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INTRODUCTION

This is written for the purpose of improving the teach=
ing of uimﬁﬁn general and the four simple p ocesses in particular,
This ean be done bi esenting to the Elementary Sghool teacher certain
suggestions, ine B es and practices that have Provod to be of great
help in teach arithmetic, and by making out of arithmetic a different
eourse from what we have at present., A eourse which is easy to be
taught, practical and more interesting to be studled and learned.

Fo one doubts the fact that arithmetie 1s powlintaught in
many Elementary schools when he kmows that the fallures those sechecls
are caused more frequently by arithmetie than by any other subjeet in
the eurriculum. Leading writers declare that the subject is suffering
because many teachers laek instruction in 1ts theerles, methods and
devices.

The materlal of this paper is divided into four major parts.
Part I treats very clearly the implications, need and different tech-
nigmu of educational diegnosis., It thus serves to orient the teacher
into the nature and gzoae of edueational din?oaia ag compared with
mediecal diagnosis. II gives ecareful conslderation to the Eéblm
of diagnosis in arithmetic in re to the following topies: a sub~
jeet-matter and method. Part II1 aequaints the teacher with the Lech=
niques of measurement, l.e., evaluation of the results of teaching
arithmetie. Items such as the construction, types and use of standar-
dized dlagnostic Uests are fully discussed. t IV presents and
evaluates the moast impeortant ¢ ques used in remedial and preventive
Iﬂ;lt: h;ﬁitm improvement of gemeral and specific teaching methods of
ar e.

The reader is requested to bear in mind that this paper is
not an exhaunstive treatment of the subject and that it is far from
being ecomplete. But 1f it furnishes some ald to those teachers who
find difficulty in teaching arithmetic, and whe are usually not effi-
cient in their teaching, 1t will be serving 1ts purpose.

Finally, I am deeply gntornl to Professor G.D,Shahla who hes
supervised the whole work; te Professor 8.C, Dodd who gave me encourage-
ment, help and valuable suggestions from beginning to emd; to Professors
B.’.]gmnli and L. Leavitt who have read the paper and offered helpful
eriticisms.
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DIAGNOSTIC AND REMEDIAL WORK
- m 3
THE FUNDAMENTAL OPERATIONS OF ARTTHMETIC

Thie thesls is mainly concerned with the four simple processes
of arithmetice The mechanical as well as the reaseoning phase of the
subject are fully discussed under the following teples:-

I - Diagnesis

A, leaning:

l. The determination of a discase by means of distinctive
marks or chnraeteriatios.(ued.ca{)

24 Procedures and techniques which help to discover and
evaluate beth the strengths and wealnesses of the group
28 well as those of the 1ndividual, (Bducatienal)
Be Bases and scope

1. A full knswlodge of the d¥ferent types of learning
diffieulties, their symptoms end causes ars real bases
of oducation® dlagnesis,

2e The complexiti of the learning situation makes the scope
of educatioenal dlagnesis an cnormous one,.
C. leed and value

1, liilliens of pupils throeughout the world are mentally and
. physically handicapped and are Iin bad need of diagnosis.

2. The correction of defficienciles and the devedopment of
strengths constitute the value of diagnosés,

De Techniques of diagnosis

1. The location of mal-a%gusted pupils, errers and their
causes, on the one hamd;

2. And the application of remedial and mreventive procedures,
on the other hamd; are the mest important techniques
of diagnosis,

Il~ Aim or function of arithmetic instruction
A, The moat important ones are:-

l. Computational

2e Social

3« Informatioml

4, Paychological L

III- Subject=lMatter

A, The fundamental ogerltiano of arithmetic contalned the
following material:

1. The basic combinations
2« The four simple precesses

3. The special anguage of arithmetic
4. Slmplgognbhomlt'cl problems of ordinery life,



IV « lethod )
A, Bases of an efficient method of arithmetle instructien

1. Good mastery of the combinations and the processes
2, The knowledge of these in an automatic and a mechanical
waye.

Be Essential factors of problemesolving
1. Problem comprehension
2, Problem analysis

Ce D11l '
1. Haaning: Eractice with interest in, and full attention
hé thi

te, t which is being repeanfed. This is the only
sort of practice which makes perfect.

9, Distribution: accerding i time, difficulty and applied
at the point of crror.

D, Hotivatlon

1. Ways of meotivation

a. Races with briefest time and fewest number of mistakes
© as limits.
be Puplls should keep 2 record of thelr o work and
should try to surpass 1t.
c. Te use of diagnostiec testaz which leads to the disco-
very of difficulties and thelir cofrection.
de Pupile should be taught all sorts of number gemes.

2. Ways to be avoldsd _
a. zhglusc of the old practice of memorlzing and repeating
ables.
be Long drills on number combinations.
c. Endless examples in the four simple processes.
de Sojution of trifling problems.
8, Problems which will never be nceded by puplls.
f. Problems which have for their only purpose mental
discipline.

E. Other phases of method are:-

1, Conncetion of arithmetic with concrete objects. :
2., Explanation of the operations inductlvely rather than
© deductively.
3+ Application of the operations to interesting situatiens.
4, The use of simple language . _
5. The training of the pupils to analyze all the steps in
problemns.

V « licasuremont

A, Prineiples of test constructlon

1. Selection of material which measures things one sets out
to measure. .

2, Provisions to measure mest if not all Ilmportant objectives

* ghould be made.
Se mapeiial should bb moulded in meore than one type of
08T1oN8 . -

4, Preliminary draft should include mere items than the final
form of the test. :

5. Draft should be submitted to the criticisms of teachers
of the same subject.

6. Items should be placed in order of ascending difficulty.
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7. A regular sequence of responses should be avolded.
8., Test Instructions are necessarye They should be clear,
consise and complete.
9, Individual questiens of the test should be scaled.
10. Age=and grade-norms of the test should be determined.

B, Characteristies of good tests :
Te Validitg
2, llellabdlity
3. Usability
4, Yorms
5e Cost

Vi~ Heasurement in arithmetiec

_A. Need Sor moasurement
' 1., lisasurement in arithmetle is indispensable.

B, Purposes of measuremént (page 53)

C. lothods of measurement
1, Traditional methed which can be made Dby:
a, mere estimation of the pupilts nbiiity or
b, traditional examination
2. Jlodern method by using standardized tosts or toacher-
ereated new objective tests. Samples of the latter type
of teats are found on papges 57-68. ‘

Vil Diagnestic tests

Ao Kinds of tests

1, Group diagnestic tests
5, Individunl Alagnostic tests

Be Then to test
1. Before instruction
‘2, During instruction
3. AfPter instruction

G, Pabties concerned in diagnostic testing and the share df oach

1, The teacher mst understand |
a, The mental processes of the pupils
b. The complexity of the amrbject
c. How Lo find errors, thelr causes and remedy

2. The pupil must be accustomed frem the beginning te good
mothods of performance, clse:
a. he adopts & great werlety of round-ebout methods of
rocedire, or
b. he continnes to use the detailed methods empleyed in
learining @ new rocess.
(1) Samples of the above nentioned inavrrepria
methods are found on FPe 77 = £la ’

VIII-Remedial Work

A, Corrective procédures .
1. Correctlon can be planned when the camme or causes of the
gggil'a difficultios have been determined.
2. first principle of an effective romedial rogrln.ahlnld
be the growth of the individual and the eliaina ion of
D oto factors that interfere with this growthe
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Be Preventive procedures
1. The seriousness of error
a, what is more important than eeorrcctive remedies is
the applicatlon of preventive procedures. This is
due to the mature and seriousmess of e vor (PF.8090)

2. Heans of preventlon
. 84 The teaching materlal

(1) Carefully graded exercises in whieh there 1s
a step by step development are very necessarys

(2) The inclusion of the greatest number pessible
of the slrills in a particular subject 1s important.

(3) A sumnarg of the matedial bullt on the above
nmentioned primciples 1s “ound on FPs 91-02,

be Mothdd of instruction .
(1) Factors inheront in the method of instruction

obriously contribute te the dovelepment of learning
difficultye

(2) To stress speed too ruch 1s dengerous. Hasty work
inevitably leads to mlistalkes.

(3) Failure to adapt instruction to different pupils?
needs lcads te errors.

(4) Pailure to mainteiln an adequate program of testing
during tesehing lcads to the accumulatlon of
ristales which becomcs & problem for remedlial

. T OCeUUre o

(5) The result s the fixation of poor hablts of work.

Ce Indifidual differences

(1) Pupils belenging to the some class differ widely
in acheivement, do not fail in e goneral sense
and do not often need remedial worlk of a gensral
nature.

(2) These different conditions malze it mecessary to
provide for individual instructlon ~lse, serious
ddfficulties are sure to arise in the work of
the slow pupllse.

(3) Remedies
(a) Give mere difficult questions under the same
tople to more advencod puplls.
(b) Let advanced pupils help to direct and check
the wofk of the bachwerd oneés.
(¢) Glve maximun and minimm assignuent.

n -'CGnclusg.on e s 808400 EsEssiNsRsesEtsBascssanbenRssninaneS PQ‘

-Apmndu "TEEE R e N E R A e T N N RN N RN E 97
122
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PART X

EDUCATIONAL DIAGNOSIS



CHAPTER ONE

Disgnosis

A. Implieations of dlagnosis
le HNeaning of the term.

According to Webster's Diectionary, dlagnesis means
"the determipation of a disease by means of distinctive marks or cha-
racteristics”. This, of course, tains to the medical diagnosis.
Bducationally, the term implies those procedures and techniques by
means of which one can discover and evaluate both the lh‘ﬂﬁl and
the weaknesses of the group, as well as those of the individual, in
anyone or more subjects. Once these strengths and weaknesses are
discovered, the d nation of their causes becomes possible.

2. Its bases.

"Disgnose before you dose”l (11 is a rule that holds
true in medicine as well as in edueation, 1t is self-evident that in
medicine effoctive treatment must be suited to the ailment. So is the
case in éducation, - Stk

After having discovered the strong and weak nts and
found out thelr causes, the diagnostician, can then uﬁut neces-
sary developmental and remedial measures. MNoreover, able osticlans
can predict to a large extent the probable outcome of the tion
Flu-cmum. This h-?ngumctlymatbynmm
dlagnosis leads to prognosis™.(2

dlagn th .&Kum 1;:;2& of the v'n'ru: cuo:m
agnos a s

, dﬂl{ﬁu so the teacher should have a full knowe
ledge of the different types learning difficulties, their symptoms

Diagnosis in medleine has been greatly facilitated b;h-
the use of objective methods of Mmlutinlmtm.
to make his observations more objective and more exact,

doctar, in

can make mse of such scientific instruments as the test tube, the cli-
nieal : : of a large mumber of such instru-
hand, in making diagnosis of a

|
s;.z

.

H C. C. Ross: "Measurements in s Schools", P, 392. phii,
2) National Sooury For The Study of tion: 'hnutlml Diagnosis”
Year Beook XXX ’. .a
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It 1s true that in education diagnosis is much more
difficult than it is in medicine mﬂmlmxnglimumhmy
uphx rather than simple, single learning s t.mtion, no matter
simple it is, i1s conditl by many factors ch may be either
c].n-!.t ed as infernal factors, such as ical, intellectual, emotional
and educational; or, external fum as school and home environ-

ment.

In spite of this enormous se of educational osis,
and the lack of such scientific instruments ahmunﬂbyth. octor,
one can see that diagnosis in education is rapidly becoming as accurate

and as scientific as 41 is in medicine, and that it seeks to reveal
wono cause or causes ch tend to interfere with satisfactory progress

nnro are at mt several hundreds of refined statis-

tical techni 3 diagnostic in the various subjects, which locate
with a of precision of the types of fanlts made
mpils; dl tic ehtrh, wh!.lh p the teacher to visualize deficien-
m;mﬁwm mrcnnmtmiugpm
many other ces and 1mmu holp to diseover speecific or
wealkmesses in individual pu in many fields of learning, and
determine their causes as a buia ror their correection.
An outstand tor recently observed that "experts
eanains s S8R now diagnosis no less valid
m e th-n are most d in udi.cino'.(l)

Be Need and Vglue of Diagnosis.

"The committee on special education of White House
mmmmmmamnﬁuutm there are

-nh capped children in the schools
g mﬁ mxﬁ. e ey viduals vers found at all levels ::haon.ng,
m through the college and university”.(2)
there hundreds of lchool.s
at POt 3 ® mal mudm- pert
who master the subjee tb-tmbungwt.
Mdﬁmamtnutz'u %oto gthcmlul
some of them fail to gobmo
Se-omufnmlty ; 'hin’ the subjee
abel hth- ht-::grl mw::pﬁ::mb mp-n:.

Sehools", P



Recently, many at have been made to meet these
tgml ons for dlagnosis of pupils' 4iffi-
culties, and on the basis of the information thus secured, remedial work
is = ed, MmultNMnmhulg.Z.wam? amount of infeorme
ation helpful in educational dlagnosis, scientifie information
!mlmB many schools to become centers for both developmental and m:.
tions mﬂhginnmahntmthn,anmmm to the
correction of deficiencies of 1s who have learning isorders and who
RSttty o) o e s e, 1 S Syt
3 papils who re as per norma
who have various t-mu of diserders. v

Ina disgnosis helps us to "put the oll where the
squeak 1s"(1). Fcr e Baker found that four months special coathe
ing of sixty nine-year pngu- resulted in a great gain, The coach-
mﬂmuWaubjec wsuhuuu-hiehun pushaaahun
weaknesses (2). %iulzo Stone ronnd that pu og two to six
times as much in 'z solve reasoning lems as o'ltqr students
of egual sbility only the regular thmetic work in school, In

thumttho 1ls devoted not more than for u&lltn.dnr
t&nnﬂ:h mgcmwntin tests (3). > i

CHAPTER TWO
romquu of Diagnosis.

mt}nmu’eﬂnuﬁmm uhﬁnﬂmﬂn
mmmmmmurm -

A, Locating malad justed pupils.
Be Locating error.

Ce Lou!:inf causes of error.
De w

E. Proﬂneiﬂ prm. ()

We shall now proceed to the consideration of sach tech~

nique aiuo.

A. locating Nelsdjusted Pupils.

Mmmimm“hwngdw{ﬂhumn
lmh them? Those who are not sat ad t to
the school lihltim% ones modih-gnm diagnosis. Y —

There are various ways and means of loeca these pupils
tie vm. Some of the considerable are:
ts which are often employed to reveal those
Muum their level of intell

crapsohlludy. mmmrnmunf
MM u-?u are as follows: Scme believe those
pupils whosei‘achievement in some school -ubjoot or subjects is m below

—1_-: -

;" Ce Cv Ross: "Neasurements In Today's sehoon » Pe 305, -

Ref, Ibid. P, 595.
Ref, Ibid. PP, 395-396.
Ref, Ibid. P, 396.
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thelr achlevement level. rely u the of the
Goacnefs sonsormeds SULL1 sthata, ietily oveiss stusy. snk Criatuont
for the lowest five or ten typrical class, Finally
believe that the most profi blomnmthooo uh:.own‘ntg
average or oven above, but it is much below what lt should be.

: "Sir Williem Osler mrgued that it was more to
I:;nﬂetmhu-mhin than to know what
tho (1). Y, one can safely say that it 1s more im-
m hm-hntnndo amuhaanmumammwmu
what difficulty the pupil
any
the

A1l such suggestions have merit, bntttmton t
individual who, for some reason or other, has some malad
school situation is worthy of diagnosis,

B. Locating Error.
lecating the puplils who have difficulties, the
next step is to mp

utomt of the human constitution or
Hildreth ts that em tolloﬂ.ng five "areas of
mmm are in diagnosis

« Nental equipment of the learmer.
a. Aptitude for academic schoolwork.

b. language equipment.
2. Personality, Mpwmt,md dynamic equipment.
3. Physical status, sensory and motor equipment, physical
4. mnt and home histary.
Se School situation, history and present status. (2)
To consider all these facts in any partiounler case, for

mmm is a hard task, mawhdnnhﬂn fl-r-et-
ors % ﬁmmlmmI.mm, 1’

with

be found more

eundxm

actory explanation. While the more mim :11 usually
more complex to analyze as well as more amume to remedy.

geummmummumutm
may be grouped under six headings:e

1. Observation of the pupil at work.
2. Analysis of pupil's written work,
3¢ Analysis of oral work.

4, Objective devices.
5. The interview.

. 6+ Laboratory procedures (3). | |
! } g&mmarw in Today's S hools", P, 408,
m:ulin&m' Par the Study of Education: "Bductional
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How we proceed to discuss each of the above items in

detalil.
1, Observation of the pupil at work.
While the pu is at the teacher may be able
Spt e ot bl T S e
wor pu- ar . or example c
notice that the gp&l E column m1uu. The reason
detected f m tnchqr nnu careful observation

be using one or more of
L? eonnti ﬂthhh“

. m
ﬂnm toes, or tongue and nmn whis
atten znber&o the ¢ Ieticnd‘ ogn 3 nothuretne diffi-
adding. The taucm can easlly detect this wealmess and 1ts
ces

pupils repeating partially completed work.

: mihu have slow reection time and as a
result they are slow in 'u‘;. There are still other pupil®s study
habits which may ho also oblem and analyzed.

The attitude of the pupil toward his school work should

also be gn due consideration. Some pupils have negative attitudes

are indifferent, still others are unceoperative. ,111 -c
these different sorts of attitudes are not eondue!.w to
mmm.uamnwmmu mm
the of theso attitudes, NcCall says the
tratined and mmumpznmmwéa-.w
work is one me of discovering the data upon which to Mcdils-
nosis and ps'ucribe corrective measures (1).

2, Analysis of pupil's written work.

The at tno di pill*s difficulties in
u'iw by ana wri E‘mr method of the problem

of diagnosis, Such analysis he tho diagnostician to detect what
kinds of cl-’ph- ,:m or ot solve correctly, but it does not
help him teo de the mental es iInvolved le the pupils

are working the examples., The y,80lution for that is to have the
teacher resort to wvhat is kmown as "inference”, and inferences as te
those mental processes are not tl'nn correct. .

tests 1s? buity to 1mue obl,u' f df:guud
a s problems, Honroe
vf e srrere % conclusion that the follewing
the mu nt dirrioul : Inability to caleulate naxinhly,
.uﬂ bintytommem Yo As a matter of fact, onroe has

done u only mere inferences and these different sorts of inebilities
are in turn due to still more fundemental causes.

tests which may be used to facilitate

dugo-h :peo' ial Msmlﬂ testa which have diagnostic valune,
l‘.hdomlzimbmtmmammwﬁnmpih,

by 1s  is

work of the puplils reveals the nature of appnmuymth
fac and e« The
mmﬁw %Mwm next item

e o i

(1) Ref. to W. A, NeCall: “Neasurement”, P, 389.
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Se¢ Analysis of oral work.

There are difficulties whose underlying causes would
memtoug:frummunumoftmm at w or from
the analysis of written work. To be able to disecover of the
mental processes the pupils follow in sol aritimetic exercises is
gz.mmnuing these pupils individually asking each one to deo all

work aleud as he solves the various exsmples. HNoreover, by follow-
ing this methed, the teacher ean have a chance for additional guestions
to be asked when he is in doubt as teo any point or method or procedure
of work that the pupll 1s following.

L Courtis has deviced a method of diagnosis in arithmetic
memmmummumamm is of oral statements
of proce » In working an example, the pupil required to give
aloud the mental steps by which he arrives at the sclution. The examin-
er cbserves these responses and determines in what ways they are faunlty.
Buswell a&nd John have alse supplied us with a similar analysis, but it
consista of a variety of unsa .utugm end methods of work
that hsve been used by a large group of pupils who ere slow in arithmétic.

‘ Finally, when.the pupils are sble to diagnose their own
nlties as suc should be encouraged to indicate to the teacher
points that are caus fficulty., For exsmple, the parts of an
ari wm-mmm tand., In order to enable the
1s to do that, the 's efforts should be directed toward help-
them to make such analysie of their own Mlciemimwm
11table digao-tic devices, by requiring them to give anal

is
orally, by glving suggestions as to how cgpmeﬁinnﬂ.utuﬁ-
dhg-!j and s t helpful corrective exercises. It is a
waste of &u -.3 e?’fuﬂ: %‘2 the teacher to resort to ﬂu'. more elaborate
methods, when it is possible for him to secure the pupils* help.
4. Objective devices. _

443: ¢ Purely dlagnostic tests of a very elsborate nature
have béen developed in arithmetic, These tests are of great value regard.
ing the determination of the nature and significance of faults, since
the lhg’:buo ts is to reveal the ;neiﬁ.e location of the pupils?
dirficulbies. ther ng devices have been constructed such

tes
o1 : Nany o , )
as; nee tes eral survey tests, achievement tests, analyt.
“legta, ‘aptituds aha regnostis tuste, mshanical sbiliey sietey |
teats of ny others. Even some of the ormal tests
may mu applied as well for sameé purpose.

K5 Buswell fohn and Brueckner and still others have
developed & series of ‘ - diagnostic charts plus many other de-
vices min? 11lustrations of faults and types of responses which

mﬁg«gudmm-m an | ew by
a skilliful teacher with %ﬁ of great itpor . will some-
time help loca the +« In many cases it will be necessary
'.lt:u hmtmbong;:idmg aninh::.u:;h Mnla'nu
: tion by use of several stand-
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written responses. These ways and means of an interview are wvalusble
aids to the personal interview and can be easily used by the teacher.

_ The rollowing 1llustration makes clear the value of
the interview as a lement to the written test in locating the sources
of difficulty in ari tie:

A story is told of a sixth-gndo gro girl who ma
an elaborate but usually ineffective system for s lv!.ng reasoni
blems., Ier explanation was somewhat 1 this: n& lm

of numbers, I adds thnthoyismlyhowum
(digitl)lmbfrlo& if they is juat womnbcrlandomnl.tttm
mmomxuvimmmgcmmtmn,mmupnnm
they don®*t" (1). It is most ly that any analysis of test papers,
or observation of the pupil at worlk, mldhawramlmmlemt
inference as to the real trouble 1n the above case.

6. ILaboratory mrocedures,

1 The psychological laberatory with its more tematic
and Mhniqnu may be em when the information 'g;
fcal and by the informal 4 ostic techniques do te the
wﬂumu The fol dzing hbmtu-y techniques such as thtmtun-
picm Ma, m and many other secientifie dovices furnish
wnt records of the 180 pertmeo and meke ble a much

of analysis m secured by non-la tory methods.
bmter.ln very expensive and r.qdﬂ hifhl
mm Wcum. :&' school systems cammot ,hb-

W nebm' and sh Iﬁ u’!w
&m lawaﬁdl,"; stmnoca, o g0 e -

. Cs lLocating causes of errors.

Tommmwcmdmmiomhwhnt
uﬂfu difficult than knowing whore t occur. One limitation
of tesat s in diagnosis, as has been mentiened before, that they
reveal thb products eu-ning and not the learning ;n-u‘n itself.

cause Im ombti measur
gﬁi htgttlc “ %ﬁ in thr pnpih'“udlﬁm
author declares that basieal dlagnosis
g:olﬂﬂx The first is me t wlzﬁrm;l
.m;. %:* (2)s At & nﬁly
the nature of the erwors mlm.
mt, as a mtm of fact, a complete explanation about the canses ]5

errors or difficulties mot b6 made wi t considering the chi
past mwy, cutside the -ehoa as weoll inside.

; "an u.mntutm was recently observed ird-grade
cmmmmmuammmempuea mmtane m

mm of in subtmaction. mmm-mmnyw
from 12 1s 5. mntuoml,m om
gnttrm ve 5. mrmwuopum t in a1) cases

gmmﬁ?mﬁsm.n gnsml.“‘

‘%, c. C. Ross: "Measurements in Today's S hools", P, 405,

Ref. Ibid. P, 402.
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detem:.nxﬁ the cause of her diffieunl the teacher simply sssigned
ce on the new step. ughd used this incorrect procedure
for a 'hol month before a :peehl exeminer located the canse of her

diffienl (1)

D. Remedial TFrocedures.

The ultimate purpeose of wxgais is to enable the teach-

er to reach to an effective remeodial m e, .When the cause or ceuses
of the pupil's diffienlties have been determined, correction can them be
lanned. Sometimes the same camnses appear to opanta in several pupils,
n such & case ?-aup measures will be necéssar But, it 1s profonblo
to have remedial programs planned for osach pup 1 1nd1vidun111.

There are three main essentials of a remedial. in
arithmetic instruction. Nemely, first, organization of instruction in
the rnndmantal ;rmsm. SBeom! mpro ng instruction in projlem-
sol beaehing in other aspects of erithmet e
Rach s (res b tepiel will be fully discussed under part IV
dial Wer of this thesis. BPBriefly stated, the first and top mest

le.gna.l“ an effective remedial rg:g'm Should be the g,rwgh of the
e and the elimination of e factors that interfere with
s growthe.

E. Preventive Frocedurea )

After all greatest value of a tic and remedial
progran is: first, the flnung out of those factors within the contrel

which are canse of maladfustment; second, the applica-
tion of remdhl mmctm to help pupils overcome their 4iff ties.
To be able to meet this last point some roper ad justments should be
made, such as, convenlent m ications echosl organizations, curri.
mlm, instructional materials, and teaching methods.

There is another means which helps in the seclution of

8 problem. It is preventive measures. Nobody ignores the fact that
}t is always better and easier to prevent errors fran_to corrcct them.

Sne ounce of prevention 1s worth a pound of cure", Difficulties in
arithmetic should be checked so promptly and emoem during the hneh-
mﬂi«d rather than allowed te accumulate obl. for

al progress. rmmmmaumm ovn in a glven
ga ocess as soon as 1t occurs, the subsequent difﬂeultiu due to t

aldown might be avoided entirely, For exam ple, a ade student

mrmndtomammcnhnlf amluof‘numiti test. Omn
checking this pupil's papers, it was f that his mmm&uh
mistakes 1nmom71ng. Applrontly, this child had net learned how to

carry when
to go on with tlga serious ss in his arithmetic.

It is true that remedial work was very necessary instead
er letting the child carry on with his difficulties. The most profitable
mm& would have been to heve located his diffienlties while the
topic of carrying was dbeing t. Horeover, the emergy which was
apent in ¢ and remedia mgnt night well be t along

more profitable lines eof instrugtion. “Frevention is the level
of dlagnoais, its ultimate goal” (2).

(1) nor. Fational Bcc:oty for the 8 of Education : “"Educational
uto ear Book, XXXIV P,
(2) c. g, Ross? *Nossureménts in Today's School®, P. 408.



PART 1

DIAGNOSIS IN ARITHMETIC

CHAPTER THREE

Aims of Aritimetic Instruction.

Before teaching en tubieet, the teacher shonld have clear-
y in n!.tﬂ the lfm. to be ni- ;i in teaching that particulsr sub-
joch s ho in niﬁmm instruction, Any teacher who has
a narrov viow of the aims of ari tie mz:metiu ize one
or more of those aims to the tuftinothorinpcrtan_m. In
that uﬁe, wvhat 1s actually talking place, is both almless wark and loss

‘ ‘ In the pnt tic was taught for its sake, regarde-
‘;mm.& rﬁo was placed on the mas of ﬂn
mmﬁa onal 11-. &oun oneé can realize :2&.
mu&mmmtutnth t is lvgun!.nmy mohn-
ses in M schools, As & '.nsul of his classroom
elementary sc Steel found that approximately 86% of the do-
votod te mritimeti® is used for the presentation of new processes of
eu;puhtm in nimuc and practice in working mma examples in
and previous mghtpromaes. The remainder of the time, onl
14% u I.Ipl. for poblm worl, applications of arithmetie joe&, diage
work and other important aspects of instruction. seoms that
umumlmdmucmiduuboboﬁuﬂﬂm :
and relatively 1ittle attention 1s given te the other a

LT rosent erithmetic must be given broeder aims and 1t
should bs h@t view of what life will ;:gnn-ea In other vu-da
urithmti should not be taught only as a subject nbuL
aniy ;ion of number processes, but 1t should be
a5 & Seeinl Subject which contributes sceisl msight $s Rishery
ggﬂﬁ let us consider such topics as taxation, oﬂt and loss,

¢

mm“-'holommnko. Are not considered to
m matﬁ:thmmyrmamQufm
rs. ari tic? There is no reason a reasonable
hmﬂnetio ghould not be dev to the consid d‘
'&wut e puplls sh boledton:ﬂmhmmirml
ing and tb!so consider social significance,

Some authors still emphasize another kind of aim of arith-
metie 1u1rmenon, nemely, the informational aim, These authors believe
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that a ourse in arithmetic teday includes s consideration of the
fon from the soclal point of view: The saving and loan-

. money, uomh, and publiec ex mres and insurance. Iuch

,urthswkot hpmmtbo the informational kind., The

_ In addition te the above mentioned three aims of arithme-
tic instruction, Brueckner mentions a fourth one, namely th. psycholo-
gleal aim, This last one, as a matter of fact, uuhrl preceding
three. It centers around a good understanding uﬂ.m of the
structure of the mumber system. In adzntion, 11: makes th. papil familiar
uﬂ: the many valuable contributions that number has made end is nthc
u pr.fp’o the fields of business, imt:ry, science and human rela-

ons

What has all of this to do with tme problem of 4 osis
and remedial work? To be able to have a lete and fruitful osis,
mdi ticlan of disabilities in aritimetic should beer in ueh

four aims mentioned above. Horeover, he should not concern
htnlolr only with a study of difficulties in eenputctionl but he should
take into consideration, while dlagnosing a certain the other
major aims as well,

ent, much more is known about computational Aiffi-
mlmmm thanrohwtothoother three aims, This does not
fact ug: the latter 1:;: .h?lghnrm or total-
n’;?no contrary ew obvious
n.tunpt: should be n-b to improve the s einl hmquu fu
diagnosing and evaluating the performances rela them,

A recognition of these four aims will lead to & reconse
truction of the werk our schools are ctfa-ing in arithmetie, and their
[

analysis, as such, shows that the desired omes of arithmetic inse
truction” are numerous and varied.

CHAPTER FOUR
smmot-ntm

tﬂ hnn shown that arithmetic 1s a very
complex m:wt. of one gemersl ability, but it is

npoc:l.ﬂc auuﬁu and n:In-. Some think of these abilities
ﬁg hierarchies of habits 1.'3’ xioh each new skill is based
3‘2%!' sidiie Do adastiie nblmﬁan and to) 6151 m‘ﬁ"

ru- the ulntien of 15 divi hm.
m.h wn a m-x 8111 has m
namely, ¢ We proceed now to tht
dgﬁnue N
e

-

oy mm'“m the st aueation: 'm



A, Computation.

Skill in computation consists of corputation of the mumber
facts, and computation of the processes.

1. Number Fgots.

mtmmmt.ch,amhann{’:lmmthm
By number facts is meant those combinations in srithme which the
pgn should Imow at once without resorting to a series of s

able to find the answer, There are two kinds of these facts., The basie
euh%mﬁu ihi;hn-::? -2& one-digit umbnhu;:.tm one-
digit number such as = secondary or cade com-
binations which sre made by edd

such as 12 4 5 g 15.

2. Basic Combinations.
{1) Theilr mumber

The mmmber of basic combinations in each of the four
simple protesses is as follows te

1. 100 basi¢ eombinations in simple addition.

2. 100 basie combinations in simple subtraction.
3. 100 basie combinations in simple multiplication.
_4. 90 basiec combinations in simple 4% on.

. The sum total smounts to 390 basic combinations which
should be Imown by every body. A diseussion of easch kind of these is
given in the appendix on pages -90-102.

(2) Therrelative difficulty _
(a) Methods of determining diffieulty.
There are different methods of dete the relative
diffieulty of number combinations. Only five well known s will be

oned very briefly hereafter. The first and second methods involve
laboratory techniques. The first consists in a study of the

exhibited when adding colums of digits. The
Whmmﬂm precise time intervals between the suc-

cessi tions in working an example, It is necedless to say that we
m?mhh“o either of these methods applied here. Y

The third method tes on the prineiple that the
mmber of errors made by i1ls in the various tions is an index
of difficulty of e-bm

tions, /'The most difficult being the one on
oCccurse.

The fourth method consists in measwring the degree of
memory retention after a period of non-use.

