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ABSTRACT

A STUDY OF THE RELATIONSHIP BETWEEN THE ABILITY TO
COMPUTE WITH DECIMAL FRACTIONS AND' THE UNDER=-
STANDING OF THE BASIC PROCESSES INVOLVED
IN THE USE OF DECIMAL FRACT IONS

Modern theory of arithmetie instruction supports the idea that
the develomment of understandings of basic mathematiocal principles pro-
duces a des.:!.ra.ble type of learning. This is a reaction agalnst the
traditional method of instruoction which places emphasis upon mechanical
drill procedures, devold eof meaﬁings. Thig study is an attempt to detere
mine what relationship, if any, exists between computational ability and
understanding of fundamental processes. The investigation has been
limited to the area of decimal fractiems.

Two tests were developed for the pﬁrpose of the investigation.
The test in camputation was constructed and velidated using pupils of thev
Junior high school level as testeess Studemteteachers constituted the
persomel for the oomstruction and validation of the test in understandings.

The investigation of relé:bionship ﬁas performed using 236 Normal
Sohool students as testees. The tests, which had been constructed for use
in the study, were administered at the begiming of the school term.

The data obtained from the investigation were analyzed and the
following conclusions wers formmlateds |

1, There is a positive correlation of considerable magnitude between
the soores on the tost in computation and the scores on the test in under=
standingss (r = ,640 ). This is an indication that there is a

tendency for the scores 1:;: vary in the same direction.



2. TWhen the factor of intelligence is held constamt, there is a
not correlatioﬁ of marked magnitude which iz somewhat less thgn the
apparent coefficiemt, This indicates that the common factor of intelligence
has an influence upon the relationship between the two variables.

3¢ The magnitude of the relationship ﬁetween scores in understand~
ing and in:belligence test scores is an indication of cammon elements in
both these tests.

4, The relationship between the scores invcmnpu'bation and the
mbelligenéo test scores is not highe A high intelligence does not appear
t0 be a prerequisite for high achievement in computation.

5¢ There is evidence that ability in cemputation is not essenhiai
for high achievement in understandings and vice versa, nor do high scores
in one of these factors guarantee high scores 1n. the other.

6. Although a study of the scatter diagram suggests .that sucoess
in computation is more probable if it is accompanied by a high degree of
understanding, it cannot be inferred from the data that one variable is

the cause or the effect of the cther.
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CBEAYIER I

INT RODUCT ION

Introductory Statement

During the past two or three decades, the theary of aritimetls
ingtraction has been subjected to a close sorutimy because of fairly
'general dissatisfaction with the achlevement of the graduates of our
schools. As a result, there has emerged a method of instruction kmown as
the meaning theory, whish stresses the desirability of developing under-
standings of processes 1# contrast to the teaching of the mechanical
manipnletion of mumbers, devoid of ﬁaaninga.. The advocates of this theory
inolude such suthorities as Brownell, Morton, Wheet, Brueckmer, Grossnickle,
Spitzer, Buckingham, and many others. However, in spite of the weighty
opinions of these experts, mnoh'teaching‘ continues to be of the more
traditional type-<based upon meaningless drill, repetition and rote memory.
If teachers are to pay more than lip-service to the,_mee.n.ﬁug theory in
cle.séroqh practi@o. doubtless it will be necessary to demonstrate con=-
clusively, time and again, that learning proceeds best, and is more _
permanent, when a high degree of understamding is presemt, Not until they
have been comvinced of the efficacy of the meaningful approach, by the
evidence of sound atatiatiédl ‘s’tﬁdies:. are teachers 1likely to be eoncérned
about objectives in the arithmetlc programme other than those that are
purely mechanical, |

| Failure to produce a strong oase in support of the mbaning'thaory
miy well result in a comtimmation of the status quo as set forth by



Wingol in the following:

With few, if any, exceptions, the investigators have found
grounds for dissatisfaction with the presemt status of arithmetis
instruction. Administrators, supervisors, and teachers camnot dismiss
the oriticiam lightly., It is founded on scber, and scmstimes alarme=
ing facts Tt iz directed at the most important aspect of any teach-
ing problem: +the preblem of method.

- Statement of the Problem

How a.dept at manipulating nmbera may studenhs become and ye'b
possess little ar no understanding of the underlying principles imvolved
in the camputations? Will they be more successful in the operation of
mumbers if meanings of basio éoncepb's are clear to th‘ém? Weever>

suggests ‘that:

(1) It is quite possible that a persen my possess oonsidera.'ble
skill in arithmetic ocmputation but have little or no understanding
of why he does things in a manner which has beocme habituated.

(2) Tt is equally possible that a person may have a thorough
understending of the mathematical bases for the algorisms which he
uses but operate at a relatively low level of computational efficiency.
Nelther ability 1s prerequisite for the other. The attaimment of
‘either ability does not guarantee attaimment of the other.

The present study will attempt to examine what relatiomship, if
any, exi sﬁs ‘betwoen the abllity to manipulate mmbers on a mechanical level

and the underste.nding of ths processes which underly the number operat:lom

in one phase of arithmetic; namely, daoﬁnal fractions.

A major aspect of this study will be the comstruction of

y _
Go Max Wingo, "The Orga.nization and Administration of the
Arithmetic Program in the Elementary School®, Arithmetio 1948, pe 69,

Supplementary Educational Monogra;hs, Noe 66. Chicago: University of
Chicago Press, 1948

25, Fred Weaver, "Some Areas of msunderstanding‘ About Meaning
in Arithmetio”, The Elementary School Journal, LI (September, 1950), p.36.




| 3
appropriate tests for the Anvestigation. This will enteil testing, obser~
vetion and analysis extending over a..period?,bfv more than a,.yﬁara This
task in itself, while subordinate to the main imvestigation, will consti-
tute a study of oonsiderable magnitude. It is hoped that the regulting
tests will provide evaluative instruments which will have further useful-
nesee '

Plan of the Study

The background of the study and a statement of the problem are
presented in the introduotory chapter, Thie will be followed by a
deseription of the development and analysis of a test in oomputation with
deoimal fractions, Next, the construction and validation of a test in
understandings of basloc processes involving decimal fraotions will be
describeds With the use of these tests, an investigation will be made to
determine the degres of rélé.tignéhip. ‘-:Lf any’,: that exists between mechanios
and mesnings, The results will then be analysed and tho oonslusions
formulated.

Materials of the Study

The investigator decided to work in the area of decimal fractions
because of the essential mature of this subject matter and its extensive
use both in and out of soh;:ol;' and alse because of fairly gemeral eriticiem
of the lack of competence demonstrated in the application of thvis‘ phase of
arithmetic, When oonsideripg tiae- subjecf.s ‘Eo' be used in the study, he was
guided by the mﬂabnity of sufficient mmbﬁrs for the. parposes It was
decided to perform the imvestigation with Normal S§heol students becahso,
in this case, teachers-in-training mrovided & comventent group with whish

to works Also, it was thought that,- if the possession of understandings



is a desirable outoome of arithmetio instruction for the pupi.ls, sm;ely, at
the . student~teacher level, it must be an even more essonbia.l a.speot of
learning, 1In the opin.ton of Wroms, | ‘
Tt should be s trite remark to say that, unless the teacher himm
self ocan tread over hill and dale through the fields and forests of
arithmetic with confidence and assuranse that he knows where he is .
going and how he is going to get there, he certainly cannot render a
great deal of assistence to his pupils. ‘
As Normal School atndenbs were' to provide the ultimate group to
be used 1n the mestiga.tion; it was deemd‘nacesoary to use sgimilar sube
jects for the purpose of velidating the test on understandings.  However,
it wag felt ‘that the test on computstion could be po"epared by using any
groups of unse_leetod stuo.onl:s whohs,d completed the work on‘:o;eoimi froo-
tions. since the basic material x.'a.mina'tho same. By working withpupﬂs
at tho Grade 7-8=9 level in a oity school system, the 1nvestiga.tor ha.d
available a large mnnber of subjeets. thus obtaining more soopo for the
oonstruction of the teste It was thought that the rosulting tost could be
used equally well with groupa at highm' levels and that :l.t wwld pravide a
aatisfaotory testing instrument for the pnrpoae of the proposed inweatiga-
tion. ’

Bangenna of the Problem

A popular ooncopbion oexists tha.t the schools are.not. adoqun.toly _
preparing the pupils to handle the bo.sio skills of arithmetic,

3
~ Pe Lynwood Wren, "The Professional Preparation of Teachsrs of
Aritimetie”, Arithmetioc 1948, p, 82, Supplementary Educational Monographs,
No. 66. Chicago: University. of Chioaego Fress, 1948,




Grossnickle4 reports that:

A frequent oriticism directed towards public and elementary
sohools conserns the failure of their students to demonmstrate adsquate
preparation in the fundamsntal subjeots. This partioularly holds
true in the field of arithma-kin. ' ‘

As a result of the concern over tha pl:l.ght of arithmetic in the
olemontary sohools,v there has been extensive resea.roh conduoted in this
ares during the past forty years. Payghologioai étﬁqv on the prooess of
learning has dirocted sttention to how the shild learns and has developed
 tho view that one of the objeotives of arithmetic instruction should be the
| developneﬁb. of unaerétmings. Acoording to ﬁmﬁn-s

From all this resea.roh and frmn expsrimonbally oriented
teaching emsrged the notion that one ingredient in a funotional
program in arithmetis is prov'is:!.on for meaningfnl learning.

.This theory of nean:lng or unders‘banding impregmtes the vhilosophy of
practically all the authorities in the field of arithmetio today., While
there are minor differences :l.n j.nhori)fetation of this .theory, most of the
experts base theﬁ philosophy upon the basio 1deas ‘propounded by Browne11°
in tho followiag: |

The "meaning" theory conoeives of arithmetisc as a closoly
knit system of understandable ideas, principles, and prooesses.
Acoording to this theory, the test of learning is not mere
moohanioal "figuring”. The true test is an intelligent grasp
upon mmber.relations and the ability to deal with the arithmetical
situations with proper camprehension of their mathomatisal as well
ag their practical significance.

