddition. This was obiained ?3; Alviding 3¢5 by 1.17. The 395,&9
oxplained above, is the ﬁiﬁmmne& botwoon the moon 'righta’ i‘ax' fourth
grodo addition, aad tho 1,17 is the Sigun Difforence.

oranslating 30 into ohence by meons of tables found In |
® Statistics in Muontion end Poychology " by Honry B. Garrett (7)
it is dipcovored that in 99.9 times out of a hundred similar
rosults will bo secured £rom tho 4w drill mothods wndor the
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same conditionse  IE" proved to be aup‘erioz* to EFY
in learning the fundauentsl ﬁgills‘neeé.e&%q ao addition
in the fourth grade of the Herculaneum Schoolss

The relliablliity of the 'ﬁiffqrence in.gocuracy
between the two drill methode was determined in the same
way in which the veliability of the &:‘;i’f@areixc:e in Rights was
determineds  The results for each fundamental operation in
arithmetic. for each class were caleulaied in the seme manner
a8 aiplaina& ebove for fourth grade additions The B sorles
" of tables will enable the resder to check and understand
better the contonts of table 15s ‘

In columns 13, 14, 15, and 16 the ( of reliability
differences in both righte and accuracy have been so arrangod
a8 to enable the resder to tell at & glance the parficular -

EF" which the @ of reliability favorss



YABLE XV

wable of Summaries for Comparisons in Achievement for Each E. Fe

Jﬁ(-;

For Do B . For e R® 2 5 D a'mff.w y ODith.
R 5 o g S opifr,  ror EeFe™ - pop E:__Ega
T 1 2. o R 6 7 6 9§ 1o 11 12
S R :ﬂ&cc. s.é.e?zjfs 3“13 o’R sdhces Acc: R fn 3D : R tdcCes Rz Acc: R 3 Ace.

-t

Amgrml ) R N S SR A I T T B M - - VSR Y- AN T

Addiuiam Loy 51.8 .11‘25,.2.85'5.86- 3.6:3];25*&.55 zl.l?s %350”:“.1( . : : .-.- 36 3 2,184
H 5 H H 3 g '
Subﬁzractmn&&%%.ﬂ }12. ..u%z: 5.56:4.-6.6: 292'2.21 .913.2&&‘3&‘}‘30’:.2570?.‘?86 s 5’?(7’: g
bth grade A 3 3 5 H 2 3 3 : s
TOALti0n " 1eB86:57.71:50,15:1,563 1.95.4@.5;17.75;1..27: .¢?~ s.as,aaém@zw.x.&o’ :
Mnltiplie 2 : 3 ¥ 3 3 3 N
Eation 2.111:&2.1 60,2 ;2,76:3.55 50O aSO.ﬁz%.Gﬁz .?131015.1%0?2-70’: 'Ba?o’ :1.?80’*
Divie 3 s 'S [ & :. % 3 ‘ '
sion 2.1534.2. -éﬁ.lﬁ :‘3.13:3.3.9.4&%349.451&.2?: .62.10.5&86»87& 3 3'1.8 0’ 32 oB70
Sithes g -3 H
traction 1.5&'.«&5.3"38./9 :1.-3%:1.5?{55.1:31.0531.5%2 .58:12.85&.’79&36&65 :.64':0’:8790‘ :
- Gth grade ‘ '
Toaiticn. . Bel0s! z?.fw.gm@u:t.‘wg « 02 80,8021 2903, 14052, a 6529 "98:.230’3.96;,230’3.90’5 2
’:”.Lm}pl.in‘ 3 g s 8 "8 -3 & : 3
citilon - 1o9 zzs.s 37.%?.15 2, 78248, 5:15.33,9'3 2 .59:10.63:.2&3. ao’:z:m’s 2
- Divie 2 3 3 3 : 3 s ) A
sion 1«8’?-41.‘?:3.5.8?; o 71:2.14342,5:2 2.06:.9’? 2 ‘49:10.3?:;5@:.796 : g s.»&o’z « 7907
. Bbes. & $ E ' 3 3 3 3
$roction 2.33-40,5 2@»8&:3.;3.8.2.98%‘? 213 .?»’?6: '65- ?.31224315 slﬂ?fa -*1,070’ .2.40’5.
7th grede F A g T 2 g 2
Addition Be 26*&509:27.613 h&ﬁ*ﬁ.&.51.5’8.%31.65‘1.06 1105&‘3.055)’910?4'-%0’310?6‘ 5 8
Holtipase 3 H .8 : 3 s : .
cabion 1.%:432.5*2.6.?&'2.%*1.4:8"59.6:-»2.4:1.59» .,95:11«» '1.66:1.6&1.6“1‘.60’: Y
Divie 3 z P ] s 3 $3
. pion 1,483 4.4:24.91«5,61-1.59 51..:1233'2.- 32 .63.-5.13..4 :3.50"1.60"5.56.1,60”' t 1
Sabe 3 $ 3 3 s 3 3 %
traction 2.,82:80,8: 5. 53..06*'2.66 4&&2"‘"&;»1*5.3 s .96:10.50:2.950’: 5.56& t o 22.930334560
8th grade 3 H 2 s 2 Py s s $ 3 H
S Addikion 5¢?6=31¢3:-8. 28,67 23,50135,4:16 38w 2 2165 -3.2.22"2.99‘(2.010’ 32.990’3 e 12,00
Iultipli= ) z 3 $ 3 3 : z : H 8
cation 2.22:5259»16.%,2.&7 3.6%&1.4.1718*1;5 :1 09: 9.22: .85 :2.9 6 g .84} g 3294~
Divie 3 1 3 3 3 : 32

