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ABSTRACT

In an application of the laboratory method to the
teaching of arilthmetic during the past decade, there has
been a marked increase in the use of manipulative waterials.
These are concrete devices, used as teaching or learaing
aids, which can be handled and moved ahout to represent nume
bers as groups aad to dranatize the processes as groups in
action, Theoretical and philesophical writisge by educa~
tional authorities have endorsed the use of such materials,
but there has been a rather complete lack of any scientific
study to determine their vreal valge.

In recognifion of the need for evaluation of tihis
growing practice, this giudy was conducted to deterwmine the
effectiveness of manipulative materials by comparing the
growth in aritimetic achievement of two groups of third
grade children in the same school, one group using pictor-
ial and symbolic materials only and the other group using
manipulative materials in addition to the picterial and
symbolic materials,

In September, 1958, two groups of third grade pupils
at liyrtle Place (Public) School, in Lafayeite, Louisiana,
were tested for intelligence and aritlmetic achievement,
The two groups were then equated as nearly as possible
according to basic skills in arith&etic, nental ability,

X



age, sex, and number, During the following semester the
author taught both groups of childre:n, She had the same
overall objective, that is, to teach arithmetic as an organ-
ized, systematic way of thinking., Both groups used the same
textbook and workbooks, DBoth used the same supplementary
pictorial and symbolic materials, The same materials used
alike with both groups by the same teacher constituted the
control factor in the study., The additional use of certain
manipulative materials with the experimental group provided
the variable factor in the study,

In December teéts were administered to determine the
amount of growth in arithmetic achievement of each group, and
of the upper thirds, the middle thirds, and the lower thirds
of :both groups. The differences between the means on the
tests in September and in December were used to determine
the significance of growih., Although there was statistically
significant growth within each group, there was no signifie
cant difference between the growth of the control group and
the experimental group, or their subegroups,

Therefore, it must be concluded that within the scope
of this study, which wae limited to the first half of the
third grade and the arithmetic learnings usuwally laid out
for this period in the course of study, no significant gain
in growth in arithmetic achievement was obtained by the

xi



additional use of manipulative materials over the use of
pictorial and symbolic materials provided by the textbook
and workbeoks, supplemented by other conventional pictorial

and symbolic materials provided for the class.

xii



OBAPTER I
THE PROBLEM AND DEFINITION OF TERMS USED

The use of manipulative devices in temching arithme-
tic is not new. There has been increased interest in these
materials, however, since World War II and educators have
been quick to urge teachers to use them, The Eighteenth
Yearbook of the MNational Council of Teachers of Mathematica
on "Hulti-Sensory Aids in the Teaching of Mathematics,® pubs
lished in 1948, is evidence of the great interest in the use
of manipulative as well as pictorial and symbolic materials.
In a contribution to this yearbook Bdith 8ifton recalls some
recent developments in the use of teaching aidss

' Remember those first projectors and thelr glass
8lides, and how progressive some of us felt when we
began to use them in our classrooms? Shortly, we
brought movie® to owr students and began to talk to
each other about the various kinds of *visual aids."
Next, we added ear appeal, and "talkies* became in our
language, "audio~visual alds.? Now, we find ocurselves w-
teachers of mathematics «» stepping to the fore with an
entire yearbook devoted to "multi-sensory aide.® We are
noting that children learn through other avenuealthan
their eyes and ears »= for exemple, their hands.

In the same article S$ifton recommends the use of

manipulative materials.

1 gdith Sifton, "Multi-Sensory Aidss Some Theory and
a Few Practices," Eighteenth Yearbook of the National Coune
cil of Teachers of ¥§§§ama§¥cs (New York: Bureau of Publica~
tIons, Teachers College, Columbia University, 1945), p. 1.



Put something concrete into the hands of a child,
something that will enable him to enter actively into
the learning situation, and auditory, visual, oral,
tactual, and muscular sensations unite in a érige that
has real power in forming new thought patterne.

Bmphasiging the use of these aids the writer asks:

Wouldn't 3%g prefer to acquire division facts with

your hands and eyes, as well as with your head?
Houlén’§ you understand them better, and remember thenm

longer?
THE FROBLEM

8tatement of the problem. It was the purpose of this

study 1o determine the effectiveness of wanipulative matere
ials (1) by comparing the growth in arithmetic achievement
of two groups of third grade pupils in the same school, one
group using symbolic and pictorial materials and the other
using manipulative materials as well, and (2) by comparing
the advancement in arithmetic achievement of the upper
thirds, middle thirds, and lower thirds of each group.

Importance of the study. No other scientific study

has been made to deternmine the degree to which manipulative

devices affect learning in arithmetic.

2 rbid., p. 4.
8 Ipbid., p. 7.