The £1fth method 1s by which the degree of diffienl
is determined by introspection. Tye last two methods are open to guestion

(b) Order of aifficulty

P Fmiy thu:t various cubi.u::;.m‘l’ t-" taught %n ‘tan
form as were equal difficu &8 a resul
nmgﬂ.o mupﬁm it was shown that they v{ry to a considerable
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of diffieunl

the relative

ulngynnwhm.

aghﬂu
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Basic combinations of

Basiec combinations of
division.

gcation

ti

HYo-PbNoRFYORONONHOoYa YOI~
IS RS E A RS S AT R EEE SR AR RS R R E R R R

scmO&aﬂoov&asusoonaucoaenEISOS

YOOI FAROODAOHNYOVOOOHFONDS
LA S S AR EE R LR LS S AL RN R S AL LR

FOBRACRERIRPRINIIBVORIBZIICRAS

NRANENANINQOCLINNOLAYNREODOPR
A RS SRR R L ES RS R RS SN R E R R N A R E R

YRRRARRCCCORRRIARACRRININZIIAGR

LOVOrYOLVLOFDVROHYD-NOVO+OOOROOOMINOO
MHEHKHEHEEENNEE NN RN
VYOO ONOOUOOOCOVOHOFONVLWMNODOS

FHRANNANOHHODNOYNONPOATFYdYOOON YOO

LR LR R R R R
NI OONNNUDOROAORVORNINOHITOYNOOEIOTO

FAANONAOLAYFHNDOFNFHODNONNYTEYEHONBRLREROD

MEMMNEMME RN RN NN N NN
WA SN~ ODNOOINANDY SN

Coefficient of

Coefficient of

reliabill

0,00 £

0,61 &

« 0483
«0140

<0104

+0128
«0039

Addition

0.89 %

0.97 &

Maltiplication 0.95 I L0001

tion

0.92 &%

0,81 * L0268

«0057

0.06 &

of these coefficients eof
of the coefficient of
+ ,0423,
1iability and between.Bl
1108 onty
whiech is -
tions.

NWBMM

s f.vg
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b. Secondary combinations.

dlvision..

Shave made

higher

L, A
facts.
column addition

gy
i, |
gthsls
mmm §
£

in addition te the above mentioned basic com-
combinations of sach of the four

§85%s
il
ML
mmmmmmmm
ummmmmum
il
b Lot
g it
“ g
il
HE R

these combina-

cerning

the four operations

onacon

t1
ghhof

As a result of an investi

lowing facts pertaining te

the fol
hmoﬁ. -

tiona
were

the mmber of errors made in each combination
culty some of these combinations were found to

S
E
H .
o
8 393
¥ib
5 Bdf
2 3
o8

1

an index
diff

more
order of ascending diffieulty.

a3

48 a result, they were arranged in an

ondary
are

1ist includes the addition sec
i
arranged in an

: examples and not singly.

and those which
y are

The
the

.

1 combinations

&

fol

1t1
(nl
}QMIﬂgg

The o.ag
,mlﬂﬂ?%nwnttn

exc
of diffieu

inatl
in

i

CONFOrONRORNOCOIYROOA OO
et et bbbttt bbbt

BRRHRIBAREARRARTHIN/GRAABARAA

VNOCRINRCOOVVOVOREVORNORNC DO
RS S EEEE T RN R IR R T SR RN S A

BRABARRIRIRRSIRARRNALRRIRERT

COoYLIOrOVNVUMANEOLOYOOOONOOY .

P R T T s e 2T,

SRHERRRARARRAIGRERANASARARSBA

ononeanAYTLONYSYoOYYORRMOOON
AR S R e R R R R RS R R R

ARITRAAAHAIRRNRRAARRIRARRAYA

QO ONAOYLLBHAMNPOLDVLONDOOD O
e R A R R L R A R R S A R S

RERITIRANBIRAGARZARIRIIRAAARS

OWwkFNLAANYEYONeYoLunNaYANOONR
R R R A R L R E R RS R

RIRGEIBVIIVIITRIRRARRIIBAGINA

BOOOBOORVONVADOFONNNOFOrNTO
2424445353343 4145555245230 8

RARERKRRRCSRREILRAIRRYANESRIAR

17 +8, 36 + 9, 85 + 9, 16 + 9, 24 ¢ 9, 14 ¢+ 8, 34 + 9, 37 ¢+ 6, 17 ¢ 9.

H
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b) The £
Sy

carrying
y are

addition
the 1
as

the O and
order of Aiffy

culty,

exc

cending

1ist includes the
they are met in the examples of column add!tien and not singly.

plication,
an as

combinations used in
combinations.

%

ARENODOVOOTPFCONDGDEO®
st AR R ELT S SRS SR R 2 RS

AR232BARREERAINARRERAR

suLunYnYLRYIRIoVeYRNew
A AR R R L SR A S B S RS EENEE S

SRARRYASEREINRIRRRSNE

NONNANNRINONNANNIND-I
FEAFEH T AP PFTERAA AL

SBIRRIEINIRBININAIER

YONnMAVuYYRITIRNNVLOnONIYR

41ttt H+F AT

SOIRIVUSIIBRAUSRRARRILNT

00 00 & OB Q102 10 WD DO B~ O S
AR SRR R S S RS R E SR SR R LR

8RR R0IRSN099925%8488

t' _1'0.’

are the rest of

in multipliecation
..::g:=!1ng to thg pnrtial‘prgxun

anged

rlfuwhwuusuuuia
et Bl

{(e) The

are arr
to:=

clnevLor-0
*tr et

A et e
ﬂBBGBBGB

oY O
*EFrFatr

TIEEPRRR

NOON WD
4+t ety

238333 I

nYnorune
tEt+e ¥4

BERBR3BE

N DOL~ON
Frar vt

bbb b it

if a child fails te

This means that

inthorities on the subject have cencluded that the above
tion combinations are the ones which a ¢hild 1= almost sure

after he leaves school,

listed
to need

and second

ary, there will

ty to add integers.

his abilf

these combinations should be learmed

anyone of these binations, both basic
btaoumnmmnm;ydﬁ:

"1

should be mown automatica

Ve
i

:nnnuuuin-uNquuruwt

secondary

short division

-

(1) Ref. appendix p, 102
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The following 1ist includes the secondary combinations of
mlt'ipliutim involving carrying except those of 1, and erranged in an

order of ascending difficulty:
3x042 Bxi ¢S Bx043
6x042  Bx342 m

5: {5 Oxl+2

§§§§§§§§E§§E§E§§E§§§E§E§

;
RO R

R

B
&

Hit

' E§§§§§EEE§5§HE§§E§§§§E§§EE§§§
E§§ S

ol

There are 324 rm in division with rmlm {1).
(2) Percentage of error.

Addition
(&) By decades.
1s It was found out that mﬂ of thé mistakes were
made Iin those combinati vhose sum 1s wi mm-a15+4

: as
17 4 8 and 49 « 4. tly double time should be ntentoaahhgﬂn

:u-wg' W’“ dmmmminthmeeuhiuthu
ecrossing M, tut the uni digit of unrirntmr is larger than

—e—

(1) Ref. appendix page 103
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the added digit, such as 37 ¢+ 5 and 48 4 3. “ﬂmwomtbmt

famr!rssmu—:m such a8 35 ¢+ 7 and 43 4 8, Veore
%ﬂlia should be placed on the lattér tyro.

11, The percentage of error decresses gradually

as one %mgusmumrmm 367 m;ﬂwﬂ
were in sec decad 31% the fourth.
More au tization of the ocn’ﬁim ons % and second desades

helps to decrease the percentage of error 1n the following decades,

(b} By Tebles

With the exception cmubmmmnuugu
are 0, 1, and 5, and their centage of error is sucecessive 0.49, .I
ms.s, the rest of the les are divided into two main ea
ﬁrs moonh&mttnuhbluthuon&t ts are 2, ‘

rugg;? error is around ll. The sec contains Mhﬁm
MQm ts are 6, ?,anmdthoirpmh@ormwu

Multiplication :
{a) Bym
2. 215 of the errops sre made

in
ticmriﬂwutemm mu%;ﬂmeinthno invo
d'mmmm—d-inmn uthintho owhﬂ%m

r to a MM decade ﬁba' the ors made
g mc 1.0.. l!thtnt clrrﬁ.ng .f in emngﬁthh
e, end 51% in urryiﬁg decade., Emo
bo given for drill purpeses ei tion omplu of each of e types
in proportlion te M difﬂwltr. ;

1i. Average number of mistakes per cembination.

On the basis of the carried number

Carrisd thmber Hithin Decade Higher Docade
_’.' - 6'? -
1 7.5 646
3 8.5 Dot
4 D4 11.9
5 11,9 12.8
7 12.6 14.5
8 10.3 14
aemnu kim&:m ean conclude that the larger the
_bortpbecmiedths eater of mistakes, MNoreover, the
average of the mistakes in hme ouunmcmuamtﬁu -
menu:m:;nmmmn Y one exception, namely, carrying of 2.

On the basis of each table.

E
i

9
10
8.1 9.5

VOIBNBG D ! .': >
oo

9.2 135,
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the mental es that arise using this
tion seolving the 67 x ,mmmsmt%mm
mind® while the combination 8 x 6 is thought of the pu mst then add
two " mumbers, 48 x 5, a process more feult than ad-
ding + 5 where mmhpapnbarmmmu. or
om,muﬂlmtgm ean be made muech easier to 1s by
Wu mupuutg:umt_pml Iw ine omyg;'. invelved 1:. the

! es f
mitiplication in uneven division.

(a) The basic eembinations presented singly.

(b) The basie combinations presented in examples and
problems, ' ‘

(¢) The seecondary combinations are met in uneven shart
. division.

The following is an analysis of the subtraection combinations
on the of thelr appearance in examples and problems s well, Cone
: can be 41 hhtbnnz-ubo-

Y can be borrowed from and to.

5466 :
1990 notice the 6 « 6 and the 4 -~ 4 combinations.
m&mmm.dummrmeﬂmm
i- -

tﬁmmuf
be

g
E

VWHARODdDOT

& FErrtat e
WHABRODPRO~T
IR EEREEE S
ONOOIOUOIBN

DOV IRUW NP0

mththft:rh@n ﬁ?:nrm(b) The considera:
studen ne _ {(v).
mtrmmmum-rrnul.uhmm«m
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It 1s epparent from this mumber of mistakes that the degree
of difficulty of the same combination differs in both forms. The student
either forgets that he has borrowed or he does not Imow the combination.

The second cate consists of those combinations where &
smaller digit can be subkhrac from a larger one., Typey ean either be
MBS'! without barrowing or they can be used to be borrowed froem. Example,

376 :
AVT lotlce the 7 = 6 and the £ ~ 3 combinations,.

Arranged in an order of ascending difficulty, these combina-
tions are as follows:e -

8. Fithout borrowing b. Borrowed from
L s Gl 3«0 Sel V-4
5wl Sl 6=5 6=0 T2 1.0
Gud . G=8 5«0 42 Gwd Tes
L2 B8=5 90 5«0 2-0 T=b
6=l Q=5 Ow3 7=0 6-2 DT
Tl 1.0 Sl Sel B=1
8= ﬁ 30 B=d O3 3=l
0= 8«0 Dl Gl 40
-8 Bl B=2 T=6 85 7«1
5-1 5=3 ST gj 2«1 G4
8=3 T=5 Owl Sab o=5
2«0 S=g G0 Sw2 D=0 Se1
T<D -6=3 2«1 BT 83 é-l
Aol Ded T2 L S0 O«l
Twd Bl 76 B=b Sed Sl

It was alse found out thal almost combination was

mere Aifficult to the students when met in form (D) in form (a)e

Rxample, taking the last three combinations of form (b), the mnumber of
mistalces in bolh forms shews our point of view :»

Combination Mugber of mistakes
B L
- 1 7 33
-l 15 3¢
- 0 0 43"

4
9
9 ,
Thists due to the fact thaet the student forgets that he has

T™he third category consists of those combinations where a
digit is subtracted from & smaller digit. D)oy can be used cither

t;‘ borrowed to, or berrowed from end to. Example,

€

5 it
& notiee the ¢ « 5 and the 5 = 6 combinations,

Arranged in an order of ascending diffieulty they are as
follows :=



S

a. Borrowed to bs Borrowed from and teo
0=7 3«5 18 45 7«8 p o
A0 6-7 6~9 3t 13 0=2
0-6 1-9 1-3 5«5 1-6 15
2«7 1-4 3«6 2-9 37 O=b
2md 45 0-8 3«6 4-7 1-8
2-8 17 0=9 67 2-8 6=0
0=3 5«0 7«9 58 23 0=5
7«8 02 3-9 7«8 07 0=-9
1.5 57 0=5 St O=B B=0
1-6 4= 3-8 27 3«0 2.6
2«6 2=0 2.5 -1 45 et
5«8 2-3 4-7 1-4 4-0 5=8
80 4-5 3-4 58 40
1.2 5=6 O=1 2«5 68 5«7
Cwd 37 6-8 5«6 0=3

when & €@ tion falls under feorm (b), it
the Se L.L'nh-th

The following examples

:
E

o303 L’
-=-‘s:su-p

EEEE
FEETTS

BB 110, % S, 0ot 8 ranst Sop e Syes
m_ LS.,'& berrowing from.
n;t use is the above mentioned analysis

m The ar; lowing z:'ulﬁ fu m;?:?s%yun in m?.l-nwy

m-mmcmmuumwam

difficulty as they appear in the exsmples muth-' nnu
ﬁmmammtumt

et L e R R
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2. Processes s

A process means an operation which riqairu a combination
of mumber facts. Exsmple, 6 x 38 1s a process because noboedy is expseted
Sonin Uy pPecese of miltiptying ¢ 58 n é8, 6 X5 a1b a1 ¢4 o 08

x = = s .
Thus resching the sttt x B gty "

If we look into the nature of aritimetical content of the
four sirmple proecesses, from the standpoint of children®gy learning, that is
from the peyohologiui point of view, we sece that each of the four proces-
ses 1s a complex or an organization of unites of ski1l, and not a
single unitery affair, Thus the mutcr{ a process may Po deserived as
an organie whele composed of lesser abilities and each losser ability
eemposed of units of skill, :

\ A child in mastering each of the four si-ple nrocesses, for
example, must learn many facts and mester sikills needed in the r.lwrr
manipnlation of these facts. The following i will elarify this point.

fe Speeifie Sikkills.

Agaition

There are eight such skills in addition to be mastered
the pupll, Each skill eonsists of several hebits. Some suthorities en
Ect believe that the numbor of these hablits amounts to 260, whieh
rust asguire and organize (1). |

Subtraction
lon we are uttmrting to bulld a

nupber of speeific abilitles or hablis which are relatively distinet, and
not a single aritimetical abllity,

It is obvious !:hat a2 child might becons cxpert in sub-
tracting cxamples without geros, but not be able te subtract a problem

where geros are found, In & w 1t has been said that there ere as many
different hahits in subtraction 28 there are types of examples. (2)

Multipliecation

The basic skills are used in many different ways in the
solntion of exam in maltiplications The chief concern of the teacher
28 {o sce to 1t t&oshmhm&@m:o?ulhmtcu@twmh
the pupil only one new difficulty at a time (3).

ﬁ Ref. appendix p. 117 ~
5

The 1150 of spaeifie skills. in maltiplicst as follows
c () s
ls The mlm:m e !'ﬁ-c%s or cmgfglgm.

2. One place multiplier, and 2 or more figures in the multiplicand

with ne .
i. c?»ero in mlt!:ﬁor, mltiplicand or product.
« Larr

ng. | :
Se !éaltr]lalying by 10, 100 or miltiple of these.

s: Too or bwe flowts 1n fho muBioltar; © T ring the isstng

c 8 on of s n n ers ng P
' ddisiuinmtﬁimml product of £ two or mere figures, multi-
plicand an plier.

AammmmmmugmmaMummth
solved and explained on each kind. These are in brief akills in
multiplication.
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Division |
tutmg“f:né: limax 1&” z-pumm" - '
c 8
has not m&mrme:m-'hmnnu&mabuh
master division. That is why mt:hcnubesluoaonunm-

cifie skills division and definite instructions should be given regard-
ing these askills (1).

b. Degree of diffieculty (2).
"If aritimetic is to serve life, 1ife must be examined”.

3 Anmﬁusatimmomudm Galis Wilson thru e campaign of
) The idea was to Imow from

& matter of

re nting 155 occupations. :
pract t common uses of arithmetic theret are in the dally seti-
vities of 1ife. The total mumbers of examples collected by %ﬁtml
of the ¢ was about 14583, This total number was distr among
the four e processes as follows:
e Addition B S : .
A The addition examples amounted to 4416. They were
studied from the point of view of the size of mumbers or the mumber of
laces wore used in the exsmples or problems, Genera tpunn;‘".
t was fo out that the numbers dﬁo%hwr’o uhhulg « There
less than 25 of additiecnal problesis with an addend of 5 places or above,
m —-;:Mwo-plmc lace addends. As to the mumber of
.nt-‘. & prob problems wi addends were most common.
next. Probléms involving 4 and § addends or more were very rare.

Drill work u{r

be extended sligh

The following table represents tho,sm 5 w in

percentage. : .
Size of Addends Fercen
1 place 1.56
2 plgees 49.40
2 o 33465
a 11.72
5 2,96
g ” 057
4 " 0,08 ete.
{1) 1. The form of leng division and the technical terms pertalning té 1t.
. mﬂngn the mrocesas: _ : A
A the first partial dividend -

b= Estimate the first f

o= Hultiply the divisor by the estimated

e
G-
f-
ai

and maltiplication.
Insertion of

the quotient.

!g Ibid. p. VII.

which inveolve both

‘in the quotient
quotient £
. the first partial dividend

t the product frem the partial dividend

down one figure from the dividend to form the next partial
and repeat the firat five steps.

and carrying in subtraction

remainders
Insertion of zeros and double zeros in the quotient as 507 and 60086,
Final zeros in the quotient as 460 and 530.

. &mq-.‘r
G.H.,Wilson: t Arl tic shall we teach", eh. IV,



Subtrac
It was evident from tho:nvutipuen that there were

1296 subtraction . The most common of these were problems of three-
place mimuends, next minuends, followed in order by twe, five,
In‘ and one ace .

The following table indicates the size of the mimuend in

centage

. " Sise of Wimmends Percent

1 1,00

3 ™ 12434

s v 45,60

4 " 51.40

s * 8.40

6 " 1.25 eote.

Hultiplication

: There were 2632 multiplication problems., These problems
rumaatm%nth- ;.in:’ u;:u::-h g c?iﬁ%pl{ta.
one = s cCatlion.
; it was cobserved that go two-place multiplier is

g
§
i
i
]
§

The following list indicates the size of the mumber of

- Size of Multiplier Percentage
3 1 66.52
2 pigee 29.90
2% s * 2.51
s " 0.72
5 . 0,07 etes
Division |
tom. The B e e e S ey
mﬁm. ce most commen, nearly
equalled in freguency by the one-place divisor.
The following table indicates the mmmber of places in
divisors in. . .
1
48.13
8 6.83
4 " 1.24
s " 031 eote.

¢+ Common Difficulties

hamnltotacpuidntﬁyd‘mminhctm
I have classified 17320 wrong answersiinto the following groups:

1-ok bhnthmcubmuoulnmhettmtm pmuu.

5. ent and h'tnshg down in division.

’. tion, subtraction and multiplication.
8. % of the technieal terms.



B. REASONING

:htehguhuln orming the whole fundamental tions, and the
other :rm.mﬁmmm ar the pu of
solving problems., In other words, the first phase is lmown as mecha-
niecal the seeond as the reasoning. m»mm&of t we new

come to consider the seeond.

1. Importance of problem-solving.
While 1t 1s true thet skill in the fundemental operatiens

uuiiuimgog‘]\.m!nﬂn tical applications of aritimetie, the
am&gouln ¢ variety of problems mnd.d.duemydnyhm
-

| The problems of aritimetie are the most significant :rl

of the jeet. Innﬂngnmblum{upug:nnmhneﬂtt t

he esan from deing abstract mﬂntxma £it which is peculiar
*

- Problem-solving should begin at the begimning and proceed
wi mm'wknloiummb t is t nnn hnan
a 4 Mtzl“m ,'m seeondary,
sﬂ‘:‘l&&m:hﬂtg.ﬁum-:%. t;ndm&gindthth:“uhm

M genera 'umn-uecnm! ueoxwmiw ons. Przlm
are fundamental, abstract processes sre used in thelr solutiens.
e

»
!
|
;

ocesses, 1t is only after a has been shown to be useful
a problem qrmh, itself may be isclated for study and dri
in order that it may be asutomati + Tius, we see that problems
1 for the processes in use, and as a result, the idea of each process
ut when the papil finds that 1t applies in an interesting situa-
0N
2¢ Skills in problem-selving.

The following are some of the specifie skills invelved
in problem-sol e« In this phase of the subject, the teacher
should keep them in mind and make sure that the pupils will mester them
during the eourse,

1. mnnz to tell:

a- What facts are given in a problem

b= ¥hat facts are required.

c-m-tg;mouuotnaolvmgmwmm
one =8 E:blul.

d- Estimate answer .

o= How to ehagk the anawer.

i
i
i

ts

ES

concepts.

:?gﬂ'f?
:}gg"‘
g !
H
g 8

1]
i
'
:
:
?
5
3
5

Manner . .
d~ Detect epes in solving lems.
umuhﬁopﬁhnmbmhdhm'.
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Se Classification and grading of mroblems.

By a problem we mean an exercise in which thoxgugn mst
determine the operation dy which the preblem can be solved., he
operation is ated to the student this exerecise is known 2s an
example,

In the teaehing of problem-selving an impertant device
is elassifieation. One way of classification 1s according to operation.
The pioblem may be elther additilen, subtraction, mltiplication or
division.

Each of the operations may alse, in turn, be classified
further aecording teo the type of solutions as follows: subtrection ene-
step problems, for example, may be dlvided inte a number of types such
as, howemany-are loft probiem 3 how mih-are-takan-euy problems; how
mn%:ure {(or less) problems, and find the other-number-problems, Egeh
of other three operatlons con similarly be divided inteo types alse.

There are eleven 8 of solutions in the four opera-
tions, each occurring in isclation one-step problems. It will be
notlised that these types depend not upon the operation, but upon an
apprechension of the meaning of the problem. A broad and liberal treat-
ment of onc-step problems should be carried out during the first three
gredes, before attempting to introduce two step mroblems et the ond
of the third grade.

) Hext teo one-ste&mblem come the twoe=step problems.
A ho-atg; problem consists of two=eperations in ecombination with each
other. we recognize four operations, there are about 16 types of
tro-eﬁp problema, since cach operation may be associated with all four
operacions.

' Generally ag:aking twoestep problems should not be given,
in the full sense, before the fourbh grade, fmen these prebloms aze
begun, they should be troated systematically and the students should be
shown that a twowsiep g:zlsn is nothing more then two-one step problems
of the kind they have doing, but combined together.

Hext to two-step problems paturally come three-atep
problems, A three-step problem conaists of three operations in combine
ation with one ancther. .

‘As tho higher grades arc approaghed, the three-uteg
problems should be sented to the puiaila, perhaps by the end of the
ourth grade. In the fifth e the three-step poh{em should be
mas theroughly well er which the fourestep problems should be
intreduced. In the aixtﬁ grede the pupils should master the four-step
problems and be introduced te more complicated ones.

| Of course, ene cannot draw & sharp Iine as to where ene
typo of Foblm ends end the other type begins. M¥eréover, the abeve-
mentlioned plan s a general one based upon experience, but it 1z not
yet finally determined by selentific experimentation.

A teacher should always make sure that pupils de net
move on from one t{pe to another before it is well mastered, because as
;?lﬁggd;tm' he ene type ls & prerequisite to the other type

] .




CHAPTER FIVE
Hethed .

It goes without sa s that There is no one best way for teaching
arithmetic. There cannot be found a clearscut outiine of all the essen-
tials of method. It 13, as & matier of fact, a collection mere or
m-ntmlumblmmdmwmnmudnm ¢ research
along line, There i1s no one single method which will make a persen
‘& good teacher of arithmetic. -

Different metheds do exist nowadays in teaching aritimetic in the
schools. Smdm‘-mod!am“mu-ml are
s o Bt o TPio sxiile to e a ﬁmw
as rumerous as re are specific s eve e
uhoolglpﬂ.h. Newcomb u;: that the one-method system belongs to the
past. At present not only one method but many are neecessary,

The tecacher himself, in the light of his traini personal -
ience, and the 1ence’ of cothers, must choose his :&hmm ’3:.-
all, he is the one Who can mow conditions well better than
m%dy-o’.ln. to sdjust teaching methods to the needs of own pupils.

A, General Methods.

' In teaching, as one can see, there are procedures to fol-
low, as in any other of education. The foll items will be
hiefly concerned with some of the most important procedures.

1., Presentation of 2z new teple.
a. Gradual steps for good presentation.

teaching = ie in aritimetie
should ask himself the fo m: Eurulh-ﬁﬁ%h:m
into this tepie? It is better a&m-mmmtﬁmbju

and get m-muanmm these few ideas and unders
then it is to ecrowd & great many idees

the wunmcz.:ouns!gn work more than average ean doe
Some teachers ac y assign more work te pupils than themselves
can do in the time avallable.
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In ngtgg-’ng topics, the pumbers involved should s

first be kept =0 small as teo t, on the one hand, the
mmze-?ﬁmmw from diverting attentlon fr co

asped, and the other hand, to le ta: ué: g'pfrf ﬂ:.
on & epab studen :
épmmtahm'mur. Thus, the term peroe:? can_be made r-ﬁznr

h 1y and effeclivel robl frxe, "find 50 B
P U Gy L R it L Rl ik 00 P o

3

owing the teashing of a new prineciple, should be ment-
2l and blackboard work, This work shonld mu-uf. p--g.hy in complexity
order to familiarize the pupils with appl these principles in many
Vo o B s B by e g LR Lwt.:k
new c vanee
tulapl;c. ;houexupluﬁumm-nmiuh

g
t

§
§
B
i
‘I-"
:

T

of the causes of presen new subject-matter
of t!ngtﬂ Some teachers m:%"ﬁm- JM point
the class period, and then, while the pupils are
~books and confusion of changing classes on
subject to the class, Imevgr, nany
t to make such ass nts as "take from

B XA, g

explar ons are very ;
Host arithmetic text<books lack Aathors

pr brevitye. The follow introduction to the addi-
mumbers is typical of the ling customs ‘

m‘mmcewmsm
2 2/3 Hkmmghwmym?
32/5 4/5 g1 and how meny thirds?

)

615 5+115:61/5

This amount of © tien 13 perhaps goed emeugh fer

an adult vho is familiar with arl tic. It dmbtgg if ever he
14 infer the necessity of u a common denominater in another pro-
;ga of different denominators, muach more difficult it mld be for

g
i

gou
38
a8
ke
o8
g8

i
:

>
A2
133
$1
1L

Lﬁ.

L

i
2
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q
i
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ﬂtmummm-rmnm,mum
y the sritimetical processes, the teacher should
inite need for the new Inow . To be successful
t need among the elamentary 1s for the
mehar-houldappnl thrud cmt“,
« For exampl mimtmtot“
the subjeet at tetin. A ehild e a
hoisargodboonmb as fast as he can
ke, it means 11ing" off the ladder and hur
the sums of number combinatiens, inereased his
t these combinations were stones in tﬁomﬂ and that
one stone to the other., "hen he made =2 mistake he
110191-. Mbwamodu‘mndlemhmm
b.lm ;; ir 1t means running around the ein'.u,
al

ing®., These are few r
several dirferent gemes, which ths teac n‘v
ﬁr!.ng with him to the elass of arithmetic.

Hot all mmmber smoa are good. The follewing characte-
risties should bhe possessed by a good number game.

"31. It shonld keep all students at werk during practic-
ally the whole perioed devoted te the P.

2. It should not lead to noise o confus which dis-
tracts the attention from the subject.

Se {t shonld create in the child a keen desire to »
earn.

4. It should make the element of group rivalry stand

5. T6 shoald make th . the in-

. s na e group exer't pressure on

dividual to do his ¢t work.

6+ It should make each pupil vihl%y
the worlk of the other members g-oup o (1)

of such games is to mele, as has been mén-

tioned before, the cﬂ 12 do his best throughout the hole period u:d to
m‘both mgeod The ehlld ahoumuumto

th 11 Ihtmttmsnmo aom,heshmldbemlmutry

4]
z
:
X

B8

iz
"8

g

;’%
Eog
g»
:

353EREE
aég;g?
ﬁ%'gg?;
dpdiyas
e

Exlqy

E’sg

i
s
5
R
5

2

o
:} |
ik

it again tter results,
In addition to play, there are the following: suth as
u:o chila%s desire to eenltmct o p-'aunnl distinction and rivalry,

the fighting instincts group or comrmnlty instinet, intedest in
things already lmown, inmaat in what 1s new raoliny of success and
glf-nm. These are among tho most effective means for motivation

question terest 1s a vory vital one m-
ve 1t due cons tim. Little of pm‘ value

teacher in any subject, arithmetic as well as a thu-
subject, unless pupils are attentive. trgn pil to be attentive 1a bo
first interested. Therefore, should be made on part

the teacher to establish iIf hossib e, a pernenant interest in ub}ut.

’E

¢. Induective-deductive method.

In teaching a new process some of the present text
of arithmetle -tin %ﬂ & mumber 5 abstract a«mnmg a descrip

the to these def tim and t1 the
gouu. ha n 0110' a %“n
rineiple or generalization and

gt

(1) 5. J. - Lennes: "Tho Teaching of Arithmetic” s DPe 141-142, -



. > Ine:pnhdgg subtraction with bﬂru!.gt‘un d'th:?
books, widely used, begins ' subtraction as process

'anrznnmhﬂmtm rumber”. Then, concise de=
finitions of mirmend, subtrahend, rema and the symbol of the dash,
follows In brief, the deductive method involves the statement of a
principle and its applicatien to specifiec problems.

ik Frem the nt:napoigz. of :rrning ;bﬁrnti ::: nvd:ﬂu-.
as mw experience & nine or -T’m or
understanding definitions, and how do help in mastering and
using the process intelligent Thus, we conclude that deduetive teachw
ing of srithmetie, which was and Is still at present a characteristic eof
many tests, is too absiract, and consequently very diffieult So be undere
stood by elementary school students. '
; o e Deductive teaching being &8s su 1t gave rise to a striet
mand for a trensfer in m&i{g‘- dziﬁctindé: 1n¢§:ﬂ.n teaching.
Murwhlngt as we shall see, 13 more conerete, and consequently
more easily understoed. In his hyehologyortmceﬁonm »
¥, He Freoman points out that we may say as a matter of general gineiph,
that 4t is y desirable to deve the pupil the ability under -
gtand what he does in contrast with habit of carrying on & process
in a wmechanieal way,

Thorndike claims that the prineiple is then better #-

stood and remembered becsuse it coneerns some that the 1

is deing been doinge In tive , pupils ecan

be lead up teo useful generalizations (1). :

following is & specific example of inductive lesson
~ abou addition, T pmd'euryiuf&naﬂﬂiﬁmh
one iﬁhhlhﬁlﬁbbtau@tbythomgmtw” ode Other-
wise, the s in carrying on the process of "¢ ng" in &

ical way, right frem to end, will fall into mmech trouble and

m&;&cmnmwmmmmmwmmmwu

‘ : The problem be malsed through an attempt to edd the
mnumbytmufbmnﬂmortmmammmmmm
school on mmm,m 11 points were won b
gm: and 17 points by the in the first week, umhzy
Bagles and 8 by the Iions en the following weelk.

{1) Ae to Kendall and Nirick, in general the process of such a
lesson, In the form of en eutline, is as follows:
1.Wmtnt-pomn. begin with the fact or pro-

coss that 1s Imow.
2. Have them use facts in femiliar ways.
5, Introduce the new fact or process in its simplest form.

4. Suggest the new by means 11lnstrations of similar facts or pro-
with whieh tboz are familiar.
5. A g: principle of the illustrations by the use of objects

manipulate,
s.mmgm-mn the principles employed in their objective work
| to the ntwp,‘ouumtghoym-otuthlmi’h
7. Make several such spglmum. _ :

of what was done in each instance and the

9. Formilate & general statement concerning 411 the instanecs or ages.
m.lﬂ-wnmiuﬂmwﬂnmmtem- nlr



The wﬂj should be able to add 11 and 17, very readily
but they will encounter diffieculty in edding 14 and 8.

A few short review questions at this point are necessary.
nznaqnutimsmldm}m-muotm& ~value of number which
they should have taken in "notétion and mumeration”. For instance, the
number of units, and the mumber of tens, and the relative position occu-

s ana tenms. teacher, or some student should then

J

to £ind the sum of the two mmbers by us ag or tooth-
picks or small sticks, seme of which have g-cvim Yy t in bundles
5f ten. For the Eagles, & 1ist of 14 points equels one bundle of ten
splints to be in the tens and 4 ® ts to be in

the

ts « PFor the Lions, the ts should be the units
v inmu”%n lzm-npmm-u. Sinee ten
units place may be tied in a
ing the proper sum of 2 tens

: This procedure may be repeated several times in the ad-
dition of other lists, the number of lems solved correctly in a
r- lesson by ftwe divisions of gsame class may be a good incent-
- _

\ The teacher shounld see that every boy is interested
active and asks all sorts of questions, as to why how and when to take
, tﬁ-ninthe‘wnn place.