sion 40%2%‘5‘0233305 :50 832 EQ 14y 41 %llq?“”t 87 "1‘75.150 ’3,5(31‘010"3' 56“1' 31 6" 2
Sabe 3 % : R | : H : R LI
traction 1019" SL ‘l - Sl 5522,05:504,3:4.8 3 .95. «01 ‘10 3«.555& » 956206563 3 e 930
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Explanation of Reliability of Difference Tables.

1s Agcurecy Tablosi= o

| All 'acc{ix-aay tables are road the same ag Table 7B
{Seventh Gi'ade Subtmé"bicn)s

‘The accuracy scores whs.ch make up the distribution

:E'aumliéeaaé. a=d in a1l the acouracy tebles were determined aa followas
Pupil A nade en securacy score of 207 on the initial test for group
competition and 907 on the fiximl tests A's gain in percent of
acouracy for this drill period is 0% For drill on the same
operation the next sehiool yeory pupil A mokes an accu’raéy score of
50% on the initial est for group compebition, and on the final
test a score of 607 thus showing a gain of 107 in the final test
over the initial teste His tobal gain in per cent for both
arill periods in group compotition is 80% | 70 + 10).

- After the gaing in percent of ageuracy were vcalnulateé‘.
for every pupil and in sach 6pera%ion,' distritution tables were
made &8 7Be These tables were used to ‘Becﬂre cez-téin definite
information relative to the a::hievement in both drill methodse
(EF‘ a.né. EF")e

In table 7B are found the scores of 23 pupila» H= 2%
‘I.‘he averaga tgain in per cent for group competition?, for EE"
calculate& from the table is 5% and for EFM 37.61%. -

g- - for EP? 18 5048 and for EF" 40.2.

The G, for EFY 1s Gu42 and for EF" 8457

The Gore 18 10456 | -

D o
T is 3008 0
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“The 0 for EE" means that practically 6 8% nf all
" the a.ccurucy seoros fall be’cmen 55 ang £ 5_0.8,‘;? | Thio |
indicates that the scores are not grouped near the ﬁe&img but are
widely ﬁ&aﬂ:tered. : |
the G av, for EFY is 6,52, This meens that the chances
are 68 fn 100 thet the trus mean doss not vary from the obtained
moan by wore than 1 , thet 1s by more than 5 X 6422,
The Oper _ means that the chances aro 68 in 100 that
the actual difference botween the means (57.61 = 5) does not vary
from the true difference by more than 52461 £ 106356 |

The D : ' o
1'51’ ta‘ggf*) means that the chances are 99.9 in

100 that the mean gain in a@curacy for EE' and EF“ will be greater
| than zero and in favor of E’é’“c |

Bight Tobles te ‘
| ‘ In thesge tables are ahown the 'Gains* in the xmmber
of prohlems workecl rigm: for evary :pupil 5.:1 both arill methodse
 For example;w Pupil A Works 3 problems right in the initial
 tost i‘vor’ EF' and 4 problems richt in the £inal teste For thig
| drill period & gain of 1 is shown in fﬁghta-* + TFor the next
arill period in EFY, pupil A vorks 5 prc;mems in the initlal test
~and 7 in the finels A gain of 2 in 'Righte® is shom for this
drille The total gain for the _ﬁwo drill periods EF' is three in
*rights’s Acecomplishment for every pupil in‘a'xll thg operations
and for both drills (EF? and EF") was determined as that of pupll A

and then distribtution tables made.
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The f£indings of the tables shwi;dg-%he Ggia‘pfibx;tion

of *rightt are interpreted the samo ag for the aacuraéy“‘tablesn

%tes Hot a1l the tobles ave chown in this afudy.v ‘The

summarics from all he tables are found in Teble 168, howevers
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TABIBE I B

RELIABILITY OF DIFFERENCES IN ACCURACY
FOURTH GRADE SUBTRACTION

GROUP COMPETIVION , SELF COMPETITION

RIGHFS F D FD FD®  RIGHTS P D D FD?