DEFINITION OF TERMS USED

Xanipulative materials. Those devices, used as
teaching mids, which a child can handle and move about are

known throughout this study as "manipulative materials.®
Some of these, such as clocks, cartons of eggs, and coins,
have real scciml significance and are used in sogial situa-
tions. Others are designed specifically to help the learner
to understand sonms mathematical prineiple,

Plctorial mmterials., These alds include pictures,
illustrations, photographs, charts, diagrams, and similar

materisls,

Symbolic mpterials., These materials are found in
textbooks, workbooks, newspaper clippings, and other printed
matter in which arithmetic is expeessed with sbstract syn-
bols, such as words, nusbers or letters,

ORGANIZATION OF THE STUDY

This study is divided into six partss
Chapter I, The problem is defined and definitions of
terns are given., An overview of the entire study is also

presented,
Chapter II, The importance that educators attach to

the use of aanipulative materials is slhown in a review of



4
the literature, The need for a scientific study to measure
the effectiveness of thege materials in teaching arithmetic
is stressed,

Chapter IXII. An anslysis of the method used in
equating the control and experimental groups is included
with information about the pupils and an evaluation of the
tests administered,

Chapter IVe MNaterials, methods, and selected learn~
ing activities common to both groups are described as the
control factor in the experiment, The variamble factor is
shown to be the special methods and learaing activities
using manipulative materials with just the experimental
group, |

Chapter V. The extent of growth in arithmetic
achievement is determined by intra~gioup coumparisons of
the results of tests admiaiﬁtared in September and December.
Then the growth of tha two groups, as 'mll as their sube
groups, is coupared to find if there is any significant
difference,

Chapter VI, After a brief resume of the study,
conclusions are drawn from the intra-group and inter-group

comparisong, and some proposals for further study are made,



CHAPTER 1IX
REVIEW OF THE LITERATURE

Much has been written about the use of multi-sensory
aids in the teaching of arithmetic. Some studies have been
made to compare the use of the various types of materials,
but there is 1little or no really scientific evidence to
determine the effectiveness of manipulative materials in

comparison to pictorial and symbolic materials.

Relation of instructional materials to learning.
There is no complete agreement in the literature on the use

of manipulative materials «- the nature of the materials,
the way in which they should be used, or their effective-
ness, BEducators do agree, however, on the desirability of
using sensoy materials to stimulate the learner to absiract
his idems and practices,

Sensory learning is used to suwoply a framework for
our thinking about abstractions whick have nothing to do
with our senses at all,

e % @ * 6 ¥ * B O P & $ X & H ¢ G 8 ¢ W 4 & &« e @ S ¢ @

Without the experience of the actual sensory percepe
tion of the results at one time, one's imagination has
pothing upon which to base its creativeness . . »

Instead of making our teaching a succession of memory
images, we should search for every opportunity te
engourage the free 1maginatien, the speculative twist of
perceptions, the courage to think and talk about what
would happen if, the shared delight of the new idea, the
explorer's enthusiasm for new physical territories

5



transferred 1o the reailms of the mind . . .1

Host writers have an individual theory as to the use
of manipulative materials, After twenty years of experimens
tation Stern developed manipulative materials designed "to
pat the number gystem into such concrete form that the child
would gee and grasp its atruaturu,”g She ies highly critical
of the use of objects whose other assccigtions may detract
from the number notions under consideration,

It bas always been the job of the educator to put
abstract nunber relations into concrete form which is
adapted to the chiid's interest and his mental capacie
ties, But while we adjust our teaching to fit the inner
nature of the child, we must do so without damaging the
ianer nature of mathematics, HNodern teaching atiempts
have so overdone the adjusting that the arithmetic it
gelf is camouflaged and congsequently poorly learned,.

Objective teaching makes sense only 1f the objects
teach what the child is to learn, Let the object come
pearer the inner aature of numbers, and the child cannot
fail to "gee® numbers and to think in aumbers., If the
objects are cookies or pencils or bunnies then the child
will net grasp the number relations because they seem
irrelevant. « « « It is not enough 1o meet numbers in
1ife situmtionsi the interesting appearance and the
practical use of the objects te be counted may distiract
from the basic number concepis. » . . We do not fill
iiﬁg situationu‘with numbers, We £ill numbers with

(€ N . .

1 Henry W, Syer, "Sensory Learning Applied to Mathe-
watics," Twent*»?irst Yearbook of the National Council of

Teachers O hemailcs (washington, D, C.¢ The National
Councll of Teachers of Mathematics, 1953), pp. 108 and 115,

2 catherine Stern, Children Discover Arithmetic (New
York: Harper and Brothers, T§E§5, Ds o

8 1bid., pp. 3-4.
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Wheat even avoids using the terminology "object or
concrete stage® because, he says, "it suggests the study of
objects rather than the study of groups."‘ He maintains
that the objects are subordinate to the groups, being sep~
erated and recombined only in order to answer questions cone
eerning tho zroup. The importance of the activity is the
thinking the pupils do about it, the gonclusions they draw.