' L, After several illusirations of addition with the splints,
one pupll should be sent to the blackboard and asked to add two mmbers -
such a8 16 snd 5, without the use of the splints, and explain each step.
Another mipil may add 17 and 1€, another end 18, All these steps
should be performed with full lanations. Each mu may then be glven
5 or 6 6 les of & similar nature to add before e ried is
gvers The her may then explain that the rroceas invol is called

carvying in addition”, and he may state the rule in simple, congise

The next day's -onchmldinclnd-lm? of applica-
tions of the process of " in the form of different examples and
problems in book, or from ide sources.

d. Objective teaching.
(1) Begin with the concrete.

in the lower grades of the elementary aeho::l,- often tzn to realize the
diffienities m children encounter in understanding even the simplest
arithmetical tions which sre presented to them. Teachers fall
realize this rmh:.mn v overestinate the student's abilities

ng arithmetic. As a ter of faet, those ari uln%tim
are naturally simple to the teaghers but not to those be .
work to the : is meaningless, something sbstract and uninteresting.
The teacher should, therefore, begin the course of study with some matter
that hee meaning and s 1canee to the child, He shonld aid the pupil
in his grasp of number approaching it from the conerete.

The reason for the desfrability of E:fhnin; with
the ¢ te may be based upen the foll gyeholeci principle:
that is learned should be rela previons experience,
The new s uwmt:mtinlymutu-muu&&r
and extension of the old. Thus 3 + 4 = 7 must be learned in the



place 2 of four objects with a of three objects
and hnsz g,ﬂm m the resnl g-ug; 'lg‘:gﬂd mst loujm this
fact in such a way thet, in case of doubdt, will Ikmow how te obtain
the result again fundamental sources. This study of the concrete
will not only furnish a method for finding the sum, in case it should be
rthWn but 1t will alse develop a correct idea of the nature of ad-
aitfon, I[hat 1s true with the leerning of the addition cembinations
Solds true in learning the combinations of the otlmr three operatieonSe -

Thus we see that 1t is often necessary for p:ftli to
werk with conerete material, for it is only thrm setuel contac’ with
things that numbers acquire meaning. MNereover, conerete material pro-
vides for learning thru several senses and adds In interest to the learn-

ing processes,

: Tt i3 a fact, that in many elementary schools the

prevalent method is to teach mumerileal 1deas and proeesses with scarcely

any use of th , 1.8., it is merely abstract figuring. 7The matural

rosult of this ¥ind of teaching 1s to see beginners ha and failing
n the course,

(2) T™he Real Cenecrete.

It has been pointed out b{ Dr. Dewey and others, that
things present to the semses, objects that we can see, touch and handle,
are not necessarily concrete. They are only concrete to us when there
is an ucump.nﬂ.n% realization of their meaning and importasnce, A false
conception regarding the conerete, has cansed many teachers te be art.
ificial in their teaching by asking w!mui children to count, add, ete,
with things they will never be concerned with in 1ife. :

: Objective material that is most usuable in the class-
room Should be selected. It should be also varied as umch as possible,.
Unless it i{s varied, the pupil is agt to associate yhat is be learned
with one ebject only, such as "Ientlls and addition ', or, “pobbles and
subtraction”, ete. and not to be able to apply the kmowledge te other
things or -lﬁntim. The child alse gets tired of one kind as a material.

Real ebjectes are more intercating and posseas the
additional a&mt;gdthat pupils are uqniriagmm and facts in eon-
nection with the of material with which y will be uaed.

Teachers often stick te the use of blocks, pebbles
splints, shoe-pegs, and grains of corn for the arzuo of uﬂns uantl-
t1 leal o the young. ’
hopdmdccnnnﬁhomimnfoﬂmrmyam‘m.
tuation 1s of ne mtomn:huhn:nd therefore, is abstract
te of the fact t we are zr o!‘em. m!su Ih-ml
a boy's purse today, and an imaginary two piasters to be recelived
tomorrow, make the four pilasters he to t{thnt levely red bell,
and represents the real concrete. "The three kittens, two white and one
black, left at the farm months 53 .I;.Ix be more concrets to the little

a
1 who loved co isks arr d in groups of twe .
S one efure ner Syests (13 S

(1) A'. E. Moore: "The Primary School”, p. 283,



2. Drill

a. Heed for drill.

Drill, means practice or frequent and brogulu' repetitions
of the act thet is to be sutomatised.

The need for drill is twofold: l. g;.ﬁ te build & new
2. drill te meintain an
old sikille.

Mofm?yehdogietllmotlmuﬂul-‘
earning takes place in aritimetic, this law
eannot be mmtmh.lni.ﬂmuboot. mmm%nu
agreéd upron that arithmetie a habi u-nw subject, and t correct
habit-formation. -

hadll v If all of h:?tu’:l“ a;.:’ﬁhn thgoru-;, -f.:nu:lth-t drﬂ.xl
ou ven an !.-pr ace e teac ° thmetic, speciale
: the four -i.ll:plc e ’

The foll four points should be kept in mind by the
teacher in connection with the fermatlion of any habit:

"1. That a clear understending should-.be gained by
the pupil of the habit to be formed.

2. A reen desire to form the habit should be ﬁu'nt.

%2, Freguent repetitions shonld be provided until the
habit is formed,

4, All exceptions should be avolded”. (1)

The first of the four above points 9 ts that the time
for Arill is immediately after an ides, ‘g-ooou pr!.pc%lo or rule is
taught and 1s thoroughly understood e pnpilo. Drill taken
before the ideas invol are mas “only piles up error omfort,

a resistive attitude" (2). Too pupils are enga.pi in a :
arill witheut heving first acquired a clear unders of a righ
g:«u'o and a correct in forming & habit, In to the,

teacher should not separate between drill and ins 1 e Itis a

mhmmugzmmpucum of a process and then

bet to explain a bit, then drill em it, explain

.hunoa. for later, remembered 50 percent more of them, than another
class which was asked to copy the same 1ist but was not told that they

© g o=

Re 8, Neweemd: "Modern Methed of Teachi rithmotie® P, ¥2.
ﬂ'ntimnsui-tymmsmorma : 20th Year Book, P. 264.
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The third peint m%eltl that hablits are formed and fixed
by use or repetition. Thus, after the conneetion 4 + 5 2 7 has been
made, 1t should be reviewed freguently until it becomes autematic.

The fourth and last polint augﬁatu that there sheuld net
be, on the part of the teacher, eany lenianci' s, or allowance for, any
exception in the drills undertaken 1In building a certalin habit.

be Techniques of drill.

Drill, as any other teaching mrocedure, involves many
techniquess The following four are eamong the mest important:-

1) Distribution of drill eccording te time.
2) Distribution of drill accord to difficenlty.
5) Mixed rather than iseolated drill.

4) Standardized rather than unstandardized drill.

(1) Pistribution of drill accarding to time.

The effectiveness of drill deg:nds partly on the
length of the drill perieds and of the intervals tween them. There are
hundreds of experiments on the time arrangement of drill. (1)

It 1s not easy te say that any particular length of
period is best for a practice meriod in aritimetic. "It is generanle
recognized that short periods of snappy drills, with concentrated atten-
tion are better than relatively long periods in which interest tends to
lage. Drills which occur dally, or at least several times a weelk, are
nore effective than those with longer intervals. The ideal distributien
of drill is to give, during the time of the first learning, enough drill
to insure a reasonahle degree of mastery of the process, and then te

ve pmc'i':ic? %n smaller and smaller amounts at longer and lenger
tervals". (2

(1) The following experiment, as has been carried on and described by
Reed, appealed to me moste. Roeddividedagrwgof two hundred and
three st-year and second-year college students into four groups.
They woere given problems of five three-place numbers to add. The
time was distributed among the four groups as follows:

Group 1, sixty minutes continuwalg.

Croup 2, twenty mimutes a day for three days.

Group 3, ten tes & day for six days.

Group 4, ten mimates every other day for twelve dag.
The pereentace of improvement was measured for all the groups in the
last ten mimntes over the first ten, both in the number of examples
attempted and in the number right. The following were the results:

Srep Agtoupts Rights
1 10.9 12.2
2 3549 43.4
3 33.1 33.6
4 28.6 55.1

Twenty minutes a day for three days produced the greatest gains., Yet

not much greater than those obtalined from the ten-mimnte peoriods,

All three are far superior to the gains zoducod by an hour's eontin-

uous work, which cated fatigue effectes.

This experiment su ts the following conclusion:

1. That arill 1 be short en to avoid fat » and close
enough ta?e heyr to avoild forgett from one peried to the next.

2. That aril gu'lodn be long enough to get some worlz and be far

cnouaaupnr for one period to give the next the beneflt of sti.

mula m;:r!.t on and exereise.
(2) C. R, Stone: "Supervision of the Elementary School®, p. 156,
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(2) Distribution of drill according to diffieulty.

Distributgd: drill is that of drill which provides
a mumber of practice to each combination inveolved in the process drilled
upon. Thus, drills should be so built that each number combination
appears with a calenlated rrequenci {.6.,, mare practice on the harder
eombinations as on the easier. Wh fe in a haphazard drill, some combine-
ations do not appear at all, or only a few times, or in the case of car-
rying, if thirty examples practiced the carrying of one, sixty-five times;
the earrying of two, seventeen times; that of three, four times, Thus,
it plled u actice on emrrying one and slighted the carrying of twe
and tlwee flﬂ

(3) Mixed rather than isolated drill.

This phase of drill pertains to the content eof each
drill unit. Units of review may be presented in such & way as to deal
only with one single process, such as unit one on "addition of whole

" unit two on "subtraction of whole numbers”, etc. On the other
hand, each review unit mey be & mixed drill in which examples of several
or many processes may appear, Thus we see the two extremes of view on
darill. th forms drill are perfectly possible but,apparently, for
experimental g::pona isolated drill was tested as such inst mixed
dril1l, Experimental data on the two alternatives suggested a dfstinet
advantaga“og the mixed type over the isolated type for purposed maine

(4) Standardized rather than unstandardized drill material.

- The u.ndarlymgrginci le of standardized versus unstand-

ardized drill material has a d t relation with the problem of motive-

tion, Dy standardized material is meant that material which has stand-

ards of performance accord "to which each g:pn can determine his owm

rating. Fe can Imow how well er how poorl has performed a plece of

:grk.('me) ness of success or fallure is by itself a very strong motiva-
on . =

(1) Dr. Iuse studied the effects of these two types of drill on six hund-
red fifth-grade pugils equally divided into two groups, on a basis
of general erittmetical ability., One of these two groups wag glven
distributed type of drill, and the other a haphaz type. The re-
sults were as follows: '

1. Both groups made a decided gain from the fifth iods of arill,
The gain for the distributed drill was from 19,6% to 53.7% in
at ts and 31.1% to 84.8% in rights. The gain from the hlghl-
zard Zpo of g'illt was from 11.2% to 39.8% attempts and froem
15.3% o 60.,8% in r ts.

2, The distributed drill gave an excess over the non-distributed drill
in examples solved cmeotlziot 17.7% in tion, 18.8% in sub-
traction, 357 in multiplication, and 23,9% in divisien.

(2) There were 567 pupils in oup M, and 263 in group 1, vho were given
drill on the addition of fractlons for & period twen ix twenty-
mimates drills, The results were as follows: the mean rlg:
answers of the mixed ?'ou,p in the pre-teat was 93,75 and in final
test 150,89 while that of the uohtadaf-eup was 20,75 in the pre-
test and 153,51 in the final test, A difference in thoago-tut of
0.82 and in the final test 17.57. In addl tion to this ference it
was noticed that pupils ﬂiﬂg the mixed drills learned to work more
accurately and more rapidly then puplls using the isclated drills,

(3) An t was earried on for one day a week, for twenty weeks,
In s experiment twe groups of fourth-grade arithmetic pupils were
used., Only one of these groups was made aware of success or failure
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' 3e Principles.
a. firitten and oral work.

Oral work in arithmetic is invaluable apecinlll when
the teacher plans the material in advance, which 1s to be worked in class.
Whether this material is talen from the text-book or is grepnred by the
teacher from outside the boek, it should be simpler in, both, statement
and calculatiorn than the material assigned for written work.

The teacher should keep in mind that the meterial
which he migl for oral work should be of two kinds: Namely, abstract,
in order to strengthen the ﬁ ile in ealeulation; and concrete, to
su-og:{gthen them in interpretation and in using calenlation in applied
problems,

Oral work should proceed written worlk and be given
daily, if possible, for about one fifth of the class peried. Within this
time limit 80 many emzlel and quite a good number eof verbal problems
ean be solved. e hablt of solving simple examples or casy problems
orally should be 1t early enough in the pupils of the grades. Too
often one notices that the pupils, sometimes resort to the use of the
blackboard, or rencil and paper, even in answering questions about the
simple rum facts.

¥hen pupils are assigned written work to be done in
‘glus or at home, the teacher should male sureé that the ﬂns Imow the
What to do". Ofherwise, he Las to load them, somshow, into these A1ffi-
culties, because pupils are assigned some work whieh they do not
ersténd, they el waste a great deal of their time or they have to
depend ugeﬁ help givon by others, usually their parents., Both phases of
the stion are eeable, because in addition to the lesek of uni-
£ ty of this outside instructi there is the generosity of the
Bu-cnb’s.k The following incident cates what, sometimes, happen to
ome worls: .

: "One day a little girl took heme her arithmetic lesson
to learn. As usual, her mother hel her. The next day, on the ehild's

return from school, her mother said, 'Bid you have a suecessful day at
sehool, Dorothy??

Yes, marma,* was the refl .
fWere the problems all r éf'! Continued the mother.

'Oh' the problems', said °t$' No, none of them were right, but

?o? t feel badly, mamma, none the ofher mothers had them risﬁt either',"
1). - ’

From this incident we conclude that no home work should

by making pupils use a series of mixed fundamental drill units, which
contain rence to standards of work, and mrovision for the class
to km':n objective record of progress o fallure in their werk.
The group used exactly the same material and under the same
conditions but without any reference to standards of work or provie
sion for a record progress,
Lack of space prevents the insertion of data showing all sorts of
comparison between the twe pouga. but suffice it €o say, that while
the mean of the two groups was the same BG.&I:nthoinitmmt,
it amounted to 285 for the mm&l group, and 275,80 for econ-
trol srmg;. Thus, one ean easily say that fnental evidence
demonstra the useful effect awareness sucecess, as has al-
ready been made elear under motivation, and recommends highly the
use of standardised material for drill purposes. iy

(1) Eendal and Nirick: "How to Teach the Fundamental Subjects", p. 316.
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be given before the fourth grade, and when assigned 1t should be mgplo-
mnen or drill on easy exampleas., It should never consist of werk in
whiech puplils will have to be helped.

b, Speed and aecuraey.

To begin with, accuraey 18 of first importance, and speed
is of a secondary one., If s is accomplished only at the exgonn of
ascuracy, it is ra of little or of no value whatever, On the eontrary,
the teacher must con inually insist upon one hundred peareent accuraey to
be set as a goal for every pupil,

: The teachers agecinlly those of the early grades, should
feel responsible to secure f!.'n accuracy and then speed both oral and
written work, In these g;:ea if inaccurate habits are ramea} they
stick to the pupils all ¢e The attempt , on the mart.of teachers,
to get rueh speed at first inevitably leeds to inacmuraey., DBut, later,
when the worl becomes more antomatic and after a high degree of aeccuraey
has been secured, “-good' exercises should be given. These exercises
ahm;.';..dlbt: :{rmpla that practically all the attention can be given to the
spdb Qlls

David Eugene Smith says, "It 1s the loose manner of
writ out solnt!om , tolerated by many tesehers, that gives rise to
half the mistalkes in reasoning whic h the ils work, and, teachers are
eoning to ree ze that inaccuracies of sta nt tend to beoget inaccu-
racy of thought and so should not be tolerated in the school room". (1)

This toleration on the part of the teachers, leads, as a
matter of fact, some of the pupils to believe that accuraey in computa-
tion 1s of 11th1e importanee, Teachers must contimually insist upon
accuracy, as has been mentloned before.

Even more than that, some teachers permit and encourage
inasscuraey by giving high grades to the correct rrocesses even if the
ansver is wrong. )

6. Individual differences.

teacher of arithmetic can notlice very easily many
differences among puplls of the same elass, no matter how exact the clas.
gifieation of these pupils has been, We are after those differences in
ability to underst al tnations which eall for & Imowledge in arithmetie.

=l Since the existence of these differenceés 1s a fact, teach-

ers should talke them into account and provide for them, otherwise, there
will be no hope for them to attain a hﬁx de of etfieimy in their
tenth!.nif. To matter, whether the causes of these individual differences
in ability to meet arithmetical #i tuations are inborn or acguired ones,
teachers of aritimetie are not excused fpom: first, finding out their
causes; second, their rmdio? 1f this is within fheir reach third,
malking the best possible use o the sbilitles which these 1s possess.

If the causes of these individual differences are le-
al defects, such as inability to see a hear from a distanee, why no
glve these’puplls fremt seats? Ip need be an examination of the eyes
of these pupi shn:ldbomdsbytnpoehiint-inﬂw to provide sult-
able eyo-glasses, which will help to remove this diffieunlty.

Some puplls may have missed a great deal because of an
ebsence for 1llness or seme other legal reason. In this case, those

e ar e Sumeee

(1) Brown and Coffman, "How to Teaeh Arithmetie", p. 113,
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pupils should be given individual help by the teacher or by some other
member of the elass, being eapable of giving the neeessary help.

Other pupils may do extremely well in one thing and very
gorl in another thing. The latter may be due to the poor quality of
eu-ning whiech hes ceded., Iin such a case, teachers should find out
what oaeshfz il end begin there, They should not pile up 4iffi.
culties eh result in am inereese of differences among pupils, by con-
timing nev work while they have a weal baeclground,

leck of interest in aritimetic alseo results in work
and increases individual differences, The teacher has to resert to some
sort of motivation, as has been mentioned previously under this item.

The followling are other remedies for individual diffe-
renees:
’ l. Gyve more diffiecult guestiens under the same tople
to the more advanced pupils,
2. Iet advanced pupils help te direct ard cheek the
work of the bac ones.
35 Gilve maximum and minimum assl gnments.

Finally, 1t was mede clear in this diseussion, that in-
dividual differences, no matter how great and mumerous, can be gouged
into types subject te partlcular methods of treatment. Otherwise, there
should be as many methods of instruction as there are Individuals in the
elass. A thing which is imposaible.

d. The use of the text<boolk.

Under the o0ld method, the text-book was all in all, Both,
teacher and students had te stiek to it, and any divergence from 1t, was
eonsidered to be a fatal mistale on the part of the teacher,

At present, the ¢ e in the method of teaghing, as we
have seen before, has hrought with 1%'a change in the use of the text-
book. The textebook 13 no longer considered tg be everything. It sheunld
serve only as a guide or refercnce for help, "It helps the cher to
or wor ves good teaehing stions, and provides for a
collection of drill, exerg¢ises oblems, It s a chanee
for the s _tudy of aritimetical langnage, and same of the material ean be
assigned for silent reading". (1)

The teacher should feel free to omit mblm and even
topies from a text-boolk, tgovidod care is talken that omitted parts
are not needed later in gourse. MNoreover, additlional mwng. from
gettm' bo?lg and from eommmunity life and of tho pupils' own maling, should

i].; Almack and ILeng: "The Be Teacher", p. 332, -

2) "Phat shall be said for teacher who fears to omit certain problems
whieh are not utilitarian and whose culture value is éounter-balanced
by the faet that they iiﬂ a false notion of business, or to omit

e traditional puzzles which depend for thelr Mtf!eulty upon their
anbiguity of statement? a teacher, eszocnny in our eountry .
sehools, will confess to a fear of omitting problems, lest he
be accuSed & an inadility te solve them,

}: would 5 :i% for :hli touchei; tob?siat in creating a sentiment
favor unquestionably superfluous or dangerous
and thms to aveid this weak criticism, It should also be understood
by timid teachers that it 23 no disgrace to be tElﬂl.o to solye every
pugzle that may be sent in, or even every legl te problem”.
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: - mmiuég teselglra -t;glfazr to ;m!.t a single 1;‘&1;:0 ;r

blem e st upon the s to work everything
ﬁ to ao thaz the books!? m%oﬁs. As a result, these pupils my'
solve every prob in the book, and yet be anth-oly unprepared to solve
many of the problems required by real life situations,

‘B. Specific lethods
1. Special methods.
a, lIumber facts.

Students of arithmetic Jdiffer in opinion upon the number
of facts to be taught, This differcnce of opinion has its cause in the
the of transfer, and it depends on the extent to whieh they rely upon
this theory. Some believe that we should teach only ferty«-five of these
facts, thus, leaving out of consideration the ninotsen smero facts. Fur-
thermore, tﬁoy consider 4 4 7 g 11, and 7 4 4 g 11 as the same fact
deggr > to a large extent upen transfer. They believe that a student
af being taught 7 + 4, should be able to know 4 4 7 accordinglz;
Thus, they alsoc dispense with the teaching of thirty six more facts,
What remains of the one hundred basle combinations are the fourty-~five
original basic facts,

Research has sheown that not only ferty-five, but one-
mndred combinations must be regarded as daslc, For éxample, 2 4 6 and
6 ¢ 2 are not the same to the pupils of the grades, Clapp has shown
that smong 1154 third-grade puplls 220 got 2 4 6 wrong, %arm onlg =
130 of the msame pupils get 6 ¢ 2 wreong. Fvidently the learning of 2 4 6
13 no assurance that 6 ¢ 2 1is likewise learnecd. is does not mean that
there 1s no trensfer, whatover, from 2 ¢+ 6 to 6 « 2, but it means that
aftor one has been learned, ther will have to be learned separately,
Although, haps, with less effort ngociany if these facts are asso«
elated in the teaehing and learning (1).

: On the other extreme, other students of arithmetic believe
that some of the secondary combinations should also be knewn as faects,
The total of secondary combinations of the four operations amounts to
several hundreds, which ehildren cannot learn and if thei can do so, they
cannot retain them, As g matter of fact, only the most important of
these combinations must be cared for and “or whieh provisions should be
made. Such as the higher-deeade eombinations which are used in multi-
pliecation with carrying, and the higher-decade subtractlion combinations
which are used in uneven short division (2). We come next to the econ-
;oidm'atigxrx of the third question, 1.¢., how shonld these number facts

In the first place, the nmmber facts should be taugt
with méaning. A pupil should not e taught numbers as segraba entities
by themselves, such as 3 or 7 or 9, in an abstract form, but should de
taught as 3 semething, 7 something, and © somethi because one can
never find in 1life these mmbers a%anding alone without the "something”.

‘ s In addition to thet, as the puplls learn the facts of
the four operations they should alseo be ttﬂi clear ideas of the meane
ing of these ﬁrocossos. As they learn maltiplication or division
mg;,utliny ;’ ould be getting an intelligent 1dea of what mmltiplication
or v on -

’%l Ref. mage 74 od

Ref. oppordux -
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A child does not lmow what the word "times" means Ly say-
ing "three times five are fifteen". As a matter of fact, 1t is a mean-
MIu:bgruo to him, which he recites parrot-liks, If, on the other
bmg! fact is taught in the form of three 5's are rf.tteon, the mul-
tiplication idea is elearly expressed in form which 1s easily understood.
Three 5's and another five and stlll another five.

The most wrong answer to 1 times 4 is 5. This 1s beecause
of the association made between 1 and 4 in the addition fact 1 4+ 4 5 5.
This econfusion eomes about when the multiplieation combination read
1 x 4. But when the combination is taught in the form of one 4 is &, 1t
will be impossible fer the child to say one 4 1is 5.

smml&iﬁaﬂr confusion is eaused by the teas
of the division facts, en are taught to say 7 is contained in 56,
8 times or 7 goes inte 56, 8 times, or divided by seven equals 8,
Hone of these statements has mueh meaning for & young child, It 1s
better to say the number of 7's in 56 1s 8 or the 7's in 56 are 8.

Allied to teaching with mnni.mé, is practice with mean-
ing. Abstract mumber practice is relioed upon tee much, Initial learn-
ing, as has been mentlioned befere, should charged with meaning.

It is practicall imgouible for a child to lmow his
mmber facts in abstract form wizhm being able to make any use of them.
A ehild does not actually lmow a fact unless he can use it a situation
requiring ite To be able to say 6 x 7 are 42 1is insufficient. The per-
formance of & few good 6 x 7 problems is worth several times more than
en equal number of practice on 6 x 7 equals 42, as m abstract fact.

In the second place, the mmber facts should be hu.ght in

gmpc. By teac the number racts in oups of identical elements,
ansfer may be facilitated, and 1t will care of a part of the learnw

irge For example, a lmewlo&gc of 4 « 3 does not in general insure a

Imowledge of 14 4+ 3, or 24 ¢ 3. The necessary higher-decade facts should

be grou with thé basic combinations from which theI are derived, On

frequent oecasions, the pupils should be asied to tell the wvhole story

of about 7 + 6s This will provide the learning of 17 4 6, 27 + 6 and

B0 ONe. :

The pineiple oiugaxping facts should lilre<wise be applied
the -decade subtraction facts., For example, 12 - 8,

22 - 8, 32 - 8, and so_on. This also gives rise to another series of

higher.decade Pacts. Example, 22 - 18, 52 = 8, 42 - 38, ete.

hen we teach the basic facts themselves we should app
the same principle of grouping the mumber facts. Example, when we teac
6 and 8, we use the same teaching situation to present B and 6, as well
as the cerresponding sabtraction facts 14 - 8.

In the third place, the basic combinations of each of
the four operations should alse be tsu.ght according to difficulty. The
easy combinations should be presented first, and the difficult omes later.
Noreover, instead of giviﬁ’}gnu drill on 2ll combinations, the teacher,
in kmowing their order of ieulty, ean give the greatest amount of
attention to those cembinations which are most diffieult, This is quite
different from the old procedure of requiring pupils te learn these
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combinations in the form of tables, by repeating them over and over in
order, thus gt equal drill on all combinations regardless of
their ¢ tive difficulty (1).

In the fourth place, the number facts should be learned.
and drilled upon te the extent of belng Imown by the mﬁih antomatically.
There are mz ?m up reople who are uncertain when they are confron
with the multiplieation canbination 8 x 7.

b. Processes.
Addition

As a result of an oral diagnosis inh celumn addition,
I have feund ocut that pupils can be sorted out into the folleowing three
groups, The first ccnsists of those ﬁl:pila who added by thinking the
cummlative sums only, and thus they have added the rs 6, 9, 5, 7,
8, as 15, 20, 27, 35. That is, they have used the methods Imown as ad-
altion by thinl.d.ng results only.

The second group consists of those students who added
the numbers as following: 6 and O are 15, and 5 are 20, and 7 are 27 and
8 are 355. The third group of puplls followed a more detailed method,
They added as follows: 6 and 9 are 15, and 5 are 20, 20 and 7 are 27,

27 and B are 55. That is, puplls of the second and third groups added
2; thinking both results numberse. There 1s no doubt that tThe first

the three g-ong: has followed the more rapid method, 1.e., addition
by thinking results only, This method is the one recormended to be -
taught to pupils. (2) '

(1) Clapp reports the follmme encies of combinations in Beok II

of & certain series of ar e :
1l 41, 434 tipes 2«1, 444 tipes, le+2, 2991'.1?0:
4 41, 474 " 6 « 8, 62 " 7 « 6, 74

8«7, 102 " 7 «5, 7w " 7«0, 74 "

Osburn reparts that "one hundred and elghty out of a total of 1,325
eombinations do not occur at all in the book considered while some
easy ones occur mere than 3500 times.

With th s fble of texts published since the results of the first
mlril ve been avalilable, it appears certain that the practice a
pupll receives upon the combinations of aritimetic, both basie and
secondary, will not be adjusted te the difficulty of the combinations,
and that amognt of proetice upon the different combinations will
depend upon the t the puplil studies.

(2) "Conard and Arps studied the value of these methods with twe egqual
elasses, of high school students., There being thirty-twoe student
in each class, Doth clasaes received eight periocds of drill in rapid
work in each of the fundamental operations., One class added by
thinking results only, and the other by thinking both results and
mmbers. J
The foll table gives the gcnen e of gain for operations com-
bined for both classes in the Courtis tests, which were given at the
beeimj.ngut the experiment and the end. Percentage of gain in ade
difion by twe meth (after Conard and Arps):

Methods A ts Rights
Thinking results only S34.4 509

Thinking both results and numbers 8.5 2.5



Carr in ¢ addition. ‘

'c::'r*[ing" in colurm addition should be tuminductinly
by means of splints tled in bundles of ten, Frimarily the amental
reasons for carr should be expiained as being based, upon the place
value of numbers, s has been pEviously dlscussed u.nﬂer induetive-de-
duetive methods,

‘ In the beginninz the teacher should confine his explana-
tion to the carrying to ten. The earrying of hundreds can be done later
in a sinilar way perhaps without explanation. :

]

Tumbers to be carried should be added immediately to the
first number in the succeeding column. Example:

57 e add as follows: 7wnits plus 6 units 15. 13 units 1 ten and
26 o units, The 3 is written in the units column, and the 1 ten
B is added directly te the ten's column., 1 ten plus 3 tens 6

tena, plus 2 tens 8 tens. Thus 57 26 8 tens and 3 unis, or 835 ans.

This process of carrying in addition accounts for a con-
slderable proportion of the total number of errors in addition, eapeeia}ly
in the lower grades., Scott shows that in an elementary school class 347
of the errors in the fundamental aritimetical operations were due to mis-
tnkoabznteaus-r and in another cless of older pupils, the proportion
was abou . : o

Among differcent causes, three main causes of error seem
to be cutstanding in this process. First,imperfect understanding of just
what the car ocess lmplles. Secoy] fallure to remember the number te
be carried until time to add 1t In the next column. Third,the difficulty
of sustaining the attention to the fact that a number 18 to be carried.

Subtraction

_ There are four principle metholls of subtraction in use
tiroughout the world, namely: (1)

l. The complementary method.

2. The talke-away-borrowing method.
3. The taltc-gway-carrying methoed.
4. The additive method.

Two of these four differont methols are more familisr
g::d “:xéutié 1&1 use at present. '.l'létel:g -trg'hghg ﬁ.ke-nay-baml-wing ne-

ke y-carr ne ollowing ex e is an
$1lustration of the £irst meihod: p g

In this exemple, we cennot tale 6 from 4, and so, we
berrow 10 from g tons, which, added to the 4 s 14.
6 from 14 is 8. Since on¢ ten was berrowed from the eight
tens, there are left only seven tens, . Five tens from seven
tens is two tens.

The next example, is an illustration of the take-away-
carrying method:

84 Since we camnot take 6 from 4, we add ten to the four

56 making a sum of 14, and subtract 4 from 14, Since ten has

gg Dbeon added to the minuend we must add ten to the subtrahend,
Ih.nhan do by adding one to the five. Then we subtract 6

B8R

(1) Ref. W, J. Lennes: "The Teaching of Arithmetie", pp. 227234,
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As to which subtraction method is the best, is still a
matter of dispute, There are points in favor of each method, but evidence
favours the take-away-borrowing method rather than the additive one.

To avoid interference and confusion 1t is ver{ important
that a school system should select one method and adhere to it throughout

the course, .

Whether the one method or the other is used, the students
should be taught to subtract a t from another larger digit directly,
a t from another smaller digit directly. They should avoid the
practice of stating each step in detail,

Thus, in subtracting 28 from 56, they should say 8 from
16 at once, and a 1iftle later on, they should be teught to give the re-
sults weiy without mentioning how each is attained. DBecause saying too
much in the process is a waste of time.

Swwgn form the habit of writing the new form of a
g & m 'm or "carrying” is made, while they should learn teo
s 8 -

Multiplication

EKirlk Patrick concludes that memoriz tables and using
them later on, 1s a wasteful methed of learning. 3 nts should learn
the mltlzliention canbinations b{adsrivation and computation. Children
who memorized the mul}tiplieation tables made a gain of 10.1 percent.
These who loarned them by using ey and practice made a galn of 18.9 pere
een:. The third group are the computers. They made a gain of 27,7 per-
CeNnte

The results of this one experiment are very clearly against
the traditional method of requh-!.nﬁepu ils to memorize the multiplication
tables and then expecting them to icient in the use of the combina-
tions when presented in random erder, as they oeccur in arithmetiec werlk,

Division

Should the child say "5 into 20 how many times"? or "5
times what equals 20"? Nead and Sears trained two third-?aao classes by
these methodss The elass that was trained bg the first, the so=called
into-method, made in five months a gain of 2 rcent as measured by the
munber of combinations solved in one minute; eclass that was tr
by the multiplication method made a gain of 45 cent during the same
interval. later, the two authors found out that there is l1ittle relation
between the abilfty to lmow the combinaticons and the ebility to werlk the
mﬁoa, for the mltiplieative division class with high score in come
binations, fell much below the old method division class in ability to
work the examples., The maltiplicative division class averaged 4.3 points

than traditional dlvision class in ability in the simple come
binations, In case of the longer examples the sece class scored 0,7
point higher than the first.

Estimation of the Quotient.