A0Cs 9 , _ A0C« 4 L
90-100 1 8 8 64 90-100 3 8 24 192
80-90 0 7 0 0 80=80 2 %7 1 - 98
7080 .1 6 6 36 70-80 L 6 6 56
60=70 1 5 B 26 80-0 O 5 0 0
50mB0 1 4 4 18 BO=60 1 4 4 16
40~50 0 5 0 0 ac-50 1 3 5 -9
30=40 6 2 12 24 30-40 1 2 2 4
2030 0 1 O+33 © 2050 1 1 14B4 1
10-20 2 00 0 10-20 5 0 0 0
0-10 & =1 =& a4 0-10 2 =1 5 2
~10~ 0 2 =2 wd 8 ~10-0 1 =2 =2 4
“20= «l0 1 =B 3 9 w20 =10 1 =3 w3 9
wB0= =20 0 «4& 0 0 =30~ =20 0 =4 0 0
i =50 2 5 =10 5O  w40w =30 2 =5 10 50
wBOw =40 1 =6 =G 36 wB0=«40 2 =5 =12 72
wG0% =50 2 =7 <1441 98  wG0= B0 ‘1l =7 <7-37 49
BT 370 Y=z Wit B93
C26 £.25 %= ,0625 O & AT #4708 0% = 501
Gehe = 15 - Gede =15
AVWS 15 +10(me25) = 1245 Ave %16 = (10 z 4708} & 792

G =0 = 0B 10= 5.2 O B3 < 0T x 10 = 46:6
24 ' ‘

@vr 23942 = 8.02 OM* = %?% = 9,53

0D = 4(8,02)% 4 (9.55)% = 12:45

. 2.5 m 7492 2 .3
Rehebmz‘} ex D ‘2"‘"“1’2"3‘5‘5‘“‘“" N 7G~A
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TABLE II B

. RELIABILITY OF DIFFERENCES IN RATE
FOURTH GRADE SUBTRACTION

GROUP GOMPETITION SELF COMPEPITION

SCORE ¥ D. F» ¥ SCORE F D ¥ ®DR

RIGHYS | _____RIGHTS .
~5 3 4 12 48 -l 2 6 iz 72
-1 0 3 0 6 =3 2 5 10 50
o 4 2 8 16 -2 1 4 4 16
1B 1 58 3 <1 0 35 0 0
231 0 0 0 6 2 2 4 8
5 5 =1 =B 5 1 2 1 2488 2
4 35 <2 =6 12 - 2 2 0 0 0
5B 4 =3 12 36 5 & =1 o4 &
6 1 =& =2 18 A N 4
7 1 5 =5 25 B 5 =3 =9 a7
8 0 =~ -4 " 0 6 4 -+ -1 B4
9 1 -7 =737 43 % _1 ~B =53 25

W=7k 1% @08 ez V.V )
C= 14 5 -,508  (Rw .54 S gm-s =167 (PR = 028
= = ‘

(=208 = 23 = 2489 =272 =028 = 5,56

Y % 289 = 4501 | (hvy = 336 = 4607

(Fn = 29 2= 5 = sor

My = 2492 My = 2,21

p =Y (591)2 + (4607)° = 906

Rolisbility of D = 2.92 = 2,21 @& 8
L8086
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TABLE IIX B
FaLIABILT’l‘Y 05’ DH‘FLXW"”KGES II% ACCURACY |
FIFTH GRADE hﬁ}L‘f}iPhIﬂA&’?;Oﬂ

GROUP COMPECITION =~ - SEIF COMPRTITION
SCORES F D 1D FD? SComES F D ID D8
ACOs % » MGG ‘ : o
340-150 1 9 9 81 180-130 1 9 .9 g
130-140 1 8 8 64 110-120 0 8 0 0
120-130 1 7 7 43 100-110 1 Y 7 49
110-120 1 6 . 6 36 90-100 3 & 18 108
100110 5 & 15 75 80-80 0 B 0 0
20-100 1 4 4 16 70-80 5 4 12 48
BO-90 1 3 B3 9 60~70 2.3 6. 18
P0-80 B3 2 6 12 Bo=60 5 2 10 . 20
60-70 5 1  3+61 3 40-50 1 1 1+63 1
50-80 7 0 0O 0 8-40 5 0 0 0
40-50 3 =1 B &  20-30 0 =1 0 0
S B0=40 1 «B w2 4 1020 2 &g wd 8
2030 1 =3 =B 9 0=10 0 =3 0 0
10-20 1 =4 =& 16 100 4 <4 =16 64

0=10- 2 =B 10 50 »20s «B0 3 =B =15 75
=10~ 0 1 =6 =6 86  -50-«20 6 w6 <0 . O
=20~ =10 1 -7 w7 49 w0~ w30 1 =7 w7 49
“30= =20 0 «8 O 0  «B0= =40 1 =8 «8 64
~A0we w50 1 =9 =9 ~44 1 =60~ =50 1°=9 =9 81
: BE=R 177 B985  ~70- <60 0 =10 =0 0
w80« =70 2 =11 «22-79 242
=33 wib 856
¢=17 =15 %= .65 - C =16 =.485 02 = 235
Gello= 555 AV = 55+(10 X ml.:) 60415  GeAuS 353 Ave= 55+(10 x ~.4e.;)
P i # 350415
- =]/ 898 ~ 265 % 10 = 42,1 ' n’f 836 =~ 4255 x 10 = 50
o 85 : B8
(B9 = 42,1 = 7.3  (ovp e 50 = 871
55 | 55

@=L ‘05134.18.71)%:11‘15

Relia b)l\T\ o.;bﬁb»lﬁl; 20'15 = 2,700
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CADLn IV B
RELIABINISY OF DInpumiuiles I¥ uavm

CPIPTH GRADE ILRIPLECA0L0H

CROUR ODLRERITING ‘ SELP COMEmIIION

5 BB

g |
3

scone BOD 0 BD ol

10 bo
1z 48
o a7
& iz
4+40
0
w3 8
ol 12
il 45
wdly i6
-5 25
; o 18-49 108
i anmne manans gl

6 16
o

b

kol ae
©
&5
b
o

mw&m%dmwa&

$1ro b 1o e Ol o e b |

!