In support of the concept that "meanings are most
readily developed in experiencing coacrete things,“5 Spencer
and Brydegaard suggest that the classroon for mathematics be
a "learning~laboratory.,® However, they say:

This does not imply that equipment or fancy gadgets
in a room or things that children build make the class
roonm a "learning-laboratory.® Rather, a classroom be-
comes & learning-laboratory when it produces mental and
physical activity that results in experimentationi this
in tuwrn should lead to formulation of procedures and to
generalizations based upon reliable and sufficient ine-
formation, The materials for the laboratory are within
reach of every teacher, The materials consist, for the
most part, of things that children and teacher bring into
the classroom for the lessons under consideration, , o

The force behind the scenes for a laboratory for
learning 1s the classroom teacher, The teacher who
senses the procedures for meking the classroom a laberas
tory far learning is invaluable, and no material equipe
ment ¢an replace him, That teacher will find soue of
the better commercial materigls helpful, but he will net

4 Harry Grove Wheat, How to Teach Arithmetic (Evans-
tona Row, Peterson and comédﬁﬁﬁ'lﬁﬁii, Pp. S26=27.

§ peter Lincoln Spencer and Marguerite Brydegaard,

%&é&giﬁﬂ thematical Congepts (New York: Henry Holt and
Oﬂp‘ﬂy, '] P . .



be lost without them, He is the type of teacher who can
teach without textbooks, On the other hand, the teacher
who doesn't sense how to stimulate his learners to
experiment and to formulate procedures and generalizae
tions is mot likely to do a very different job of teach-
ing dgst because he has pgadgets and equipment in hie
°00m o

Adding to the concept of a good teacher, Wheat says:

The good tencher is constantly on the alert for
opportunity to teach a lesson, and the good teacher
makes use of every such eppqr%unity, those which the
systematic studies provide regularly day by day as well
as zgose which everyday incidental happenings provide
Bratlfe ¢ ¢ »

Learning like gold is where we find it, Learning
1ike a jewel is how we shape i;._ Each ig a complement
and a supplement to the other,

It appears that educators do apiree that the success
of a meaningful program in arithmetic depends, to a large
extent, upon methods and materials of instruction, The cone
gensus seems to bes

There is no one method or any single type of instruce
tional materials which will suffice in all situations.
The skilful teacher selects methods and materials in
terms of the outcomes to be achieved and of the needs
and the interests of the children, If instruction in
arithmetic is to insure a steady growth in understanding
number relationships a wide variety of instructional
materials must be useg to enrich and to supplement the
learner's experience,

6 Ibid,, p. 5.
7 Wheat, op. m;, Ps T2a

8 poster E. Grossnickle, Charlotte Junge, and William
Metzner, “Iastructional Haterials for Teaching Arithmetic,®

iftieth Yearbook of the National Society for the Study of
m, Part 11 (ChIcagor The Ulvers ty of Chicago
ess, 1951), pp. 155-56.



Peychologists Cole and Bruce point out the value of
the use of manipulative materials in terms of behaviors

Whenever the field of our perception becomes too
complicated to hald in mind, to manipulate in the form
of symbols, and to anticipate the consequences of trying
this or that, we draw diagrams and build models. « « »
As the diagram of the thought model is built, new shapes,
new relations are perceived, and the individual recoge
nizes. gomething familiar, %The Gdstalists would say it
facilitates the coming of insight,

Thus the buil of the model, the drawing of the
diagram -« either, in imagination or with physical
materiais ~~ is a crucial step in the human thought pros-
¢ess., The mrchitect thinke with his drawing board and
ingtrunents, ihe machine builder with his model, , + &

It is thie ability to build a thought model which
transforme the direct, bumbling, blundering behavior

of the unthinking child inte the_ thoughtful, planful,
reasoning behavior of the aduit,?

Literature on the use of manipulative, pictorial and
Symbolic materials. The function of these types of instruce
tional mmterials ®is to assure growth of understanding and
the ability to make generalizations about the guantitative
aspects of social situations,*'0 This theory seems to be
commonly held by most educators, but there is a divergence
" of opinion regarding the relative values and the classifie

cation of the materials,

9 Lawrence E, Cole and William F, Hruce &n@t?%l
Psychology (New Yorky World Book Company, 19‘505, PP o
10 o0 J, Brueckner and Poster E, Grossnickle n

githmtic ¥eanineful (Philadelphiay The John €, Win
Lomparny, 19 s Do 0584



19
Morton analyzes the levels of learning through which
he says that a cohild should pass to attain understianding of
number relationshipsy

In the development of most topics the first experi~
ences should be concrete, That is, they should be
sensary in characteri they should deal with objects
which can be:-seen and handled, Later experiencez may
be semiconcrete; they may deal with pictures of objects
and with diagrems. 5till later experiences will be
abstragt; they will deal with symbols with no objects,
or plotures, or diagrans,