Of all the difficultlies invelved in 1 division, probably
the hardest one 1s the gnotient difficulty. Sometimes trial gquotient
figure has to be ¢ from two to five times befere the right quotiemt
mu found, These corrections are, without doubt, a source of waste

time and energy.



w4l -

Theire is no agreement as to the best method of estimating
the quotient. However, two methods of estimating the quotient in leng
division are in use at the present time.

The first of these two methods 1is ally taught and it
uses the first diglt of the divisor as the trial dlviser inteo the first
one or two digits of the dividend., Thus in the following example:— 2

46
4 1s the trlal dlyisar, when divided into 9, it gives 2 as the quotient,

This method is called the apg;:ent-quotiont‘-mothad or rule.
It 1s very often taught to the excluslon of second rule,

The second method adds 1 to the tens' figure of the diviser.
Generally, it is used for only these divisors in which the sceond digit 1s
7« 8o O 5, and sometimes 6, o:mnple"8 ] . Here in estimating
guotiant some autliorities advise the use of the first a4 t of the diviser
nercased by one. It, thus, gives the figure 5 as the trial divisor; be-
eause the correet quo%ient fs not obtained when the lst digit of the di-
visor is 1%um‘l as the trial divisor, This method is called the increase-
by-’me rMmlie.

Conclusion:

1, If the unit figure of the divisor 1, 2, 3, 4, or 5,

divide the partial dividend by the tens figure of the diviser to find each

gg:i;‘si:gg gg;re. For example, if the divisor 1s 73, divide the partial
2 ‘

2e If the divisor ends in 6, 7, 8, or 2, divide the par=
tial dividend by one mere than the first figuré of the diviser to find
each guotient figure. For exsmple, iIf the diviser is 52, divide the par-
tial dividend Ly 6. .

If these rules sre folleowed they give the correct quotient
figure and the first trial 1s 75 pereent of all cases. In praetican{ all
other cases the trial quotlent flgure have to be correected enl; onee to
obtain the rmti.mt figure, These rules are the most efficlent yet
devised for £ the correet ammotient figures with very few exceptions.

' ¢« Reasoning.

Iittle 1s imown on the basis of experiment as to what may
be dome to overeome specific or general difficulties in problem=solving.
The results of measurement and the analysis of pupils? werk both show
clearly that many children have an adequate Imowledge of the fundamental
combinations as such, but they camnot comprehend the problem setting when
the serme numerieal situations are presented in verbal form. "It: is a com-
mon complaint that the child will sa S0 divided 6 is 5", without
res at all satisfectorily to the grgoblem "IF you buy 6 apples
for 30 plasters, what is the cost of each™?

: Hastery of the fundamental tgomu' does not sutomatically
result in proficiency tpplyini thﬂ to sclution of g:blm. “Often
a 11 is ready to solve a problem i$ Some one will tell whether teo

» Subtraet, multiply er divide. To Imow when to use and combine these
operations in aritlmetieal situations is the easence of problem-solving,
loore says thet skill in the fundamonu%’_gocouu only grn:l.chu a tool,
and how to use the tool 1s an entirely erent subject.



Current text books in arithmetic lsck any effeective deve-
lopment of prineciples that underly the solution of problems, It is
possible to organize the ideas principles thet mﬁoﬂ” solution
of mroblems in such manner as to unify oimplify the le subjeet.
The following diseussion might be of scme help along this line.
foundation of all solving problems 1s the solution of one-step problems
as was stated before, These should for the most t and for mest
children invelve small numbers and relate to familiar conditions. Many
of these preblems should also be solved erally. ; ,

: The questions te be answered by the gupn ere: What si.

tuation re es additien? subtraction? mmltiplleation, or division?
In the beg all problems requlring the same operestions should be
?W and sented to the ﬁfn' after having studied formel work

n the operation eeneerned, 8 srrangement makes the Eupil show
greater ablility than he redlly possesses. Just boesnse he has bemh
atm}_ﬁng addition. It 1s natural for him teo sdd the numbers he f

in oblem. If probléms requiring subtractlion were presented teo
him at this time, we should find him nttem?t*_ng to solve them by adding.
Similarly, after the formal work of eaech of the other three ations
has been fhre o 805 of problems should be presented ascording to the
og:nt!on ously studied. Sets of problems requiring subtraction
should follow the problem work of the subtrection operation and se on.

Sometlimes in the second lg:rada;ngroupe of problems will be
gesented, some of which require addition some subtraction. For
e first few exercises of this sort the gpﬂ'a work will be a disw
ggpointmnt for both, to himsolf ond to the teacher. The fact is,
at puplls In thé lowor prades usually can solve certain simple pro-
blems ie thoy are unable to solve o 8 involving exactly the
same principles.

In teaching puplls to solve problems, the tescher should
train them secording to the follewing genercl steps of the process.

. The fivet steg 1s te have the puplils reed the statement of
the problem earemly nng;l So uﬁerstag‘i it weofl. Thi; re;di is a
[ ox proeess usua e higher degree conprehension is required
than in our reading of m-dinnry printed material, The teacher of arithe
mic mggt assume some of the rosponsibility for treining pupils te read
Prroblems, %

' In the statement of the problem there are two kinds of
words, namely, those which deseribe the setting of the problem or the
particular enviromment in which it cccurs, 1.0.; deseriptive kind of
words, The second kind of words are those whi dotﬂ.ge quantities er
quantitative relationships, 1.c., the "technleal kind", Investigations
show that pupils use many words of elther kind without béing @
elently aoqmiz".@ wlth ir meaning. Theso words define relationships
which exlst be n the quantity and are cnes for formulaet the plan
of solution. That 1s why pupils should know them fairly well,

o spraal® 15,55 st 2 I Srmyentiy rewinend 2y, pweie
a a _ , are o Ao
understand the stl'bm?;nt of 1?'.1 . g yen .

The second step is _to find the material that the problem
glves to be workod with, i.e., "what 1s given".



The third lt:g is to decide what the pupil is asized te
f£ind, i.e., "what is required". |

The fourth step is te declde what to do and to indicate
the process or processes to be performed. :

The fifth step is to estimate roughly the probable answer
as a2 check upen the later and more eareful conclusien.

The sixth step is te perform the processes decided on and
to cheelr the result with the estimated answer.

To 1llustrate these steps of the process of the selution
of problems, the fellowing simple example may be talen: A dealer buys
20 kgse of grapes at 45 pts. a Ikdlo, He sells 1t at 55 pts. a2 kiloe.
How rmch 13 the prefit on the whole?

ot Edmaii First, the mgblen is read carefully, The weords "dealer"
pro ere pﬁapa_ explained.

Seeond, the problem states that one kilo of grapes cost
45 pts. and is sold for 55 pts. .

Third, the problem ealls for the mrofit on all the grapes
20 ilos.

Fourth, the ofit on one kilo iz found by subtracting 45

pts. from 55 pts. The prefit on 20 11les is the profit on one Icile
miltiplied by 20 kilos.

Fifth, 1f one lkilo 1s sold for half a pound, the prefit
on the whole would be one pound, but as the profit per kile is double
that, the vhole profit would be approximately two pounds, '

Before ending the subjeet about problem-sol by analysis,
I should like to mention another method quite different freom the sbove-
méntioned, propesed by Washburne and Osborne. Agcording to these authors
training in the seeing of analogies (stating a problem s impler terms eor
with ai.mgler nunber ) appears to be equal or slightly supericr to training
in formal enalysis for the super¥e® half of the childrens snelysis s
to bo decidedly supcrior te analofy for the lower half; tmt merdy gi

a

mmi mroblems, without nng spcclal technique of analyaia or the sec¢ing of
analogics, appeers to be decidedly the most effective method of all,

The general rccommendations, then, growing out of the ine
vestigation are as follows: Probloums should be S0 constructed as to pre-
sent reel situations familiar to the child, Children sheuld be given
many such eg.oblm to solve without smeelial training in any genmeralized,
formal teechnique of analy:inf groblm. Coneentration on practice in
solving practical problems will yileld gratifying results. (1)

b

(1) Ref. L.J. Brueckmer & R.0, Helby, "Diugnostiec snd Remedial Teaching",
pp. mm- -
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2. Verifieation :

a. Vglue of verifieation

‘It 1s very important that puplls be taught some means
of verification, and that they be asked to emp at least one of its

methods in every example solved, Everyone is 1 a to make
errors, and the habit of ver - pesults 1s'a geodyfm-g:ntoo of the
dabeetion and coarreetion of mist Se

their work 1s a very vital part of the sucecesaful teae of arithmet
As a result of this failure, on the part of the teascher, curacies
ereep inte the pupils' worlk until these pupils form the habit of being
satisfied with ecurate results,

Verification develops in the pugil a critical attitude
toward his own micﬁ it reoults in a strong feeling of self-cérrection;
it helps te diminish the number of wrong answers, and finally, it
doubles praetice on the combinations or their reverse.

b. Ways of verification

Verification ean be made in two ways, Namely, by rough
estimation of the ansver before an operation is tﬁrfmed and by
actual checking, after the full performence of operatfon. We shall
now consider the first way of verificatlon, that is verification by
rough estimation.

(1) Estimating results.

0103913 allied to training for skill in calculation
is training in "estimation”, Estimation is one of the most helpful
methods of verification, and cne ean be used vory easily in ari tie
by the pupils, Training for estimation should begin early in the
grades eatimating lengths, aress, welghts, etec. ILater on, have the
pupils read the mroblem or example, estimate the answer, and give rea-
sons for their estimates. Then lef them work th&eg,xuph to see how
nearly right their answers are. %

W,
All kinds of F‘oblams which halg g this 1linme
should be givon in all grades untll 1ls establis e it of
estimating the answer and of deing thelr mathematical werk with an
expectation of arriving at & reasonable result. Following, is the
second type of verification, that is actual ehecking.

(2) Actual checking.

Much of what has been said about estimation holds
true about aetual checking. lowever, there are still the follewing
few points to be mentioned 1in partieunlar to checling mroper.

Actual chec of an operation should be taught
when that operatioen is being taught., Somet a2 single operation
may be cheecked by many methods, but not all of Lhe checks 14 be
taught to the pupils. One good check, which is well Imown, and fre-
guntly used until it becomes autcmatic to the ils, is of more value

them than three or more checks but notone of eh has been tho-

roughly mastered. . .

: Each of the four operations may be checked one
nowm method as follows:- "

We often fall to realize that teaching Epul to ver
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Checking addition.

: Addition can be checked by combining the addends in
the reverse order, To combine in the same order the second time as
the first iz practically no guarantee of the correctness of the result.
The mind tends to repcat its own nistakes., If two numbers are incor-
roctly combined the first time, the chances are that the same mistale
will be mado if the order of the addends is not changed.

Checking subtraetion.

The well-lmown check for subtraction is by adding the
differcnce to the subirshend to produce the minuend, This method can
be easily applied.

Checking multiplication.-

'  Multiplication can be checked in a number of ways.
Probably, the method most famillar to the majority of teachers is by
_easting cut the nines and is easily epplled.

¢ The following oxample will illustrate the method of
applying this check:

4836 3 (excess of nines in 4058)
285 6 (excess of nines in 285)
24180
58688

9672 &1
1378260 "18 = Product of the excesses.

Execss in the product (1378260) is 0, which is alse
the exeess in product of the excesses.

Checking division.

' Division may Le checked determining whether the
result obtained mléipl the divisor the gquotient and adding
the remainder, any, to t product equ the dividend.

Checlking reasoning problems.

Reasoning problems may be checked in different ::r.
The pupll may be taught to solve a mrob in two ible ways,

then compare the results, Instead of using the tary me for
example, he may be able to use tion ete, The 1 may also
begin the solntlon of the problem baelwards, i.e., be with what
is to be found until he reaches in the solufion what was given, and
so, he can eompare the figures and find ocut whether the problem is
correct or wrong.

chnckin% in generel whether the mechanical or the
rmani.ng phase of the su Seet in an occasional n-{ is of small value
The pupils should bulld the habit of getting correct results and should
also Imow that the answers they have got are correct.
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PART III
DIAGNOSTIC TESTING

CHAPTER SIX
Construction of Tests.

A. General Principles of Test Conatruction.

1. Preperation of the test material.

In mreparing the test, the teacher or test maker ghould
always lecp in mind, among other thinga one underlying principle. This
principle the selection of that ticular meterial which, as & matter
of fact, measures the things one se out to measure. This 1s kmown as
the vallaity of the material which is more basic than anything else along
the line of test construction. Validity of the test will be ated ful-
1y in a later peragraph.(See page 51).

In the meantime, enough w ovisions should be made which help
to measure most if not all the important objectives of that subject for
which the test 1s especially made, To be able to do that, some teachers
follow the habit of “jotting down items to be included in Fhe test day by
da{ as they proceed along the subjeet. It seems to me that this is a good
' g 1gy :o follow since no important point in the course will be omitted in

€ TesT. .

“hen the material is thus ready, it should be moulded in
more than one type of question, so as te have the test be more interest
and less monotonous, specially if it is a 1omf‘- ones The preliminary draf
of the tost should include more items than will be needed in the final
forme In this connection, Ruch auggosta that from 26 to 50% more items
be prepared than are 1!.!<oiy required.

When the material of this draft is crganized, somehow, 1t
should be submitted to the eriticisms of teachers of the same subject.

As a result, all items which are of doubtful Importance, e not clearly
' stated, or other items which are ambiguous in their mdings » 811 of these
unreasonable obstacles in the pupils! ways will be aveided. On the other
hand, the inclusion of clues 1s as bad because obstacles as well as clues
defeat the purpose for which the test is made.

There is another intention of the submission of the test
than eriticism. All items of a particular type will be placed together in
an order of ascending difficulty. This arrangement results in an easy way
of scoring the test, it enables the pupils to take full advantage of a

ticular mind-set at a time, and 1t will have a wholesome effect upon

e moral of the pupils., Placing ver{ difficult items at the beginning
without doubt, produces discouragement in the pupils, specially those who
are average or below. .

_ A regular sequence of responses 1s another essential th to
be avoided in test construction. It should rather be a chance order rat
than otherwise. Ipf items are arranged alternately true and felse, or two
true and two false, the puplls are apt to discover the mangemn{ and
respond aeccordingly.
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3{5@0 for the pupils® responses should alse de provided for.
Specially so, when pv:gns are asked to mmber the responses in multiple -
choice items, or, to f1ll in blanks in completion items. Space for such
responses should be arranged in celumn form rather than scattered all over
the page in an irregular way. This, without doubt, helps to save time and
produce the danger of error of neu‘ing.

This is a brief description of the process of the pregarn-
tion and orgenization of the test material proper. The following item will
include a cussion about construction of the test instructions,

2, Preparation of test instructions.

Test instructions, or es the{ are sometimes e=lled "directions
form a vital and an 1nd13pensabie part of the test, lNeither the examiner
nor the examined will be able to tell exactly what to do or how to Focoed
in administering or taking the test without its particular instructions.

The directions to the gupil should be clear, concise and
complete, The major aim is to make the wealest Elpil in fhe class imow
what he is oxpected te do, rogardless of the fact as to whether he is able
to do or not., On the other hend, too long test instructions will cause cen-
fusion to both examiner and ex 6, IeCall says that 1t is well to re-
member that the tn-!.mry function of the instruction 1s to giva e pupil
adequate, but ne necessarily cemplete infermstion about the test. Patter-
son said, "Test, don't teach'. .

Some sort of a demonstrstion and & preliminery test is some-
times nocessary as clarifving means to students, speeilally the form of
the test 1is amiliar or compliceted. It is said that an ounce of demonse
tration is worth a pound of words, Children are more able to imitate than
to follow directions. ,

Finally, if need be, a blackboard demonstration is sometimes
pernissible if the test is unfarilier or compliecated.

The ercl order of instructions should be the order of
doing. The foll directions may be considered satisfactory for a class
unfamilier with objective testas:

Directions: bBelow are thirtr statements about measurerment in
eritimetic. FXFmMING oach staterent and decide whether it 1s true or false.
Draw the eirecle around the letter T. before emeh staterent you think is
true, or eround the letter F. before each statement you think is false.
Your score will be the number right minus the number wrong. Study the
samples below, they are answered correctly.

Samples :

@ F. 1'1;3 area of a square 1s equal to the square of its
' -] Be

T There are 100 cue em+ in & cubic dec,

Tﬁauo directions will be shortened when the student becomes
i:mgiu- with true-false tests. This holds true in other types of objective
8G8 e
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3. Sealing the test.

There are different methods of sealing tests., The follewing
are some of the well Imown and mostly used: The percentile scale, Age
Seale, Gprade scale, Product scale T-scale, The following materials
deseribe briefly the method of constructing the T-scale:

a, Seale the individual gquestions.

After the test has been prepared as such,it is ready te
be given a trie) in actual use, Since it is impessible in advance to !mow
exactly how good the test 1s or te locate all the poor items, the try-out
should be considered a necessary step in emmlﬁtho test in its
final forms The test should be applied to a few ed pupils so as to
yield a rough approximation to a normal fregquency distribution. The ans-
wers should be considered either right or wrong. Al} questions which'
prove to be ambiguous, unscorable, overlappin? ete, should be eliminated.
The percentage of correct answer should be caleulated. From prepared
tables in statistics this percentage can be chan into §,D value, This
lesds to a re-arrangement of the questions in er of actual difficulty.
The material thuas selected and erranged should be printed along with ins-
tructions, and other advige, in 1its final bool:let form.

bs Sealing the totel number of auestions right.

The total number of questlons which are answered correctly
is thus detormined, The next stcp 1s to compute the percent of 21l the
pupils exeeedlng plus half those reaching all total number of test clements
correct, Finally, these percents should bc converted inte scele scores by
the use of tables after which the scale will be finishod., This leads
directly to the determination of age norms.

Determinetion of sge norms.

When we lmow the number of pupils of each age answeri
correctly a defined number of questions, and at the seme time, we Imow the
seale secore for each question, 211 that one has to do is to multiply each
secore by its frequency end dévide by the number of cases in order to get
the norns for that particulsr age.

Determination of grade norms.

In a sinilar method, but on a different hasls, that is
tting together all pupils of the same grade and not the samé age, as has
ggen done before, we shall be able to determine the norms for the &errent

grades, This completes in full "scaling the test".

B. Characteristies of Good Tests.

To begin with, some criteria should be used for the choice of good
teats. Thepeare at least 5 indisponsable ones in eny satisfactory measure
ing instrument. These are: Validity, Reliability, Usability, Norms and
Costs There are in addition several minor characﬁeriatica which will be
méntioned in a sumary form at the end of this seetion. We shall now con-
sider each of the above mentioned criteria very briefly.

1. Validity.

The exsmlner should choose a test because it is valid. The
first concern of one who wishes to choose a standardized test is to make
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sure that the test really measures what 1t claims to measure. For example,

& roas

reasoning

test in ari tic 1s valid if it really succeeds in measuring
ability in aritimetiec rather than other 8 such as reading

ability and the like, If a test lacks validity it is worthless.

scores
in ques

Reliabi

Validity ecan be measured or determined the correlation of
on the test with some independent criteria of the schpol subject
tion, suech as school marks or teachers? estimates ete,

2. Reliabllity.

The examiner should choose a test because it is reliable,
1ity means the extent te which a test glves the same results when

repeateds In a word reliablllity means consisteney. One way of measuring

the rel
trials

iability of a test is Ly the correlation scores two different
of the same test, If the correlation is high the test is consider-

ed to be reliable, othax"isei 1% 1= useless. There are also two other

ways, n

the tes
of
usabill

emely, use of paralle

3. Usability.

This term means practicebility, i.e., the degree to which
t con be used by classroom teachers with the least amount possible
nditure of time and energ. There are many faectors which determine
ty of a test. Ease of adrinistration ranks first. It is said

forms of the test and split-half method,

that examination should be easy to give, casy to take, and casy te secore.
As far as the first two gualities are concerned,en has been said all

thro
A tes
2 good
key for

the chapter, but a word about scoring needs to be mentioned here,
should not be primarlily selocted because it is eassy to score, but
test ought te be as easy to score as possible, There should be a
scoring, The key should be printed as near tc the margin of the

paper as possible so that 1t can be brought clese snough te the answers
of the ?lpilﬂo The key should also have the same spaelng as that of the
L ] ;

nateria

beeause

the tosts They can a

4, Norms.

A standardized test without norms is praetically useless,
norms are ver-{ essentlial for the interpretation of the results of
so be used for comparison purposes, so that the

scores of individual pupils, or of a c¢class,cr of an entire scheool may be
emgn.rod with the average scores attalned by other pupils representing
various

ages and school grades,

Se Cost.
It 1s true that the purchaser of a test is more eoncerned

vith whet he gets with his money than with what he has to pay, yet he

an

should not pa{ for tests more than necessary. This 18 not to mention

about the type of print which should be very clear and finally

the quality of plectures and 1llustretions used. (1)

(1) The

following material gives & clear idca sbout good cheracteristics

of stondardized tests put in an outline form: :

HRemarl:

SCALE FOR RATING STANDARDIZED TESTS

I. Preliminary Information.
l. Exzet name of test
2. llame of publisher
3« Cont
4. Date of cop ight
5. Purpose of test

: The above scale 1s adapted from N. L, Bossing, "Progressive
Hethods &f Teachlng in Secondary Schools", P,728-720
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CHAPTER SEVEN
MEASUREMENT IE ARITHMETIC

A. leed for Measurerment in Arithmetile.

If it is true thot education 1s growth, it naturally follows that
this growth brings about changes in the abilities of the learners. The
pupil may inerease the speed and accuracy with which he 1s able to add
mumber facts or the reasoning ability in the solution of verbal problems.
To prove that this inecrease has taken place, it is necessary to compare
the pupilts ability before he was taught, with his ability after be
taught. This eomparison of results 1s one kind of measurement. The teach-
er who cm-gecta end grades a number of arlthmetic papers is also doing some
measuremonte.

Fe Lo Thorndile says that education is one form of human engineer-
ing and will profit by measurcmonts of human nature snd achieyoment, as
mechanical electrical engineering have .profited by using the foot,
pound, volt, and ampere.

If measurements are neeessary in the fileld of education, what
are some of the murnoses for whieh they are used?

B. Purpeses of Measurements.

Heasurements are being used in erithmetie, secording te Symond,
as in any other school subject, for the fellowlng purposes:-

1. To inform pupils of their achlevements.

2. To Fmote competition between groups, individuals and with
one's past record.

5. To determine promotion, demotion and classificetion of new
students.

4. To provide reports to parents. .

5. To diagnose weak points In the pupils?! achlevements.

Ge Tohdotiemino the quality of aritimetic instruetion of the
schoole

Thus, we see that the value of measurement 1s indispensable in
the fleld of arithmetiec, and 1t 1s no longer a matter of doubt.

II. Velidity.
1. Curriculer
a, Fxact fleld which test measures
b. Ages and grades for which intended ;
c. Criteria with which material was correlated
2. Statistical
a. Size of correlation ccefficient & probable
error.
b. Size and representativeness of nupli.ng.
e. Proof of validity of items used in test.

III. Reliability.
l. Reliabllity ecoefficlent.
2. How was reliability established.

IV. Ease of Administration.
1. Manual of direoctions
2. Simplicity of direections
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C. Hethods of Heasurement.

1. Traditional Method.

There are two types of the traditional method, whieh have
been empl for measurement, Tne first type 1s the estimetion of the
capaclity the pupils by the teachers, method is nothing mere nor
less than an off-hand ] -.ent‘ According 3" this method, some gupilo
have been classified as 1ght", others as "aver " and still others as
"gtupid”. The seeond type is the traditional e tion. Agcording to
this method the results are being ssed by means -of grades, such as,
75, 80, 81, ete., or by means of letters, such as, A B, C, etec.

These two t{-pee ive relative rather than an exeet measure
of the ?xpil'a abﬂit{. ‘hey have been mhflw sinee school began, and
are still in use, mostly the second, in this part of the werld.

‘a, Defect of the systerm.

Many a student in our schools is considered a failure if
the result of his work shows that he 1s a few Pointa , or in scme Instences
a fragtion of a point, below the "passing merk"; otherwise, he will be
promoted.

T+ 1s 8 well mown fact tho! some teachers give 2 larger
pereent of “high gradaa’ than other teachers doe DMNoreover, & whole d:sgri-
ment in & nstitution becomes well-lmewn, because of the 'higl‘:ngr es
low gredes” ghich are giyen to the students. It is comonly -
stood that such "high Eradee are the result of superior achievements and
that "low grades” are the result of poor achleyoments. But in some cases
it may ve that 1t is only beeause the teacher 1likes to boast that all ,
members of his class have made very h grades, or he merely intends to
give "high" or "low" grades, or he will bo afra of being considered a
poor instructer if his puplia get "low prades”.

a. Amount of explenation needed for, pupils by examiner.

b. Arve direetions clear and simple ?

e. Is arrangement of test convenient for pupils 7

d. Are samples and fore-exercises given necdedl
3. Alternate forms.

8. Humber .

be Evidence of equilvaleney
4, Time needed for giving.

V. Ease of Scoring.
1. Degree of objectivity.
2. Are adequate directlons givenf
5, Is scoring ey adjusted to size of test{
4, Time needed for seoring.

Vi. Ease of Interpretation.
1. Horms - age, grade percentile, cte.
2. Are there provisions for graphing results? ?
3. Is interprotation of raw scores easy or hard!
4. Are directions and suggestions given for application
of resulis.
5. Are tests survey or diagnoatlc?
. @, If dlagnostic - of what?
b. Is a remedial program w'ovidedz

ViI. liiscellancous.

Typography, legibility, cost, service and kind of new
type muiion used. ' .
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b. Unreliebility of the merking system.

7e conelude from the previous discussion that the m‘&:&,
of exemination papers is subjective, e following investigetion by S

and E1llott is a typleal one along this line: A final oxam nation paper

in geometry, written‘z a student in one of the largest schools 1in Wiscon-
sin, was reproduced a set of the questions were sent to one hundred

and sixteen high schools in the Horth Central Association. It was requested
that this gsper be fraded according to the practice and standards of the
sehool by the principal teacher of mathematics, It is strange to lkmow

that the grades differed so much that one might think that some of the
papers were correeted with ne carc or attention whatsoever. The following
are some of the results: out of the 116 marks two were above 20, while

one was below 30. Twenty were 80 and abovc, vhile twenty were felow 60.
Ferty-seven teachers assigned a mark paasinﬁ or above, while sixtye-nine
teachers considered the papers not worthy of a passing mark,

Even more than that, it is said that the ssme paper cor-
rectod by the same person at different times was graded differently.

This unreliability is more true of marks in the cese of
lanpuages and social sclences,

¢. Fagtors producing the varlabi’ity of marks.

Authorities in the fleld of measurement give four major
factors which account for such wide range of differcnces. These factors
are: 1. Differcnces emong the standards of different schools.

2. Differences -among the standerds of different toachers.

3. Differences in the relative values nlaced by different teachers
upon various elements in a gager.

4. Dirrerences due to the inability to distingulsh between closely
allied degrees of merit.

2, lodern Methods.

a, Standardized tests.

FPoote says that the day of guess work mst glve n&:o
definite facts. There, thus ceme a time, whon the traditional writ
examination was considered as an imperfect measuring instrument. Conse-
quently, a need was felt for a refined, definite, and precise instrument
T el would help to do away with all the limitations of the traditional
mothod of measuring the abllities of students, and to eliminate or reduee
to A minirum the defects of writton exsminations.

te Sobemardians %hetngue ziven to these improved measuring instruments
8 ardls e8ts ,

Standardized tests in aritimetic may be divided into two
groups: the formal tests for computation and the tests for sbility teo

solvosproblems. (1) F 1 Tests. | .

., Semples of the more tent of the avallsble stande
ardized tests (not in this part of the world) for measuring abilities in
the operations of aritimetic are: (1)

ia; The Courtis Standard Research Tests. (2)
b) The Cleveland-Syrvey Arithmetie Tests.

(1) Rer&}g. S. Vonroe and J. C. DoVoss: "Educationel Tests and Measure-
men ppo - ) .
(2) Ref. appondiX" pp, 104109
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¢) lionroe's General Survey Scales in Arithmetie.
d) The Woadg ithmetie Scales.

e) The Iuece Dingno'tlo Tests in Addition.

f) Monroe'y Diagnostic Tests in Aritimetie.

(2) Tgsts for Measuring the abllity to solve problems.

a) Honroe's Standardized Measuring Test in Arithmefle.
b 's Seale for Problems in Arithmetic.
e¢) Stone Reasoning Tests.

It is not intended to deseribe overg one of the above
mentionod tests, but, as I have made use of the Courtis Standardized
Research Tests, a word concerning these will be mentioned on pﬁo.?l. Only
items 2 and G of the ~Instructions to Examiners", by Courtis, will be
gnow?ltimearter, as I have found them to be most interesting and instruct-
ve.

Item 2. Begin b aaIs.ng "My purpose this morning is to measure how well
this school megee ts ohildren how to add, subtraet mltig:z, and divide.
I have here some printed tests. They are not examinahom ause exactly
these sun&:uts are given to all the grades from the third through hiﬁ
sehool, y are also belng glven in other sehools in this et s And

other eltles all over the countrye. It 13 the school that is be examined
to-day., 1IF you treat the tests as though they were a game, 11 enjoy
them and do your best for the henor of your schools I am go to f’ﬂ
cach of you & set of bhesﬁnrpera,' but do not look at them until I tell you
to do Boe w;n the boys girls in the front seats please tribute
them for me? ,

Item 6. “Now ploase listen closely, In these tests it is impertant that
we ﬁl'a?‘t a 'tﬁﬂ same %&nﬁtatop‘;:a:}ie uxIn: time. Ve ean do this
oas I e ollow ctions . : on your
doeks §n pOUEEAeon to wonk the ezsmpiss. Dot blees {hd cover with your left
hand , 1%t between llm and finger, like this (1llustrate), so
that you ean it quickly when I tell you to stert. Talke im nganoh in
your right s @nd when I say t0et ready?, ralaem.rponei hand in the
air as m werc 5?”‘?-.;3 ask a guestion. (Illustrate, by suiting the
action to words . when I say ?Start ,'Iou ean ﬁrigg pencil -
dovn as you turn the eover back, and every one will start at the same time.
“hen I say *Stop!, I want you ah to stop at onee, and to raise your hands
so tlgﬂnsee that you have stopmad. Now I think we are ready
When the seecond hand of the wateh reaches the 55-seecond mari say "Get
ready for the additlon test. Hands up." Exactly at the 60 marlk say "Start",

"

:

In addition to the above mentioned, the teacher should
be, at least, ainted with some sample tests. He should also have a
eonprohensive standing of their nature and use, manuals of direetions,
scoring keys and record forms.

(1) Adapted by G.M, Wilson and K. J. Hoke, "How to Measure", pp. 6 2-65.
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b. Informal, oF TracherCreated Tests.

Informal Tests are also known as teacher-created objective
tests. The lack of a full adaptabllity of the standardized tests to all
hases of the schoel currieulum, on the one hand, and the noneobjectivie-

of the essay exsminations, as has been mentioned above, eceansed a felt
need for the teacher-created objective tests,

These tests should represcnt the objectivity of the stend-
ardized tests without being so much refined and standerdized. A good
toacher who teaches the sare course over and over sgain should be pre-
pared te construet informal objeetive tests for use in his own class.

Itens of the test should be turned inte true-false, mmltiple
cholce, eompletion or matching forms, ete. These are the most common
used types of objective tests. Responses should be indilcated by single
word, or underscoring, or by a circle, or by similar brief devides.

This 1s a brief discussion which, of course, dees not cover
completely all that ean be said eoncernt this subjeet, but 1t covers

more or less, its tant as ts. FEntire volumes have be
concerning the mbm (g been written

I have prepared the followlng four series of tests, They
are supposed to be of the informal dlagnostie type:

l. To measure the ability in number facts ~-Series A,
2+ Seriles B are designed to measure work in the four
- fundamental operations. : '
3+ Series C are of a general nature.

4., Serles D measure ability in reasaming.

Serles A - Humber facts.
Add the following number facts as quickly ss possible:

2 2 7 3 8 1 2 9 % 9 1 3 6 0 5 2 4 8
2 28 2 &£ 2 86 2 0 8 85 3 7 3 21258 ¢
® 9 A0 2 1 7 5 8 0 8 4 1 3 9 4 6 4
$§ 1 &£ & & 0 2 g & 3 7 9 & 0 2 3 1 ¢
5 6 3 8 4 2 5 1 9 2 0 2 3 6 8 1 7 3
2 & 2 5 5 & ¢ 2 1 1 92 8 8 2 1 117 82
8 4 0 6 9 6 4 1 9 8 3 4 4 9 6 9 O 3
£ 2 2 1 8 8 1 8 82 2 &4 8 31 ¢ ¢& 38 2 3

7 0 6 2 6 5

£ £ &8 2 8 §
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Divide the following mumber facts as quickly as possible:

ofT 2/5 T YT T I 5 5 of5 5T
5/I2- s/ L/ e/ T g/ o/T /T /T
VB S/S5 o/SE o/S0° 5/5 475 /T oS5

W /P o/SE o/T5 /T /55 ¢/5 /T o/50
YTT ofFT ofSE U /5 4T s s/
Ve s/ 9o/Z5 /3™ 8/U o/T8 2/T0  3/°T
o2 VS /2T 2/ YT /5 o/T

6/TF" w78 9o/85 8/T5 9/U U . 2/ 4/5 5/T5

/T~ o/ YT T5 50 6ff /0 5T /T

/T YT 35 o/T YT % T |

Series B - processes.