4Fosbér B Grossnickle, "Dilemsbonfronhihg the Teachers of
Arithmetis", The Arithmetis Teachsr, I (Pebruary, 1954), p. 12

%mm A. Brmsll "Phe Rwoluhion in Aritlme-bio" »
The Arithmetic Teacher, I (Fe'bruary. 1954), PP 3nde

6William Ae Brownell, "Psyohologieal Considerations in the
Learning and the Teaching of Arithmstie", The 'reaohigg of. Arithmti.o
pe 199 Toenth Yearbook of the Nationmal. cOnnci ematics.

Now York: Teachers' College, Columbia Univeraity, 1935.



Brownell goes on to explain that the meaning theory has been designed to
énoourago the understanding of a.rithmetio and the most frequent Quostion
put to the child should be, ™iky did you do that?® | :

‘Phis study is conosrned with that aspect of the meaning theory

which relates to the understanding of basic sikills-=to the ability to
rationalize processes—=to that mathematical phase of arithmetic whish
provides the "why" for the algorism.

There is a comvinocing body of opinion in support of the idea that
the development of meanings and undorstandings' is an essential aspest of
the kind of instruotion that will produce better results in arithmetio.
Brueckner e.nd Grossniekle state: - |

Today there is almost universal acceptance of the view that

children learn arithmetie more easily if they understand what they
are learning and i.f'it- is mthemtioally nemingful'to them,

Further support for the efﬁoa.oy of the mean:!.ng thzory is pro-‘
vided by Wren8 in the following:

Appreciation of signifiocant maa.nings oannot be over-

emphasized either for the pupil or for the teacher cseeceee
Meanings not only form a basis for more intelligent use of
camputational skills, but they also give a background for a.
better apprecliation of arithmetis as parb of our cul'bml
hsritage. ‘

Beoa.use of opmdné such as these, impetus has besn given to the
pursuance of . method of 1pshmo£i’on' designed to develop understandings.
The emergence of this nsw approach to arithmetic instruction forms the
beckground of the present studye |

- 7 . N . ) ‘ M
Leo J. Brusckner and Foster E, Grossnickle, Making Arithmetio
' Meaningful, pe iii. ‘Philadelphia: The John C. Winston Tompany, 1553.-

J.Wren, ope oit., p. 85.



The Measurement. of Understandings

If the aforementionsd gospel of the proponsmts of the ma_a.ﬁing
theory of arithmstio instruction is to spread; sonvinoing evidence of the
superiority of this method mst be produced, To do this requires, firstly,
some method of evaluating the existencs and growth of basio mathematical
understé.ndings.~ ' .

The immediate problem becomes one of determining just what
constitutes a body of underst#ﬁdinga in arithmetic. Oms agpeot of the
study of aritimetio during the past twenty years has been an attempt to
identify and isolate the ideas, principles, relatiomhips and gensraligza-
tions which constitute the undsrstandings of the mathematical phase of the
subjeocte As _yet;f‘.reaeqroh has produced little to>guid_e the investigator |
in this £ield and, to some extemt, he is forced to grope in the dark.

For the purposes of this study, it is assumed that a pe;-sen."s
understanding of & process may be revealed by his ability to raticnalize
the procedure and that his insight into mumber operatiens may become
apparent by his grasp of the "why" behind the performance of the algorism..
This will form the basis of the measuremenmt of understandings in the

présonb investigation,
Criteria for Measurement of Understandings

The attemﬁb to measure understandings of arithmetic processes is
rendered very diffioult by the lask of oriberia for this purposes The
settiﬁg up of suitable oriterion measures by which to evaluate understand-
ings suggests an area for further research, In lieu of existing oriteria,
the imvestigator must determine arbitrarily those soncepts that should be



included in a measuring instrument desig

any phase of arithmetio, (Most researchers bhave been forced to adopt this

prooedure.)

The mechanies of the test on understandings will be disoussed in

a later ohé.pter.

involved in oomputation with decimal fractions should include imbelligemt

;o

It is considered that an understanding of the processes -

oontrol of the following consepts:

1,
2¢
Se
4.
- 5.
6o
Te
8,

9

10,
11,
12,

13,

14,

While the literature is replete with material supporting the

meaning theory of

of its application; and there ‘geems to have been little attempt made to

Meaning of decimal fractions

Reading and writing decimals .
Value of deoimal fraotions
Comparison of deoimal fractions

Function of gere

'Rounding off mmbers

Acouracy of measurement
Effect of moving the deoimal point

Location of the decimal point in
addition and subtraction

Looation of the deeimal point in miltiplication
Location of the deoimal point in division
Changing common fractions to decimals

Changing decimals to common rra.otiom

Relative valus of digits

Related Studiss

instruction, more studies are nesded to show the result

ned. to. evaluate under‘s‘bandings of



waluate the mathsma,tioa.l nnderste.ndings a.oquired ‘by pupils. V‘Li'vbt].e
resea.roh is available to lend support to the opinion that the dmlopmnt |
of understandings produces a higher level 'oct‘ a.ohiavemsnb.v

| Thé'following studies are illustrative of the researsh that has
boon conducted in this srea:

_ 1. Glennbng_ conducted a fronbier research study designed to
digeover the degree of vn‘nthemt:loal understanding possessed by ropresemta-
tive groups on different educational levels. For this purpose he was
obliged to construct a special test. His study revealed that some pro#
gross is being made iﬁ the fleld of evaluation in arithmetic, However,

he reports that his findings "do not offer a favorable picture of our

Bresen:b practices .tn teach:i.z;g ma.ning_ and understa.ndir;g_ in a.rithmetio . -

He was forced to the conmslusion tha'h teachers are not sucsceeding in
developing an und.eratanding of mathemt:loal principles.
| 2 K_:llg_ourlo used Glennon's test to conduct a study on the
development of ﬁﬁdorstandi’ngs bin a 6ne-y9ar teachér-trs.ining' progremme.
She found that small, but significant, gains were made by the studemts in
'their- understandings of baslie concepts. ‘
3. Orleans and Wundtll conducted a study to ascertain the extent

of understandings possessed by teachers and student-teachers., They designed

Ninoent J. Glennon, "Testing Meanings in Arithmetio", Arithmetic
1948, ppe 64«74, Supplementary. Eduocatiomal Monogra.phs » Noo 70. Chicago:
Univeraity of Chicago Press, 1949,

00 1ma Jean Kilgour, The Effect of a Year's Teacher~fraining
Course on the Vancouver Normal School Students' Understanding of Arithmetic.

;ngzgu‘bli.ahad Master's thesis in education, Umveraity of British Columbia,
3e o

11 :

- Jaocod S. Orleans and Edwin Wandt, "The Understanding of Arith-
metic Possessed by Teachers", The Elementary School Jowrnal, LIII (May,
1953), PPe 501~507,. )




10
their own test for the 1nvost:|.ga.tzons. They concludeds -

© - There are apparerrbly fow p-ooosses, concepts, or relationships -
:I.n arithmetic which are understood by a large per cont of teachers.

4. B::-orwmaltl.]'2 roporta a atudy oonduoted by Speinhour to deter-
mino the relationship between arithmetic umlorsta.nding and ability in
problem solving and oompubation. He found correla.tions of .665 and 751
in grade four and 751 and +756 in grade 6. '

13

5¢ Taylor tested oollege freahmen on mathematical meanings and

revealed a woaful laok of understanding of baaic ooncepts., His fj.ndj.ngs

leo.d him to the conclusion that "gtudents entering teachors--oollogos are

~ deficiexnt in both the mechanics and the understanding of arithmetic”.

Those studies reveal, in the opinion of the wr:l.tor, that little
researoh has been done in the area of ova.lua.tion of arithmetical under-
standings; that, generally speaking, students possess very little insight
in respect to basic muber oporo.t:}.ox;s and that only slight progress has
been made in developing meanihgs in oritlonetio 3 that growth in understand-
ings may be an outcome of arithmetic 1nstruction; and that thei-o is a.‘_
signit‘ica.nb positivo oorrela’cion betwoen und.ersta.nding of processes and

computational ability. Obvicusly, thore is a definite need for further
resoaroh in this field of aritimetic.

12 -

William A, Brownell, "The Evolution of Learning in Arithnebio"
Arithmetie in General Education, pe 229, Sixteenth Yearbock.of the . :.
TatIonal Council of Teachers of Mathematics. New York: Teachers' College,
Columbie University,. 194ls | .

13
E. He Taylor, "Mathematics for a Four-Year Course for Teachers . .
in the Elemertary School", School Soience and Mathematics, XXXVIII (iay,

1958) s DPe 499=503,
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Summary

The "new" theory of é;rithnnétic ingtruotion is based upon the
psyohologists"-kno;riadgo ofvh'aw the child le#rns. While much has been
 written about the meaning approach to the teaching of arithmetis, more
evidence is desirable to give support to the opinion that this thaory'of”'
instruction is likely to produce more worthwhile resultss The purpose of
the preaént'study is to investigate the relationship, if any, between a
student's achievement in a test in compufation with deciml fractions and
a test in underatandings of the processes used in the computations. It is
an attempt to supply date which will help to amswer the question: "Does
instruction dosignad to dovelop meanings result in higher achievement than
6 method of teaching which stresseé mechanical operation of mubers only?"

'~ The investigation necessitates .the construction end validation )
of ‘suita.bllo tests for the purposes The construetion of & test on undere
standings is made difficult because of relatively little research inm this
area, because of the diffieulfy of defining understandings, and because of
the lack of adequate eriteria for the purpose of validation,

~ The study will be conducted with the aid of Normal Sehool
studemts as subjects. An atbempt will be made to analyze the results and
to arrive at conclusions which may have s.:lgnifioanoe in terms of the
merbhod of arithmetio ingtruction which is most desirablee
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CHAPTER IIX

CONSTRUCT ION AND ANALYSIS OF A TEST IN COMPUTAT ION
' ' WITH DECIMAL FRACTIORS.