(IR A A S T A O 2 I N N N I T R L R B Y I

« » o arithimetic is basically abstract., It is neces~
sary that the pupil meve from putting groupa together to
adding abstract numbdrs. This transition from the cone
erate to the abatract is uscally best made by going
through the intermediate step in which the semiconerete
kind of experisnce is provided, DBiagrams, drawings, and
the 1ike are gemigoncrete materials., Sometimes a stage
part way between the ¢0nurwt§ and the semiconcrete ~» g
plcture stage ~« is helpful, 3

Morton pointe out that the teacher nmust supply the
object stage which obviously cannot appear in the cowrse of
study. An even more important obligation of the teacher,
according to Xorton, is knowing when each pupil should move
from one stage to the next, sv as not to hinder the under
standing of the slow learner nor the advance of the quick.lz

Irene Sauble emphasizes that obligation of the

teachers

11 pobert Lee Morton zmhinﬁ Children Arithmetic
{Chicagot Silver Burdett coépany, ‘ T, ppe 4 and 52,

12 mid., p. 10.
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While individual differences among pupils make it
necessary for pupils to work on different levels, it is
the obligation of the teacher to guide pupils toward
higher levels of thinking, Sensing just when and how to
gg this is the esgence of ekill and artistry in teache

g

She further describes three somewhat different stages
in learninge¢

e & » the manipulation of conerete objects represents
anly the first stage in the development of pupils'! nume
ber ideans. In the second stage of progress pupils are
able: to "think® certaln arrangements when the objects
are present only in imagination, and in the third stage,
no objects ara present or imagined and pupils have
develaped the ablility to use the language of number, As
gupixa snalyxe, asmemble, and compare groups of objects,

he teacher needs to guide their thinking to the point
that u!xuneauent*wiil be made steadily towerd a higher
stage. ;

Wheat objects to the classification that Norton and
others use, Ne¢ thinks that the terminology desceribing the
four stages -« concrete, picture, semiconerete, and abe
stract »« guggests objects rather than the ways in which

pupils arrange thems (Cf. ante, p. 7,.)

Socner or later the physical rearrangement with obe
jects must yield to the imagined rearrangement, . . «

We do not use the pictures because they are pictures,
The pilctures do not bridge the gap between gso-called
congrete number and absiract number. The pictures lend
themselves to the imaginary combining and separation of

183 1rene Sauble, "Fnrichment of the Arithmetic

Course,” Sixteenth Yearbook of the Watio Council of
: %rmnwhm Foree s PabtTeatons,
olumbia

Teach ,
Tcneﬁﬁrs College, University, 1941), p. 161,
U Ibiﬂn’ Po 163,
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groups, a preliminary step to alleviate the later and
more difficult step of thinking groups together and away
when no objects are present,

Adding at first is conceived as "putting together.®
Later it is conceived as "thinking together.® Subtracte
ing aﬁlgirst is "taking away," and later it is "thinking
AWNRY

Grossnickle, Junge, and Metzner use the term “ine
structional materials® fo include anything which contributes
to the learning prooeis and classify the materials as fol-
lows}

There are four kinds or classes of instructional .
materials: (a) real experiences, (b) manipulative
materials, (¢) pictorial materials, and (d4) symbolic
materials, This classification cannot be regarded as
rigid and inflexible, The various insgiructional aids
overlap and blend into each other, The reader must view
inatructional materials as existing on 8 continuum in
which various materials appear in increasing abstraction
as one .proceeds from direct experiences to symbolle
materials, The lowest level of gquantitative thinking
results from desling with real objects, whereas the
giggcgg level results from dealing with absiract syme

ols,

These same authors believe that different kinds of
naterials are needed at various stages or steps in learaing
about number, They also fecl that these materials should be
comordinated and synchrounized se as to form & unified proe
gran of ingtructien in arithaetic, They state that every
teacher faces the problem of deciding the kind or kinds of

ls Kh‘at, .%q mop De 828,

18 Grossnickle, Junge, and Netgner, op. cit.,
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materials to use with each pupil, In discussing when to use
abjective materials, they say}

It is importani tc know if all pupils are to begin a
topic or procese with manipulative materials or if it is
g:::iblc for some pupils to begin with symbolic mater~

LB &

It is the function of good instruction in arithmetic
to have a pupil operate at the highest level of diffi-
culty a8t which the work is nmeamingful to him, It is
obvious that there are pupils who develop sufficlent
ingight inte the meaning of number that the use of
vipual and manipulative i@teriala is not needed to
introduce & new process,

Hoting the walue of the use of pictorial materiale in
probles solving, Clark, Otis, and Hation agrees

It would appear thal some individuals learn to solve
problems with very little visual isagery, while others
find that a clear nmental picturs of the situatlion is very
helpful in comprehending the problem and in choosing the
right eperation, and that lack of a clear menial picture
of the gituation results in inability to declide what
processes to uge, For such individuals it is hi%pful,
of cowrse, to represent situations pictorially.