2

o

£

Lo
~3i{5* S

bt

= A

w@mw@m@@mwmﬁﬁéﬂ

m&&%é%@wwg%@%‘

i U LI UL T

057 e ,uar of w000 ¢ :'g%-* 2,12 CF ® W0iee

ot

Tw 267 = <00 & 2681 Cw {335 = #0102 & 505

oYL B 2el1  w #0190 I = 4600

343
(8vy = DeU3 W GD7Y

= 2470 ey

(D5 Jle229)5+ (o577)° = 4715
Rollobility of D& 4,05 ~-Bs70 = 178G

*
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TABLE V B
RELIABILITY OF DIFFEREFCES IN ACCURACY
SIXTH GRADE DIVISION

GROUP COMPOSITION -  SELF COMPETITION
SCORES F D ¥ - ¥R SCORES F » B FDR
ACCe % L  ACCs % >
120-130 © 0 0 0 .120-130 - 1 11 11 121 -
110120 1 11 1 121 110120 0 10 ] 0
100-110 2 10 20 200 00-110 1 9 9 81
90-100 0 9 O 0 80«00 0 8 8 0
80=90 0 8 0 0 8099 3 7 2 98
7080 177 49 7080 0 6 0 0
60-70 0 & 0 0 60=70 - 1 B 5 25
B0~60 L B 5 25 60 5. 4 12 48
40-50 0o & 0 S0 4050 1 8 3 9
B0=40 5 3 15 45 B0-40 2 2 4 8
20-30 8 2 & 12 2030 5 1 z68 B
1020 B 1 Bt67 3 - 10-20 5 0 0 0
0-10 7_0 0 0 0~10 10 <1 =10 10
«10= 0 S wl o« 3 w10e =0 0 =2 0 0
(e w10 82 w2 b 8 2 wl@ 2 -3 - 13
w30 =20 0 =3 =0 4] wF0e =20 Y md wdl: 16
l0n w50 2 =4 w8 32 “ldQe =30 0 =5 0 -0
w50s w40 2 =5 =10 50 w50m =20 0 =6 o 0 -
G0 «B0 2 =6 12 72 ~60= =50 1 w7 =7 49
=70- =60 O -7 037 0  «70-~60 1 <8 =8 64
TR %0 620 wi0m w70 1 =9 -9 -4 @1
07 ) 631
C = 30 = .802 0% = 777 o= % & 706 CR = 4408
20 .:54

Gode = By Av = 5{10% .882)% 18.82  GuAs = 153 Av = 156+{10K .voe) - 22,0
0 = /620 = 777 % 10 = 4.7 0 = 651 wn 4498 x 10 = 4245

o4 B4
(v = 41,7 = 7.16 (5%, ® 42,5 = 7,50

Voa | (E2

7D = 1{7:16)%:(7.30)2 = 10427

Roliability of D & 22.06 = 135.82 & 790
' T 10487
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TABLE VI B

RELIABILITY OF DIFFERZNCES IN RATR
SIETH GRADE DIVISION

GROUP COMPETITION EF: . SELF COMPETIVION  Er?

o
3

RIGHTS 7 ® RIGETS F D

SCORE - BOORE

g |

7 w3 & b 1R
6 ] 9 av

9 =l &

0 ‘ | +

A
5

0

11+30 i1
o 0
e 8
wh 12
T g
w4 16
2 =10+356 . B0
¥ £ 156

o
fo g
it

-2 =2 4
-3 =0 0
4 -l 16
«B =516 2

W igE

. I R 3
mmﬂmmko&m

PG oM pas |

S © b i[O g 2a
§
s
.
o
o
R ) R e |

mm%&wF

 §

05 10 =284 02w ;08  CF.4%e,118 R .01

T 122« 08 = 1,87 (w1156 = 4014 = 2,14
e B B

(B = 1,87 » ,521 . (Bw = 234 = 4568

M # G706 : Mz = 4972

0D =1 (+521)%{.368)° = ia08

Reliability of D 2 971 - 706 = .54 0
«488
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TABLE VII B