. Introduction

As discussed in the previous chapter, it was deoided that a
necessary part of the imvestigation must be the construction and valida=
tion of a test on the basic skills involved in computation with decimal
fractionss The material of such a test should comsist of items based
upon the subject-matter in the ourriculum of the elementary schools of
British Columbia. As the basic essén:bia.ls of computation with deolmal
fractions are re-taught and used thronghéub the school years beyond the
elementary grades, a test on this material should be suitable for the
evaluation of pupils of any higher grade level, ‘Pupils of the Junior -
High School grades should possess a high degree of proficisncy in compu~
- tation with decimal fractions, and it is likely that this degree of a1l
- will be maintained or ré.ised duri.ng. the following yea;rs. Thus, it is
folt that the construction of a test based upon the achiemnb of subjeoté-
at the grade 7-89 level ghould provide a valid testing instrument whioh
could be used for evaluating proficiemy at a more a&vamed level, includ~
ing high school graduation and teacher-tralning. A description of the
mreparation and validation of the test on computation with decimal fractions
will be presemted in this chapter, | |

Characteristios of a Good Test

In the construotion of a test there are a mumber of factors which
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mst reoeivé “due considére.tion. - Greeme, ‘..Jorgensen and‘Ga‘rberichl include
the following distinguishing characteristios of good examinations in their
speoifieationéz validity, reliability, ob;je;tivity, administrability,
comparability, e’conomy} ‘ubili'by. | | |

In a study in which he examined thevworth oi‘ a teacher-made test,
Carlile? considered the following oriteria to be significant: validity,
reliability, disorimination, level of difficulty, objectivity, ease of
administration and ease of sooring. ' |

In the comstruction of the present tests attention will be paid
to the a.foremenbiomd factors in an endeavour to produce atatistioally

sound tos‘bing instrunonts,-
Currioular Validity

An exemination of the course of study and the current text‘bookn
was made and a 1ist of the major skills and comsepts Lmvolving compatation
with deoimal frastions was campilede  Items, desigmed 0 test thess oone
.cepbs; were constructed and emtered on individual oafds. These items wore
then put together indisor:lmina.tely and mimoogra.phod copies wore’ submitted
to a mmber of teachers for critiocism and suggestion. In this mnmr
material which fitted the currioulum was selected for the test and an |

attemph was made to assure ourrioular validity.

1 ‘ ‘ '
Harry A. Greeme, Albert N, Jorgensen, J. Raymond Gerberich,
Meagurement and Ev-a.luation in thﬂ Secondary School, New York: Longmans,

Green and Co., 1943,

2
A. B, Carlile, "An Examination of a Teacher-made Test",

Bduoational Administration and Supervision, 40 (April, 1954). PPe 212~218.
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Experimental Form

On the bases of sﬁggestions racei_.ied and scme individual testing
B which was ecarried out, ché.nges were made and the itemé_ were put into an |
exporimental form. 'Ifxis form of the test was administered to 185 pupils
in grades 7=8=9 in d:lfferenk types of séhools in the Greater Viectoria
’School District. “ The writer personally administered séune of the tf.eata',..
made ca.re:t‘ul obsorvations to determine "fwoe validity and inberest, and
recorded’ the time rao'ber. ~ ”

The resul-hs of the first experimental run were oarefully stud:l.ed
and discussed with olaasroom teachers. | Cortain wealmesses in form, ocon-
tent and wording were immediately apparemt and further revision ensuede 4
orude analysis of the degree of difficulty was made and the test items were
reérranged in what appeared to be ascending order of difficulty. The tést
comtained 32 items at this stage of developnénﬁ. Afger consultatibn with
an oxpert in the field of testing, the mterial wasg put: into a form suit-
able for a trial run, _

The time factar appeared to be satisfactory. Thirty mimutes
provided ample tims for most pupils %o finish the work, which meant that
the test could be administered comfortably in a normal forty-mimute period.

4s the popula'bion upon which the final study was to be made con-
sigted- of teaohers-inntraining, it was deemed wiso to obtain some :.ndioa.-
tion of the perform.noe of such a group on the test, Therefore, the test
was administered to 165 students of the Viectoria Noma.l School. Although
these students had been studying the topic of decimal fractions: recenbly,
their scores were distributed over a fairly wide range of achievement,

Analysis of this performance led to further revision to clear- up
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ambiguities and to improve objectivity., The opportunity of closely
observing reaction to the items ab various sbages in the develomment of
the test made it possible to revise az_ui restate the »items' in sué_hv a way as
to ensure a high degree of objectivity. At this stage it was deoided that
a few more items could b; added to advantage, bringing the total up to
thirty-ive. | |

- Preliminary Form:
The test was now organized into a Preliminary Form, containing
35 items, with a time 1imit of 30 mimrtes, Tt was administered o over
300 pupils in grades 7=8e9 in various 'tjrpes of schoolsA throughout the
Greater Victoria area, A brief list of instructions for administering the
test was issued for the purpose of ensuring uniformity of procedure. The ‘
papers were returned and seored and were made ready for analysis.- As fi:he

nature of the scoring was highly objective, it was possible to enlis‘i: the

assistance of studenmt-teachers for the task.
Mothod of Item Anmalysis Used in This Study

An accepted method of détqmining the discriminating power of a
test item is to compare the performance of the best section of the g}oup
with that of the poorest section.  Although of obscure origin, the tech=
nique of compa.ring portions of the group is widely used and is deacr:l'bed
in some detail by Long and Sandifords. They expla.in: -

The ides underlying all the Upper and Lower Methods is that

the good item is one which the good pupils do well, and the poor
pupn.ls do poorly, ,

87, A Long end P, Sandiford, The Validation of Test Ttemse
Bulletin No. 3 of the Department of Educatiomal Research (Toronto, Ontario:
The Department of Educational Research, University of Toronto, 1935), p. 31s
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While various fractions of the distribution may be used, Long and

4

Sandiford™ state unequivocally that the Upper and Lower Thirds technique

‘gives the best resultss

Experiments show that Upper and Lower Halves, which use all
the data at the disposal of the examiner, is not so good a method
as Upper and Lower Thirds or the Upper and Lower 27 per cexnt,

| They® go on to point out that the Upper and Lowsr Thirds bech-
nique tends to discriminate in favour of items of 50% difficulty.

Taking both effectiveness and ease of computation into con-
sidera.tlon, of those techniques which tend to seleot 50%, or
balanced difficulty, the Upper versus Lower Thirds may be adopted
as the preferred technique. . _

The procedure used in this gtudy is outlined below:

1. A group of 300 papers'was selected for amlysis'and
arranged in score order.

2¢ The papers were divided into three groups of 100 eachm
an Upper Third--a Lower Third--a Middle Third. . The
number of papers employed facilitated the use of per centse

S¢ Large sheets of squared paper were prepared and the
correct responses to each item on each test paper were
tabulated. '

4. Por cents of correot responses on each item were
calculated for the upper Third and for the Lower Third,

6+ Discriminatory value or item validity was found by com~

- paringthe performance of the Upper Third group with that
of the Lower Third group. Validity of each item was
expressed as a per cent and determined by finding the
difference between the per cemt correct in the Upper
Third and that in the Lower Third.

6. Por cont difficulty was calculated on the basis of the
total item-errors in the Upper and Lower Thirds combined.

ibid., pe 32

5 .
ibide, pe 118
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7. Per comt difficulty and per cent validity® were plotted on

graph paper. An arbitrary curve was drewn. An item
falling unduly far below the eurve was considered unsuit-
able or in need of revision., Items falling above the
curve were considered satisfactory and were retained in
that form,.

An example or two will serve to illustrate the procedure. An
jtem with & validity of ome hundred per cemt would be answered correotly
by a1l in the Upper Third and imorrectly by all in the Lower Third; its
difficulty would thus be £ifty per cente A situation of..this‘ kind would
be quite unlikely to cocure (Per cent of difficulty refers to the per
eent of inoorrect responses to an item.) An item with fiﬁ:y per cent
difficul'éy might be aziswered correctly 'By elghty per oent. of the upper
group and by twexiby per oent of the lower groap,- which would give it a
validity of sixty per cent., This item would lie well above the curve and
would be considered a éatisfactory itemvto retain, An item enswered .
correctly by forby'-five per cent of the fop group and by thirty-five per
cext .of the bottom group would have a sixty per cemt difficulty (forty
per cent ease) but its power to discrimimate would be only ten p;r‘cénb.
Tt would fall well below the curve end would contribute little to the test.
In order to j;laoe' items along the full range of difficulty, which is
dasifable, there will, of course, be same with small velue from the point
of view of discrimimatory powere This camnot be avoldeds Any item
showing megative validity, however, would be discarded ﬁmdiately.