Gibb, in & etudy of children's thinking In the proe
cess of subtractien, found geometric forms more helpful in
problem solving, Bhe saysi

Children more readily wnderatood the problems, solved

them by the process of subtraction, obtained correct

solutions, and worked them in less time when the probe
lens were presented with circles (or sguares) on cards,

17 1bid., pp. 171-72,
18 yohn R. Clark, Arthur 8. Otis, and Caroline

Batton, %;iaarx Arithmetic nguugh erience (Yonkerseon-
Hudson: ex jorki Wor! ook Company, s DDs 205-08,
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They did not do as well with the problems when given the
toys or other manipulative objects [whether in realitly
or in picture] and had most difficu with problems
presented with a written description, 9

Rogenquist uses the terminology %concrete materials®
to cover actual objects such as books, dolls, money. Like
Stern, she insists that pupils can be better taught with
materials "whieh represent the aritimetic situations ine
cluded in experiences, and speecifically clarify the number
ideas."™ These she calls “representative materials®; they
are similar to what other writers call "semiconcrete,®

They wre used to yepresent the number ideas and
relationships of a complex experience in a simple form,
They help children think of the number relationships
agmrt from the total experiences . + « They are small
objects, uninteresting in themselves, which children can
use as counters, Through using these materials, number
ideas an relationships can be visualiged and made
clear . **

She eriticizes the use of complex materiala,

4 » » Such as & picture of children playing with many
toys, or & play store in which the dramatic play over-
shadows the number ideas involved in it, Children do
not learn to understand numbers through the use of
materials in which the number ideas are embedded,
because their attention is not attracted to the quanti-
tative ideas and the number vslatégnships which such
materials and situations present,

19 g, Glenadine Gibb, "Take~iway Is Not Enoughi® The
Aritimetic Temgher, I (april 18, 1954), 1o,

20 Lucy Lynde Rosenquist, Young Children Learn to Use
Arittmetic (Bostont Ginn and Company, 19497, pe 88 — —

21 wo eit,
22 Ibjd., pp. 68«69,
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A recent experimental study by Dawson®® challenges
the validity of the four stages through which Horton and
other writers insist that children move in learning the cone
cept of number as a group. The theory, he says, was pro-
posed by DeMay in 1988, but no data accompanied it., "No
evidence exists that this hilerarchy of remresentation has
been evaluated through experimental use in the elaaaroom,*u
cays Dawsgon,

Questioning the validity of DeMay's theory Dawson
gonducted n study, the results of which indicate that pice
torial forms ghould not necessarily precede geometric forms,
According to his eonciusionss

+ & + Dirstegraders were able to perceive groupg in
the sinple geometric forms most easily, Responses to
these forme were more nature and faster,

The data indicate that complexity impeded the pere
ception of “groupness,' The eritical factor in appre-
hensgion of the group was its eam@éexi&y and not its
*geometric® or “piectorial®™ form,

Therefore Dawson recommends thats

s s ¢ increased atteation should be given to the
nature (complexity} of pletures used in textbooks,

workbooks or otherwise to develop the concept of numbeyr
at & group. The use of complicated group pictures tends

28 pan 7. Dawson, "Number Grouping as a Functiom of
Complexity,” The Elementary Sghool Journal, LIV (September,
1963), 85~42,

24 ynid., p. 86,

25 Ib:l.d” Pe 42&
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to produce counting, not grouping, and hence will not
assist the learner in developing the ability to appres
hend nuuber groups, For the primary grades it is impore
tant to use grouping comnposed of relatively simple ele~
ments, It would make 1ittle difference whether the
nuﬁbarigroupn were pictures of things or of geggetric
forns they met the criterion of simplicity.

Support is given to the use of manipulative materials
Wisinelin,

by Kicholas and Troisi in a report on their exploratory
study of the use of such materials in the teaching of frac~
tions in grade six,?7 They concluded that there was no gain
in computation tlpough the use of the aids; however, a
narked gain was sbown in problemesolving and in understande
ing the nature of fractions,

This exposition of the use of manipulative materials
may well be concluded with a few cautions stated by Berger
af'ter he had suggested some principles for guiding the use
of learning aids, frem his own experience and observation.

The first of these is that the use of devices is not

always economical or besneficial to the learning situation,
Occasionalily it is much easier, less timewconsuming and
nara effective simply to tell what is to be communicated
gbout a coneept, Poor gelection of devices, and their
misues of over-use, may actually lapede the learning
groeana or carry confusion beyead the point of pepair,

© one must be careful,

Ploglly it should be pointed out that the use of
learning aids 1s not something which is distinet from

26 1bid., p. 41.

27 paul Neureiter and Nicholas Troisi, 01! Man
Rithmetic =» Still Maturing," New York State Education,
XXXIX (Nay, 1952), 601. — ===
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all other instructional activity, Devices should be 3yg
part of instruction; they are not a substitute for it.

Need for scientific study as reflected in the litera~
lure, Until the present time no scientific study to deterw
nine the effectiveness of manipulative materials has been
made, Morton pointed out the lack in 19858 and qualified hie
recommendation of the use of concrete and semiconcrete
mtwhls. sayings

Until we have scientific studies which evaluate the

use of these materials, which we do not have as yet, the
teacher should permit ‘Eheir uge as long as it is reason=
ably certain that they aid the pupil to discover meaning.
The test of their value lies in whether the pupil gives
evidence of making a transition from the concrete gide
%o the abatraction whose truth they demonsirated,?