RELIABILITY OF DIFFERENCE IN ACCURACY
SEVENTH GRADE SUBTRACTION

GROUP COMPETITION | SELF COMPETITION
SCORES F D ¥ F® scores F D ¥ B
A0Cs 4 — e BECHE R
7960 1 7 ? 49 140330 1 11 11 121
6070 0 6 0 0 150-840 0 1 0 . O
BO=60 1 B 5 25 120-13%0 0 ¢ 0 0
40-50 0 4 0 0 110-220 0 8 0 0
BO=~40 5 3 9 27 100-110 1 7 7 49
20-30 B8 & 8 90-100 0 & 0 0
LX0-20 2 1428 2 2 BO=90 o 5 0 0
. 0-10 5 D" 70-80 B 4 8 32
«10-0 B - G 5 60=70 2 3 6 18
«20= =10 1 =2 2 4 50«60 i 2 =2 4
“30a w20 3 =3 2 27 4050 4 1 41436 4
40~ «30 0 =& 0 0 B0-40 4 ©
B0 w40 1 =D B 25 20=30 1 =1 =1 4
«G0= «50 0 =8 0 0 10«20 1 =B =2 &
w70 «60 1 =728 7 49 0-10 3 =3 =9 RY
=23 ° T 219 «10- 8 0 =4 =0 0
“20= =10 2 «5 =10 . 50
»30= 20 0 =6 =0 -0
0= =30 0 w7 «0 0
“B0= =40 1«8 =8-30 64
§=25 3 o7
c=0 C= 6w .261 C2= ,068
‘ - 25 N .
Ave 2B Gel, ® 355 Av = 3510 X 2261) = 57.6)
T ={2g  0Xx10%s0.8 ﬁy;q%g ~ 4068 X 10 & 40,2
5 .
(Av. = 8.8 = 6us2 (Bvz = 60,2 = 857
¥23 115

(D = |fT6e82 17+ (81571 = 10,55

Rollability of D= 57.6L .5 = 5,080
” L0050 -
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TABLE VIII B

RELIADILITY OF DIFFERENCES IN RATE
SEVENTH GRADE SUBTRACTION

GROUP COMPEINITI Oﬁ SEIF COUMPETITION

SCoRE P D FD 2  SCoRE F D D nlg
RIGHT | ____ RIGH o |

4 16
& 218
10 20
_ 1+B3 - 1
o 0
=l el 4

8
0

Rt Ledtods'
b =3
B =1
a- 1
-3
b
Be?

nliwe -ty
G w1
wle X
1.3
Gub
BT
7=8
. . N 911
| Hw23 =8 64 lhﬁ

olmeapn |

10 o or{ea 1ok
@1 10Ol 0%
o o ololawo

g ol
. -}-‘?5 ) o 9 i
*& ,__12 16 .
% i B3

“?Hc}mﬁhqwmww

Cw =8 & w347 (2w 4119 Celr = M R e 297

- +847 X 2% 2,82 | crm\)sa » wn X 2 = 5,66

23

Avy ® 2.82 ® 589 Ryp = B.66 = 763

Mm=1 %F@&

am =4 («539)34—(,765)3 - .96

Raliability ofD= B8 =1~ 2,95
96
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TABLE IX B
| BELIIBILISY OF DIFFERENCES IN RATE
SWEJ;%T%I CHADE ADDIDION

GROUP COMPETIVION SELF COLFETIPION

u |

SCORE  F 1 S ) se6es F D F P
BIGHTS e Bights '

e 55
e w0l
B wd
wls 1
3-8
B=5
B
7-8
911
11~13

0 e w3 B
po17] B i W
0 = & B
56 13 3 =l mﬂ,-
B 2 15
3 5]

5-5
b=¥

S 1o ol P Cros
S e
> 0T

%

R O 8OMO

C® 152 652 G2 w 4426 C® =12 2521 (2w ,271

0=f .%.2.3.—., - WA25 X 2 5,96 Gef72= L X2 = Bu22
24 . )

&3

(hvy = 3,96 = 4825 | . (Brep w 3,22 w »671

Wy £ 5.0 L w1662
z (.-szs}musma 2 1,06

Reliability of D % 3430 = 1,652 = 1.55 GT
- 1.06
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TABLE X B

RELLABILINY OF DIFFERENCES IN ACCURACY

SEVED LI’BH GRAD” AB])I’Z’.‘IQI@ .

GROUP COMPEOTIION. SELF COMPETITION

SCORES F D ¥ F* Scores F D ¥ DR
ACG. ?5“ S o ACCSD T
100-110 2 8 16 18  B0-90 1 8 8 &
90=100 0o 7 o 0 70-80 0 7 0 O
80-90 1 B8 & %6 60-70 0 & 0 O
70-80 0 5 © 0 50«60 2 B 10 - B0
60=70 1 42 8 16 4050 3 4 12 48
50=60 3 3 9 27 50-40 0 5 0 0
4050 6 2 6 2 203 02 0 0
3040 0 1 OB Q 10-20 0. 1 O0+86 8
20-50 0 0 o0 0 =10 7 0 -
10-20 53 1 =3 3 «10-0 & 1 b5 B
0=10 o 2 0 0 ~20--10 2 2 4 8
=10@ =0 3 8 =9 a7 w30 =20 & O 9 a7
S mB0w w10 B4 w8 32 =40-=30 0 4 O 0@
«30» =20 0 6 =0 0 ~50~ ~40 1 5 5-25 25
w40= =30 1 B =6 86 N"ds AR
“B0=~40 0 7 =0 0 IR
= G0=mB0 0 8 w0 © 00
“0==60 0 9 =0 0
“80= =70 0 10 ~0 0
“90e =30 0 11 =0 0
«100= =90 0 12 ~0° 0
~110- =100 "1 18" -1.s-a9"”15§“
wes .6 . 498
C =6 = ,261 C2w 067 C =7 =504 C2= ,09
e - EE
Gm. -5-125- Ave = 25+(10 X +261 G»Aw =6 Ave ® sm.ox.soa,) n 8,04
- 270 .
J‘wd@% w» 2067 X 10 = 45,9 ¢ =227 = 409 X 10 = 31,5
) 25
@V, o 45,9« 9,57 ‘ GA\?Q o 51,7 m §,82
753 ' 725'