Addition.

The following are 16 colurm addition oxamples containing the
basie and the secondary addition combinations, from 0 « O to 49 + 9.
Each secondary combination comes only once. Eﬁhey are also arranged in
an order of aseending difficulty, I gave these axamnles teo 211 pupills,
from the second to the sixth grade inclusive, They ranze from 65.87 to

355454 right percent.

1%()) (2) (3) (41 g) 533) {7) (8)

570 830 43 420 538
714 119 980 512 27 857 836 309
700 671 132 506 97 441 470 649
716 220 306 645 89 732 306 260
522 129 253 723 58 723 583 402
160 702 404 502 17 309 441 537
411 535 643 365 &5 211 215 126
322 246 201 414 31 190 250 142

920 873 769 993 97 573 996



subtraction combinations.
They are arr
examples teo
They range from

(10) (11)
209 990
359 181
440 o735
167 567
548 403
482 44
263 475
304 526
695 283

Subtraction

The following are 40 examples
Eaech of these ¢
in an order of escending difficulty.
gu ils, from the second to the six
0,09 £o 58.98 correet parcent.

215 up

1 T

(12)
919

876
311

S04

551
622

(1) (2) (3) (4) (5) (6)
28832 098204 92541 84334 55740 08455
8407 57604 32055 32456 15692 04772
(9) (10) (11) (12) (13) (14)
36586 41668 57513 90230 85346 52435
32557 11569 39691 3736 23283 13884
(17) (18) (19) (20) (21) (22)
81425 42666 75027 79710 94619 67056
35426 5300 354506 2603 46827 63844
(25) (26) (27) (23) (29) (30)
99118 18607 90217 29089 91570 70372
15341 2047 76871 - 16856 26681 23508
(33) (34) (35) (36) (37) (38)
67950 64407 20139 74102 30018 80803
5977 47104 87878 20123 14586 1805

(7)

in subtraction conteining all
ocbinations comes enly once.
gave these

th grede inclusive.

(8)

8732 65421
46704 20346
(15) (18)
43805 51224
32018 24992
—(23) (2¢) .
88367 73211
19778 50123
(31) (32)
88354 71685
71999 49859
(39) (20)
71236 90576
17591 9898
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Multiplication
The following are 96 examglea in mmltiplication containt all
the multiglicatim combinaticns., Bach of these combinetions comes oggy
onee, Ert cularly with om-ying. They are arranged in an order of ascende
ing difficulty. I gave these fo 184 students, from the third to the sixth
grade, They range from 97.28 to 2471 right percent.
1) 84 2)6 9 3) 33 4) 829 5) 39 6) 908 7) 25
] - 2 -5 2 - 38
8) 115 9) 13 10) 99 11) 58 12) 904  13) 154 14) o4
o Pl - . | -2 -l L
15) 62 16) 55 17) 964  18) 28 19) 20 20) 456  21) 99
2 2 -3 x = 20 2
22) 650 23) 805 24) 39 25) 33 26) 35 27) 823 28) 863
75 83 " 28 29 ) =
20) 29  30) 746 51) 69  32) 678  33) 72 34) 5028 35) 560
62 E. ; 45 2 56 58
36) 879  37) 84 -  38) 548  39) 987  40) 604  41) 762 42) 7es
- 89 517 B8 §50 59 -8
43) 0107 44) 344  45) 500 46) 74 47) 705  48) 214  49) 5788
59 26 - 13 89 197 24 25
50) 87 51) 8402° 52) 785 58) 87 54) 542 55) 8064 56) 0508
28 - ik 8 527 46 25
57) 4030 58) 907  59) 820  60) 24 61) 854  62) 5008 83) 9014
405 Jo8 235 69 28 907 9
64) 723 65) 006  ©6) 634  67) 844  68) 3008 60) 810  70) $s6
i) 20 807 48 54 689 925
71) ﬂ 72) 9523 73) 367  74) 42009 75) 80104 %6) 977  T7) 275
——ﬂ * & ——% —-1—“2. ﬂ I nﬁ
78) 3617 79) 12325 B80) 4316 ©1) 2038  82) 9218  83) 4629 04)45655
546 465 789 .98 189 As2

k
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85) 8619 86) 6;% 87) 80312 88) 17147 89) 9695 90) 59278

457 230 598 o8 654
91) 5988  92) 97480 ©93) 6589  O4) 82649  O5) 24515 98) 47950
285 456 189 189 897 268

Shert Dividion

: The following aro 85 examgles in short division containing
all division combinations. Each of these combinations comes only once.
These examrles are arranged in an order of aseerding difficulty. I gave
them te 165 students, from the fourth to the sixth grade inclusive. They
range from 98,1 to 87.0 correct percent.

1) 65436 « 2 S0) 334458 + 9 58) 265872 + 8
2) 205468 « 8 S1) 236958 « 6 59) 23109 « 3
3) 402635 + 3 S2) 200817 « 9 60) 613216 « 8
4) 929956 + 8 S3) 597864 + 6 61) 312135 4 5
5) 177660 &« 5 34) 257195 < 9 62) 577332 « 7
6) B3645 « 5 35) 165951 + 9 63) 692895 + 7
7] 411820 ¢ 5 36) 346962 & 7 64) 821172 4+ 6
8) 516584 4+ 8 37) 890533 & 7 65) 138825 « 9
) 948760 + 8 38) 517266 « 9 66) 847065 4 5
10) 130176 ¢ 8 39) 257265 & 9 67) 410877 + O
11) 37500 ¢ 4 40) 710736 + 6 68) 226429 « 7
12) 170408 + 8 41) 74838 + 3 69) BGT7B6E & 4
. 13) 11370 ¢ 2 42) 692875 ¢ 5 70) 795160 + &
14) 627952 ¢+ 8 43) 59604 + 3 71) B2755 4 3
15) 300424 + 8 44) 994890 « 5 T2) 62544GC & 9
16) 192078 + 9 45) 410212 « 4 73) 962871 + 7
17) 42958 + 2 4G6) 111489 & 7 74) 470788 « 7
18) 225184 + 8 47) 557816 « 7 75) 992411 + 7
10) 554336 + B 48) 72505 & 5 76) 717363 « 9
20) 890892 « 9 49) 4672535 &+ 9 77] 600894 + 9
21) 20208 ¢ 6 50) 791896 + 8 78) 004032 4 9
22) 763410 + 6 51) 9163526 ¢ 6 79) 357888 ¢ 6
23 79208 + 2 52) 16917 ¢ 3 80)3103506 « ¥
24) 925044 + 6 53) 172956 + 7 81 + 7
25) 450474 + 6 S54) 570432 ¢ 4 82) 466944 «+ 8
26) 01344 + 4 55) 743820 + 5 B83) 744338 « ©
27) 379512 + B 56) 430857 + 9 B84) 212508 « 9
28) 293856 + 4 5%7) 566361 + 9 B85)74453056 + 7
29) 150376 + 8 ;
Long Division
The foll are 30 oxamples in long division containing mest

of the skills, if not all, which the pupils should !mwew in this process,
Thoy are arranged in an order of ascend difficultys I geve them to 165
atudentslgrrm the fourth te the sixth grade inclusive. They range from

04,8 to eorreet percent.

l) 95 4 19 2) 384 + 96 3) 701 « 8O 4) 8500 + 17
§) 85 ¢« 19 6) 1356 + 17 T7) 548 « 69 8) 840 ¢ 21
0) 5836 « 53 10) 5792 <« 25 11) 14623 4 423 12) 7800 <« 25
13) 774231 « 387 14) 569837 + 518 15) 8970 + 41 16) 3066 + 43
17) 1266 + 63 18) 712 + 34 19) 967 + 16 20) 1000 < 286
21) 7392 + 46 22) 259342 + 263 28) 557389 + 516 24) 83795 ¢ 341
25) 70627 4 617 26) 4147 4 25 27) 417643 ¢ 347 28) 7816 + 32
20) 170472 + 416 30) 65404 + 387
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Series C = General nature.

This series contains different items pertaining to the language
of aritimetic, tables of measurement and general mrinciples. I have
arr these items into three main categories., The first is of the
true-false E, the second is of the ecompletion type and the third is
of the mate type.

In order to ascertain the reliability of these tests s I have
tried them on the upper three grades of the Univers ity Elementary Sechool.
Coefficients of correlation, whiech I have got, b{ using the split-half
method and the product moment method for correla lon, will be given at
the end of this item.

Part I = Truo;Falaa Test.

Directions: Eagh ef the followlngh:tatementn is elther true
or false. If the statement is true, encirecle T in front of 1t; if it
is false, eneircle the F. If you do not know which 1s the correef answer,
skip the-.item, and eontinue with the next one. Do not guess. VWerk as
rapidly and as accurately as you ean,

l. A meter is used to weigh things.
2. Gain gz selling price - cost price.
3« One hektoliter = 10 liters.
4, All sides of & rectangle are equal.
5. 2518 x 100 g 0.2518.
6. Loss equals cost price - selling price.
7. The deeimal point is placed under the decimal point in the addi-
tionmu:fl deeimal 1'11':0:1';. osna. )
8. One ogram equa hektograns.
O+ All sides of a s ¢ are equal.
10. A meter equals 100 decimeters.
11l. The perimeter of a square equals one side miltiplied by itself.
12. The decimal point 1s not placed under the deeimal peint in the
decimal subtraction.
15. One kilometer equals 100 delkameter.
14. The area of a reetangle equals length x width.
15. One hektogram equals 100 delragram.
16. The perimeter of a square ¢ 4 eg:;la the side of the sguare.
One Iileliter equals 100 delzall o
18. The area of a rectangle &« its length equals 1ts width.
19. A square meter 1s used to measure arecas.
20. The deeimal point should be placed under the decimal point in
the deeimal multiplieation.
2l. The liter 1is used to measure capaeity.
22. The hektoliter equals 10 dekaliters.
23. 25,18 x 100 equals 2518.
24. The gam is used to measure velume.
The dekaliter equals 100 liter.
26. a‘l‘ix:idocmal point of the diviser should be done away with before
-
27. The cubie meter is used to moasure volume.
28. A square meter equals 100 square deeimeters.
29, mmme of a cube equals the product of its side by itself
t’.m.o '
30. The Ar equals one square meter,
3l. The area of a cube equals the product of its side by itself x 4.
32. The imeter of a trisfigle equals the sum of its sides. -
53. The denominator of the common fraction is the mmber which is
above the line. '
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square hektometer equals 10 square dekameters.
area of a parallelogram ¢ its altitude equals its base.
hektar equals one square hektometer.
square kilemeter equsls 1000 square hektemeters.
area of a triangle is equal the base x altitude.
square meter equals 10,000 square coentimeters.
centar is a square dek.nl:.tor.
square deeimeter equals 100 square centimeters.
vo 50 of Qé cubie decimeter equals one liter.

+ s
o divide one ction by another, we multiply that fraction by
the revorse of the other fraction.
One liter of water weighs one gram,
« Rate equals distance & time.
The pereent of profit or loss is based on the selling price amd
not on the cost priece.
When the numerator and denominator are both divided or multi-
pliod by the same mumber, the value of the fraetion does not

enangc.

3/8 - 2/6 = 1/2.

A cormmon frn.tion cannot be ehanged to a deeimal fraction.
A cubic decimeter of water weighs one kilogram.

A decimal fraction can be changed into a cormon fraetion.

2432320808

The arca of a tri le 1/2 base equals altitude.
The yard als 91, eentmoters.
‘ﬂm u‘ea a allele + 1/2 base equals altitude.

equals 39.37 ata.
8:38. 15/8

The okl eqals 213 2/5 ams .
One cuble meter of water we one tonne.
20 shil equal one sterl

The perimeter of a eirele equals 1/ diameter x 3.1416.
The sign % is used in percent 2
The area of a parallelogram <4 2 base equals altitude.
100 kAilograms oqunl 39 ratles.
T™he denominator is the number which is under the line in a
common fraction.
The circumference + 3.1416 equals diameter.
The area of a trq;gsom z altitude equals the sum of the bases.
Area of a trapezo sum of two bases equals altitude.
5200 feet equal one mile.
Interest equnla principle x wrate/100.
The volume of a sphere equals radius squared x 3. 1416 x 4/3-
The mason dra'! equals 68 centimeters.
The ratle equals 2,564 kilograms.
Specific gravity o?unla welght « volume.
cormereial dra' equals centimeters.

Grade Coeffiecionts of eorrelation.
Iv 0.69
v 0.74
VI . 0.68

'rhe follwi numbers have been omitted from the fifth grade test: 54:“-56,

The fo

-69 T1-75.
numbers were also omitted from the fourth grade test: 29-31,

55-36 , 40, 43-44, 4750, 52-75.
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Part II - Completion Test.

Directions: Write the answer in the blank that yeu think best
the question.

answor of an addition example 1s called ...
sign of equang is <40

answer of a division example is called ...
sign of multipliention is ...

ghswer of a multipliecation éxample is called ...
sign of addition is ...

answer of a subtraction example is celled ...
sign of division is ,..

sign of subtraction 1is ...

upper number of subtraction is called ...

The lower number of subtraction is called ...
The upper number in multiplication is called ...
The lower mumber in mmltiplication 1s called ...

Je3TLIRELE

What de you eall the Tirat mumwber in the follewing example, 37 <3 z12 %

What do you call the 3 in Fo. 14,

Whet do you call the 12 in No. 14.

What do you eall the 1 in lio. 4.

The kileliter equals ... liter. )
The area of a rectangle + width equals ...

A square kilometer equals ... squere dekameters.
A square kilometer equals ... sguare meters.
K.‘..log-am equals ... grams,

T™he hektogram equals ... grans,
The decimeter equals ... milimeters.

The kilogram equals ... de ame

The docigran equals ... eontigram.

The malitm helktogram equals ... dekagrams.
Tho dekagramg equals ... grams,.

A square dekameter equals ... square meters.
am equals ... centigrams.
ecimeter equals ... milimeter.
The dekameter equals ... meter.

cubiec meter of water equals .... kllograms.
cubiec meter mfmmimp equals .... cubie centimeters.
centimeter equals .., milimeter.
meter equals ... milimeters.
hektometer equals ... delrameters.
decigram equals ... miligrem.

liter equals ... eentiliters,

square helrtometer equals ... square meters,
centigram equals ... mil .

liter equals ,... contiliters.

Iilometer equals ... helktometers.

?-am equals .. mil arse

iter equals ... deciliters.

decimeter equals ... ecentimeters,
deciliter equals ... centiliters.

neter 'qu..h‘ eee contimeters.

gram equals ... declgrams,

centiliter equals ..., mililiters.
quadrilateral ¢ 18 ecalled .,...
qundrihamai. 0 4s called .....

LR

shape D 1s called ....
s shape O 4is ealled ....
shape ;7 18 called ....

g%

3839338 ReEEed

379830y
:
:
:
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57.
58.
59.

60.

s shape D is called ...
7/8 18 &8 ,.... fraction.
O.'?'? is o seves @tetim.

g +~1’ 1S 8....¢ fraction.

1-21/2
Grade Coefficients of correlation.
Iv 0,80
v 0.79
VI 0.83

Part III - Hatehing Test.
Directions: In each exerclise on the left, the unﬁnishod

statement is completed by one of the seventeen i1tems on the right. You

are to plage the number of the item that ecompletes the exereise eorrectly

on the line at the left of the exercise mumber, Work as rapidly and as
sceurately as you ean.

L

Exerelse No. 1.

l. Perimeter of a ree le equals l. Gram

—__ 2, Area of ‘2 square egue 2. Base x altitude

—__ 3. A kilometer eguals 3« Radius squared x 35,1417 x

—___ 4. A hektometer equals altitude.,

—__ 5. A kiloliter equals . 4. 1000 euble decimeters.

~ 6. A eubic meter equals 5. Mason drat

—__ 7. A cuble deeimeter equals 6. 1,000,000 eubie metora.

~ 8. A cubie ecntimeter equals 7. Dinension x 4.

— 9, A cubie dekameter dquals 8. 1,000 eubic milimeter.

10 A cubiec centimeter of water 9, Length x width x hslght.
welghs - 10. 1, eubie heltometer

11 A eubie decimeter of water 1l. 1 000 ecubie moter.
weighs 12. 1,000 cuble contimeters,

12 A cubie hektoliter equals 13. Eilogram

15 The volume of a eylinder equals 14. Dim&naion by itself.

15. 100 meters.
16. 1 000 meters.
1%7. Ths sum of dimnalom.

Remaxlk:

The follow nunbers were omltted from the fourth grede test:
27, 33, 34 s 41, 44, 50, 56, 57, and 60.
The following rumber was omitted from the £1fth grade test: 60.



Exerclse lo. 2. . |
l. The lateral area of a c¢ylinder equals l. A yard

— 2. The area of a triangle <4 altitude 2. Foot
- x 2 gives 3. Weight ¢ specific gravity
3. 12 inches equal 4. One mile
4. A cuble meter of water weighs 5. One tonne.
S. The area of 2 circle equals 6. Volume x specifile gravity
~ 6. The arca of a trapezoid equals 7. Weight 4 volume.
—_ 7. The weight # specifiec gravity 8. lisktoliter
- equals 9. Half the sum of the two
8. The whole aree of a cylinder equals bases x altitude.
— 9. 1760 yards equal 10. base.
" 10. The arce of a sphere emals 11. ro X S«1416 x altitude.
= 1l. 3 feet equal 12. »° x 35.1416 .
— 12, Volume x specific gravity equal 15. diameter of the bmse x

3.,1416 x altitude.
14, commercial drat,
15. altitude x the sum eof
the two bases.
16. 13’&:’)‘20,.00(‘) cublic dekameter
ar.

17.
Grade coetﬂcientp of correlation.
v 0.71
VI 0.72

Series D - Reasoning.

The foll eighteen problems form a sciéile for measur

the ability of pupils roasoning. The seale begins with one-ste -
blem and ends with a four-step problem. The problems which sre between
the firat and the last inerease in gifficulty as one approaches the end
of the seale. A student whe ean solve the first four problems 1s eligible

or admission to the third grade. A Imcewledge of the second four pro lems,

«Ce, from 5 to 8 inclusive, entitlea the student for admission to the
fourtn grode. Abllity to sclve the problems nos. 9 to 13 inclusive
entitles the student for admission to the fifth grade. Similarly, ability
to solve the problems nos. 14 to 18 inclusive entitles the student for
admission te gixth gradey

Solve as many of the following pr obloms as quickly and accurate.
ly as you can:
1. Jamll distributed a sum of money among three of his friends,

iving thé first 428 pts. the second 532 pts, and the third 650 « Find
e st shic he distributed. pea, pie

. 2+ A farmer had 460 kgs. of corn. If he aold.t eertain number
of kgs. and kept for himself 62 kgs; how many kgs. did he sell?

3. If oureadsapqgea éf a book which contains 28 pages
many pages remain be read? * diven

4. A kg. of flour costs 85 pts. Find the cost of 12 kgs.

' 5. Usama 1s 12 years old, and his father 1s 18 ars older
he 1s, What 1s the father's age. ’ = ° i

Remarlk: The following mmbers were omitted from the fifth grade test:
3' 6.. 7. 9- 11!011131”.

. -
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é.!’he- of a ear is 21 miles per hour. How many hours
does 1t take to go m.bat

I 7. Selma wanted to save 25 pts. but she had already saved 13
pts., how many pts. remain to be saved?

8. If you have 25 £ s. and your brother has 7 times as many,
how many pts. does your brother have?

9. In arder to buy & bleyele whose price is 145 pounds I need
56 pounds more than what I have., How meny pounds do I have?

10. EKamel bought a number of arithmetic bools for 731 Etl- Ir
he' then sold the books for 50 pts. eaeh with a mrofit of 7 pts, ow many
books did he buy.

1l. A worker earns 1620 plasters in 36 days of work. How many
days must he work to earn 64,400 plasters?

12. Amin and Jamll bought 32 kantals of potatoes for 19500 pts.
How many plasters should Amin pay if his shere is 15 keantals?

15. What 1s the price of each of two pileces of cloth of the
same stuff, I1f the first is 12m long and the seeond is 10m long, ard the
price of the first pieee 1s 50 plasbers more than the price of Lhe Second?

14, If I b t a small box of oranges for 83 piasters, for
how mueh should I sell the mumber of beoxes which I bought fer the sum of
1494 plasters, in order to make a profit of 15 plasters in every box?

15. A farmer sold his horse, and with its priece he bought e cow
for 2050 franes and two sheep for 135 $ranca each. Ilow much did he pay
for the horse, if he s0ld it at a profit of 850 franecs?

16. A lamp-dealer sold 10 small la for £.8yr. 7 eaech, and 7
large lamps. He cashed a total sum of £.Syr. for all. For how much
did he sell the large lamp? ’

17. Find the total number of pen-nibs in 25 bozes, if 14 boxzes
contain 150 pen-nibs each, and the rest of the boxes 144 pen-nibs each?

‘ 18. A man bought 60 plates for 150 « each, but 4 of them '
were brolen during handling. If he then sold the plates and made a profit
of 388 pts., find the sell price of each plate. \

General Characteristies.

These informal tests are stlll to a grest extent "raw" so te
speak. They are all meant te be Alagnestic in thelr nature. Their d4if-
feront items, with the exceptlon &£ the three ltems of the cbjeetive
test, are arranged in an ascending order of difficulty. The degree of
aieficulty of each item is aseertained. Wene of them have been timed,
and so, the tests on the mechanical phase eof the four simple mrocesses
¢an be used only te measure accuracy and nct speed. They still lack a
speclal key for sceoring. Age - and grade-norms have not iei: been made.
Dmctiona for some of them have already been made, for others not yet.

In a word, these tests are about half-way towards standardizae
tion whieh I hope will be reached befere very longe.



CHAPTER EIGHT

Heasuring Students? Achievements.

A, Diﬂ@ﬂ.tic Testing.

"It 45 a rgrtunate achool in which no one of the papils has Aiffi.
culty in erithmetie” (1).

Pupils, whe do not get their aritimetic lessons well, are usually
kept in after scheol, or arec assigned more problems to solve ‘t homee. The
evalling idea is that, these puplls can fulfill their duties, as far as
ggﬂ aritmetic lesson 1s concerned, if they can only have more time. This

is a wrong ldea and a wrong procedure too.

The teacher'!s aim should be to find out the cause of difficulty
which these pupils have, remove it if possible, and apply corrective
measures, agnostic tests are the instruments whieh help the teacher
along thls line, using these tests the teacher can Imow sgecirically
;uat where the puplls' difficulties lie, and, in addition to that, he ean

ind out the caunse of these difficulties. Consequently, he wiil fe able
to prescribe the remedy.

In order to be able to make a successful diagnosis of a pupil'sg
inefficicney in erithmetic, the teacher should have a clear idea about
the slr11ls that constitute the processes 188 es 22-24), the complexity of
these proceasses for the learner (pages 23 4? and finally, a Imowledge
of the most common causes of types of aifficulties showm the study of
the work of the pupils in the grades (page 24). :

In addi tion to what has been mentioned above, the teacher has to
use certaln techniques of anclysis to be able to determine causes of error
(Fagea 3«7). The techniques of analysis of the written and oral responses
[ pils are the most common ones for discovering faults and their causes
in the arithmetic processes, First, we shall consider the written phase
of the subject.

1. hen to Test.

lieasurement in the past has been earried on at the end of a
quarter or a semester of the academic year, This traditional methed 1is
still followed by many schools at gresent. The chief purpose was only to
echeck what has been taught during that particular perioed.

‘In a modern school, on the contrary, testing takes place before
instruction, during instruction and after instruction. The chief purpose
is not only to cheek the ebility of the pupils, but to point out alse the
pupils? weaknesses which are to be remedied by the teacher before moving
on with his class from one unit o another new unit.

(1) Almack and Leng: "The Beginning Teacher", P, 334.
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a2, Testing before instruction. ::

Vhen a teasher first begins his work with a new class, he _
does net have a full idee about the ablilities of his pupils, 3So, he sh
begin the teaching of eritimetic by iiving a dlagnostic test at the begin-
ning of the werk., In doing so, he will be able to plan his work in such
e way as not to waste time in %aaching things which the pupils have already
Iimown, nor to begin where they have not yet reached.

be Testing during instruction.

The teacher may see it fit te test during the teaching of a
unit. e may notice that some pupiles fail to grasp the precess which 1s
boing taught, or the underlying principle, and he needs te Imow just where
the irriculﬁy lies. In such a sase he should earry on diagnosis, This
will prevent pggils from going astray and using inefficient ways of work
until the end the teaching unit. :

e. Testing after instruction.

When a teacher has spent enough time in teachi a given unit,
such as 1 division, and the elass hes finished it, he should give @
a ostic test in that unit in order to f£ind out whether it has been
sufficiently mastered by the class, before moving on to the next unit. If
not, further Arill will be ecarried on until the class masters the unit.

B. Kinds of Diagnosls.

There are two insoparable kinds of diagnosis: namely, 1. oup,
2. Individual diagnesis. e 18 no conflict between the two and
former 1s usually used as the basis for the latter, 1.e., one usually
begins with group diagnosis and ends with the individual,

1.Group Diagnosis (Analysis of the pupils! written werlk).

Group diagnosis has, at least, three different functions, First,
1t enables the teacher to find these pupils who are having difficulties in
the subi;gt, second, to know what items arec most difficult, and third, 1t
helps him to discover the causes of these difficulties, spéelally when
they are further diagnosed by detalled indlividual tests,

8roup diagnosis ean be done by giving a diagnoatie test in any
unit of the subject to a class or to a group of students of the same or
different classes, After the test 1s seored, a dlagnostic chart should be
constructed on which the names of the pupils will be placed at the left,

and the itens (or their numbers) of the test will be listed at the top of
the chart from the left to the right. Then on the chart under the number

of each itenm, and in the same row of the pupils! row, will be placed a zZero
for the amitled items, and a check mark for the incorrect ones, Blank
spaces indicate correct answers, At the bottom of the chart ene ecan usually
£ the sum of the items solved corroctly, i.e., the pupils! scores. The
following table will be used as an illwstration; using the wrong scores;:

00 940 1840 2740 35640 4540 5440 6340 2 T240 8140

1, x x 2
2. x x x x x 5
Se x » 2
8. x x 2
6. x x x S
7. x x x 3
g. x z . = x 4 x 4 Z
. - =z x X
5 }f 3 E PLE 5 2 8

The table o{ ® in short division g&ven a group
diagnostie test te 9 fourth grade puplls.
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The table on the previous reveals clearly what combinations
were most diffieult, such as 8149 and 049, and which ones were solved ecors
reetly by the whole elass, such as 27<0 and 450, A look at the right side
of the table points out the students who have difficulty, sueh as nos. 8
and 9. Sueh an umlz-h enables the teacher to adapt arf1l on the difficult
number combinations to the needs of the zlass without waste of time and
energy both on his part and on the part eof the pupils, Efficiont teachers
have always used this technique of analysing the written work of the pupils,
and have many cases succeeded in locating the sources of difficulty.

a. Diagnoastie Testing of Fupils in Number Faets.

In order to be able to dlagnose the pupilst? ablility in the
c tation of number faets, I have used the Courtls Stendardlzed Research
Testse. These are the most used of the standardized tests. They are
arranged in two groups: Series A and Serles B. Series A are desipned to
measure performanee the simple facts of the four sim)gle processes (1).
Serles B is nmore extensively used and consisits of four tesis which are
designed to test the ability of the pupils in the four simggg processes (2).
I have used both series twice in measuring the ability of students in
the Elementary Sechool, from the III $o the VI grades inclusive for the .
first trial on December 24, 1941, After a period of about 3 months of
remedial work they were glven for a2 second trial. ‘

(1) Spoed and accuraey.

The following table shows the different stendard norms
of the tests for each of the grades, 1.0, the number of correct combina-
tions, and also the norms attained ﬁy the Elemeontary Sehool grades in the

first trial: .

Additiog Grade JIII- Grade IV Graye \'A Grade VI
Courtis llorms 26 o4 42 60
Elem. School HHorms. 30 33 37, . 46
Subtraction

Courtis Norms 19 - 25 351 38
Elem. 3chool Norms 19 19 23 27
Jultiplication.

Courtis lorms 16 23 30 3%
Elen Sehool Norms 22 21 30 32
Division | |
Courtls Norma 16 23 30 37 .
Elem. School Norms 12 15 19 27

1) Ref. appendix pﬁ. 104=107
!2; Ibid pE, 107-109



-T2 - '
(2) Common Difficulties & Their Causes.
- As a result of the diagnosis conecerning the basie
combinations of the four simple processes, the following facts were alse
conelnded 1=

These combinations were found to be of different levels
of difficulty. consequentli, thelr relative difficulty was ascertained,
and the ¢ icients of rellabllity and validity were found out, as was
shown before on pnggrls. ® frequency of each combination in the course
of study, should therefore reletive to the degree of 1te difficulty (1).

What has just been said holds true in s11 the feur simple
mrocesses, but what follows pertains to each operation separately,

Addition

l. Both forms of cach combinatlon, the original such as
3 49, and its reverse 9 « 3 should be taught:

8. With more emphasis on the orilfvinal ones, beeause
57% of the pupils were mistelren in 39 original combinations snd only 437
were mistaken in the reverse form of the same combinations.

b. Five third grade students were wrong in 3 « 9, while
only twe of the seame students were wrong in G ¢ 3.

, 2. Excluding the 0, 2, and 6 tebles, each of which contains
eater number of orrors than the one following it, the mmmber of mistakes
nereases regularly as the table of 9 is epproached. Speeial emphasis
should be placed on these three tables.

‘2, The 6 and 2 (in Arabie <51) should be Adifferentiated
right from the vory begimnming. About 217 of ell the mistakeg Wwere due to
the confusion of students by these two figurcs, 117 were dué to the use

of 2 instead of 63 such a3 8 ¢ 6 ¢ 10 (\.-7+ n)e 10% used 6 instead of
2, such a8 4 ¢ 2 2 10 (1. << +% )

. b. The zero concept should alse be made very clear,
About 67 of all the mistalkes were made in the zero conbinations, such as
0+47g0and 8 40 g 9.

3+ The combinaticns whose sum is 10 and above, such as
7 4+ & or 9 4 8 should be emphasized more than those combinations whose sum
is below 10, such as, 6 ¢+ 3 and 4 + 2. %1% of the mistakes were mede in
the former Eype, while only 297 in the Ja tter.
' 4. 46% of the errors were over estimated (sbove the eorreet
answor), while 54% were under estimated (below the corroet answer).

Subtraction

le The 12 = 3 mxd the 12 - O types. It was found out that
50.7% of the errors were in the first type, and 49.3% in the second type

of combinations. DBoth types should be taught and emphasized sinece they are
nearly equal in dirtieulm y

2, Excluding the 9 and O tables, which contain more errors
than the other tables, the mumber of mistakes increases %;-:Enlu-l as table
9 is approachod. FEach of these two contains abont 1645 all mis.
talres cormit ted in all the tables, such 88 8 = 0 g 0 and 17 = 9 = 7.
Special emphasis should be placed on beth of them.

(1) Ref. appendix pages 110-112
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5. 72% of the errors wore made in those combinations whose
minnend is 10 and above, such 82 10 -« 3 and 13 « 4, while 287 of the errors
were made in those combinations whese minuend is below 10, such as © - &
and 7 - 2, Emphasis should be placed on the former type.

4, 45% of the errors were over estimated, while 557% were

¥nltiplication 5

1, Both forms of each combination, the original, such as
3 x 8 ard its reverse, 8 x 3 should be taught.

a. 51% of the mistakes were made in the former, and
'9% in the latter.

. be Four fourth grade students were wrong in 7 x 9, while
2l]l of them were right in 9 x 7.

2. Difficulty increases as one apprcaches the table of 9
with the exception of the table of 5, which seems to be comparatively éasyy
and the 0 table, which alone includes 30% of all the errors. Mereover,
taking the 19 zero combinations alone, we find that 62% of all the errors
are made in these combinations, while 38% pertain to the remaining 81
cgmbinations. T™he right zero concept should be emphasized from the begin-
ninge

. 3¢ The concept of the 1 digit should alsp be made clear
beeause 67 of all the errors were distributed as follows:= 47 in combina-
tions beginning with the 1, such as 1 x 7, and 2% in combinations ending
with the 1, sueh as 8 x 1,

4, 65% of the errors were over estimated and 35§ were under
estimated. This high percentage of over estimation is due teo the number
zcr errori in over estimating the velue of zero, such as 0 x 6 g 6 and

x 0 - .

vis

le The 8 + 2 and 8 4 4 types. It was found out that 57%
of the errors made in 28 combinations were made in the forter type, and
435 in the same number of combinations were made in the latter type. KLore
emphasis should be put on the former type.