Following the procedure as outlined, the paper_s were grouped end

apnalyzeds Per cents of validity and difficulty were computed using the

6
This graphical 'bechnique was devised and is used by Dre c. Be

Comway, Director, Division of Tests, Standards and Research, Department -
of Education,. V:Lctoria, B. Co . . .
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Upper Third-Lower Third techniques The results of this proceduré appear
in Table I. o
-Using § prepared gr:i.d,‘with_ the vertical axis representing the
per cent of validity and the horizontal axis the per cemt of difficulty,

the efficiency of the items wes demonstrated graphieally. An arbitrary
curve wa;.s drawn and items appeering above the curve were considered satis-
factory for inclusion in the test, while those falling below 'appearéd to.
be in need of rev'lsion or deletion, As will be seen by the graph, showm
in Figure I, no item falls seriously out of line a.nd it was decided that
all migh‘b be retained for the final form of *bhe teste. Por cenmts of
validity renge from 14% to 70% and all are positive. Thus, each item has
some’ pofmr to discriminate between the good and the poor pupilse Fer
conts of difficulty for the items extend from 9% to 81% with an avemge
aifrionlty of 44%. This is in lime with the findings of Hawkes, Liniquist
and Mann! who repert that in general test anthorities "‘.-‘..f.‘.. are 3'.5.?2.?2

that there should be a range of'dﬂ'ficult'z frem about _§ Yo 20 per cent

Xo 80 to 95 per oerrb and that the average difficulty of all items should

be about 50 per eenb.
'Reliability

The reliability of a test must be estimated statistiea.lly but it
is not dependen‘b upon an exberm.l criterion. Thus, it does not presemnt

the seme difficulties as are emcountered in esfﬁblishing the validity of

7

Herbert E. Hawkes, E. F. Lindquist, C. R. Mann, The Construoction
and Use of Achievement Examinations, p. 32. Boston: Houghten Mifflin
Ctmpany, 1936 ..
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Table I

THE VALIDITIES AND DIFFICULTIES IN TERMS OF FER CENT e
OF THE. ITEMS OF THE PRELIMINARY FORM OF THE TEST IN.
COMPUT AT ION WITH DECIMAL FRACT IONS

/

Per cent of Por cent of

Item Validity , Difficulty
1 47 29
2 24 17
3 20 15
4 21 15
5 | 35 19
P 49 68
7 43 30
8 18 12
9 22 23
10 52 4
11 28 25
12 36 29
13 62 53
14 B 63 | 50
15 37 , »31
16 54 4
17 , 26 | 38

=2 While it is recognized that the term "per cent of validity" is one of
current usage, it is realized that it is somewhat of a misnomer and, as
pointed out previously, it represemts the difference between the per
cent of correct responses obtained by the top third of ths group and
the bottom third of the groupe



Table I (contimed)

THE VALIDITIES AND DIFFICULTIES IN TERMS OF PER CENT
OF THE TPEMS OF THE PRELIMINARY FORM OF THE TEST IN.
'COMPUT AT ION WITE DECIMAL FRACT IONS

i \ - y

Por Cont of Por cent of
Ttem Validity Difficulty
18 43 46
19 66 : 46
20 53 N 47
21 51 _ 67
22 56 66
23 70 52
24 | 51 | 58
25 50 52
26 38 | 72
27 | 20 81
28 © 70
29 45 | 75
30 48 N
51 57 ,: 57
32 52 73
3 2 e
34 36 26

35 14 9
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a tests For the purpose of determining the reliebility of this test, all

of the 300 papers were included in the caloulations. The oddeeven splite
halves technique was used and the result was corrected by #hs Speerman-
Brown Prophecy Formula, Greene, Jorgensen and Gerberi.ohe point out that,
while the coefficient obtained by ébis method is likely to be spuriously

high, "... this is one of the most feasible methods for use with informal

objeoti#e exeminations for which ordiparily no second or alternate form is
available." | | |

The result of these caloulations appears in Table II.

Pable II

COEFFICIENT OF RELIABILITY OF PRELIMINARY FORM OF THE
TEST IN COMPUTATION WITH DECIMAL FRACTIONS DETERMINED
BY THE ODD=-EVEN SFLIT~EALVES TECHNIQUE

1 i

Corrected
Form Coeffioient Coefficient
Preliminary «780 -+876

Although the coefficient of correlation appeared to be reasonmably
satisfactory, it was decided to estimate the reliability coefficient by a '
second method, Kuder and Richardson have devised a simple formula for

determining the reliability of a test. The only data used by this method

8
Greene, Jorgensen and Gerberich, ops cit., p. 63
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are the mmber of test items, the standard deviation, and the arithmstic .

mean, It is based upon a mmber of assumptions which are hard to meet

9

but, nevertheless, Remmers believes that: ™.ceee it 1s E'obable that the

guick estimate afforded by this forumla is good enough for all practical

Rurgoses."A This technique usually gives an estimate lower than that
ob‘baimd»i:y' the split-half method used with the Spearman~Brown Formulae
The result obtained by the Kuder-R:l.cizardson method is givén in Table IIT
and, as s to be expected, is slightly lower than the previously deter-
mined coefficients In terms of reiiability the test now seemed to be

acceptable and ready for use in fimml form..
Table III

COEFFICIERT OF RELIABILITY OF THE FRELIMINARY FORM OF THE
TEST IN COMPUTATION WIT'H DECIMAL FRACT IONS DETERMINED BY
THE KUDER»-RICHARDSON FORMULA

Form Reliability Coefficient

Preliminary o +820

5 _
Ho Ho Remmers and N. Lo Gage, Educational Measurement and

Evaluation, pe 205. New York: Harper & Brothers, 1943,
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Fing.l Form

- -~

The only revision undertaken for the Final Form of the test was
%o arrange the items in order of difficulty.  With this; the test was
rgady to be administered for a final run. »

- The test was now given to over 300 grade 7-’-8-'-9-» pupils in a single

Junior high school, The same precedure was used as in the Prelimimry
Forme The papers were ohscled objeotively, arranged in rank order, a.nd
divided into three sections of 100 eache

‘Correct item responaes wore tallied and per cent of va.lidity and
per cent of difficulty were caloulated as before. Table IV shows the
results. As Sefore; the material is presemted in graphical form in
Figure II. It may be seen that only eme item falls slightly below the
erbitrary ourve. The validity of all items is. positive and ranges from
T4 to 7%. The per cent of diffioulty of item runs from 9% to 87T% with
an average di;‘ficultj of 31,51%. It will be noted that the test appearsd
to be leSs dif:ioult for this group thé.n for the group tested in the
proliminary run. This may be acoounted fér;ﬂ in part, by the fact that
only one school was used in this run and byvthe fact that the test was
adninistered later in the sohool year.v It may also be observed that the

order of d:l.t‘fieulty of tha items, although not idenbioa.l with that found in
the first run, is approximtoly the sames

Item Validlty Based on Flanagan's Tables

Although the method above appeared to provide a satisfactery
estimate of the inbernal consistency of the items of the test, it was

decided to apply a further check of the item validity indices. According



Table IV

' THE VALIDITIES AND DIFFICULTIES IN TERMS OF FER CENT
OF THE -ITEMS OF THE FINAL FORM OF THE TEST IN COMPU-
TATION WITH.DECIMAL FRACTIONS .

Por coent of Por coent of

Item Validity Diffioulty
1 7 11
2 9 9
3 7 10
4 13 ' 13
5 20 ' 13
6 27 15
7 o 17
8 22 15

-9 15 , 10
10 | 80 : 19
1 21 14
12 29 17
13 22 21
14 29 28
15 36 20

16 _ 51 29

17 14 24




Table IV (coxrbinueyd)

THE VALIDITIES AND DIFFICULTIES IN TERMS OF PER CEND
OF THE ITEMS OF THE FINAL FORM OF THE TEST IN COMPU=-
: TATION WITH DECIMAL FRACTIONS

Ttem Por cent of Por cemt. of
Validity Diffioulty
18 34 35
19 48 30
20 87 27
21 51 52
22 56 32
23 47 | 35
24 49 27
26 42 s
26 55 48
27 54 36
28 58 "
29 55 68
30 15 87
31 65 59
32 79 a7
33 58 67
34 68 50

35 38 | 73
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to Thorndike'®, who favours working with the top 27 per cent and the
bottom 27 per cent of the total group: | |

The most satiéfactory item validity index bagsed om the

upper and lower 27 per cent is the estimate of the coefficient
of correlation between item and test obbainable fram tables
: prapared by Flamga.n.

-Using the data ob'bained from the final administration of the test,
por cents succeoding in fl:he upper 27 per cent and the lower 27 per cemt
wore ocaloulated, Estimates of product-mfment coefficients of correlation
wore found by reference to tables prepared i)y Flanaggnn. Tha results
appear in Table V., It willb be seen that the 6oefficienbs of correlation
range fram »120 to o810 and that all are positive. Items 1 and 2 are not
siénificantly greater than zero at the 1% level and are Ba.relj significant

at the 5% level. The rest. of the items are significantly greater than

ZO6r'oe

10

Robert L, Thorndike, Personmel Selection, p. 242, New York:
John Wiley & Sons, Inc., 1949,

11. A
ibid.’ pp. 548-351‘0



Table ¥V

INTERNAL CONSISTENCY OF THE FINAL FORM OF THE TEST IN

COMPUTAT ION WITH DECIMAL FRACTIONS, BASED ON FLANAGAN'®S

ESTIMATES OF THE CORRELAT ION BEITWEEN INDIVIDUAL ITEMS.
AND THE TEST AS A WHOLE---

Ttem Coefficient

1 +120
2 140
3 215
4 0243
5 ’
6. « 700
7 280
8 420
9 370
10 _ «580
11 : : +5086
12 520
13 «320
14 «375
15 ‘ #5660
16 +665;
17 245
18 L 400
19 , : +640
20 2495
21 © ¢638
22 +680
23 «510
24 ¢ 795
25 «533
26 +600
27 #8605
28 \ o460
29 «600
30 » 345
32 | 810
33 «715
34 +690

35 470




Reliability

Reliability of the Final Form of the test was determined by using
the same methods as thosé used in tize Preliminary Forme The findings are
given in Teble VI. While the reliability coefficients have dropped

slightly, the figures are reasonably closse to those obtained for the

earlier fofm.

Table VI

COEFFICIENTS OF RELIABILITY OF THE FINAL FORM OF THE TEST
IN COMFUTATION WITH DECIMAL FRACTIONS.

s , 1

Reliebility
Form Method Coefficient
Final Split-halves 863 (corrected)
. Kuder~-Richardson «812 .