@5 = '{{9;57 J2+{6.52)% = 11.54

Roliability of D = 27.61 = 8,08 « 1.7 a-
Lok



TABLE XI B |
RELIABILIFY OF DIFFIRENCES IN RATE

BIGHTH GRADE DIVISION

- GROUP COMPETIFION * SEIF COMPETIVION
SCORE ¥ D ®¥  Fpf SCORE F D FD  FD?
RICHTS v ‘ RIGHTS
R T 2 N ) 16 Bewl 2 3 6 18
-5 1 5 3 9 “1- 1,2 2 & 8
-G -3 4 2 B 16 3-8 2 1 B 2
“G= -1 1 -1 1416 1 56 2 00
-1~ 1 4 0 o 0 5<7 5 1 =3 5
-5 1 1 -1 1 . 79 1 2 2 4
-5 2 2 -4 8 9-11 0 5 0 0
5B-7 0 5 =0 0 11-15 2 4 «8 32
-9 0 & w0 0 1315 0 5 0 0
911 _1 5 =510 25 1517 1 6 ~6-19 36
=15 g 76 15 103
w6 = CRe 06 QE-7_=,467 O2 = 216
1B | B
(C# N76 =~ 16 X2 =488 ' (w103 ~ .216 X 2 = 5,14
, 15 15 ' '
vy = 4438 = 1,15 Qu® Bol4 = 1,33
¢ TiE " 716
I = 5455 M, = 4867

(D = 1(1.15@25+(1.33;2'= 1.75

Reliability of D = B5u53 = (=e867) ® 5,6
. Te75 . |




TABIE XIL B
RELIABILICY OF DIFFERENCES IN ACCURACY

TICHTH GEADE DIVISION

GROJP COMPEDITION SELF COMPETITION
SCORES F D 1D ¥p2 SCORES F D I FP
ACCG ACC 55 ~
100-110 2 8 16 128 60~70 2 & 1 72
90-100 €& 7 0 0 TBo-60 2 B 10 50
80~90 2 6 12 72 40-50 1 4 4 16
7080 0 5 0 0 30-40 1 3 3. 9
 B0O=T0 0 4 0 0 2030 1 2 2 4
5060 1 5 3 $ 10-20 1 1 1+32 1
40~50 0o 2 0 0 0-10. 2 0
30-40 5 1 5+34 5 =10~0 0 -1 0 0
20-50 00 o ~20= =10 1 =2 =2 &
10-20 2 1 -2 2 B0~ =20 1 =3 =3 9
0=10 1 2 =2 4 =i0- =30 O -4 =0 )
=10~0 1 5 =3 9 wB0= =0 1 =5 =5 25
w20~ ~10 1 4 g 16 =60~ =50 2 =6 =12-22 72
“30= =20 . 0 5 =0 0 =15 10 262
~40= =30 2 6 =12=23 72
© TFi5 1L 515
C=11% 753 (%= ,557 0= 10 = W67 (2 = ,448
15 ‘ 15
Gele 525 Ay = 254{10 X o783) . Guhe= 5 Av.= 5+H{10 X ,667)
m 39,50 = 11.67 ~
a*u/{, 15~ ¢755 X 10 = 45,02 G = q}_g_ga_g~ «667 X 10 = 41
i5 ' C i5
(Bv = 45,02 = 11,62 - (hv,= {‘3-_3.# = 10,58
5 ' : 15

0D ={(11.62)2+{10.58)2 = 15,7

Reliability of D= 52455 = 11:67 w 1.51 @
. FErRCE

50.



TABLE XIII B

RELIABILITY OF DIFFERENCES IN ACCURACY

BIGHTH GRADE MULTIPLICATION

. GROUP COMPETITION SELF COMPETITION

SCORES F D W W®  Scores F D ¥ WP
ACC.S , ' :  ACC.% -

7080 1 9 9 81  70-80 1+ 6 6 56
60-70 1 8 8 64 60=70 0 5 0 )
50-60 0 7 O 0O 5060 0 & 0 0
40-50 T 6 6 56 © 40=50 2 3 & 18
3«40 0 5 0 0 30~40 1 2 2 4
20-30 1 & 4 16 BO=30 31 1 1+15 1
10-20 3 3 9 27 10-20 )