2. With the exception of the 0, 1 and 9 tables, which inclule
more errors than the other tables, the ditficu.'!.ty increases as one approache
es the table of 9.

a. 232 of 211 the errors in the division combinetions
were made in the sero table. 90% of these errors are
of the type 0 <« 7 = 7.

be 127 of a1l the errors in the division combinations
were made in table one. 50% of these errors are of
the © +1g 1, Puplls should be drilled enough
upon the 0, 1 and 9 tables,

3. 547 of the errors were over estimated, end 46§ were
under estimated.
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b. Diagnestie testing of pupils in the processes.

(1) Speed and accuraey in the processes.

The following table shows the different standard norms
of tho tests, L.6., mumber of eorreet examples, and the norms attgined by
the Elementany School grades in the first trial of the processes:

Addition ade Grade IV Grade V Grade VI
Courtis liorms 2 8 4 5
Elem. School liorms 1,75 e 3 4.5
Subtraction .

Courtis lorms e & 9 Seb 7
Elems Sehool Norms 2.8 4.4 6 Ga7
Iultipllieation , , i *!
Courtis Horms 1,5 4 S5eb
Elem. Sehool lorms S a0 5 6
Division ‘

Courtis Vorms 1 - 3 5
Eleme Sehool lorns 2.6 4.3 6

(2) Common difficultics and their causes.

The following are four out of hundreds of examples which
i have found out in diagnosing the papers of pupils. FEaé¢h of these examples
pertains to one of the simple processes.

Addition Subtraection Tultiplication Division
28 32 ' 425 5422
A .- a e 32 Y0064
= 25

of eourse, it is very casy to have the teacher mark each
of these examples incorrcet and sive the puplls seros. With little ga—
tience on the part of the teaeher, he will be able teo dlseover thal the
boys had followed in eaeh example a wrong pringiple, and unless, these
boys are taught the correet kind of proesdure tho; will continue to commit
such mistalzes in spite of the zeros they reecelve for thelr work,

What the ximpila aotuallg d1d is as follows: In the first
“exemple the pupll added continually from the first eolumn on to the soeond.
The pupll had correetly performed & wocess in addition considerably mere
difficult than that reqg d in the exemple,

'In the seeond example, the student not understanding the
berrowing process, he subtracted the minuend from the subtrahend.

g In the third example, the pufil not understanding how to
multig}g by two digits conse uentlz, he mualtiplied by the first dl?t only
onec then used the see dlgit of the multiplier. He naturally got

& VIrong answer,

In the fourth example, the Fmﬂ not understanding the
ecorrect procedure in the process of 1 division, he solved the example
as follows: O w3, S w2 mé, 645 m2, 4 +2 w2. S0, he natvral-
ly got the wrong answer.

%
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As a result of di tic work in arithmetic for a peried
of about nine years, I ecould collect hundreds and even thousands of such
samples of work done by pupils of different levels and ability in the '
subject. These samples are classified and filed for reference, dlegnostie
and remedial purposes,

e.Diagnsgtic Testing of Puplls in Rea2soning.

As a result of several dlagnosis of errors in written D=
blems, it was found out that these errors fall into types. Some of these
types are so goneresl that thez cover & large number of cases, I shall
éite only the following four types which I have found to be most commen
in the lower grades of the University Elementary School,

l. Pupils use the wrong operation, and naturally the answers
they pgive indicate very clearly that they have used any one of the other
three operations besides the cne which is needed for the solution of the
problem on hand, Exacple, "A man bought 100 eggs for 700 pts, for how
ruch d4id he buy an oggg ? The cormonest wrong answers by third graders
were 800, 600, 70, indicating respectively addition, subtraction and
miltiplication. .

2. Failure te comprehend the statement of the preblem. This
is sometires showm by the sbsurdity of the pu ils' enswers. Exemple,
A butcher bought three sheep. He paild for the first £.8yr. 90, and fer
each of the other two £.8yr. 125. Heow much d31d he gay in all Fourth
ade pupils geve fourteen different wrong answers te this single problem.
cme of these enswers are as follows: 214, 376, 5750, 5175, 85, ote.

Sometimes Yupils decide upon the right operation but carry
it only part way. They lose confidence or encounter some obstacle,
&amgx]ie "A man sold 1/3 of a plece of cloth, then 1/4, then 1/53 if there
remeined 15 m. what was its length?" The cormonest ¥rong answer by the
fifth greders wes lm., They have added first the par'taofrﬁs + 1/: *1l/5 a
47/60 + 13 m 60/60 g 1 answer., .

4., Errors in the fundamentel processes are very cormon, as
every teacher lmows. Osburn found that about 1/5 of the errors mede in
solving verbal problems were stiributable to this cause.

Even more than that, I have noticed that mnz times Ega
solve verbal problems the trial end error methed, and they reac
correct eanswers, which they have known somehow before, inspite of the
fact that they have used a wrong method. The following are two concrete
1llustrations worked out by 1s: :

First, Yusuf is 15 years old. Tawfic 18 48. In how many
years will the agenor uf be 3/4 of that of Tawfic? Some. of the pupils
[#]

solve it In the ng way:
- 15+s7ega:5you-a
4 =065 "
4 - b4

= L, ans.
Thus wo see a wrong method of solution resulting in the correet answer.

Second; A merchant bought a ecertain mummber of chalrs at
7.5 sh. each. A reduction in the price of 0.85 sh. each would have of-
fectod a saving of 15 sh., How many chairs were bought? Seclution -
4 = 15 ' ;
4 g 0O
Agein, we see that the students followed a wrong method and got the right
answer
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A fundamental principle whieh should be reeogniszed, is that
pupils must be trained to solve problems wather than to seeure sorreect

answers. The emphasis should constantly be plaeed upon learning how to
solve problems rather than upon the answers obtained.

This technlque of diagnosils takes tlme and it 1s based, as one
can see, to a large extent on inforences. Inferences are not always cor-
reet. Moreover it dees not glve any information with regard teo the pupilts
diffieulties so long as his ansvers are corrcet, In spite of the faet that
the pupil seeures sorrect answers by round-about methods. The moat -
cormon among whieh is eounting. A fourth grade student multiplied 6 x 6
by ecounting six 6%s en hls fingers and he sesured the right answer.

2. Individnal dlegnosis (Observation of the pupills methods of work)

(nite often group dlegnosis dces not revesl the sauses of the
errors, and in order te prevent errors from being made the sourece of the
trouble must be kmown. It is by individual diagnosis that we ean loeate
the eause of errors. -

A unigue mcthod of diagnezing individual diffieulties in the
fundamental processes in aritimetic hes been developed by Buswell & Johne.
It consists of a gxpil's Worlk Sheet contalning examples each of the .
four operations; the teaeher's Diagnostie Chart containing a1l the examples
which appear on the pupll's Work Sheet plus a 1list of numerous m{?-o-

late hablts of work whieh lead ﬁupila to malre errors (1). This list of
1ty habits was determined by the suthors as a result of an analysis of
the errors made by 329 pupils grades III to VI. The results of thelw
enalysis of bad habits which thoy found in the four operations are given

elsewhere (2). -

By means of som¢ good arithmetic test or tests the teaeher ean
locate those plls who need diagnosis ( as mentloned above). Then, he
takes one pupil at a time, glves him the Worlk Sheet, tclls him the purpose
of the examlnatiorn end asfts him to worlk aloud. The teacher sits where he
ean observe the child at work. He should not suggest anything to the
¢hild about hils work. He has only to discover how the 11 works, and
%o check on the Diagnostie Chart the habits whieh the ¢ uses.

a. Oral diagnosis of puplls?! abilitles in colum addition.

An oral dlagnostie study of 90 pu.gils in eolumn addition
was mede, These puplls renged from the 2nd to the 6th grades, all of
whom ranlted average or below in a written ?oup diagnostic test. The
sixteen examples of the informal test on the process of addition, on
PP.59-6Q,wore used for the purpose.

Eagh pupil was called individually to & reoom in order to
add omly eight of the sixteen exsmples from the blaskbeard. The pupil was
asked to add orally-and 1oud1{. He was told that the purpose of the test
is not to quizz him but to he Bp him, in order to determine the esuse and
. nature of his difficulties. He was also encouraged very rueh to cooperate

in the work. Of sourse, the primar; gm'pose was to locate the faulty
methods and other poasiﬁle causes of Iinefficleney of worlk.

il Ref. appendix p. 116
2) Ibid, pR. 115-115 ;
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As the pupil was adding I had my seat in a convenlent place
in the room where I could see the pupllfs total behaviour., I had on hand
a blank pa on which I mariked the types of foults that have been dis-
coverod, average time of 15 mimutes was given te every pupil at a time.’

When the work of the test had been completed I had carefully
analyzed the notes taken during the examination eand summerized the finde
ings of the dlagnosis, These are recorded and filed together to be used
wvhenever needed,

Te following statement swmarizes the findings of this
diagnostic study: '
1. gountXng (by fingers, lips, fect and tongue).
2« Car ngs
a) Forget to add earried number.
b) Added carried nmmber last.
e) Added cerried number irregularly.
d) Carried wrong number.
(e) Wrote number te be carried in partial sum.
3« Procedure in adding:
a) Added dommwards.
b) Added upwerds.
¢) Added colurms dowmwerds and other colurmns upwards.
d) Proceded 1irrvegularly in the colurm.
4. Orouped two or nore mumbers, particularly those whose sum 1s
ten or five, or, when tho same digit is to be added twice.
5« Split numbers (5 4 9, was added as 5 + 5 # 4).
6~ Short attentlion span.
a) Retraced work after partly done, 52 cases.
bh) Omitted digits (95 cases)
c) Added some mumber twice.
7« Dropped back onc decade.
S« Slzippeéd ome or more decades. ‘
0w Individusl differcnce in speed. (Some third apd fourth graders
proved to be quicker then meny £ifth and sixth graders.)
O P 18457 added by thimdng Sesults onl
a) 12.55 ¥y’ results only.
!b} 507 added byhihin!dng nunbers and results.
¢) 37.5¢% added by mentioning every number to be added.
' The first ?oug proved to be quick and accurate. The
second, svorage. The third, slow and under average.

Before bringing this discussion to an end, T should like to
mention twe very intoresting instances. The first is that I have gathered
six oxemples with correet answers. Although the answers were ecorrect, yot
the students sommitied two nmistaltes in the same column of cach of the s
examples which were brought te light by the oral diagnosis. It so happened
thet one mistale cerreeted the other. I whall mention here only twe pairs
of these mistares: 5 ¢ 7 = 13 and 35 4 4 g 36. The second nalr was:

4 47 wl22nd 12 ¢85 g 14, As one cen see the first mistalm was over-
valued by one and the second was under valued by one, so that the first
mistare was eorrected by the seeond, or vice versa. MHed it not been for
the oral dlagnosis I should not have been able to discover the pupils!
difficulties in ss Par as the sums of the examples are correet.

The sccond instance is the following: As tho pupll ALK, a
six ?ndar, was adding, I noticed that he somotimés used to mention com-
binations whlch were not included on the dingnostic sheet. A thing which
surprised me very mich. As & rosult of s short interview with the pupil
I found out that he could not add casily certaln comdbinations, such as
32 + 0 and 43 ¢ B ete. Whonever this pupil met such combinations he used
to change them to 359 ¢ 2 and 48 + 3 ond to add them eorrcetly, Toachers
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ean never realize the goat number of ways and means which poeor pu.gih
resor€ to in doing thelr work in arithmetiec until they come inte close
contact with those pupils while doing thelr work.

De - in Problem-So. .

pégi 9'.:- : ocedure roblem-golving:s A little observe
ation of gel
gion that t

i1 problems leads Inevitably teo the conclu-
following varied ways arc used by the puplls:

First, one c¢can notice that a puplil is ready to sovlve adgro.
blem 1f someone will tell him whether to add, subtract, multiply or divide.

Second, some pupils think of 1t a&s a duplieation of a pro-
cedure illnstrated in a ira lem worlted out in the text. In spite of the
fact that these two problems are of two different types.

Third, some students think of it es a meehanical epplieation
of certein rules in a haphacard way,

Fourth, scme {'gpils think of it as a trisl-and-orror process
in which they perform certain operations in the hope that they will be
accepted as correct, -

Fifth, still others have wrong attitudes towards the subjeet
because of the following recasons:

l, Apithmctic is a very difficult subjeet.
2. Daddy and Hamy cennot do well in it.
5. So meny pupils fail in it.

4. ¥r, so and so teaches it.

5. It has little practicasl wvelue.,

6+ The fomily is not mathematical.

Oone ehild when asked how he could tell whether to add, sub-
tract, multiplr cr divide said: "If there is more than two pumbers, I
edds, if there is two pumbers, I subtracts, unless onc of them is a 1little
nomber, then I mmltiplies, wuf 1f it will go cven, I divides™ .

Such students are not neeessarily "born short" in arithmetie
when they fall to meet difficulties in solving Froblem: with sucdess.
Their faillure may be due te one or more of the following difficulties
which the teacher himself should discover end remedy on the momont.

_ (2) Difficulties encountered b ils in problem-solving:
Banting®s study o P [ o m o Solving 0 the
most comprohensive that has been undertalkem, Ip contains information

concerning the faults revealed by questioning boys and girls as to theilr
diffieulties in problem=solving. The following erc the causes, in brief,
of inability to solve problems. (1)

1. Failure to comprchend the preblem in vhole or in oger .

2. lack of the abllity to perform accurctely and readily
the fundamental operations.

3. lack of the Imowledge of facts essential to the selu-
tion of & problems For example, lack of Imowledge of
the tebles of weights, measures, stc.

4. lLack of the abllity teo 1dentif'y the ):'opar ocess or

esses with tho situations indieated in mblm

S  of sufficient interest in the problems te pire
the required mentel effort.

6. Fallure to form the habit of verifying the results.

(1) Ref. L.J. Brueckmer, "Disgnostic & Remedisl Teaching", pages 230-233.
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7. The habit of focussi the attention upon the numbers
and being pulded by them instead of by the conditions
of the problem.

8. Puplls are sometimes completely perplexed by large
mmmbers, They are perplexed by rs larger than
those of every-day experienee.

9. The habit of bheing gulded by seme verbal sign instead
of making an analysis of the problem.

10, lLack of ability or care to properly arrange the
written work in orderly, loglcal form.

11. The feilure to reeognize the mathematical similarity
to type~problems.

12. Lack of ability to understand quantitative relations
such as:

a, cost, loss or gain, selling price.
b. interest, rate, time, m ineiple, amount,ete
13. The gupil may fell beeause the problem reguired
exertien beyond his spen of attention.
14, The pupil may fall because of absolute inabllity to
do refleetive thinking (1).

€. Iiseellencous

From time to time, I used te investigate through the dif-
ferent grades for testing the pupils?! abilities in one subject or the
other in which they proved to be inofficient. The following are some of
the investigations which I have made:

The first investigation was about testing the pupils?! abi-
lities in understanding the different steps in problem solving. Only one-
stop problems werec used.

Fifty-four Fifth pgrade pupils shared in this invest tion,
The following table shows very clearly the above mentioned steps with the
correct pereentage of each:

Steps in Problem Solving Correct percentage

l. Problem comprehension 51
2. Vhat is given 30
3. What is called for 25
4, Probible answer 15
5. Process analysis 80
6. Rplationships in problems 65

The above results show vorLclearly the weaqlmesses of the
p\épiu in problem solving, particularly the second, third and fourth
steps.

(1) osburn classified 30,000 errors made by 6,000 children on Buckinghem
problem test as follows:-
1. Total failure to comprehend the rroblem 308
2. Procedure partly correet but with the omission of one

or two essential elements 2
3. Ignorance of fundamental quantitative relations 10%
4. E.rors of fundamentals
5. liysecellaneous errors 2%
6. Errors whose eause could not be discovered 18%

This information is taken frem C. R. Stone,"Supervision of the
Elementary Scheol™, p. 175. _



The second investigation was about the eemprehension of the
ne of words and technical terms as they are met in problems. Seme of
these technical terms are the followins: area, centar, radius, liter,
grari and velume. These were put in the mmltiple choice form, of five
answers to each. They were given teo fifty-six fourth grade pupils. The
pupils had to checkt the correet answer.

The following teble is a good 1llustration of how ecapable
these fourth graders were:

Term Correet mrcentapge
Area 41
Centar - 43
Radius 80
Litre 02
Gram T
Volume 30

Here, aﬁdiin, one can clearly see the wegknesses of the
pupils, speelially as cated by the first two items and the last,

- The third investigation was mainly about the teehnieal
terms of the four simple processes. m-hnmh'ez ninety~one students

r from the third to the sixth grades inelusive shared in the inves$-
igation. They were given one example on each of the four simple proces-
ses u{l were asked to give the technicel terms for each part of

examples,

The following table gives a clear idea about the pupils?
ignorance in kmowing the terms.

Grade Correct percentage
III De¢5
IV 31.5
v 51.0
Vi 59.0

One is dingpointed in getting these results because a
third grader is expected to lmow these terms thoroughly well.

It is interest to Imow that the pupils invented eighteen
different names for the product, seventeen for the quotient, fourteen for
the divisor and eight for the miltiplier which was the leasf.

As a result of this investigation, these technical terms
were grouped in descend order of difficultr{ as follows: Quotient
maltiplier, product, remainder, minuend, mmltiplicant, subtrehend, d1vi-
dent, diviser, sum ang the remainder of difision.

: The fourth investigation was about testinﬁntha pupils? abi-
1ities in checking each of the four simple processes. empga of each
of these processes was ﬁm to one ed ninety-three pupils, ra

from the d to the sixth grade inclusive, These pupils were as to
do the examples and check thelr answers. :

oors in the west usually contain the tollmﬁ statements:
"Add and echee "Subtract and check", etec. This is to remind the pupils
to, and to build in them the habit of cheeking the werk. For further
information about this item see pages 47 & 48,
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The following table indicates the correet pereen in

checking the four simple processes by the upper four grades in Elo-
mentary School.

Grade Addition Subtraction lMultiplicetion Divisien

111 100 100 78 33
v 83 100 77 73
v 82 100 79 87
VI 68 100 84 82

Apparently, all the gupils Imew how te cheek subtraection
examples, but m of them failed to be as efficiént in cheokin% the
examples of the other three processes, as is seen in the above table.

The fifth or the last 1nvost1%ation was about dlm“h}f
the pupilst! abilities in estimtin% the quotient in long division. ve
examples were given to fifty-four fourth grade pupils., They were asked
to do these examples, but to leave on paper cvery digit of qmotient
they tgwght fit which turned te be eilther greater or smaller than the
corregt one.

The ro].IMn%hgable shows us some of the partial dividents
of the five examples with number of irisls mede for some of the
digits of the quotients: -

Correct First Second Third Fourth Fifth
Partiel dividents Percentage Tpial Trisl Tplal Trial Tpial

176 < 70 29 20

- 42 4 1 ~
429 » 63 - 36 13 3 2 -
510 + 63 66 40 10 2 - -1
218 + 24 66 37 12 3 2 -
695 « 95 68 39 13 1 - 1
104 + 36 68 - 34 138 2 - 1
524 4 36 - 44 5 4 - 1

I shall eite only two concrete examples which I heve extract-
ed from the work of two fourth grade pupils. They are:

665 - 7 0
99 8
8 6 2%
45 = 7 & 33
55 55
95)69350 36)10440

‘ It is needless to u{é that these two students should have
worked out seven other exemples within the time vasted on these two
examples had thog been taught the rules for the estimation of the quo-
tient. Detalls about these rules are given on pages 435-14.

It 1s very interesting to find out that the first pupil
tried digit seven twice. A ontlI he was not satisfied with the first
trial and so moved on teo higher dig fs and back to seven agein. PFurther
diagnosis showed that the pupll was nmistaken in multipl 95 x 7 for
which he got 445 as answer, & chance mbtalte. But he got the cerrect
product whiech is 665 in the second trilal and so he was satisflied.
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PART IV

REMEDIAL WORK

Remedlel work in adithmetic can be concldered from both the correcte
fve and the preventive points of view. The former one will be discussed
in the following chapter.

CHAPTER NINE

Corrective FProcedures.

A. Need for Corrective Frocedures.

A1l thet has been mentioned in part III forms only the first
gstep in the process of dlagnosis. Testing the pils, mar their
papers end tabulating the results, all of this very good work on the
part of the teasher and 1s very nmsaarg, but, it will lead nowhere
until the whole thing is interpreted in terms of 'iup!.l needs, Iy is
onli then that the whole process of instruction will be modified accord-

It is not emo to say, after one hes made a careful diagnostie
test, that pupil x or class y in the school is average, below, or above
mraig} because in do t only, we will be mne Ieofing the most value
able ormation obtainable from testing. As a matter of fact, this 1s
what usually happens. Very often téachers glve tests, and after these
tests have served the needs of the teachers, perhaps only grading the
g:pils, thez are thrown away. Thus, even not half the use of the tests

made of the responses of puplls o these tests as eould or should be
nade .

A good teascher, after test and gra his pupils, if he
wishes to do so, should have, first of all, for pupils tested a spe-
eific 1ist of habits of work which needs attention later on after diag-
nosis 1s over. Second, he should work out, in e systematic way, for each
hablt remedial procedures which seem to be needed. Third, these should
be carefully made use of in metual sehool work. Finally, a cumlative
record of caech remedial proecedure with the result seeurad through 1ts
use should be kept for future work.

Sueh & reeord makes possible a systematic review of the steps
that heve been talken, and furnishes valusble information coneerning
methods and materials to be used with other cases. This is not to men-
tion the many important facts which it reveals about the learni ro=-
cess itself. In a word, suecessful methods of remedial treatment feor
cormon difficulties ean thus be loeated and consequently inserted in
instructional materials.

Otherwise, the work of this teacher will be similar to the work
of that ptﬂluhn who, after examining his patient, tells him that he has
uleer in his stomach, or that onme of his ys is not functioning



properly well and he ends his gpserigtion at this point. This physi-
clan's diagnosls maz be eorrect and, therefore, a very good cne, but as
far as the patient 1s concerned it ia', of course, insuffielent. To be
of some real help to his patient the physician must interpret the results
of the examination in terms of the patient's needs, It is then that he
will accordingly preseribe the medlelne.

The seores of the pupils and their errors correspond to the
maladies of the patient, and in interpreting these results of dlagnosis,
it is necessary to meke similar seriptions of remedial work as has just
been menticned before. After determining the particuler difficulty whieh

1s have, remedial work must begin. In order to be effeetive, -1t must

with & specific attack on that difficulty which was revealed by the

dlsgnostic study. It is useless, for example, to attempt to improve the
work of & pupil scoring low in leng divislon examples, when he 1s weak
in the multipliecation process involved. But, instead of that, 1f the
pupil splite number in edding rather than adds by the oomg%;te number
combinations, or if he contimually forgets to 2dd the num which is
carriod, the question is how to make him stop splitting numbers and edd
the diglts as a whole as they appear in the example, and how to eliminate
the other difficulty. It is only by such means of procedure can any ad-
vantage be galned from dlegnostle testing.

It is very significent to have remedial measures follow indivi-
dnal or group diagnosis, but it seems that no standard procedures have
been so far developed to that effect. Moreover, the arithmetie drill
devices which have reaﬁ been based on ax;i)erimental trial and which are
lmown to be effective constructed particularly for remedial purposes
are not mo numerous. For this reason, every teacher has to try out
different methods of corrective procedures. The detalls of these pro-
codures may grow out of the teacher's previous experienee with similar
cases, or they may be based on othera® reports of remedial work, or may
be the result of trial and error process.

" We come next to consider two of these methods of eorrective pro-
cednres as they were applied in the Elementary School.

B. Pragtieal Use of Correetlive Proeedures.
1. Number fasts.

As a result of the applieation of Courtis T,sts, as was
one@ on page 71, all the diffieult combinations of each of the four
simple processes were ainﬂ.m out and drilled upon from five to eiiht
mimites @aily for six weeks, At the end of this 1od of remedial work,
the seme tests were given n-glnin in order to ascertain the results of the
re ng period. following table found on m 71 will be repro-
duced with the additlion of the grade norms h resulted from the
seeond al, This table being as sueh, will enable the reader to make
comparisons, first, between results of the first and second trials of
the test itself, and second, between each of these results and the stand-

ﬂ‘m of the tests.

, What has just been said in the above paragraph holds true
of /the first three simple processes but not of division which was only
gi to _the ~for the first trial beesuse of lack of time, The

eondition is true in the processes, as we shall see later, for the
3 reason.

§

'

'
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The following teble shows first, the different standard norms
of -the tests for each of the grades, and second, the norms attained by
the Elementary School grades successively in the first and seecond trials.

Addition Grade III CPade IV @P* v Grade VI
Courtis Norms 26 o4 42 50
E}c Qho 1st ﬁ'a.ll a0 33 a7 46
2nd 36 365 42 50
Sub tion
Courtis liorms 19 25 31 o8
E}. Sgh. 1st trlal 19 19 23 27
- 21 23 31.5 33
yultiplieation |
Courtis Vorms 16 23 30 a7
E}; Ss.h. lat tr}al 22 21 350 32
2nd 21 27 29 33
Division .
Courtils Norms 16 - 23 30 37
El. Sch. lst trial 12 15 19 27

Apparently, in almost all the procosses, as one ean easily see, there is
a progress and a good one too on the one hand, and in many easeés the

mmwhool grades proceeded beyond the standard norms of the test
on the ot hand. .

2. The simple processes.

Here n§a1n after the Pirst trial of the test as was indi-
cated before, remediasl work was earried on for six woeks at the end of
which the pupils were retebbed. The following table is reproduced again
with the result of the second trial of the test.

Adaition Grade II1 Grade IV Grade ¥  Gmade VI

Courtis Horms e 3 4 5

E}. Sck. 1lst trlgl 1,75 2 S 4.5
2nd e 3 £.3 4.7

Subtrastion

Courtls Horms 1 - 55 7

Ea.. Sgh. 1st ﬂ}ﬂl 2.8 4.4 (3] 6.7
2nd S5 He2 6 8



¥Multiplieation Grade II1 Gra_do Iv Grade V . Gl-nd'o vi®

Courtis Norms - 1.5 ¢ 545

Ea-. Ssho 1‘13 tra.a.l - 303 ’ ;.?5 5075
2nd - D675 - 6

Dividion

Courtls lYorms - 1l S 5

Fl, Seh. 1st trial - 2.6 4.3 6

One ean eonclude from the above table that there was a2 neral improve-
ment in all the grades except in one or two instances 2 most. In addi-
tion to that, the Elementary Sehool norms are higher in a general sonse
then the stendard norms of the test..

One wonders as to what kind of remedial procedures were
used end how? The following detalls give the answer %o these questlions:

a. General procedures(briefly stated).

1. After giving the dlegnostie test to the grades, a
discussion of the most ecommon errors was made with each. The purpose 1s
to draw the attention of the pupils to their methods of work rather than
to the examples themselves.

2. The sttention dPf thelgpi'ls was drawn to one or two
of these errors ot a time. Different ehildren worked out examples on
the board using the correet terms and forms.

, 5. Errors have been presentedin such order that one new
difficulty and only one was presented at a time.

4. Eaeh pupll was asked to keep & reecrd of his errors
in a book after they have been eorreeted for the sake of roview.

5. This eorroective work was given an ebundance of mobi-
vated drill by the use of intrinsic number games and aectlivities.

6. It was always remembered that prastice eould be
earried beyond the point of recall.

De Spao&fio proeedures. ,

In the following paragraphs, only some samples of the
pemedlal methods whieh have been used are given, partly beeause of the
direct value which rm may have for other teachers, and g:rtly to 11llus-
trate the type of 1al measures whish may be used by teachers in

similar cases. ,

From the dlagnostie results on 72 and 73 1t was
a ent that we should go baeck and teach the ntel processes that
ghould have been properly taught in the lower grades.

The most ecormon difficulty is with the zero in all oper-
atlons, 1n both the number faects and the proeesses. The real eause of
this alffienlty was found to be the laek of eorrest zero eoncept. This
was shown by sueh answers as 7 + O = 8, =026, 7X0xT7eand 047 %
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P].entz of practice with objective material was given
in order to develop in the puplls the right sero concept. MNost of the
work was done on the play level. '

o e atudegts were taught by words the meaning of zZero,
such ag zero means not any". This was followed !.rmadlateli by mach
pragtics,such as "If I give you zero pencils, how many penclls do I give
you"?, or the use of such simple eoncrete examples as the rolloﬂ.ns: Ir
you have no apples and you divide them among 6 boz'e, how m would eaech
get"t "If George had no money and you hed five times es mueh, how mueh
would you have™?

‘ To avold wrilting rows of zeros, the puplls were told
that this 1s a long method and & great waste of Cime, that instead
they should follow & short eut. en, followed several examples having
a zero in the mltiplier and the work was done before them writing the
rows of zeros. Then the work was done omitting this time the row of
zeroe and showed that the enswers were all the same, Thls procedure
appealed to them very much and they were so pleased that thoy asked for
more oxamples of the same tyge to solve. Finally, puplls were btaught
that whenever zero is mltig ied by a number the result is always zero,
and whenever a mmber 1s multiplied by zero the result 1s always zero.

The second sample is about the teashing of both the
orisinal apd the veverse forms of the additlon end rpultiplicatlon cembine
etions, such as 6 + 8 ond £ 4 63 6 x 8 and 8 x 6. Diagnosis showed us
that transfér is very limited end that both forms of cach eombination
should be taught,

The third sample is about the confusion of students
by the digits 6 and 2 (in the vernacular <,7). This difficulty is found
most frequently in the primary grades, although in some cases chlldren in
the Intermediate and even in the upper grades have not learned to write
them correctly. This is either due to the absence of eertain specifie
habits,or in cortain casos there has been a lack of sufficient practiee,
or 1t may be due to an ineorrcet mental pleture of these numbers.

The teacher wes asked to make each number slowly and
carefully for the pupils to call attention as to how eaesh looks, where
to begin when writ each and how does each curveg then to erase it '
and have pupils try. The pugils were also given speeial emphasis to the
difference of these two digits in form. Plenty of practiee in diserimine
ating, making and reading them was mede. These processes were repeated
again and again before satisfactory results were obtained.

The fourth sample is when puplls have difficulty in
mltiplying where the multiplier has two or more figures. They were
given & type and were asked to memorizel every phaze of it so that they
‘ean rezx-ocymce i1t from memory at any time.

The fifth sample 1s to overcome the habit of adding the
carried pumbers 1rregularly. Children should form the hablit of adding
the number to be carried immediately at the beginning of the seeond columr
Use wag made of such example” as the following:

538 The elass was told teo sid the first eolumn, put down the ome
84 eand remember the two. When 21l the pupils got that far, then
59  they were asked to proceed with the second column adding the two
IBT first. By repeating this orally for a fow mimutes every day, the
habit of adding the earried seems to be fairly impressed.
After mastering the eddltion of two columns the class went on to three
and four columns.
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The sixth sample is where a tendency was found to sube
tract the mimuend from the subtrahend which was larger. A review of the
borrowing method of subtraction was necessary. Examples with the borrowe
ing from the ten's unit were only presented f¥ st. Then examples where
puplils had to borrow only twice were given; later on three and four
times and so on. Sometimes, the pupils were also asked to write the
letter b where they borrowed and the letter n where they d4id not borrow.
This was enly followed in order to remind them of the borrowing principle
in subtraetion.

3. Reasoning.

It 1= possible to bring about a big‘miggrovem. nt in the
ebility of pupils to solve verbal ﬁ: lems in ari ie. The best po~
liey is to have the class teacher P in mind the list of diffieunlties
most pupils meet In the solution of problems as indiented on pages 78
and 79, and have him think of remedies for cach of them.

The following general suggestions might be of some help
in the development of power to solve verbal problems. (1)

(1) Pailure to comprehend the problem.

a) Drill pupils in silent reading.

b; Acquaint them with arithmetical terms.

¢) Fut & premium upon accuracy in reading and in

co figures.

(d’ Segleet problems from various sources.

(2) Leck of the knowledge of essential facts.
- (2) Hever give problems which require for solution
facts which pupils do not know and cannot secure.

(b) Teach pupils to analyze & problem and to state
what they need to know in order to solve it.

(3) Lack of interest.

(a) Discard the bookish problems.

(b) New rroblem material should be used. Ever{l:hing
possible should be made to meke the work vivid
and Interesting.

{o; Give the praetical problems of daily life.

d) Give well graded problems each of which is s
challenge to the pupils.

(4) Fpilure to verify the results.

ra Answers should be lasbeled by pupils.

b) They should be estimated, and later on their
reasonableness checked. '

(5) Large mumbers; in teaehing 2 new prineiple, only
simple numbers should be used.
(6) Arra ent of the work in an orderlgelgieal form.