Grossnickle recognizes the need and proposes a study
far the determination of the effectivenesg of the use of
manipulative materials in Chapter XV, *Nesded Research on

Arithmetic,® in the Fiftieth Yesrbook of the National Socie
ety for the Study of Bducation, Part I1,3¢ He believes such

28 Emil J, Berger, "Principles Guiding the Use of
Teacher« am! PupileMade meng Aiﬂs * fwenty-Second Year-

_t(:‘%_og ﬂation@ Couneil of cnem 9 thematics
ashing on & onal ‘of Teachers ol
matnematics. 1954). Pp. 169-70,

29 Morton, op. gites pp. 5854,

80 Foster B, Grovssuickle, "Proposals for Research on
Problemg of Teaching and of Learning in Arithmetic,® Fiftieth

ook of the tiom,l Society for the Stu of Bducation,
5*5%:151” i€agot i‘vﬁrﬁié es8, 10510,
Poe ¢
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a study to be significant because of the relationship of the
nroblexs to the question of teaching arithmetic meaningfully.

The danger of inaccuracy in proposing or develeping
# theory without experimental corroboeration is cited by
Dpwson 31 It hes slready been noted that no scientific
evidenge amccompanied Dellay's theory of four stages of learns
ing, in 19808, Nuch thnt was written later was based on this
concept, still without testing,

Feureiter and Troisi®? did take a step toward solving
the problem in 198524 however, thers were certain inherent
limitations in their study,

The grade was divided into balves, equated as nmuch
Clubions are somwhat tentative besause the Eroups were
§§%g§§t§§y small and the results not confirmed by repe-

The two groups congisied of only about fifteen pupills each,>4
Neureiter and Troisi had planned to gontinue their study on
a broader scale and with the use of better statistical methw
ods, but their parinership had to be dissolved before the
preliminary resulis could be annfirmed.3$

81 Dawson, ops gits, P 85,
82 yeureiter and Troiei, Op. cit., pp. 5995602,
92 Ibid., p. 601.

34 personal Correspondence with the Author, letter
froa Paul Neureiter, February 4, 1954,

85 m. cit.
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Summary. This review of the literature relating to
the use of manipulative materials shows a great desrth of
really controlled, experimental studies which test their
effectiveness, Of the wealth of writings cencerning this
prroblem, practically all bave been theoretical and philos
sophical, Among these writings, however, these generalizae
tions seem to stand outs |

1., ¥anipulative materials, along with pictorial and
symbolic materials, provide multiple p&thg to understanding
n@bﬁrs and the wweﬂms.v

2. The design of the teaching materials should meet
the eriterion of simplicity. Pactors of form, shape, and
pattern of arrangement should facilitate the perception of
groupness "

8. The force behind the effective use of instruce
tional materials i@ the classroom teacher,

4, There is a real need for a scientific study to
deternine the effectiveness of the use of manipulative

materials,



CHAPTER 11X
HMETHOD OF BEQUATING GROUPS

Fifty~four third grade pupils at the ¥yrtle Place
(Public) School, in Lafayette, Louisiana, were studied in
this experiments At the beginning ;af the semester they were
given three tests, the California Test of Meatal Maturity,

a Stanford Arithmetic Achievement Test, and an original
objective test, the resulis of which served as bases for
forming two gomparable groups., The groups were then eguated
as nearly as possible mccording to the following factorse
(1) basic skills in arithmetic, (2) mental ability, (8) age,
(4) sex, and (5) number, To formally check the equation of
the principal factors of arithmetic skills and mental
ability, the standard deviations botween the means of each
group for the various tests were caleulated. Since both
groups were small the sums of the squarses of the deviations
from the means were pooled to get a better estimate of the
standerd deviation, The following formulas! were used in
finding critical ratios (1's) to test for any significant
difference batween the means of the groupss

1 Henry E. Garrett, Statis i 8 Pgycho
cation (New York: Longma ; gmang, Groeen a%g i!um&ny:. %
P ]
20
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P o " - r
(1) SD or & = A By B )7+ 36 X507

Vo (e 1) ¢ (e 1)

(standard deviation when two small. independent
samples are pooled)

{2 SED or sp = 81/%-5-1

172

(standard error of the difference between means
in small independent samples)

y D
(#) te o5
where D = difference between the means,

FACTORS EQUATED

Basic skills in srithmetic., The grade placements
which the pupils made on the Stanford Achievemeni Test

served as the chief factor in equating the groups, (See
Tables XIIT and XV in Appendix A,) After all papers had
been scored, the test papers were arranged in desceading
order according to grade placements, Mewbers for the two
groups were tentatively chosen by assigning alternate papers
to the control group and to the experimental group respece
tively, Interestingly enough, these two tentative groups
actually became the control and experimental grouwps,
Checking on this method after the selection had been
made, the mean achievement in arithmetic for each group was

found, A comparison is shown in Table I,
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TABLE X
COMPARISON OF THE BASIC SKILLS IN ARITHMETIC OF