Sunmary

In the opinion of the writer, the ana.lysié has demonstrated that
- the Final Form of thé test 1s a satisfactory instrument fer use in this
study. The test is almost self-administering; it can be given in a
normal’ classroom periody it is eg.sily scored and is highly objecﬁive; _
it is economical in terms of cost; the material of the test is based
entirely upon the curriculum; in oonstruction of the test, logical and

"face" velidity have received consideration; the items meet the require~
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ments of validity and diffioulty and succeed in discriminating between the
good and the poor pupils; on the basis of two statistical techniques the
test is found to possess a fairly high degree of reliability. In the
light of the foregoing arguments, the test is considered suitable for its-
intended purpose and will be used in the invesi:i.gation.

- The Final Form of the Test In Computation with Decimal Fractions
appears in App;n'dix Ao ‘ .



CHAFTER III

> CONSTRUCTION OF A TEST IN UNDERSTANDINGS OF PROCESSES
INVOLYING DECIMAL FRACT IONS

Introduction

Thé construction of a test 1:1‘ understandings of proéesses
involves nort: only the same problems as those encountered in the preparation
of the test in computation, but also, additional difficulties due to the
nature of such a tesﬁ. A discussion of understandings and meanings wes
presented in an earlier chapter. The problem now a;l-iaing is one of
securing a test designed to evaluate a pupil's understanding of the basie
processes irherent in computation with decimal fractioms. That 1ittle
research has been carried owt in this area is indicated by Giennonl in the

" following:

The paucity of research studies im the area of testing fér
meanings justifies the oconclusion that this is one of the most
neglected educational problems of th_e day.

An examination of Glennont!s test in mathematical uhderstandings_
revealed that, by its nature, it would not suit the purpose of this study.
In addition, no data relative to ite validity were available, 4s no other
tests which would £it the requirememts of this study could be looated, it
was decided that it would be necessary to oconstruct a test in understandings

of basie processes involved in the use of decimal fractionse

R ——————

1 _
Glemnon, Ope cite, pe 6



Factors Involved in the Construotion
. of Test Items

In oonstruoting the test items the tesb-mker had to be consclous
of a mmber of factors that were not relevant to the computatiomal test.
The items must not involve oomputa.tion,. otherwise they would duplioate the
function of the other test. The material must be based upon the material
of the campenion test in computation--it must try to evaluate the subject's
understa.ndiné of his use of the mechanids whioch imvolve the same basio )
coﬁ.oepts. Verbalism mst be min:hnized 80 tha.t the test does net beceme
an evaluation of reading oomprehension. . Wording of the items mst |
receive oa.reful conslderation go that ambiguity may be avoideds A suit~
able form of item mst be selected to ensure & bigh degree of objeo'bivity.

: With an awarensess of these requirements in mind, the writer set
about to prepare the material for the tests The lack of a oriterion
against whﬁ.oh to  validate the test made it impéi'ative to oconstruet it with
the greatest care so that‘ it mi.ght be efficient in terms of ourrioular or
‘amalybical validity, Both Carlile’ and Glemnom® depended upon this
aspect of validation in their t‘eéts\. |

| The questions on the canputational te‘st weore taken as a basis on

which to work and an attempt wes mado to design i.tems to tast understand-
ings of the processes used in these oompwbatiom. To obtain some idea. of
the manner in whioh students are likely to describe their thought processes

when performing cmnpztationg. scme subjective questions were given informe-

2 v
0&1'15.10, ODe 2_117_0, DPe 214
3 '

Glennon, Ope cite, pe W



ally to several groups. A series of questions was then prepared on
individuel oards. -
The form of item decided upon was the multiple-choice. Dis-

4

cussing the use of this style of question, Ress has this to say:

The mxlt:.ple-ohoice type of item is usually rega.rded as
“the most valuable and most gemerelly appliecable of all test forms.
Lee regards it as "one of ‘the best means for testing judgment
‘that is available", Lindquist asserts that it is "definitely
superior to other. types" for measuring sueh educetional objecte
ives as "inferential reasoning, reasoned understanding, or sound
Judgmont a.nd diserimination on the part of the pupils”.
Re:mnﬁa:f.'s5 and others support this opinion. In addition, this style c;f
item ensﬁres objectivity of scoring, which is an essential characteristie

for this test,
Exporimental Form

An exploratory group of twenty-seven items was prepared and the
material was sulmitted to a number of competent edﬁcatiomlists» for
critioﬁm a.nd'suggestiom/ The cambined jud@anbs of these people eﬁaured_
some degree of validity and made it possible to prepare an experimenbail
form of the test,

Thé test was administered to over ome hundred grade 7-8~9 pupils
in the Greater Victoria Scheol Distriots Seme of the testing was done |
pergémlly by the writer teo obsoirve/ pupil reaction and to calculate the
time factor. In addition, seme testing of individual subjects was pore

. formede Results were carefully anslyzed and a orude comparison was made

4 : -
Ce Co Ross, Measuremont in Today's Schools, ps 145, New York:
Prentice-Hall, Inc., 1941, . . g , ‘

5. S | -
Remmers, ope ocit., p. 167
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with the performance of the same p&pils on the test in cemputatione At

this point it was decided that there was little to be gained by validi:bing
the tes‘ﬁ at this grade level because reading abllity appeared to be such
an important factore As the study was to be performed ultimately with a
group of "a'budeubf-t'é’achera,. it appeared that further testing should be
conducted with a _s:i.milar groups | . | | |
The Ea:ﬁerim‘enﬁa.l Foxin was next a.dnﬁ.nisterad to & group of first
year .oollege s-tudlenbs-unvder the pe'réoiml éuperv:lsion of the writer. In
all stages of preparation of the ‘te&b omms and suggestioim were invited
from the studénbs so thet revision might be maé.e‘ with a view to securing.
greater "face" validity. A careful amlysis of imdividuel working times
was made and it was found that the test sould be oompleted with ease in
fifteen to twenty minmutese The resulté ‘of this group were ’ca.refully
analygzed in terms of alterpatives selected and & crude comparison was made
withl their gemeral achievement standing in mathematicss As a result of

these observations, it was now possible to revise the test and prepare a
Preliminary Forme - - ‘ ' | -

Preliminary Form

~ The Preliminary Form of the test was made up of twenty-seven
maltiple choice items of four or five alternatives, The time factor was
86t at fifteen mimutes or until a large per cent of the group had oompleted
the paper. Simple directions were prepared and a marking key was "‘provided.
The paper was administered to over three hundred ‘teacherg=in=training who
wore invited to comment upon their reaction to the varlous items. The items

were easily and objectively scored by competent students.



Three hundréd campleted papers were selected and arranged in
soare order. They were then divided imto three piles of one hundred each,
thus providing a.n upper and a lower third, Item responses ﬁere tabulated
on large sheets of squared paper and, using the Upper Third-Lower Third
technique, per cemt of validity and per cemt of difficulty were ocaloulated.
The analysis is given in Table VII.

As in the test in computation, the per cemts of validity and of
diffioulty were plotted upon a grid and an arbitrary curve was drawn. This
is illustrated in Figure III. Tt will be seen that only one item falls

below the cwurve to.any appreciable ﬁegree. All $tems show a posi‘b’ive'
velidity ranging from 10% to 52% with only a few mwch below 20%. Thus
they meet the requiremsnt set up by carlile® in his study. Ho reported:

| Itens which did not show a positive disecrimination of as

much as twenty per cent were considered lacking in the power of

- discrimination, - o o
At the seme tiﬁe,’ he pointed out that there is a tendency to include scme
easy and same difficult items whioﬁ will have little discriminmative values

Per oent of &ifﬁcul'cy of the items mnges' frem 77 to 69% with an
average difficulty of 33%. The test, as a ﬁhole,f is easier than desirable
but. perhaps that is inevitahle in é test of this types At the same time,
it mist be remembered that the test was administered mear the end. of &

yoarts consideration of the content,

G ————————

6 _
Carlile, ope cits, p. 215



Table VII

THE VALIDITIES AND DIFFICULTIES IN TERMS OF PER CERT
OF THE. ITEMS OF THE PRELIMINARY FORM OF THE TEST IN
UNDERSTANDING OF FROCESSES

i ) ol

Por cent of Per ocont of‘

Item Validity Diffioulty
1 .2 17
2 | ) 13 A 33
3 32 | 34
s 43 | 30
5 19 R
6 ' 25 19
7 18 10
8 31 31
9 10 7
10 30 35
11 -33 | 36
12 18 10
13 19 , 11
14 26 ‘17




Table VII (contimmed)

THE VALIDITIES AND DIFFICULTIES IN TERMS OF PER CENI
OF THE ITEMS OF THE PRELIMINARY FORM OF THE TEST IN
UNDERSTANDING OF PROCESSES.

Por cent of Per cont of
Iten Validity Difficulty
lé 62 37
17 44 56
18 29 32
19 34 24
20 52 Sé
21 | 14 17
22 36 76
23 31 22
24 27 60
25 a 36

26 28 20

27 24 76




FIGURE III

GRAPHICAL ANALYSIS OF ITEMS OF TEST IN UNDERSTANDING
OF PROCESSES IN TERMS OF PER CENT OF VALIDITY AND

RKEHOHE <

’—l
(@]
&

90

80

70.

60

50 -

40 {:

30

20-

10

PER CEN! OF DIFFICULTY =~ PRELIMINARY FORM

DIFFICULTY

20 16 |
| 17
,//////f\\\\\\\ 2z
"}é/f._ 1 ;\\\\ 3
Z;:\\\\\\\:z7
2
40 50 50 70 80 90 100%



Reliability

The coefficient of reliability was calculated by dividing the
test irnto chance~halves, using the odd and éven scores. The Pearson
Product-Moment method was employed to find the ‘ooefficiexrb' of the half

test, The result was corrected by the Spearmer~Brown Prophecy Formule

and appeé.rs in Teble VIII.

Table VIII

COEFFICIENT OF RELIABILITY OF THE FRELIMINARY
FORM OF THE TEST IN URDERSTANDING OF. PROCESSES
DETERMINED BY ODD-EVEN SFLIT~HALVES TECHNIQUE

Corrected
Form Coefficient Coefficient

Preliminary «566 723




The Kuder-Richardson Formmla was then epplied with the result

shown in Table IX.