(a) must be impressed with t portance of
neatness, care and logical order in all written

' work in arithmetic. -

(b) Sgmples of good written solutions to problems
should be exhibited on the bulletin bosrd.

(7) Failure due to problems which require exertion beyond
the ng:n of attention of pupils.

(a) Puplls should not be given problems beyond thelr
powers of comprehension and span of attention.

. Finally, a sample of types of remedial materials des igned
to give the pupil n'azﬁioo in reeding verbal problems and training in

(1) Ref. L.J. Brueekner, "Diagnostie & Remedial Teaching", pages 2335-240.
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their solution is given below. (1) Some sampleseontain the following:

1 stressing vocabulary.
stressing problem comprehension.
24
5
iG
7

Exercises
Exercises
Exercilses
Exercises
Exercises
Exerclses
Exercises

stressing what is given in the problem.
stressing what is called for.

stressing the estimation of enswers.
stressing cholce of procedure.
stressing relationships in problema.

Exeerpt From Compass Diagnostie Tests in

Asithmetio, Test XVII, Problem
Analysis.

Problems Part I - Comprehension

Read each problem below.
Then work eercss the two
fasing pages to the right,
do 1 the Parts for one
pr oblem befare golng to the
next. Do not go baek and
work on a Part after you
have eompleted the one fol-

1
% the sample below.

‘ Remember :
(Read the problem)

Part 2 - What 1s given

Put & cross (x) on
the 1ine befare the
one statement below
which is true for each
problem.

Put a eross (x) on
the line before ever,
statement below whiel
tells a faet given
in the mweblen.

Work aeross the page to the right.

(Check true statement) (Cheek what is given
Team won all games Mumber of games

Problem I b yed. = played.
Team lost 2ll games s gmnm of boys on
Our baseball team played. i tean.
played 7 games this __ Team won more than 1t TMumber of games
sutmier. Ve lost 2 lost. tled.
end tied none., How _ Team lost half of the Humber of games
many peres did we gemes pla wen.
'15 Teem won about half of games
™ of the gemes played. ~ 1leost.
tion.

Part S-What 1z ealled for.

Part l.-;Probnble Answer.

Part S5«Correct Seolu-

Put 2 eroas (x) on
the line before the
one statement below
which tells what 1is
ealled for in the

problem.

tble answver to the
blem.

Put a sross (x) on the
line before the one
statement below which

ves the nearest prob-

pro-

Do not take

to work the problems.

Put 2 ereoss (x) on
the line before
one correet solution
gi n rer each pro-
1 igure in the
:lrgin 1r you want
Oe

(1) Ref. The National Council of Teachers of Mathematiecs, "The Seeond

Ionrboo 8 67-72.

(2) As
rlvalna

Greene, Jyrgensen anﬂ. Gorberi
on in the Elementary School",

s 3i6

"Heasurement amd

and 317.
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Remember: Work aeross the page to the right.

(Checl #hat is ealled for) (Check probable ensver) (Cheek correct solu=-

tion)
émber of games lost. 9 boys. 7+2 =
T er of boys on temm. ~___ 6 schools. T % =225 .
= Number of gemes won.  ___ About 7 boys. 7 +3 w3 1f2
== Fumber of games where —_ 9 games, - — 7x2z14
= seore was tled. —_ About 5 geames. T 7x2 gli: 14-0a5

. Wymber of games played.
Now start problem 2.

CHAPTER TEN
Preventive Procedures

"prevention is the climax of diagnosis”. Preventive measures
are the most influential means which help in the solution of the problem
under diseussién, as we shall see later on. Ho two people disagree upon
the fact that it is always better and easier to prevent errors than to
eorrect them. Egucators are right when they deelare that preventive
teaching is always preferable to correcctive teaching end that the goal
toward which the teaghing process should work is preventlon rather than
remedy or correetion. This déédlaration eoincldes ver well with the
w 61l lmown ?mrb "Oone ounce of prevention is worth one pound of
eure". If all of this 1s true, one might ask what 1s the reason for
that? The following lines answer the question.

A, The Seriousness of Epror.

The teacher should bake eare and be on the alert lest his pu-
pils make mistalkes, Beceause, first, a mistake once committed, it becomea
ecasy to be made again in Jusf; the same way. Seeond, it will never be
entirely done eway with. Third, 1%t might beeome very serious.

In order to realize these facte, it is worth while trying %o
pocord the sucecessive responses which a pupll makes for a mistalke and
then see how it alweys leaves its traces in those responses. I have
followed up a third grade pupil who made an error on the em’bimtio‘e
R sl S o e R 2w i 3¢y - e ey $:ﬂ°‘w » T

s Oy s O s ‘s O s Op Oy Oy » 7y B, 8%C. We
thus"see how fhe urong'mm peraiats. llo%iee that the initial error
of seven, although it beeomes relatively less frequent as time passes,
can nover with any confidence be n.!.x to have disappeared.

It is not strange to say that the nervous system of many of us
is full of such mistakes which spring up at any unexpected time, and
that as far as our nervous systems are concermed, we receive no help,
becanse the wrong answer 1s as positive as a right one. There will
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enly be a difference between the two if we resort te the ps hological
law of leerning, nemely, the law of effect. If the satisfactions aris
from the two are different, i1.¢., if a mistake 1s quiekly assoclated wi
some unpleasant result, it is not as likely to recur eas would be the

eage if satisfaction or nsutral feeling wero present. The old prineiple
of "lLeer by onets mistakes" thus only holds true, 1f such mistakes
are assoclated with unpleasant and anno consegquenees.

Enight believes that much of the present thinking about error
assumes that error is a much simpler phenomenon than it is. FErrors may
not be single in their nature.... Treating all errors alike 1s analogous
to treating all fevers alike.... Huch of ocur treatment of error, be 1t
ever so herolec, ie never the less superfiecial and unsuccessful beecause
it 1s based on toc little understanding of the psychologleal nature of
the error and the processes leading up to 1%, '

It is very unfortunate to have most of the errors some of our
pupils make, especially in their homework, mot to be associated with
anything. Poor pupils, at the same time, are nob eonseious of them.
Te be on the safe side, the teacher should neither asslgn home-work
nor seat work unless he is sure that the puplls concerned are in full
mastery of the required informatlon ebout the subject on hand.

B. The Prevention of Error.

If vhat has been mentioned in the last item in relation to the
seriousness of error holds true, 1t then naturally follows that the
evention of error should becone more important as 2 school problem
n the removal of error.

Many difficulties of arithmetlc will be eliminated anticlipat«
ing them, for exangle a tecacher may learn by diagnestic test that
pupils able in mos pﬁuea of multiplication have difficulty with the
gero of the multiplier. Preventive work in teaching mlti{lieation
will sccordingly place special stress on zeros in the multiplier. There
are hundreds of similer situations in the field of arithmetic. MNoreover,
this anticipation saves both parties, the pupils as well as the bteacher,
the trouble of double work on any single faet learned in the wrong way.
Because, to correct & mistake, the teacher has first to put dowm, o
destroy 8o to speak, what the students have bullt, &nd then he has to
rebulld again, Thus, we see how errors once u:mitted become & real
source of waste of both time and energy. .

Finallg;allneere effort should be made to remedy those m¥ takes
whieh & e rson not been able to prevents The analysis, and the
study of eauses and s of error will be the best means of making
these efforts feultful.

¢. leans of Prevention.

If proevention of error is preferable to its correction, and 1f
it 13 so impertant in the teeching grocou, it, therefore, follows that
a mowledge and application of its different waza and means is neeessary.
A ently, there are at least three most iImportan

whieh will follow:

1. The teaehing materlal.

An authority on the subjeet says that the quality of teache
ing material of insttuectlon has a marked uenee on the sueccess with

t means the diseunssion
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which pupils master spithmetiec.

: The use of teaching material willl certainly result in the
development of error if this material is consiructed without eareful
consideration of the results of seientific research studies er the na-
ture of the arithmetical processes. Sorry to say that most of the
available materlal of arl tie instruetion in the hands of the pupils
is of this sort.

The presence of carefully graded exercises in which there is
a step step devolopment of the frocessas new to the grades is almeat
raro. e inclusion of properly distributed drill material whieh is
very effective in mreventing errors is lacking. On analysis, one can
easily find out that the ?-eator part of the teaching material includvs
only very few of the skills whieh should be maintained in the processes.
It thue overemphasizes those skills and causes loss of time and energy,
while other skills are, at the same time, neglected altogether eausing
ignoranee of these skills and leading to error. This materlal is lgp.-
renblg constructed on the assmngtion thaet there 1s a high degree o
trensfer among the various skills of which & process 1is composed.

In addition, one con also f£ind out that some material eontair
subject-matter that 1s too difficult for the pupils because it has been
eonstrueted without definite specifications as to structure and eontent
;?g’ without due consideration of the difficulties mresenbted to the pu-

Because I felt the nced for more systematically constructed
materials than those which are now ordinarily used, I set out te werk
in ny spare moments towards thls goal since nine years.

In eonstructing this material I have carefully consldered

the scientific information which 1s available eoncerning the le

ocesses, such ag, the difficultles the learner encounters in mastering

esgentinl aitlls, the relative ciift‘i.cv.zili:;v1 of nuwrber facts, the

learn sboga and the difficult points in the development of a groeess,
the factors that interfere with suceessful learn and the level of
maturity at which the particular skills ean be mastered most easlly
and adequately.

The following items include hrlefly the materlal whieh I
have worked out and referred to above:

(1) A small) pamphlet on the number concept.,
This helps te develop & viwid realizatlon of the
of numbers involved. Some of the items Aiscussed center
around the following: reproduection, identification and
diserimination of number. In mastering these toples the
pupil will be able to count, measure, commre, group and
separate things.
(2) Three books on the number facts and the simple processes
a book for each of the lower three grades.
(3) Pour different scales, one for each of the simple pro-
cesses, contalning the following number of examples:
Addition 1152
Subtraction 074
lultiplication 944
Short Division 2263
Long Division 1746

S —————

Total 7079
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{(4) A collection of wverbal problems.
a. One-ateftgroblm, classiflied and graded as follows:.

addition 210 pro‘b}m
subtraction 260 :
raltiplicetion 190 N
division 210

The follow to be c¢lassified and graded:

b. 280 two=s problems . :

¢. 133 three-atep problems.

d. 60 four-step problems.

€. 85 five-step problems.

f. 15 six-step problems.

g. 500 verbal problems for grades V and VI arranged
on topical bases.

By using efficlently such organized material, errors will be
for sure reduced to a minlmum. DBubt In case of unaveidable mistakesn steps
mst be taken on the moment to correct them so as not to have them aceu-
mulete lesson after lesson, and lead to a eomplete break-down in the
ability of the pupils to learn.

2. Hethod of instruetion.

In addition to what has been montioned on pages 27«48 in
rogerd to method, I should 1like to add the following information:

An mthoriti on the subject said that faetors inherent in
the methods of instructlion cbviously contribute to the development of
learning difficulty, although 1little is known as to what extent they
do 80«

Some teachers stress speed too much, and so assign practice
on new step in a process before they have determined whether o¥% not the
puplils undorstand the step and Ymow the procedures to use, When the
pupil does not understand the step, his practice 1s hit or miss and may
remlt in unceconomlcal and even incorreet procedurses, Other teachers
£ail to adapt instructlon to the different gxeil needs. Some teachers
assign further practice in spite of the fact that puplls show low per-
formance on & test, instead of attempting to determine the nature of
the difficulty which eaused the poor work.

The result is the fixation of poor habits of work. 35till
other teachers may fall to recognize the need of an adequate program
for maintaining the skills in arithmetic. This 1s not to megtion any-
thing about the failure on the t of some teachers to use legitimate
tyres of motivetion, in both bullding & skill and maintaining 1t; fallure
to teach the pupils efficient end economical methods of workﬁ failure
to use practice well distributed and sufficient in emount. 11 these
latter suggestions have been dealt with in detail on pages 28«35.

Efflicient methods of work should be taught from the begin-
ning. The faulty round-about procedwes used by some pupils should not
be alloved to become established habits. Simpler methods should be
taught when such fault 1s discovered in the work of pupils not mazing
satisfactory progress.

Finally, if the school maintains an adequate program of

testing during toaeﬁ p Gifficulties in arithmetic ean be located so

mptl that they will be corrected during the tesehing period rather
alloved to accumulete to make a problem for remodial preoecedure.
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5. Individual differences.

In addition to what has been mentioned on pege:s 37-38 in
:;-g%lrd :g individual differences, I should like to add the following
ormation.

The individual differences of pupils furnish another pro-
blem in the teaec process. A, a result of a careful d:;ﬁnosis we
have seen that pupils beleng %o the same class differ ely in
aghievement, that they de not fall in a general sense, and that they
do not often need remedial work of a general nature. We have also seen
that pupils' errors fall into types and that they are more or less
specific in thelr nature. The most frequent of these types should
receive special emphasis se that they can be eliminated. These diffe-
rent conditions make it necessary te provide for individual instruction.
¥hereas in many schools at present, these differences are ored in
¢lasses and the whole yonuf pnplls is dealt wilth as a unlt and the
same exercides are prescri for all, When methods of instruction
thus disregard individual differences, serious difficulties are sure
to erise in the work of slew puplls.

In order to adapt instruction to indiviaual differences the
teacher should devise or discover in other sources learni exercises
in addition to those provided by the text. Even when the_ test is an
ideal one, it will not solve the situation when it is preseribed for
all menbers of the class. Because thelr needs will thus differ with
respeet to both number and kind of exercises.

: The pupils of superior ability can learn more rapidly, and
because of their ater ability, they are much more able to goneralige
than inferior pupils. They ean analyze their difficultles and are able
in most cases to devise methods of work without direect help of the
teagher. Nor they do require leerning units so carefully gradéd as
seen noueauri for pupils of inferior ability. Where asm the fupils of
inferior abllity must in most cases be given careful instruection in
efficient study habits and should be ass d well graded tasks that
thoiyl con master. Hence, 1t is important te use teaching materials and
mothods adapted to verious degrees in ability to learn.

I have made an analysis for all four of the simple processes.
When & school subject has bthus been anslyzed inte "unit skills", the use
of analysis for individual instruetion beeomes possible. After the
weaknesses of each e¢hild have been determined, the teacher may then pro=-
vide him with Futice material eorresponding to the step to which one
of his difficulties belongs. This material he will use until he gives
evidence of lnril.:i mastered the difficulty in question. He will themn
take a test pertaining to this diﬁ'icultz and if he passes it, he will
go on to the material eovering the next irriculty.

This material should be abundant, so that at any given time
one pupll may be using one type of material and another, anocther. Nere-
over each pupll will advance at his own rate.

Finally, I end the diseussion by the following quotatien
which appeals to me very much:"Arithmetic mmst be taught terms of the
pupil, not simply in terms of the subject itself, and not until teachers
understand intimately the nature of the aiffieulfies which children
encounter in arithmetie ean the school expegct very mch .change in the
high percentage of failures in this subjeet". (1) A

(1) G. T. Buswell, "Diagnostiec Studies in Arithmetie", page 197.
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CHAPTER ELEVEN

Conelusion.

This thesis is mainlv concerned with the four simple processes
of arithmetic. The mechanteal as well as the reasoning phase of the
subject are fully discussed under the following toplcs: alm or function
of arithmetie instruction, subject-matter, method, measuremént by dieg=
nostic testing and remedial work.

To many puplls arithmetic 1s the hardeat subject in the school.

This 1s indleated by the 1ar§e percentage of fallures in 1t than in an
other sghool subjeet. This Is partly because,in many clementary achools
at present, erithmetic is merely considered as a too subject and em-
Ehnsia js only placed en the compubtatlonal functlon on the exnense of

he other funetions. This is being done in spite of the Pact that puplls
never eare for abstract, meaningless, numbers, and if they do iearn
8+ 7wilbond 6 x O = 54, ote. 1t 18 only because the book or the
teacher says 80. -

In medern schools arithmetic is no longer considered to be only
a tool subject, but as a social one of major importance tooc. Beling
considered as suech, these schools emphasize the computational as well
as the other functions of avitimetle, namely, the soecial, informational
and psyehological functions. & recognition of these four functions by
our sehools will lead without deubt, to a vreconstruction eof the work
in arithmetiec.

As far as subioctqmatter is concerned there are all sorts of
text-books in arithmetic eontaining endless smounts of material, This
materiel ineludes many obsolete toples and tyigs of isolated problems
which have long been general use, and are inapplicable in present-
day practice. It is, therefore, needless to sai that there is much
waste of time and ef§ort in the study of the arithmetic course which

is as such. This waste cannot be avoided until some elimination of all
the obsolete topics and isolated problems is made, and new maberial
selentifloally constructed is incorporated in the sourse of aritimetie.

The fundamental operations of arithmetic contailn the following
material: the basie combinations, the four simple processes, the speelal
i;gg:age g{rgrithmotis and rinaliy, simple methematical proﬁlums of

ary S .

An efficient method of arithmetic instruction should result 1A
a good mastery of the combinations and the processes which 1s the basis
of suceess in arithmetic. Their application to problem solving is very
&ant. It is this latter phase of arithmetie which is the real tesg
of one's ability. BEm is should, -therefore, be placed on both the
fundamentals and problem-solving, and both muat be ecarefully taught.

Puplls should know the combinatlons, both basic and seeondary,
of the processes with high speed and accuracy. They should also !mow
them autometieelly and in a mechanical way, so that their brain 1s set
froe when the difficulty of problem solving comes in. Teo be able to de
that much drill is necessary..

 Dri11, here, does not mean mere repetition, but practiece with
nterest in, and full atbtention to the thing which ls being repeated.
This is the only sort of practice which mekes perfect. Elementary
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schools do not develop enough speed and accuracy in the simple processes
of arithmetic as they ought to. Speed and accuracy should be develeped
to a great extent in this phase of the workz, The grades are usually half
as rapid as they ought to be.

The secret of high speed and accuracy in arithmetic lies in
adequate drill, distributed according to time and difficulty and applied
at © int of error. Horeover, by properly distributed drill the rate
of fqngg hebits will be increased and the permanent retention of them
is greatly improved. .

The more important work of aritimetle is reasoning. Froblem
compr ehension and problem anilysis ere very essentlal factors that
determine success problem-solving. The rollowini tzpe of t:raining
1s useful for the develepment of pupils? abillities In he solution o
verbal problems:

(1) Asking a series of questions, the answers to which would
malke the meaning of a problem clear.
ia; )lﬂd.n% a story out of the problem.
3) Tpaining in problem analysls.
a; anali'zin% the meaning of words used in problems
b) finding the facts given, the question asked, the
processes to be used, estimatl the enswer in round
mumbers and verifying 1t with the real answer,
(4) Solving problems eollected by puplls from life situa-

tions.
(5) Solving problems without numbers by indieating processes
' - to be used.
The problem of motivation in arithmetic is as tant ass that

of drill. In order to motivate the pugila and keep them interested in
thé simple processes the teacher should avoid the use of the old practilece
which is still being used in nm{h;chools. It consists of first, memo-
rizing and repeating tables all ough the course, second, long drills
on number combinations, third, endless ‘examples in the four simple pro-
cesses particularly in mltipi!.cation and long division.

similarli to leoeghgngus interested in problem-sol the

teacher should not waste ime of the pupilsin trying to solve first,
trifling problems, second, problems whieh will never be needed by puﬁla
and third, problems which have for thelr only purpose mental discipline.

_ This old method of teaching arithmetic should be avoided because
1t segregates arithmetic frem the rest of experience and directs 1t from
the interest of the learners. loreover i1t makes arithmetic a formal
activity which 1is done only under compulsion. Instead of all that the
teacher should use the following means for motivation: first, races with
briefest time end fewest number of mistakes as 1imits; second, have pu=-
pils keep a record of their work end to surpass 1 lrthj.rd the use
of diegnostic tests which leads to the iscovery of Aif teulties and
:hoh- gfroceien; ‘and fourth, mumber games of all gsorts should be taught

o pupils.

¥r. Safford says that in arithmetle, throughout, time must be
taken from riddles, puzzles, operatlons with enormous numbers, 1 sums,
and given to seolid work, to practical applications of arithmetiec ch
really mean semething.

There are other phases of meothod thamn drill and motivation.
These should alse be known by the efficlent teacher and applied. Accord-
ingly the teacher should conneet arithmetie with conerete objects, shou
explain operations inductively pather than deduetively, should apply the
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atim-t;mmonting situations and connect them with interests coming
with the ehild's experience, should use srithmetie to solve real problems,

should use simple language and should train to analyze all the steps in

In all that has been mentioned before, the pu ils unless earc-
fully looked after, they adopt & great variety of round-about and clumsy
ways of procedure or continue to use the detalled methods employed in
learning a process. They should be agcustomed from the beginning to
good methods of performance. Because for the child whose methods of work
are wasteful, to give him mere drill is simpl to fasten upon him habits

of werk which are not conduelve to good results.

Before the teacher cen adequately do that he rust understand the
mental processes of the pu 11 on the one hand, and the complexity of the
sublect o them on the other hand. In eddition to that, he should
analyze these mental processes in ader to diseover extohg hmnu
earry on thelr werk and to dotermine tle precise diffiecultles they
experience. It is this full ac?ni.ntance with the mental processes of
the puplls which 1s most hel to the teacher. 1I; enables him to lay
out & plan of teaehing to holp the puplls over-come thelr difficulties.

one of the means which enables the teacher to do that, is diag-
nostlc testing, whiech ean be %hen before, during and after instructien,
i.6., When the teacher sees 1 f£it bto tost diagnostieally. This paper
has given objeetive evidence of the great velne of diagnostie end reme-
dial work in the four simile processes, By using diagnostle tests 1t 1is
possible for the teacher to analyze the errors made 'bzathe pupils in
arithmetic and to devise a Hno of drill adopted to thelr corrcction.

1+3

An ad of such & pro ure is saving many useless and misapplied
repetitions and maling these used nore effective. )

Analysis of pu.gils' errors is not 21l the job but it should be
supplenented by observations of the methods actually used by pupils
e selving problems orally. - The first technique of diagnosis gilves
us the general type of mistaies that require %enoral treatment. Uhlle
" ghe second, shows us the peeulier type of mistalres thet require speeifie
treatment, after vhich we are ensbled to devise corrective remedies.

Corroective remedies ere necessary and important specially for
these mistalres which have been made bofore. Buk, what is more important
is the ag 1ication of preventive procedurés rather than the corrective
ones. After realizing the nature and seriousness of error (its sis-
tence and tendency to reeur), the teacher's effort should first to

event the sccurence of mis&at s. The same effort on the nart of the
sacher shonld 1ikewise be made to remedy the mistales which he has not
peen echle to prevent.

This effort results in the adoptation of accurately adjusted
methods of procedure, Sueh worlk will make out of the teacher a research
worker, will develop in him the attitude of studentshlip. I will also
enable him o grow service and to becomc truly expert.

(1) Ref. H,B. Reed, "Foychology of Elementary Sehool Subjects", p. 1554






Types and Mumber of the pasic combinations of each of the four simple

processes.

Addition

The 100 basic combinations are divided inte the followlng

types.

The 45 fundarmental combinations:
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The 56 reverse combinations:
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The gero coembinations:
Fundamental form:

o 0 0O © o 0
1 2 3’4 5 6

oo
10
(a2 Lo}
0o

Reverse form:

1 2 3 4 5 6 7 8 9
000000000

This leads to 100 basie corbinatlons in simple addi tione

Ebtrae tion.

The 100 besle combinations in simple subtraction are divided
into the following typest -

"6 45 basic combinatioms (without the zbro combinations and
borrowing) s

1l
1

ot s 00

ae e foo

s ek s (e

een v (Ao (o (=Y

ad o o jao (Do j&-ltl't

g1 |oa loa |wa jeag joa =

'(DOJ am oo (oo (B0 (KO e (e

“90 'OD&O ~3© Lo =) ;o [wo [0 Do (MO
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The 45 basic combinations fnvolving borrowing:-

10
#1
10 11
2 2
10 11 12
s _3 3
10 11 12 13
4 4 4 4
10 11 12 13 14
5 5 5 5 5
10 11 12 15 14 15
6 6 6 5] 6 6
10 1 12 13 14 15 16
Y 7 7 7 7 7 4
10 11 12 15 14 15 16 17
8 2] 8 g 8 8 8 (5]
10 11 12 13 14 15 16 17 18
Q.. 9 9 ) 9 %) 9 9 9

The 10 Zero cqabig;ations:-

0 1 2 3 4 5 6 7 8. 9
0000000000

This leads to 1CO basic conbinations in simple subtraction,
fron 0 =« 0 to 18 = 9.

unltiplication.

. The 100 besic combinations in simple multiplication are
divided into the following types:

1 2 3 [ 8 6 k § 8 )
1 1 = 1 1 1 1 1 1
2 3 <& 5 6 7 8 9

2 2 2 2 2 2 2 2

3 4 5 6 7 8 9
s 3 3 3 3 35 3

4 5 6 7 8 9
4 & & & & &

5 6  § B 9

5 5 5 5 5
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6 b 4 e o
6 6 6 €
7 8 9
7 7 7
8 8
8. 8.
2
" .
The 36 reverse muliiplication combinations:ie
1
2.
1 2 ‘
-
1 2 S
4 & &
1 2 S
S 5 5 g
1 e S £ ]
6 6 6 6 4] B
1 2 S 4 5 6
. 7 7 7 7 7
1 2 3 4 5 6 7
8 6 8 8 8 8 8
1 2 3 4 5 6 v 8
k) 2] 9 9 o) 9 9 9
The zero combinatlions:
Fundamental form:
s} 1 2 3 a4 5 6 Vi 8 ]
0 0 0 0 0 0 0 0 0 0
Reverse forms
0 0 0 0 0 0 0 0 0
" | 2 S -] 5 5] 7 8 9

This leads %o 100 basle coubinations in simple multipli-
utions,rromOxotonQ. _
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Divisien

The following are the 90 basic eombinations in simple
division, from O = O to 81 - 9 arranged on the basis of the divisor:

Ol O=2 ] Ot 0«5 . 0«6 07 0«8 0«9
le1 242 S 44 5+5 b 77 848 Gwd
241 42 645 Bl 1045 1246 1&w7 16«8 1849
Sl O=e Qs 1244 155 16«6 217 24«8 2749
41 B2 1245 164 2045 2446 207 5248  56+9
S5el 1042 15«3 20«44 25«5 3046 357 4048 45«9
Gl 1242 1845 2444 3045 366 4247 4848 5449
T+l 1442 215 264 5545 425 4947 568 65«9
S+l 1642 2445 S52e4 40«5 4845 567 6445 7249
Ol 18«2 275 36wt 4545 5446 6547 728 €10

Subtraction

There are 1756 secondary combinations in subtractlion whieh
are prerequisite in uneven short division, Arranged according to the sube
trahand in an aseending order, they are as follows:

11 12 15 14 13 14 15 16 17 15 16 17 18 19 20 16
10 10 10 10 12 12 12 12 12 14 14 14 14 34 314 15
17 18 15 17 18 12 20 21 22 23 19 20 21 22 25 24
15 15 15 16 16 16 16 16 16 16 18 18 18 18 18 18
o5 26 21 22 25 24 22 235 24 25 26 27 25 26 27 28
18 18 20 20 20 20 28 21 21 21 21 21 24 24 24 24
20 30 31 26 27 28 20 28 290 30 31 32 33 34 35 20
24 2¢ 24 25 2B 26 26 27 27 27 27 27 27 27 27 28
30 51 S2 S35 54 51 52 5% 34 35 33 34 35 36 37 38
28 28 28 28 30 30 50 30 30 S0 32 32° 352 32 352 32
30 36 37 38 30 40 41 37 38 39 40 41 42 43 44 4
32 35 35 35 35 35 35 36 36 6 56 36 36 36 36 40
42 43 44 45 46 47 45 24 45 406 47 48 46 47 48 49
40 40 40 40 40 40 42 42 42 42 42 42 45 45 45 45
50 51 52 53 49 50 51 52 55 54 55 50 51 B2 535 54
45 45 45 45 48 48 45 48 48 48 48 40 40 &£ 40 4L
"B5 55 56 57 58 50 60 61 62 57 58 59 60 61 62 63
ﬁ&ﬁéﬁﬁﬂé‘.ﬁﬁéﬁﬁ?ﬁ.ﬁﬁ&i
G4 65 66 67 68 69 70 Y1 65 66 67 68 69 WO W1 Y3
65 63 ©63.65 B3 63 635 65 64 64 64 64 ©4 o4 64 T2
we W5 W6 W7 WS Vo 80 82 835 84 85 06 87 88 89

72 %2 %2 %72 72 72 Y2 g1 81 81 81 81 81 81 B1

: The above mentioned combinations, of all kinds, should be
learned by the pupils as faets and not as processes, They should be Inown
sutomatically and not through analysis.

o



Divison

309
31+0

- 105 =

577
507

169
1780
10«0

210
229

249
259
26«9
28«9
20=0

20+4
30e4

There are 324 facts in division with remainders.
These facts are grouped according to the diviser.

17=5
18+5
1945
2145
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Courtis Standardized Researeh Tests.

The following are Courtis Standardlzed Researeh Tests, Series A
and ?elzs'!.es B, as they are found in D, Stareh Eaneational leasurements”
pp' .1240

T have ineluded these tests here for the following reasons:

1., B.eause they are the omes which I have useod.

2e 1‘8 ve the reader a concrete idea and full asquaintance

© with these tests.

S. To give chance to those who 1like to use them.

4. Besause thils is the only cemplete set of stondardized tests
which I eould £ind in the avallable sourees on the subjeet.

Arithmetie Test Vo. 1 Speed Test.

Addition = Series A.
| e standard June secres, based on over 60,000 puplls, are as £
follows: . ‘
ade ¢+ 3 £ R 6 s ] 8

Rights: 26 34 42 50 58 63 .
Direetion: Write on this r, in the space between the lines, the anse
wers to as many of these tion oxamples as possible in the tme allowed,
(one minute 1s allowed):
7 7w e 3 2 1 3 6 0 S5 1 4 B8 0 2 1 8 6
$ 7 &6 0 4 58 8 2 1 2 & %I 2 2 7T 2 & %
o 5 9 2 5 0o 6 2 & 5 1 6 4 8 &5 0 % 1
2 & 1 8 7 & 3 2 8 2 ¢ 2 4 2 6 2 38 &
4 © 0 4 B 9 % 8 2 s 4 %w %7 3% ‘1 2 & 6
7 5 1 2 1 2 86 2 2 &4 & 2 8 58 & 2 &8 2
7w 2 9 % 4 65 3 w ¢© 0 4 5 9 6 7T &5 1
2 2 3 8 0 2 3 & 8 & & =2 g 2 35 8
¥ 0 2 1 % © s 2 1 &6 © 0 4 5 8 6 9 4
5 3 6 3 1 & & 8 2 & 2 i2 21 3 8 2 =2
i s g8 2 3 4 B8 9 5 35 % 4 8 0 3 6 9 B8

3 § 0 7 18 7 7T 8 12 8 @2 & 1 1 X
{ 2 8 9 7 8 5 1 2 6 0 1
§f 3 1 2 6 2 &8 8 % 2 &
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Arithmetic Test No. 2 - Speed Test.