THE TWO GROUPS ON FORM J OF THE SgANFBRD
ACHIEVEMEXT TEST, SEPTEMBER

Mean Standard Stan- Crit-

grade Mean devia- dard ical
Group Number place- differ=- tion error ratio

ment enge or E_ or EE‘ or 1

contr::.nt‘l §; g:; zero 41 11 Zero

UL ORI ETD— " — i '

® Based on information in Tables XIII and XV, Appendix A,

It can be se¢en that the mean grade placement was 2.7
for eagh group and that the standard deviation of the means
for each group was .41, indicating not only that the two
groups were equal in nean arithmetic achievement, but that
they were also equally variable in arithmetic achievement,

Table II gives a comparison of the arithmetic
achievement scores of the two groups on the original objece
tive test, The mean score was 97 for the control group and
100 for the experimental groupj there was a difference of 8,
The eritical ratio for 50 degrees of freedon present in the
§2 cases pooled must be z.fg to be significant at the .01
level, The obtained eritical ratio of ,29 is so much less
than 2,40, that the difference between the means must be

conglidered insignificant,



28
TABLE II
COMPARISON OF THE BASIC SKILLS IN ARITHMETIC

OF THE TWO GROUPS ON THE ORIGINAL
OBJECTIVE TEST, SEPTENBER

. Standarda Stan- Crite
Hean Xean devia- dard ical

Group Nunber ecore differ« tien error ratio
ance or 8 or & or t

Experimental 26 100
Cantrol 286 o7 ] 11.2 10.4 29

e et S st S

® Based on infarmation in Tables XIV and XVY, Appendix A.

The data presented in Tables I and II give evidence
that the groups were about egual in basic skille in arithe

nctie.‘

Mental ability. To compare the intelligence of the
two groups the mean intelligence grade placements were
deteramined and the critical ratio aalc;lated as shown in
Table I1I, The mean intelligence gfad& placement was 8,1
for both groups. The standard deviation from the mean was
1,1 for the experimental group and 1,0 for the control group,
It can be quickiy seen that the two groups were closely
equated im intelligencej the difference in the standard
deviation sugrests that the experimental group was only
alightly more variable in intelligence than the control

group.



TABLE ILI

COMPARISON OF MENTAL ABILITY OF THL TWO GROUPS
ON THE CALIFORNIA TESY BF KENTAL
MATURITY, SEPTEMBER®

Hean Standard Stan~ Crit-
grade Xean devias dard ical
Group Fumber place« differ~ tion error ratio

ment o g

ence or 8 or %

Congror " T 8 o 105 .28 mero

® mw on infm't:{on in Table :m, Awmu A,

Age. The mean chronological age, shown in Table IV,
was eight years and three moaths for the control group and
eight ysars and four months for the swperimenial group., The
apges of the children in the experimental group ranged from
aevan-years and eight menths to nine years and three months,
There was a difference within the group of one year and
seven mouths., The youngest child in ihe control group was
seven years and six months and the oldest was ten years,

The range was two years and six months, (See Table XII,
Appendix A,)

Sex, Though inadvertently so, the two groups were
almost evenly balanced between boys and girls, From Table
IV it may be noted that there were 14 boys and 18 girls in
the control group, and 13 boys and 14 girls in the experi-
mental group,



TABLE IV

SUMMARY TABLEy COMPARISON OF THE TWO GROUPS
ON THE SIX PACTORS CONSIDERED
IN BQUATING THEM

’ ; , Experie
Factors equated Control mental

Eroup group

Bagsic skilis in arithmetic

Hean grade placement, Stanford Test 247 2.7

Stendard deviation ol 3

¥ean sgore, originsl objective test 97 100

Standard deviation 23.6 24.2
Hental ability ,

¥ean grade placement, California Test 3.1 8.1

Standard deviatien 1.0 1.1
¥ean ghronolegical age 8«3 8ed &
Sex

Boys 14 18

Giris 13 14

¥umber in group 27 27
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Number., Originally there werc thirty children in
each group but due to transfers it was possible to use only

twentyeseven pupils from each group in this study.

Prom an anplysis of Table IV, page 25, it will be
noticed that the groups were equal in number and nearly
equal in mean clronological age and sex as well as in arithe
metic skills and wental ability. Considering the small
number of children, sixty, from which the experimenter drew
her sample of fiftyefour, the degree of homogeneity secured
seems more than adequate to show that the two groups were
equﬁted.