Table IX

COEFFICIENT OF RELIABILITY OF THE PRELIMINARY
FORM_OF THE TEST IN UNDERSTANDING OF PROCESSES
DETERMINED BY THE KUDER-RICHARDSON FORMULA:

Reliebility
Form Coefficient
Proliminary ' 574

The reliability coefficients obtained for the Prelimirary Form of the

tostiwere disappointingly low.

The Final Form

The results of the Preliminary form wore subjected to a most
careful scrutiny and a mumber of changes in the wording of the items
wore mades The questions were then arranged in approximate order of
difficulty. Three additional items were added, bring:l.hg the total up to
thirty. The test was now prepared in final form.

in Chapter I there was set forth a list of the concepts which,

it is 'beliéved, forms the basls of the understandings involved in the use



of decimal fractionse It is the function of the presemt test to evael~

uate the students! underétanding of these concepts,

Following is an

" amalysis of the test which indicates the items that are designed to

measure the various concepts:

1.
26
36
4.
5.
6.
Te

8.

9e
10.
1l.
12,
136

14e

184

Concept

Meaning of decimal fractions. -
Reading and writing of decimals -
Value of decimal fractions -

Camparison of decimal fractions -

Function of gzero -
Rounding off mmbers -
Accuracy o'fv measurement -
Effect of moving decimal point -

Looation of point in addition )
Location of poimt in subtraction ;
Location of point in multiplication =

Location of point in division -

Changing common fractions to
decimals -

Charpging decimals to cammon )
: fractiq'm -

Relative value of digits -

Ttem
27
7

5, 10, 21, 28

- 4

3, 8 9
21, 22, 28

18, 30

6, 8, 14, 19,

23, 25

16, 25, 26

12, 13, 14, 17T,

23, 24

2, 29

16

11, 20

The revised test was now administered to 150 teachers-in-

training, . Tt was made up of thirty miltiple~choice items and the time
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factor was set at twenty mimrtese The test was completed by nearly al‘ll
students in the allotted time. Interest appeared to be fairly high and
anbiguity had been largely eliminated, The test was readily scored and
 was oompletely o'p;jed'bive.

' The results were taﬁulated and analygzed as in the FPreliminary

Form, Table X gives the per cemt of validity and difficulty of the items.
In Figure IV the results ere depicted graphically. Per cemts of velidity
run fram 8% to 72k, Difficulty of the items ranges frem 4% to 77% with
an average diffioculty of 33%, the same as for the Preliminary Form. The
graph shows that only a few“items fell below the curve but non; 8o far. as
to cause any real concern, The three additional items proved to be quite
satisfactory, having the following ratings: |

Por cant of Per coent of

Noe Validity ~ Difficulty
5 66 59
7 26 . 55

14 68 : 48



Table X

THE VALIDITIES AND DIFFICULTIES IN TERMS OF PER CENRT
OF THE ITEMS OF THE FINAL FORM OF THE TEST IN UNDER=-
. STARDING OF PROCESSES

Por cent of Per cent of

| Ttem Validity Diffioulty
1 10 5
2 8 4
3 14 9
4 12 8
5 6 59
6 40 | 3
7 26 55
8 34 19
9 16 14
10 30 67
1 22 13
12 26 13
13 . 32 16
12 68 | 48

15 16 24




Table X (cortimed)

THE VALIDITIES AND DIFFICULTIES IN TERMS OF FER CENT
OF THE ITEMS OF THE FINAL FORM OF THE TEST IN UNDER-
| . STANDING OF PROCESSES

Por cent of Poer cent of

Tten Validity Difficulty

17 18 29
.18 34 31

19 32 30

20 42 23

21 50 29

22 52 32

23 56 32

24 48 40

25 58 45
26 32
27

29

44
44

28 72 58
34 77
30

59




FIGURE IV

GRAPHICAL ANALYSIS OF ITEMS OF TEST IN UNDERSTANDING
OF PROCESSES IN TERMS OF PER CENT OF VALIDITY AND
PER CENT OF DIFFICULIY ~~ FINAL FORM
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Ttem Validity Indices Based on
Flanagants Tables

Follorwi;ng tﬁe same procedure as that used in the test on
ocmputaﬁion; ‘validity coefficients were ‘determined on the basis of the
ﬁpper and lower twenty-seven per cemt of i;.he group tested., Reference to
Fians.gan's tables gives values as shown in Table XI. All coefficients are
ﬁositive and range from .15d t0o 820, The coefficients of all items, with

‘the exception of one, are significantly greater than zero. The coefficient
of item Noe 15 is too emall to be indicative of any real correlatione



Table XI

INTERNAL CONSISTENCY OF THE FINAL FORM OF THE TEST IN
. UNDERSTANDING. OF PROCESSES, .BASED ON FLANAGAN!S.
ESTIMATES OF CORRELATION BETWEEN INDIVIDUAL
. TPEMS AND THE TEST AS A WHOLE.

Ttem - Coefficient

1 - 0430
2 -« 560
3 »415
4 «415
5 0700
6 #4856
7 280
8 +600
"] «380
10 «280
11 +505
12 +655
13 700
14 o726
15 #1850 .
16 «560
17 «205 -
18 o415
19 - «540
20 «780
21 6456
22 P31
23 «805
24 666
25 0730
26 +560
27 2450
28 820
29 645
30 «720
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Reliability

The reliability ccefficient of the Fimal Form of the test was
calculated by the same methods a.svl__ wore used previously and the results are
shown in Table XII. The coefficient of reliability was estimated to be
considerably higher than that found for the Preliminary Form and was

considered to be satisfaétory.
Table XII

COEFFICIENTS OF RELIABILIIY OF THE FINAL FORM OF THE
TEST IN UNDERSTANDINGS OF FROCESSES

Reéliebility
Form '  Method Cosffioient
Final Split~halves | +809 (corrected)
o n Kuder-Richardson T W

Relationship Between Scores on Test on Understandings
and Intelligence Test Scores
In an endeavour to discover more clearly the nature of the test
on unders'béndings;" the scores on this test were compared with the scores
obtained by the same students on the Otis Test of Mental Ability, The

coefficient of correlation was determined by the Pearson Product-Moment
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Method with the result shown in Ta.bl‘e XIII. This is somewhat higher
than the usual 4 = 45 (appfox;) found between intelligence test scores
and achiwmztb scbres at this levels A correlation of this magnitude
is olassified by most writers as denoting sﬁbstaubial or marked relations
shipe We may conclude that a fairly strong relationship exists between
the two sets of memsuress Based upon logical cunside!rations, this may
suggest the influence of suoh factors as reading comprehension or the
existence of similarities in the two tests, but the cause-and-effect

relationship cannot be determined from the datas:
Table XIII

RELAT IONSHIP BETWEEN SCORES ON TEST IN UNDERSTANDINGS
OF PROCESSES AND OFIS TEST OF MENTAL ABILITY OBTAINED
BY 150 NORMAL SCHOOL STUDENIS .

r = o688

. Summary

After considering the foregoing factors, i.e., curricular and
"face"” validity, discriminatory falue, degree of diffioulty, objectivity,
fn'aotioality, etos, it was decided that all the items in the test should
be retained and that the test might be considered an acceptable instrument
of evaluation to be used in the presemt study. The Test in Understp.ndings

of Basic Processes Involved in the Use of Decimal Fractions will be found
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CHAFIER IV

INVEST IGATION OF THE RELATIONSHIP BETWEEN COMPUTAT ION
. AND UNDERSTAWNDINGS IN THE USE OF DECIMAL FRACT IONS

The Subjects

The subjects selected for the investigation of the relationship
between ooﬁpatatioml .a.bili'by and understanding of basiec processes imvolved
in the use of decimal fractions consisted of studemts enrolled in the one-
yoar teacher-training course at the Victoria Normal School, All of these
students poéséssed the basioc quali_fica.tiéns required for admission into
the Normal Schools of the Province of British Columbia, i.e., graduation
from high school on the University Entrance Programme (or its eQuivaleni:) .
Many had acquired additiomal credits extending from first yéar universitj}
standing through to the Bachelor of Arts Degree. While the majority of
the students were graduates of the high s-o_hools of British Columbia, some
had acéuired their basic education in other varts of Canada and Europe.

The range of I.Q. scores of the group measured by the Otis Test of Mental
Ability, extended from 91 to 137, with a standard deviation of 8,7. The

ages of the testees ranged from 17 to over 40, TWhile the students. formed
a diversified group, they were typical of the people who teach school in
British Columbiae. It may be assumed that, having fulfilled the require-
ments for entrance inmto Normal Scheol, all had received basie instruoction
in the fundamentals of computation wifh d§cima1 fractionse Howover, it

is likely that there would be considerable variation in the mé'bhods by
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which they had received thelr instructions

Administration of the Tests

The tests which have been described in the previous chapters,
a.nd which appear in Appendix_A and Appendix B, were used for the investi~
gation of relationship. Shortly after the students éssembled for the
£a11 term, and before any instruction had taken place, the tests were
admipiste’red to 'bhé‘entire studen£hbody, consisting of two hundred forty
students, Thus, the testees received mo benefit from the course of
instruotiqn é.'b the Normal Schéol in which the meaning theory is emphasized.
The students answered the papers, equipped with the M1adge and under=-
standing acquired from their previous education and experience.

The test in computation with }de.cimal fractions was administered
first and & time-linit of thirty mimites was allowsds This proved to be
ample time fof most students to finish with ease. The tost in under-
standing of processes was given immediately following the first test and
a time-1limit of twenty mimates provided long enough for the majority to
complete all the itemss This order of presenting the tests appeared to |
be the logical one as the iubenbion was te discover the subjeots! underw
standing of the proocesses employed in the computation. Had 'bhakreverse;
order been used, it is possi‘blevt‘ha.t the items in understéndings might

have proviéed clues to the solution of soms of the quéstions in computation.