Subtraction - Seriles A.
The standerd June scores, based on over 60,000 puplls are as .

follows:
Grade ¢ 3 4 B 6 " J ‘8
Rightss 19 25 31 38 44 40

Write on this paper, in the space between the lines, the answers
to as many of these subtraetlon examples as possible in the £1me allowed,

{one mimte is allowed):

g 11 12 i 100 1 9 13 4 1 & 9 6 7 11 2

0 9 7 1 2 0 7 8 3 6 02 & 28 2 5 28

06 11 91 4 8 13 12 8 13 3 8 14 6 10 8 11
6 5 8 7 8 2 5 1 4 8 & 2 5 & 0 8
32 5 10 5 B8 7 6 1 ‘9 7 1 g 12 & 10 S

%7 1 2 5 &8 92 & 8 2 3 & 1 S & T 5

100 9 1 6 15 4 8 9 7 14 15 1 2 12 15 3

1l 4 1 3 9 2 5 £ 2 &8 _4 L2 2 8 T 1

W0 % 6 13 10 9 3 O 14 4 18 1 9 13 4 12

3 7 2 6 8 3 3 8 & 1 2 o I & 3 8

6 11 % 110 12 £ ¥ 13 3 10 %Y 8 118 9 1 §

o 7 8 98 4 1 58 7 2 85 0 8 7 1 &4 O
2 13 5 106 6 7T 1 6 9 © 5 14 7w &8 €6 11 15
9$ &6 5 &8 & 4 8 2 2 0 2 8 e 8 8 % 8
10 12 9 ¥ 11 8 12
9% 4 98 8 8 1 8

Arithmetic Test Noes 3 =~ Speed Test
¥ultiplication - Series A
The stendard June seores, based on over 60,000 pupils are as
fellows: ‘ .
Orade ¢ 5 4 5 6 4 8
Rights 3 16 25 30 37 41 45
Write on thils Espor, in the space betweon the 1lines, the answers

o as many of these mmltiplisation exsmples as possible in the time allowed
{one minu ;s allowed):

4 2 v 4 9 9 5 4 T 6 1 2 8 1 5 6 2 8

1 9 6 0 5 1 2 8 0 &8 2 5 %1 2 5 1 1 %



8 0 9 1 6 9 1 7 9
2 3349 35 8 %28 7382 40 21
5 4 9 6 2 3 9 0 7 1 2 %W © 8 2 5 8 0
2 g8 9 5 1 3 6 8 4 86 &8 % & 8 5 5 2 &8
v 35 2 6 0 8 1 35 6 0 5 2 5 € 35 7 1 9
s 1 &4 7 1L 85 7 &4 8 0 2 2 8 2 0 5 35 2
8 0 5 4 2 7 4 9 3 4 0o 0 5 8 8 v B ¢
6 & 7T 1 2 56 0 5§ 2 %7 8 2 ¢ 1 6 92 0 ¢
1 5 7 6 5 4 3 9 8 6 % 3 © 2 4 5 8 6
2 58 8 0 2 &2 6 %1 0 4 1 8 98 0 3 1 2 3
o 5 5 4 9 0 5 2 3 9o 0 %
2 4 2 7 8 2 6 2 3 & 5 &
Arithmetic Test = Speed Test
‘ Division <« Series A. ‘

The standerd June scores, based on over 60,000 pupils, arc as

follows:
Grade : S 4 5 6 7 8
Rights ¢ 16 23 30 37 44 49
- Weite on this in the space between the lincs, the answérs

to as many of these divg:m examples as posalble in the time allowed,
{one minute is allowed):
9)g S5)21 6)48 1)1 5)20 3)g 4)32 6)36 2)g T2 18
5150 )72 1)0 )36 2)6 4)24 TIEs 6)0 8)32 1)4  5)38
9)45 2)2 3)12 8)g8 4)28 5)40 2)2 8)18 5)5 4)36 8)45.
0)8 4)12 1)5 2)16 8)48 1)2 9)27 3)g 4)20 748 1)3
2)8 1)Y 2)0 742 1)1 6)18 5)0 3)2¢ 9)g3 2)4 8)&
) 5)27 Blge 1)2 438 MT 2)18 642 5)g T2 5
2)16 8)40 ©)0 5)15 4)& 315 9L MY 6)12 4)4 6)30
8)g6 1) 7L 5 3018 972 4)g 6)2¢ )& 22 5)2s

- 106 =
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s)3 e)g 1§ TEE 6z 13 520 g 528 MEE 53
o)8 1)g 5)3¢ 8)72 1)g 9)36 9)2 3)EL 6)48 1)1 510

s)g 4)32 o)z 20 TEE 2)5 4)28 MI5 6) 8)32

Courtis Tests « Series B
Addition.

The teste sre secred by dotermining the mumber of problems dene
eorrectly. The rollowin§ are the standard scores for the varlpus grades,
derived Iren approximately 25,C00 puplls.

Grede 3 3 & 5 6 7 g
Attempts s 4.0 640 7.0 9«0 10.5 12,0
Rights 2.0 540 44,0 540 6.0 8.0

You will be given 8 minutes to find the enswer to as many of
thesc addition examples as possible, Write the answers on this pager
directly undermeath the exsmple. You will be marked for both speo and
ascuragy, but it is more Inmportant o have your answers right n to try
a groat many examples,

1 (2) 3 (4) (5) 6 (7 - (8)
{3 o 829 o {2l £ 8 8
75 3207 049 463 775 787 845 685
953 778 489 827 684 501 981 452
533 886 087 240 260 106 6%

328 013 354 616 372 869 184 511
911 164 600 261 846 451 e 080
554 897 744 755 505 336 749 559
167 o072 195 833 254 820 256 127
554 119 254 950 137 533 253 323

9) (10) (11) (12) (13) 14) (15) 16)
7 74 421 326

492 278 263 158 969 885

679 947 318 Y45 465 600

513 522 G949 121 114 874 358
468 089 746 4357, 876 726 469 9358
731 243 653 426 729 142 643 333
856 554 428 953 235 355 608 493
302 669 456 674 190 047 186 775
925 142 532 329 406 351 173 239
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17) 18) . 19) 20) 21) 22) {23) (24)
& &3 e s & da

168 479 871 426 578, 227 396

352 285 524 951 877 725 389 617
419 791 919 557 916 596 374 G
493 253 45 565 505 763 191 36
529 219 230 056 195 425 511
156 952 862 673 459 480 849 245
224 524 424 258 309 108 342 233

Courtis Tests « Series B.
Subtraetion.

¢ The tests are scored determining the number of problems done
correctily.

The following are the standard seores for the verlous grades,
derived from approximately 26,000 pupils:
Crade ¢ 3 4 5 6 7 g
Attempte: 4 5] g 10 11.5 12.5
Rights : - | S 545 7 Be5 10

' You willl be glven four ninutes to f£ind the ensvers to as many of
these subtraction exemples as possible., UWrite the unswers on this pa
directly underneath the exemple, You are not expected tc be =ble to g:'
them all, You will be mar for both specd end accuracy, Lut it is more
importent to have your answers right than to try a great many exmaples,

114957187 04752808 106080440 00082978 115171700 82484740
902717CY  G7B40640 - 16015300  W3160297 63087301 46207098
115016018 72220470 146046250  BOGS0266 127385018  10741057S
55536500 45040173 50160001 60164359 73000624 65346408
57053635 157825021 152605030 179076226 07080301 05004415
39135804 62789400 85612616 93060505 20203267 54785938
108051861 165130560 168354106 100545364 120081427 105755762
75463640 91001255  _7TO5S7801  _0P471250 04188045 9OBG31AT
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Courtis Testa «~ Series B
Hultipnlieation.

The tests ars scored by determining the mumber of problems dome’

correctly. The fellowing are the standard secores for the various grades,
derived from approximately 25,000 pupils:
Grade 3 4 5 6 7 8
Attempta; 4.5 - 7.0 Be5 10.0 11,5
Rights 1.5 4.0 5.5 645 8.0
You will be given 6 mimutes te worlk as many of these multiplica-

tion examples as possible, You are not expected to be eble to do them
all, Do your worl directly on this paper; use no other. You will be
marked for botn speed and accuracy, bat 1f 18 more important to have your
answors right than to try a greant nany examples.

B259 3467 4637 20569 7435 5289 6437 8529 8632

ga 93 B2 47 65 i) 740 56 208
5047 3268 4795 7054 2586 9745 6283 0624 7853

€2 95 - 85 7L 28 59 47 505 95
4926 5873 2064 835" 6249 3875

620 49 94 87 78 S35

Courtis Tests « Seriez B
Divisioen.
_ These tests are scored by detormining the number of oblemi done

correctlve The followi are the stapderd scores for the verious grades

derived from apmroximetely 25,000 pupils:

Grade 4 5 6 7 8
Attenpts: 345 5.0 6e5 Se5 10.5
Rights - 1.0 S0 540 740 9.0

Tou will be given 8 minmutes to work as meny of these division
examples as possible. You are not expected to be able to do them 21l,
Do your work directly on this paper; use no other, you will be marked
for both speed and accuraey, but it is more imparﬁant to have your answers
right than to try a great many examples: :

24)BUBT  95)85080 36)10440  ©7)81BC7  78)68968  42)i7668
63)5MO 59)5075  56)16956  o7)6TIET  95)89350 24)10800
65)42905 42)28560  59)29915  v8)Z4556  20)34679  57)516iE
38)32500 04)51504  46)54086  75)55500  02)377BI  £3)BE6AS
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leasson Remk Combine Fre- iesson Rank Combine Fro-
Jo, _ation  guency — 3o _stion  quency
XXViIiI 986 8 ¢ 06 IXVI 91 15 - 6 -
8% 948 .. o¢ 17-8 "
a9 9«6 5 - N
20 8+ 7 B 9! 15 « © .
XXIX a1 7 +8 q XXXVII gg :H-g s'
o2 5+ %7 5 % 15-9 -
o3 6 +9 5 o 15:‘ .
% S . 100 4«92 "
_ 95 D «+7 )
XXX1x1 o6 5 +8 4§
o 7 +9 .
o8 8+ 5 .
29 O «+9 .
100 8 + 8

The above plan gives a clear idea about the organization of
the instruction material coneerning the rnumber facts. following
points are clearly shown by the plan: '

(1) The presentation of the number facte in order of
difficulty the casiest comes first.

{2) The content of each lesson is clearly indicated.

(3) The ncy of each combination is propertional to
its ieulty.

(4) Sufficient matorial is movided to afford ample practice
(5) Finally, addition and subtraction are presented alter-
nately. Teaching each process alone is an old mractice.

The number facts of mltigication and division form the other
part of the plan and ere treated similarly,
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INAPPROPRIATE HABITS

As a result of extonded diagnostiec studies in aritimetie,
Professor Dusvell says that there is a great variety of hablts of work
cnfh;od by children in deal with the four fundamental operations.
This fact leads te the conclusion that many of these habits are the
result of the Child's own inventiveness, necessitated the laek eof
adequate teaching on the part of the seﬁool. Ieft to own devices,
the ehild has stumbled upon many methods which are uneeonomical and
which might have been avoided if the teacher had understoed the methods
which the pupil was setually using,.

Several mpgrogrhte hablts were setually exhibited by the
pupils in adding., It is the duty of the teascher to discover the habits
of work whieh each pugil has formed and te gin help where some of
these round-about hablits do appesr. The following lists of inapproe
priate habits have been mrepared by Buswell ard Jghn (1).

"1. Hade errors in combinatlions.
2. Counted on fingers.
3. Added ecarried number lasét.
4. Forgot to add carried number.
5. Regtraected work partly done.
6. Added ecarried mumber irregularly.
7. Wrote mumber to carried.
Bs Carried wrong number.
9. Proceeded irregularly in ecolurm.
10. Gpouped two or more numbers.
11. Used wrong mumber operations.
13. Lost place in column.
14, De ed on visunalisation.
15. Disregarded column position.
16. Omitted one or more digits.
17. lade errors in reading numbers.
18. &r d bask one or more deecades.
ved uninown combinations from familiar one.
20. Disregarded one column.
21. Hade error in writ answer.
22. Skipfod one or more ades.
Carried when there was nothing to carry.
25. AA4ed in paive, chving last
A s ast sum as ansver.
26. Added same diglt in two columms.
27. Wrote carried number in answer.
28. Agded same number twiee.
29. Began with left ecolumm.
350. Confused ecolumns.
Sl. Added earried mumber twice.
32. Subtraeted earried number .
35. Added imaginery column.

Subtraetion

l. Errors in combinations.
2. Did not allow for having borrowed.
2. Count - . -
. E-c- e to zero minmend.
S. id le backward.
6. Subtrac mimiend from subtrahend.
7. Failed to borrow, gave sero as answer.

(1) Ref. C:. T, Buswell:».uﬁ-l::l'ohn; "Diagnostic Studies in Arithmetic"
Pr."156=139%
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8. Added instead of subtraecting.

9. Error in reading

10. Used same digit in two columns.

11l. Derived unlmown from known combinations.

12. Omitted column.

15. Deducted from minuend when berrowing was not necessary.
14. Split numbers.

15. Used trial and errors eddition.

16. Ignored addigilt.

17. Deducted 2 from the minuend snd subtrahend digits

7 same.

18. Used mimuend or subtrahend as remainder.

19, Reversed digits in remainder.

20, Confused mrocess with division or multiplication.
21. Skipped one or more decades.

22. Inereased minuend digit after berrowing.

23. Based subtraction on multiplication cembinations.
24. Frreors in writ anawer .

25. at left columm.

26. cted all borrowed numbers from left-hand digit.”

Multiplisation

"1. Errers in multiplication eambinations.
2. %rcn in adding the earried number.
ote rows of zeros.
4. Carried a wr number .
S« Errors in addition.
6. Used mltiplicand as a mmltiplier.
7. Forgot to carry. _ :
8. Errors in s e gero combinations, zero as multiplier.
9. Errors due to zero in multiplier.
10. Used wrong process.
1l. Counted to carry.
12. Omitted digit in mmltiplier.
135. Wrote carried mmber.
14. Omitted diglt in multiplicand.
15. Errors due to zero in multiplieand.
16. Counted to get multiplication canbinations.
17. Error in position of partall product.
18. Error in s gero eomblnations, zero as mmltiplicand.
19. Confused pr s vhen multiplier had two or meore digits.
20. Re atﬁorrt of table.
25, Did oot o1y pimmﬂigat in mltiplicand

. no y a P .
23. Derived uninown eombination from another.
24. Frrors in reading.
25. Omitted A git in product.
. :: in writing produet.

in earrying into a szereo.

.28. Illegible fzﬁuru
29. l"ai?et to vartial products.
35; Woste mlupaigai of product

. wrong :
S2. Hultiplied same digit twies.
55. Reversed ts in product. .
54. Wrote tables. r b
55. Used multiplicand or multiplier as product.
36. Multiplied earried number.
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37. digit in product twice.
ed earried mmber twice.
8’9. fed when there was nothing to earry.

40. at left.
41. m;:ned partial products”.

Division

1. Brrors in division embinations.
2. Brrors in subtraction.
3. Brrors in mltiﬂriuuon
4. Used m&nder gr than divisor.
5. Found %:dt!.ent by trial multl tion.
Ge mfl.ee to use remainder within example.
7. tted digit in dividend.
8. Used wrong operatlon.
9. Omitted sere resulting from anothor d!.gi.t.
10. Counted to gat otient.
. Rupn egqr meltiplieation table.
division form for long division.
13. boto remainders within example.
14. Omitted final remainder.
15. Omitted zero resulting from zZero dividend.
16+ Used 1 division form for short division.
;.g. cmnt:;e mbtneting.t
« Used w a podnc .
- 19 le baskward.

g.‘ﬂnd mndw without new dividend.
. Derived unlnown combination from known one.
22. Grouped too many digits in dividend.

235. End t answer by used wrong one.

24. Err iﬂ reading.

25. Used or divisor ms quotient.
2"}' ﬂ.dont! and divisor.

28. Used % o Chviser S Soperately.

§g. rm&nﬁwa at end of example.

33; Used LR aviiach ies.

32. M aeema diglit of divisar to find etunt.
552. apﬁn t unitts digit of dividend

3%, et entings ts find @ otient. (long division).

36. Added remainder to quotient.
37. Added zeros to divideru when quotient was not a whole

58. Added rmsm to next digit of dividend.
39. Wrote rows of zeros.

tg. Illegible figures.
» Dropped Zero from divisor and not from dividend®.
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DIAGHOSTIC CHART FOR FUNDAMENTALS OF ARITHMETIC
Comonwealth Fund Arithmetie Investigation
germental Edition)
Propered by T. Buswell-& Ienore John
Hame School Date

Age Grade I.Qe Arith. Age on Test

Teacher?s préliminary diagnosis

al Frrors in combinations __2l5 Added same digit in two co-

— a2 Counting lurns .
= a3 Split numbers al6 Skipped one or more details
— a4 Added cerried number last —_al7.Retraced work efter partly
= ab Forgot to add carried number done.
= a6 Irregular procedure in colummn _al8 Used wrong fundamental oper-
—_ a7 Carried wrong number ation.
- &8 &mped two or more numbers 219 Derived unincwn combination
a9 Dro back one or more tens from familier one
210 Added ocarried number bregulnwly 220 Error in writing answer
Tall Omit'bed oneé or more di.;g- —_a2] Carrying when there was
_al2 Disregarded column position nothing to ecerry
el3 Wrote number to be carried - 222 Disregarded oné column
—_al4 Dypended on visualization ~_.a23 Errors in reading mmbers(l)

2 8 20
2 4 3 32
)

12 13 T
2 5 g2

() (8)
19 17 5 8
2 9 5 ¥
8 9
g I

()Tharemﬂnh-bihandrirteenemlolenmwiglnnlcmtnot
. 1isted here, o

Lgm*ﬂ_awwgm G.T.Buswell,& L.John, "Diagnostic Studies
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Specific Skills

Agaition
There are oight sueh skills in addition to be mastered by
the pngil. .

100 eombinations with the ten digits, including the zeros.
2, 225 combinations in the higher decadc:
2. 155 of which consist of sums that do not require bridging
the tens, such as 43 4 4
b. 90 combinations require bridging the tens, such as 43 ¢4 B,
3. The child must learn to read an example when 1t 1s:
as In equation form, a8 4 ¢ 2 g 7
be In colunn for, as £

“ @s In the form of woFdEe, as 4 plus 2.
4, e rmst also be able to read the problem wvhen the figures are:
8 in words, as four plus two, or four end two.
b. In the farm of pictures, as in a picture of four sticks
add mmgt'o < oy TR i le ¢
S5¢ In problems not recuire earrying he rust be able to:
a, Add one digit to another.
be Two digits to another.
c. Two or more digits to two or more diglts:
1; no zere diglts.
2) some diglits erc seros.
6e lie mast also 4o eech of these with earrying.
7. [ie-must learn how:
as to carry when one column consists of gZeros. '
be to put down properly the sum of the last column to the
' left when it is greater than nine,
8¢ He must learnt
ae to proceed from right to left.
be to keep his place in the eolurm.
c. to 2dd unseen sums to seen mumbers.
d. to ignore empty spaces
¢. to ignore geros.
f. to record only the units of each colurm at its fool except
in the last column,. (1)

Subtraction

The following list, pared by lliss Vorton, eonsists of
the basie clements which may be considered to make up the gereral ability
to subtraft whole mumbers. (2)

1, The 100 basic subtraetion combinations.
2, Tree ideas in one's subtraction concept
n, taking awey idea t 15 = 7
b« adding idea: what mmber added to ¥ equals 15
e. differonce idea: 15 is how many more than Y.
3. The meaning of the following terms: minuns, less, subtrahend,
. mimpend, berrowing, difference and remainder,
4, The meaning of the subtraetion sign.
5. That the complete minuend rmst always be lerger than the complete
subtrahend,

i) Ref. H. B. Reed, "Psychol of Elementary School Subjeets" p. 112+
!Bz Rofe L. Je Brucelmer and ﬁ. delby "Disgnostic and Real !ncbin:g

Pe 196,
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8. That in writing tho cxamples, units must be placed under units,
tens, under tons, ote.

7. That one rmust at the right and worls to the left,

Bes That the ordor units in the subtrahend st be subtracted

: mimend.
0. liow to procced when the ﬂrltmtobosubh-nemmm

10. That ono must not borrow nnlau the mumber in the .nbtnhcm

11
* emmmmmnimund 1.0¢, borr .
t is meant to place a 1 (one) in front of & mmber when

423
gg 1 eadded in terms of ten.

' 204
E.Mmtudoeatothamtmwmmmmnnnnlm

© been ced befere the following mmber
14, st ablotomt?wnavnmbewmde tirough borrowing:

628
% ﬁumhuungomm,mmmumnngum
15. Tiow to rrocecd when the need for berrowing and no berrowing

' 2.3

are met sltornately in the exemple.

16. ILw to berrow when two or nore successive diglts in the sube
are larger ﬂmﬂmemmugummm

Eﬂhwmmnumcarwtm the subtrahend

in the mimeond
\m.wuwmmmtmwmummumm
nd end mimuend the seme, G625 2 the sere must not be
E::Li the remainder, s 258
19 Eumnmowaammnmorminm
m.mllighmnmwamomicnorzmmm

21, Hgw to :sheek far correct answers.

i The following set of exsmples suggests a suitable arrange-
mrwm-m_w-mzﬁ'&e&cmxtﬁoumm». ) _
8 14 47 ©S7 128 95 60 73 002 V08 845 45 435
_E..J. S o2 B 158 495 296 8 86
av7c4

u)h: i wmx.e. Helby: "Diagnostic lzlna-dm
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THE MOST COMMON FAULTS

The follow lists contain the chilef diffieculties which
students meet in the simple processes. It 1s, without doubt, for the
welfare of the pupils to have the teacher keep in mind these diffi-
culties, and to determine how esach of them should be satisfaetorily

met.

Addition

"1. Errors in combinations.
2. Counting.
3. Car H

4.

o carried number last

b- added earried number irregularly
¢~ added earricd number twice

d~ forgot to 2dd sarried number

e~ subtracted sarried number

f- sarried wrong number

wrote number to be carried,

osedure :
a—t;oguod work partly done.

b~ irregular procedure.

c- grou mmbers

d- split number

o- omitted dgits

f- added in pairs

E- sdded same diﬁt in two eolumns
- began with left column,

g: earried when nothing to carry
Fanl

5. lapses and other miseellaneous fanlts:

a- used wrong operation

b~ errors in reading mumbers

o~ drogpod baglk one or mere tens
A dg ved gnh:nown from know

e~ 8 ecades i

b ung:gd eolumns

g- added imaginary rumbers”. (1)

Subtraction

"1. Erreors in combinations.
2. Borrowing:

a= did not allow for hav berrowed
b= errors due to zere in nd
¢~ subtracted minuend from subtrahend
d- failed to borrow; gave Zere as ansver
6~ deducted two from mimnend after borrowing
£~ deducted in minuend when no berr was neceasary.
inereased minuend diglt after
- deducted all borr numbers from left hand digit.

3. Count .
4, !‘aul'i:;.rng ocedure:

fa- 8 example baclkward

b~ added ins of subtracted
e~ used same diglt In twe columms
d- emitted a co

e- split mmbers

f- ignored a digit

(I)MI.I-- ..Bruﬁmrmn.o.lel : "Diagnostic and Remedial -
'!onhlngi., De . s -
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g— used minuend or subtrahend as remainder
- began at left column,
5. Lapses, ctc. _
a= derived unimown from Ikmown
b= error in reeding
e- error due to mumbers in minuend end subtrahend
being the same.
d~ reversed digits in remainder
e- confused process with division or multiplieation .
f- sld one or more decadcs
g- subtraction on multiplieation combinations
- error in writing answers”. (1)

multipliea

1. Brrors of multiplieation combinations.

2. Brrors in adding carricd numbers.

5. Bprops in misplaecd Zoros.

4. Errors in tion.

5. Carried a wrong number

6. Used multiplicand as multiplier

Y« Forget to carry. :
8. Error in sero combinatlons, zero as mltiplier.
Se Used wrong process”. (2)

" Division

"y, Bevors in division combinations.
2, Bprors in subtresetion:
8- subtreetion combinations
; b= bmwn%;
5. Brrors in mltinlicatlion:
g‘_- mltiplication cmbim:i:ni tip1
earr wrong number n ml ving
ﬁ numbor

e~ adding earri
4. Ignorance of wvalue of a el zero Aifficulties
in comneetion with di alvisor and qotient.
5. Used remainder than Sivisor.

6. Forgett to put integers in the ient.
7 Uae? th:ng'ial?:nd-orrgrmthod of finding guotient.
8. Used wmr operation.
Oe¢ Omitted in dividond.
The ion that the first integer of the diviser
may be used always as a trial diviser.
11, Short division.
12, Long division with 2 or more diglt dlvisers”. (3)

{1 mgmmmumwm Pe 137. At
2} "Hational Seclety for the Seudy of muﬁmw Yeor Book, pe300.
5) Department of Superintendance: "Fourth Year s Pe 212,
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CHART SHOWING ANAYYSIS OF STEFS IN THE FROCESS OF

PROBLEHM SOLVILG

Factors Underlying
Problem Solving

nﬁ? Provided

Comprchension

Vocabulary

Ability to read numerals

Rﬂity to road rapldly
111ty to comprehend

a, Follow directions

b. Hake generalizations

e. Select potent elements

a. pi

e. Determine problem setting
as a unit

f. Dgtermine the outecome of
the problem

g. Orasp significance of
problem cues

gcard irrelevant clements

Vocabulary arill

Cc hension drills
a, ections exercise
b.Completion exercise
c. Multiple cholece

exercises

Analysis and
Organization

Seleetion of potent factors

What 1is

Selection of processes invelved Frocess

Determining what the problem
ecalls for

Determining what is given 1in

the problem
Determining process relation-
ships .

meat is
Problem

called for
analysis

given

reolationships

Recognitien

Choice of procedure

Determining problem conditions

Determining purpose of the
problem

Determining relevant elements
in preblem

Process
W.at is
What 1is

analysis
given
called for

Solution

Selection of processes

organization of processes in
order

Enowledge of combinations
Problem reletionships

Process

Problem
Problem

analysis

relationships
scales

Verification

Probable form of answer
Probsble magnitude of answer

Probable eanswer

This chart is adapted from the Second Yearbook of"Fhe National
Council of Teachers of llathematies™, page 66.



- 128 -
GLOSSARY

aebility. The capaelty or power to produee. - :
dbstraet numbers. Those numbers whose unit has no name, as, 20, 4, 6.
aceuraey. Ratio between number of oxerelses correctly done’ ard number
of exerelses attempled.
achiovement. The sceomplishment or production of the child in his
school work. -
addends. The pumbers to be added.
age norms. Tables of values representing typleal or average performance
on standardized tests for puplils in different age i:roups.
ty. The quality of a test ltem which makes poss ble more than
one logleal interpretation of 1&s intent or meaning.
analysis. Reduction or takinf apart of & total performence in the pro-
eess of identifying speeifiec skilis.
aptitude. Ability in a eertaln fleld or ares of performance.
aptitude test. A test of sgecu‘ic intelligence, 1.2., Intélligenee as
1t operates in a eertain field or areca of performance, which may
be used for Fo?oat!.e purposes.
« A generie term cover the measures of central tendeney, but
eommonly used to designate the arithmetic mean. '
basic skills. Tool skills, such as those of reading, 1 age, and
arithmetic, essentlial to study of the eontent subjecis.
elasgification. The proeess of asaigning a pupil to the ade or unit
of a- school for which his abllities and training best fit him.
elues. Characteristice of test items whieh frequently aid the pupil
in determining the carrect answers.
coefficient of corrilntlon (r). A measure of relatienship which ranges
in value from & 1.0 through zero to = 1,03 refors here miiinly te
Pearson product-moment eocefflelent.
completion exereise. A type of test exerelse to whieh the pupil responds
£1l11ing the blanks of a agraph with the words, numbers, phrase
ete., which he believes will corpestly complete the meaning.
eoncrete number. One whose unit is named, as, 3 feet. 3
ecorrection. An adjustment used in computi fne arithmetie mean, stand-
erd deviation, and correlation coefflcient by the short method frem
a frequency distribution or correlation chart.
eorrection for attenuation. A correction for the effeets of those chanee
or agocldental errors in the twe tests which lower the rellabllity
soefficients of both tests and thus affeet the correlation between
mmq
eorrective teaehing. Steps taken to remedy observed defeets or diffi-
culties in pupll learning.
eorrelation. The degree of relationship existing between two or more
sets of measures.
correlation ceefficlent. See eoefficlent of correlation. :
eriterion. A standard by whieh a test or other product is judged or
evaluated.
deviation. The amount by which a seore or other measure differs from
the eentral tendency of the youg of secores in which 1t 1s ineluded.
dlagnosis. Exact identification and loecation of speeific strengths or
weaknesses in performance.
diagnostie test. A test used to locate the nature, and if possible
the causes, of disabllity in performenee.
difference. The number which to the smaller produces the greater.
difficulty. The characteristic in a test ltem which results in a large
poreont:ie of ineorreet responses. '
digit. One the symbols, 1, 2, 3, 0. 9, ete.
dividend. (a) The number bo be divided. =



- 1835 -

divisor. The number that shows into how meny parts the dividend is to
be divided, or one of the i;;;a.

drill. Repetitlion designed to ove skill or to make learnings per-
manent.

evaluate, To test, measure, and appraise the "whole" ehild by the use
of tosta and a wide varietly non-test teehniques and deviees.

examination. ©S5ee test.

exercise. A unit of a test governed by a specifie set of direetions.

figures. (a) Symbols used to represen numgor. (b) Diagrams to repre-
sent geometrical forms.

general achievement tests. Fducetlonal tests covering several flelds €f
subicet matter and ordinarily adapted for use in several grades.

general intelligence test. A test of general montal abilitz.

grade, The sdministrative division of the sechool which lndleates the
level of advancenent of the pupll.

grade norms. Tables of values representlng typlecal or average mrfore
manee on standardized tests for pupllr in different grades.

grou p test. A test vhich can be administered to a number of pupils at
he same time.

individual diffeércnces. The observed or measured variation of individual
in ab.tlit{, progress, achlevement, ete.

1ndiv1d1égg.” test. A test whieh can be administered to only one pupil at
a

informal objeetive test. /A toacher-made objeetive test.

intoger. A whole number.

integral number. A whole number, as 4, 1.

intelligence test. 4 tost which measures abillty to learn or to profit
from experience. - :

interview. A personal conference technique frequently used in diagnosis
and in the evaluation of attitudes.

{inventery test. A tost used as a preliminary cheek on the degree of
mas erzeexiattng prior to instruction.

mark. The bteacher's mumeriecaol or letter cvaluatlion of pupll achievement
in a course or areca of performance.

matehing exereise. A © of test oxercise to which the puplil responds
by attempting to palr the related items in two or more columns of
related facts.

measure. To test by means of standardized and teacher-made instruments
mainly in the Tields of achievement and intelligence. Also a test
score or other numerleal rating.

minuend. The mumber from which another is talen.

miltiple~choice~item. A © of test item to which the t%pi.il‘ responds

;ttemliting to select the correct response from sevora

alternatives given. ‘

multiplicand. The number to be rmultiplied.

multiplier. The number which shows how many times the mmltiplicand is

. new-type examinatlon. See informal objective test.

norms. The medien or average performences on stdndardized tests of
gpﬂs of different ages or grade placement, as determined by the

st of large numbers of pupils.

number. (a) A eolleckion of units of the same kind.

objective test. A test for which the seoring procedure eliminates
subjective opinion and judgment.

objectivity. The char ristie of & test which eliminatés subjective
opinion or o}udsmen in the process of scoring 1t; an fmportant
eriterion a good examination,

oral examination. A test administered and answered orally.

performance. The accomplishment, achievement, or behavier of the pupil.
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power test. A test whieh measures the difficulty of the task the pupil
is just able te perform in terms of how far he cm&; through a
test in which the items eonsistently inerease in diffleunl®y.
preventive teashing, Steps taken at the time of initial instruction te
4 ageinst the la appearance of defeets or diffieculties in
pil learninge. tlly
problen. A question to be solved.
produet. The result of multiplication.
prognostic test. A test used to rredict future suecess in speeifie
. subjects or fields.

s pecord. A device similar to & profile chart on which pupil
progress from year to year can be showm graphieally for certain
.eg?ement tests. g

guotient. The result of division.

range (B). The distance from the lowest to the higheat seore in a
gseries of scores.

reliability, The degree to which a test measures what 1t does measurej
eonsistency of measurement; a major eriterion of a good exanination.

rellability eeefficient, Te corrolation coefficient obtained between
secores made by the same puplls on two equivelent forms of a test.

remainder. Same as Aifference. '

remedial. Having as a purpose the correection o observed diffieultles
and wealmesses in performance. ,

gseale, An instrument used by the seorer in ovalnating ‘papil performance
or by the test-meker in construeting a test. Alseo the continuwum
from the lowest to the highest score in a frequency distributien.

sealed test. A test in which the items are arranged in an order of
inereasing difficulty.

score. A quantitative descriptlon of performancs.

standardization. The process of constructing a test and establishing
norms for 1it. _

standardized test. A test for which the exercises have been carefully
selected and evaluated and which 1s accompanied by norms.

subjeetivity. The degree to which measurement rosults are influenced

parsonal opinlons or judgment.

gubtrahend. The mmber taken from the minuend.

gum. The result of addition.

survey test., 4 test whieh measures general achlevement in ecertain

- subjects or flelds. ' ‘

Tessale. A method devised by MeCall for sealing tetal scores, or groups
of items, on a test.

tabulation. fhe ss c¢f grouping and eclassifying data for purposes
of ocndensntfm gnd ease of interpretation. Also the distribution
into which data are classified. :

teacher-nade tests. Tests eonstructed by the teacher, such as the essay
and inf'ormal ebjective teats,

teehnigie. A pro@uiure or method.

test. In the general sense, any instrument used in the measuremont of
any educational or menfal ability; in a specifiec sense, an instrue
ment used by the pupil anmd ordinarily involving the use¢ of paper
and pencil. Also to measure bgg_tho use of tests.

test 1tem.1 The smallest wnit of a test; almost synonymens with test
exereise. . ~

tool subjects, Fields in which achievement eonsists mainly in the ae-
quiasition of skills and techniques useful in further learning, as

arithmetie, and spelling. :

true~false ifem. A type of alternate-response item to which the pupil
responds by indicating whether a statement ls true or false.

validity. The degree to eh a test measures what 1t purports to mea-
sure; the major oriterion of a good examinatlon. '
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