- 0-10 1 2 =2 4 0<10 1 0 <1 1
«10= ( 0 1 o8 0 =10~ 0 0 -1 0 0
“20= =10 1 0 20~ w10 1 =2 =3 9
w30 =20 1 =1 ~1 . 1 30w =20 2 =3 =8 52
~A0w =30 0 -2 0 0 wh0m =30 2 =8 =10-22 50
woB0m-wl0 1 =3 =3 9 : T=15 w7 151
wf0= =50 0 =& <0 0 .
w0 260 0 =5 =0 )

“B0~ =70 2 w6 =12 78
=90 =80 1 =7 =7 49
=100~ =90 1 =8 ~8~31 64
=15 7 425
0= 7 == 467 02 = ,218 O = =7 & =,467 C2= ,218
Gl : i5” ‘ ,
Gels = =15 Av » ~15H{10 X o467)  GeAs = 153 Avew 15410 X .218) =
- ® =]0¢33 , T 17,18 - v
e A[Z35 = J467 X 10 = 52,9 :q{ 151~ +218 X 10 = 51,4
o i5 @ 5
Te = 5209 m 15.67 Ave - Bled = 8.14: .
715 Vib '

dp = 1(15.67)%4(8,14)2 = 9,22

Reliability of D= 1718 = («10.33) = 2,97
Qe
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TABLE XIV B

RELIABILITY OF DIFFERENCES IN RATE

BIGHTH GRADE MULTIFLICATION

GROUP COMPETTRION . SEIF COMPRTITION

RIGHDS F D T FD® . RIGHTS F D F¥p ™2

SCORE . SCORY
e 1 & 4 16  =be=3 1 B3 3 -9
“6- =3 1 5 5 9 =3==-1 3 2 8 12
“Bwwl 5 B 6 12 el= 1 & 1 443 4

Cele 10311 414 ) 154 0 0 0
1-3 20 0 0 55 & -1 =& 2
Beb 5 -1 =3 3 &7 0 =2 G o
B-7 2 -2 -4 8 -9 0 =3 O 0
(2 RS PY: S 9 g-11 0 =4 O 0
9-11 1 A ~4»14 16 11=15 1 =5 ~B~7. 25

15 o0 F=1B 652
cso0- . gms = ¢R= 26
| s -
<§"-=V"7’&f O =f58 - .5Xx2 =356
i}; L | . . ﬁjg' ) - |
J= .22 o | (JEvg T 5.6 = 4940
Yig“ Lo :

My = 2447

D ={(.572)2H.94) = 1,09

Rellebility of D = 2447 = 1,60 = .80 G
o 109
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CHAPTER ¥

Ezplanation and Interpretation of Table 16

Summary and. Conclusions

 The Reliability of the Differences in this
table was baken from Table 15 {75). In addition, the
fourth g&a&ea' reliabili%y of difference (Fz) between
the gains in rights on EF' and EF" 16 G 0~ « This is found
under Rig}iﬁs foryﬁm‘"‘p The class xi:adé‘a.gﬁmater‘ gain ‘w.mier
EF" for rights then under EFfs Three o‘in this case expressed
in terms of chance means that in 99.9 times owt of 100 the
difference between 4ho avez'agé hmribar of problems worked right,
by the fourth grade in additiony where the two drill methods
are used (BE*»'a,nd, EE") the difference will ‘hé greater than zero
and in favor of Ef"s This, of course, praaﬁppt)sea a ii!;e
gituations ,

, The relisbility of difference for acenracy | z%) in
fourth grade addition is Re18 T i’avorin,g EF"s 2,180 expressed
in torms of chenco means that in 98 times out of 100 the
difforence between the moan accuracies in addition for the
two types of drill (E‘é" and. m‘") will be greater than zero end
in favor of EE"s - o |

, The :éeliability difference for the means in
"Richts" and “Accuracies" for fourth gr#d.e eddition greatly
favors the arill EFY .(Self Gompetitionh This is especially



DABLE XVI
SUMIIARIES AND DIPFERENCES IN CHANCE

'y Rl Changes fav~  Chances Faye
, ?’/(% o/ oring ZFy owring ERy

, ‘R Aec R hee B Ace | R Ace
GRADE 4 o |
Adds o 36 2,186 99,94100 95-100
Subs w786 4370 7B~100 £5-100
GRADE & |
rdde 5298 1000 62~100 924100
Iml. 274 0760 991%1000 96-100 |
Dive 1.880 870 97-100  80=100
Subs - «640" 479¢ 74100 79%100°
GRADE 6 '
ad. o230 400 60=100 82-100
Mle 20 2410 96~100 98~100 |
Divs - o o500 4790 71200 79-100
Sube 1070 2440 B6=-100 99e2~100"
GRADE 7 | |
Adds 14550 1,70 95-100 96~100
Mls Le66 1,60 94~100 94-100 -
Dive 3430 1,060 99,9~100 85-100
Subs C . Ba9063560  97.48-10099,9~100
Adds 2,010 2,010 98100 © o 984100
ile 29 0 249 0 9948~100 ¢ 99.8-100
Dive 8250 1,50 5949100 90~100 -