Analysis of the Results

The scoring of the papers, under the supervision of the writer,
was completely objective. 1In the test in computation the scores ranged

from 23% to 1004 correct with a mean of 74% correct, In the test in
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understandings the scores were distributed from 18% correct to 100%

correct with a mean of 61% correct. There is a wide range in achieve-
ment shown in the results of both tests--an outcome which might be antici-
pated from the range in inbelligenb quotient scores previously stated.

| Two hundred thirty-six papers were selected and the Pearson
Product-Mcment method was employed to caloulate the coefficient of
correlation between the results of the test in computation and the test
in understandings. The result is shown in Table XIV. The dete indicates

the existence of a positive relationship of considerable magnitude between

the scores obtained on the tests in computation and understandings.

~ Table XIV

RELAT JONSHIP BEIWEEN SCORES OBTAINED ON TESTS IN
COMFUT AT ION . AND UNDERSTANDING OF PROCESSES INVOLVED
IN THE USE OF DECIMAL FRACTIONS BY 236 NORMAL SCHOOL

STUDERLS

b o — +670
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A gbtudy of the scatter diagram reveals the following points
of inmterest: ’

1. High scores in understandings tend to be accompanied
by high scores in computation. ‘

2. Low scores in computation are gensrally accampanied
by low scores in understandingse

However,

3¢ High scores in computation are found throughout a
fairly wide range of scores in understandings,

and

4. There is a fairly wide range in scores in computation
. ‘acoompanying low scores in understandingse :

Two examples of extreme scores may be oited, Case A succeeded
in answering 867 of the items in computation correctly while possessing :
only 21% of the understandings of the .other test, This indiviéual had &
relatively low I, Q. rating. Case B scored 54% in the understandings but
only 28% in cmiarbation; These oasé‘s; however; were isolated and not

indioative of the gemeral trend of relatiomships | |

In a further a'btempb‘to analyze the» results and to secure more
data on the inter-relationships of the tests, coefficients of correlation
between the résults of the tests and intelligence tesf s00r'es were
determinede The relationship between I.Qe and scores on the test in
understanding was found to be r. = .547. :(This is reasonmably close to
the correlation of r = .685 referred to in the last ohapberw) The
relationship between computation and I, Q. was calculated to be r = .48,

A composite statement of these -eorrelé.tions is given in Table XV.

Ses pe 50 _
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Table XV

COEFFICIENTS OF CORRELAT ION BEIWEEN TESTS

Compu~ Under-
I. Qe tation standings
Ie Qe o481 547
Computation = 481  +670
Understendings 547 «6T0

Partial Correlation

The influence of the facﬁor of intelligence, which has a common
relationship to the variables of computation and understa.ndings," tends to
obsoure the true results, The differences among individuals, inbrodncéd
by the factor of imtelligence, ocan be eliminated by using the method of
partial oorrelation,: Using the technique deécri‘bed by Garmtf,z the
net correletion between camputation and understandings, with intelligence
"partialled out”, was caloulsteds The result obtained was:

r

554

2
Honry E. Garrett, Statisties in Psychology and Eduéatio:_t, :
PPe 378-408. New Yorks Longmans, Green and Compaxny,. 1953e



Sumary

The tests in computation and understandings in the field of
decimal fractions, were administeréd to a group of student~teachers.,.
While the testees formed a diversified group, it was assumed that they had
a cammon background in the area covered by the tests. No instruction
proceded the testing progremme. The results of the imvestigation indi-
cated the existence of a positive relationship of considerable magnitude
'be'h;reen eomputation and understandings. Theﬂ coefficient of correlation
was found to be r = ,670, When differences ;:m intelligence had been

allowed for; the net ocorrelation was found to be somewhat less than the

apparent relationship, i.ee r I ,654.
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CHAFTER V
SUMMARY AND CONCLUSIONS
Sumary

Purpose of the study:

 This study was undertaken in an attempt to discover what relation-

ship, if any; exists between a subject's ability to perform meohanical
camputations and his understanding of the inherent mathematical principles,
in the area of decimal fractions. Modern theory of arithmetic instruc-
tién places great emphasis upon the acquisition of mathematical meanings

in the learning préoess’. The wri-berfs parpose in eonduébing this sbudy
was to _investiéa.te the validity of the olaims set forth by the proponents

of the meaning theory and to add some evidence to the slowly accumulating
body of knowledge concerning the flace of understandings in arithmetie

- instruction.

Materials of the study:

The topie of'deeimllfraotions wes ohoson as the area of inves=-
tigation becauss of the universality of its comtemt and the essential
- nature of its material in owr societys, The subjeots chosen for the
investigation were student-teachers, because the topie of the imestigae
tion has particular significame for teachers and also because Nomgl

School students provided a convenient group for the comduct of the study.
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Proocedure _9£ the studxx

The pursuance of the investigation depended upon the use of suite
able testing instruments. As no tests which met the rather rigid require-
ments of the study could be obtained, it became necessary to undertake the
construction and validation of original materials suitable for the specifiec
purpose, The preparation of the tests in computation and understandings
became a ma.jor phase of the study.

Mueh _prelimin#ry testing took place and the tests were revised
several times in an effort to mest the specifications of sound, accsptable
testing instrunents. Pupils of the grade T=8-~9 level provided the sub-
Jects for the establishment oi‘ the validity and reliability of the tost i.nn
computations The test in understandings was developed using studente
teaohers as testees.

The intermal consistency of .test items was determined by using
a technique based upon the discriminating power and the degree of diffil-
culty of the items, using‘the upper and lower thirds of the groups. A
furt:her check of internal comistemjr was made by reference to tables
prepﬁred by Flémgan, using the upper and lower twenty-seven per. cent
of the groupss Reliability was estimated by the split=halves technique
and a further estimate was made using the Kuder~Richardson method. These
statistioal results indicated that the final forms of the tests could be
used for the- purpose of :bha vinvestigation with some confidence in their
efficiency. The finished tests should have further usefulness beyond
the purpose of this study.

Results of the imvestigation:

The investigation was conducted using student-teachers as sub=

Jeots. The group tested was diversified in respect to age, background,
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academic status, and intelligemce. All had in common some knowledge of
the use of decimal fragtions. No instruction or explamtion preceded the
adminigtration of the tests. The test in compubation (Appendix A) was
first given and was Aimedia:bely.j followed by the test in understandings
(Appendix B), Two hundred thirty-five papers were used to estimate the
degree of iélati.bnship between computational abili*E:}r and understandings
of mathematical principles. fhe ooefficient of correlation was found
by the Pearson Product~Moment method to be: r = ,640.  Further
correlation cooffioiemts wore computed which produced the following datas

1, Understandings - Intelligenmce: r = 4547 | |
2. Computation - Imtellizence: r o= .48
‘The common factor of intelligence was "partialled out" and the nst
correlation between compubation and un&erstandings was found to be:

r = ,554.

Conclusions

The data oﬁbained i'rdm the investigation leads to the following
inferenses and comolusions:

1. Theré is a positive coefficient of correlation between soores
on the test in computation and scores on the test in understand=-
ings in decimal fractions. 'This indieates that there is a
tendency for the scores to vary in the sém direction. High
scores in one tend to acompaw high scores in the other,-b while
low soores in one are usually found along with low scorés in
the other. The size of the correlation coefficient ( r = ,640)

is of substantial magnitude,



2.

Se

4.

Se

6e

The common factor of inmtelligence has an influence upon the
relationship between the two variables. When imtelligence is
held constant, the partial coefficient is less than the apparent
cosffioiont, whioh indicates that relationship is due, in part,
to the common dependence of both variables upon the inbollige‘noe
factor, The net correlation is of marked magnitude ( r = .554).
The magnitude of the relationship between understandings and
inbelligence.‘is indicative of oommon elements in both

(r = .547). | ﬁawever, a high I. Q. is not a guarantee of a :
high level of understanding. o v

The mlationshif between intelligence and computational ability
is positive»but not high ( r = .481). Cmptrta.t:lomi campe~
tence in decimal fractions seems to be'fossible with a rqlé-bively
low Io Qe (in terms of the group used in this investigation).

Whilé the t;-end is that inerease or decrease in one variablew is

. accompanied by increase or decrease in the other, there is cone-

siderable evidence that neither is essential for the other, and
that high scores in one do not guarantee high scores in’thb other.
Although it appeé.rs, from a study of the soatter diagram, that

one who is ‘aware of the mathematioal pr:lncipies involved in the
use of deoi;znal fra.ctions‘halts' a groater likelihood of succoéé in ,
ccmputation, the sug_gestio‘n‘ df oaysal influence must be reﬁ,e_‘o'bed.
It cannot be inferred from the data that the concomitance is an

indication that understandings insure better computation, or

vise verse.
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Suggestions for Further Study

Ae the study progressed, lack of sufficient research in certain
areas became evident, The following points are suggested as fields for

further investigation:

1. It iznmediately became apparent that there is need for a clearly
defined statement conoerning what oons‘bitutes a body of understandings in -
arithmetics While volumes have been written on understa.ndings, there
seems to be reason for Van Engon's 1 statement that:

Judged by its orucial inportanca in detemining methods of
instruction, curriculum combent, and supervisory practices, the
precise nature of meaning has received relatively little atten-
tion in the educational literature dealing with the outstanding
problems of aritimstic in the elemenmtery schools. Failure to -
make more precise the nature of meaning in arithmetic has
resulted in confusion and controversy.

This lack of a specific statemenmt of the mture of understandings presem:ed
a difficulty to the writer and points the wa.y to needed studies,

2, Aftver deciding upon the nature of the investigation; it became
negessary to secure suitable testizig‘inatrumenbs. ‘It became apparent at
once that satisfactory tests wore not available and ﬁould have to be con=-
structed. While there are many good tests in computation with deoimal
fractions; none could be found that entirely met the specifications demanded
by the proposed study. It was found that, while a small beginning has |

been made in the measurememt of understandings, there is need for muoch more

research in this area of evaluation.

i |

H, Van Engen, "An Analy'sie of Meaning in Arithmetiec. I", The
Elementary School Journal, XLIX (Fe‘bruary, 1949), pe 321.

~
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3+ Having embarked upon the task of constructing a tes‘ﬁ on under=
s'bandings;' the writer was confronted with the problem posed by J_.a.ck of
adequate and valid ciiterion measures. Thus, it was ﬁaoessary to employ
internal oonsiétenoy techniques invalidé.ting the, test items. It is
obvious that there is great need for research in this areas

4, Althouéh mioh has been written about the desirability of de-
veloping mathematical understandings, more studies are meeded to reveal
the results which accrue from the use of the meaning theory of instruction.
More investigatlions, based upon the ove.lixation of the outoames ;>f different

methods of instruction, are needed to indicate the results of meaningful
instruction.

S5« Many more studies, similar to the present one, should be con-
ducted in other areas of aritimetie and at other educational. levelé to
provide data on the “rélationship of computation and understandings.

' Only by diligent appliecation to these relevant problems, éan
data be acoummlated to add to the body of kmowledge concerning é.rithms’cio

instruction and the place in it of understandingse
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APFENDIX A

DECIMAL FRACTIONS

s 20 o8 o0 s

Time: 30 minutes :
SCHOOL NAME T
GRADE DATE

_ Place answers in spaces at the right. .
1. .09 + .06 + .07 ’ 1.
2; 4 X W2 2.
5

4e

5.

9e
10.

11.

$1.67+$4+ $ .03 +$12.00 + $2.05

e
$ .78
x 56
4o
1000 x 19.62 5

Which 1s largest: )
1.01; 1013  11.001:; .010; 100.1 6.

012 x 2,45 _ 7.
25T 6.5 ) 8.
.00l x 1.0l | 9.
L001 &+ 1 10.

4) . 0104 11.




12.

13,

14,

15.

16,

17.

18.

19.

20,

21,

22'

23.

24

25

-2 -

Write as a mixed decimal:

Subtract $15.67 from $4671 12,
From 9674.196 take 362.8074 13,
69.7 + 145.962 4+ .0346 + 1,002 4 18,11
14,
Write as a decimal fraction:
fifteen hundredths 16.
0) L0126 17.
T+ .9 18.
Find 2/3 of $3.15 19.
Write in words: (as common fraction)
.09 ' " 20
Express as a mixed number:
8031 21,
Find the difference between ,044 and .22
22,
Divide to find the value o :
3,69
12.3 23,
Express as a common fraction: .O01l7 o4,

six hundred thirty and seventeen thousandths

25,




NG

26,

27,

28

290

30,

31,
32

35
34.

55

-3 -

Find the average of: (give answer to the)
(nearest hundredth )

95; 103%; 90.5; 105%; 100

26,
Divide 9.02 by 1000
(answer in decimal form) 27
Write in words: (as mixed number)
107,029 28.
Which is largest:
1764 ¢ 023 +199; . 0033 .21
29,
45) 98 - (Correct to 2 places of decimals)
30,
What will be the cost of 6% gallons of
gasoline at 40.4¢ per gallon? (nearest cent)
31,

Express to the nearest hundredth: (as a decimal)

0.106 324

Express as a decimal fraction correct to the
nearest hundredth:

6/7 33

Express to the nearest thousandth(as a decimal)

1706.17428 34,

$57.00 + 60¢ 35,
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AFPENDIX B

UNDERSTANDING OF PROCESSES WITH DECIMAL FRACTIONS

® 0 06 0 0 800 ¢ 0 e

SCORE

00 e 9 e 00 o0

'SCHOOL NAME
DATE
CHOOSE THE MOST SUITABLE ANSWER FOR EACH QUESTION.
1. In addition of mixed decimal fractions it is important to

3

4.

5.

arrange the numbers so that:

A,
B.
Ce.
D.

To

the last figures of all numbers are in the same column

all figures with the same place value are in the same column
the first figures of all numbers are in the same column

none of these

know that a common fraction indicates:

.A.
B.
C.
Do'
E.

multiplication
enumeration
addition
division .
subtraction

Adding a zero to the end of a decimal fraction:

A.
B.
CO
Dl

The

makes the value 10 times as much
makes the value 1/10 as much
makes the value 10 more

does not change the value

largest of several decimal fractions will be the one

with the largest figure in:

A,
Bo
CG
D..

The

A.
B.
Co
D.

Ir

tenths place
hundredths place
thousandths place
any place

number: 6.00 has a value of;

6 hundreds

600 hundreds

6 hundredths
600 hundredths

a décimal point 1s moved  two places to the left the .

number becomes:

A,
B.
C.
D.

The

A-"c -

B.

- C.

D.

one-tenth as large

ten times as large
one-hundredth as large

one hundred times as large

number 0170 should be read:

‘seventeen hundredths

One hundred seventy ten~thousandths
one hundred seventy thousandths
seventeen thousandths

Changing .645 to .0645:

A'
BB
C.
D.

does not change the value
makes value 10 times as much.
makes value 1/10 as much
makes value 1/100 as much

change a common fraction to a decimal fraction one must
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9. If the number 42.56 1is changed to 42.056, by inserting
a zero after the decimal point, the value becomes:

A. unchanged

B. 1less

C. greater

D. ten times greater
E. one-tenth as much

10. The value of & decimal fraction is detewmlned by

A. the size of the flrst digit after the decimal p01nt

B. the position of the last digit after the decimal point

C. the position of the largest digit after the decimal point

D. the position of the first digit, not including zeros,
after the decimal point.

1l. Which of the following numbers has the figure "6" in the
thousandths place:

A. . 4695.5417
B. 6495.1724
C. 43%25,2163%
D, 4175f6000 52 ‘ |
12. In the question eH) 16 the answer is larger than
. the number divided because: ’ .

A. 16 is more than .5

B. it is the same as multlplylng by & '

C. dividing a number always gives an answer larger than
the number .

D. it is the same as finding how many %'s in 16

13, If a decimal fraction is divided by 1000 the decimal p01nt
is moved three places to the left because:

A. the number becomes 1000 times as large
B. the number is increased by 1000
C. the number becomes 1/1000 as large

. Ds the number is decreased by 1000

14. 1In the question: 1.6) 620.54 if the decimal point

is moved one place to the right in the divisor and one place
to _the left in the dividend, the answer will Dbe:

A. one hundred times as great
Be ten times as great

C. one hundredth as great

D. one tenth as great

E. unchanged

15, When a decimal fraction is changed to a common fraction
(not reduced) the denominator will have one zero for:

A, every figure to the right of the decimal point

B. every figure, except zeros, to the right of the point
C. every zero to the rlght of the point

D. none of these

6. Multiplying a decimal by 1000 moves the decimal point

A. two places to the right
B. three places to the left
C. two places to the left
D. three places to the right

7. In division with decimals the divisor may be made a whole
number before dividing because: ‘

A. you can't divide by a decimal

B, moving the point does not change the value of a number

Co 1t is more convenient '

D. the point in the quotient must be directly above the point
in tge dividend

E. the value of a fraction is unchanged when both terms are

' multiplied by the same quantitye.



18.

19.

20. .

21.

22,

23

24.

25.

-3 -
The measurement 1.050 inches 1s accurate to the nearest:

A. tenth of an inch

B. hundredth of an inch

C., thousandth of an inch

D. ten thousandth of an inch

Moving a decimal point two places to the right has the same
effect as:

A, multiplying the number by 10

‘B, multiplying the number by 1000

C. dividing the number by 100
D. none of these
(a) (b)

In the number: 55 5.5 5

A. Digit (a) is 100 times digit (b)
B. Digit (a) is 10 times digit (b)
C. Digit (a) is 1/10 of digit (b)
D. Digit (a) is 1/100 of digit (b)

The number .6925 has a value of about:

A. .69 hundredths
B. 2 hundredths '
C. 9 hundredths

D. 69 hundredths
BE. 692 hundredths

If a number is to be expressed accurately to the nearest
hundredth it must be found to at least:

A. one place after the decimal point

B. two places after the decimal point
C. three places after the decimal point
D. four places after the decimal point

In the question: 1,257 §72.3 if the decimal point
were located one place to the right in both numbers the
answer would be:

A, ten times as large -
B. one-tenth as large

Ce one hundred times as large

D. one-hundredth as large

E. unchanged .

If no zeros are added to the dividend, the answer to the

question: 4.2) 69,735 will be a two-place
decimal because:

A. thousandths divided by tenths is hundredths

B. there are two figures in the divisor

C. tenths times tenths is hundredths

D. there are two places before the point in the dividend

In the question: 6.42 x 15,7 if the decimal point were
located one place to the right in the first number and

-two places to the left in the second number the answer would be:

A. ten times as large

B. one tenth as large

C. one hundred times as large
D. one hundredth as large
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26. In the question: 6.92 x 74,3 = 514.156 the decimal
‘ point is located thus in the answer because:

A, one and two are three

B. hundredths times tenths is thousandths

C. tens times hundreds is thousands

D. there are three places to the left of the point in
the numbers multiplied.

27. A "decimal" is a fraction with an unwritten, but understood,
denominator which will always be:

A, one

B. ten :
C. any multiple of ten
D. any power of ten

E. none of these

28, The number: 2.13%4 has a value of about:

A, 1 tenth

B. 13 tenths
C. 21 tenths
D. 213 tenths
E. 2.1 tenths

29. To change a fraction, such as,3/4, to a two-place decimal
we divide the numerator by the denominator and we must
think of the numerator as: ‘ :

A 3 hundreds
B« 3 hundredths
Ce 300 hundredths
D. 30 hundredths
E. none of these

30 The sum of: 16.17", 459.4", 142.167", 2.130"
will be accurate tO the nearest:

A. inch

B. tenth inch

C. hundredth inch
D. thousandth inch