Subs 4950 495G 83100 . 83-100
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true in the teaching sltuation which existed in the Her-
m;lunemm Schools during ’che ezpa_riinent;. ~For fourth grade
subiraction the reliability of the d&.ﬁi‘erance favors ERt
in voth *gaims in Bigiwa and Acc;uracy«"k ‘.Ehé &sig;mas here
ara ‘mapréésed. in chance in ihe appropriate columnsg.
It will be seen by glanciﬁg at the table that
the achievements vesulting from each drill method varied
greatlys The seventh grade did mch betber in the mmder
of problems worked vight and in accuracy by means of drill
EF* in all the opéxfaﬁiom except subtractions
Acam;ﬂm %o the table, the eighth grade didv

1aoh better in "Righte” undor method EFY. The chances of
the dlfferonce belng gﬁeaﬁer then gero in favor 6;€' EFt in
addition, w}.‘siplica‘ﬁinn and division are mach in evidences
For accuracy in the eighth grade, the chances ere in favor
of EF" in overy operation except éiéisicna

| Paking the arithmetical operations for each grade
and gumning them we have 18e - ‘Qu‘% of the 18 there are
pever roliability of differences (7%) favoring EF" in
Rights and eie've,n favoring EFfe¢  In Accuracy thé same
ratio holds trues 7qu_r EF" and 11 for EFte
| | In fourth grade addition, £ifth grado division, sixth
grode Mvﬁaion, and soventh grade subbraction, the chances
favor EF" in both the #maber of pro‘blamé worked right and
in ac‘curéey. In fourth grade subtraction, f£ifth grade
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adddvion, pinth grode eddition and publrsetlon, sovenih
grede aldition, mitiplicaiion and &ivﬁezm* ool eighth
grode 6ivivion, the chaoues Savor K'Y &n both aceusscy
and in the mubor of problems workoed rights Yhis lcaves
six epsos in which tho gains in richits nnd sceurncy ara
- eplity for cmample, the clghdh grade 844 botler in righio
Ly poeno of drill ERY, in edaltlons saltiplicotion end
subbractiony bab mode s bebber galn in accuracy in theso
. enme operntions by means of drdll I, Thip slmply moons
ot the elghth grede worked wre problens right In thote
et t:»mmmgm vhon drill wes Deing given by moans of
fcdivideal or group @é;m%iﬁﬁ.m,, 199, but the claps worked
with groater cocursty whan mnm aelf competition was
voedy EMe  Tho atdo botuoon Righto ond Atterpis was
grontor fop KMs ,
80~ and ghove roproponte hlgh mmmxw@

The lowgor he éig;‘m tho é;:fémm tho roliability and the
emmllor m} sigrs the loos tho rolinbilitys %ho W% o

#2900 :’m sights for Litth {m'mm addition favoring B0e
| oxproosed in terns of fﬁ%%ﬁ io only cgnal to 62 to 100 ‘
60 to 100 would bo pure chanoo, 0 62 $0 200 doss not cxproos
vory bich reliabilitye |
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o Zn canclv.sion it may be said "chat ﬁmll

*t:he mndanentals of uri*ﬁhmﬁic faa general seoms to favor the
glving of d;ill 60 88 m amourage inﬁivjidual or grbu.p» |
competition, ingbend of aaif" ammm. Nei.ther'type ot
drill a:mene& exclusively in &HJ one grade or. :.n all tha
cmmtions. _ .

In the Ecrculanewn Schools ﬁ.mll givrm in m" '
{Group or Individuel Competit ion? aecureé. better resulis |
in 617 of.‘ the operationa for graacs Sour o eigm 3.nc§.usive.
in both muber of problema vmrkee‘i right and in accuracy. In
other words, Group aampe%iﬁion 5,9 favoma over Self Oompeti’aion
in eieven out of the eightean casoes 1n bot.’u Rights and. in
Accuzracys “he remabiliw o:ﬁ' aifferencea are not high in
:;12.1 these caaes, but xwither ore mw relianilﬁ.’cy of dﬁ.fi‘erencea
all mgh in “i;he geven cagses in vhich EF" scems 0 be favcred.

From 'fsha resulls securad. in gome of the ogera*b:lona
for the differon% grades, it am@ears that EFT does possess gome -
pwi;icmlar meri.'lz in learning ’the fundamental skills of arithmtic.
It f:herefaré wmml not be well ta"\ rib' away vd:th the elemeh%: |
altogéther and neither vould it be we}.l to use it exclusive]y
in giving all &rill tmr?u.. v

As a rvepult of the ﬁx;b,.inga in Table 16 the

Courtis Pma'&icé Sets wiil':%e used exclusively in the\ ﬁetéuianeum
Schools next yeare The major emphasis in drill wbrk: will be

placed upon group and individual compotition. The slement
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of self ccsmpemf; ion mll, of coarsa, be used wmo, bub

Mm (13:5.11 material will be worked. mm by the teaching
stai‘i‘.. In those operatwns :!.n vhich EFT ahowed "'b.e
gre'a%;«ar {,am more emphasis m‘.i.l be placoed on ‘ahe gelf come
peﬁlmve metheds in magtering the four fundamentals of

arithmot ic‘ Vorl booky may be used some, but not exclusive=

1y in any gradee
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