Bquation of the subsgroups of the control and experi-
mental groups. After the two groups had been equated as a
whole, & check was made to determine whether the upper
thirds, middle thirds, and lower thirds of each group were
equal in mental ability and arithmetic achievement, Agnin
the groups were small and 1o get the best estimate of the
standard deviation the samples were pooled, the upper third
of the gontrol group with the upper third of the experimens
tal group, and wo on down, With the 18 cases thus obtained
there were 16 degrees of freedom; a critical ratio of 2.5’5"
was necespary o bDe significant at the ,01 level, From the
comparison in Table V it can be seen that not one of the
eritical ratios was as high as 2,58} therefore the sube

groups were considered equal,



TABLE V

CONPARISON OF MENTAL ABILITY AND ARITHMETIC
ACHIEVEMENT BETWEEN THE SUB~GROUPS OF
THE EXPERIMENTAL AND CONTROL
GROUPS, SEPTEMBER

Standard Stan- C(rite
Subegroup Humber ¥ean Hean devia~ dard ical
differs t:lon error ratio

Exp. mmu me ﬂtm.

m»ce

Califernia 'rest of Hental xatwuy

Upper thirds 8 ¢ stg 3.6 o8 +80 .88 «79
Niddle thirds 9 9 3.8 2.7 " +85 o 40 1.25
Lower thirds 9 8 2.4 2.9 "] 1.18 58 «89

Stanford Achievement Test

Upper thirds 9 9 3.3 8.1 " | +22 +10 1,00
Hiddle thirds 9 9 2.7 2.6 al «11 «98 2,00
Lower thirds 98 9 313 2.2 1 +24 11 »91

Original objective test

§ per thirds 9 8 124 118 8 10,54 5,16 1,585
¥iddle thirds 8* 9 96 108 8 18,17 8,90 W67
Lower thirds 9 9 80 74 6 18,42 8.68 «69

# Baged on information in Tables XII to XvI, Appendix Ao

X one pupil missed testing,

N
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GENERAL INFORMATION ABOUT THE PUPILS

The pupils involved in this stﬁdy were rather homo»
ganeoué in their background. Nost of them came from
atiractive homes. Their parents were interested in their
achievement at school and were friendly with the teachers
and eager to cooperate, The income of the fathers was above
averages, MHost of the fathers were engaged in professional
or public serviee work, about one~third being employed by
0il companies, The childrea attended school regularly,
Their murale was good and their attitude was one of helpfule
ness. On a whole the atmosphere in the home and at school
was condueive to learning,

TESTE ADMINISTERED

The California Test of Mental Maturity. This test
was used to measure the general intelligence because the
scores could be transiated into intelligence grade place«
nents as well ag Intelligence Guotients, The intelligence
grade placements made for easier comparisen with the grade
placements on the axjﬂ.tlmetic achievement test, The I+Q.'s
were helpful in analyzing the relationship existing between
each pupil's mental ability and his arithmetic achievement,

Ihe Stanford Achievement Test, Primary Battery, Forms
Jd and K, This particular test was chosen because it included
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a reasoning test as well as a computation test, The reason~
ing test not only measured problemesolving but mlso number
concepts, PFurthermore, the test measured skills and conw
cepts beyond the course of study for the first semester of
the third grade,

Form J was administered in September and Form ¥ in
December,

Ihe original objective test. (Appendix B,) This

test was @onstméte.d because there was no standardized test
available wl-:jick measured understandings of numbers or unders
standings of the processes te the degree that is merited by
the emphagis now placed on thia particular objective in the
teaching of arithmetic,

The test was divided into three parts, one for each
general objective, Part I measured Copcepls and Background.
Part II dealt with Computation, and Part III cousisted of
verbal Problems, The textbook, Row-Peterson Arithmetic,
Book Three, was examined page by page te get a detailed list
of specific objectives, and then test situations were coan-
siructed {o measure these objectives,

The validity of the original test was detfermined by
correlating its scores with those of the Stanford Achievew
mnent Test, The product moment coeffigient of correlation

was used, The coefficient of correlation (r) was calculated
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from the ungrouped scores of the original test and the Stan-

ford Achievement Test, according te the fornulay?

# 861

Since perfect, positive correlation is 1,00, this coeffi.
clent of ,961 is very high, indicating that the original
test measured what it purported to measure, assuming that
the Stanford Test itself is valid, According to Garrett,
s high gorrelation between a test and a criterion is evie
dence of validity provided the test and the criterion are
both reiiable.*®

The reliability of the scores for this test was
determined by the method of rational equivalence which
stresses the intercorrelations of the items in the test and
the correlations of items in the test as a whole, The fol~
lowing formulia was used to coupute the reliability of the
homennde tests

2 Xbid., p. 289,
3 w;, p. 3951
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r., =0 x® ~ Ipg

(roliability coefficient of & test in terms of the
difficulty and the intercorrelations of test items)

i whdehy

™ r&linbili?y coefficient of the whole test
n = number of Hems in the test

SDy* the standard deviation of the test scores

p = the proportion of the group anauering a test
item corrsctly

q = the proportion of the group answering a test
iten imcorrectl

r = ;47 X 5$aaﬁiv* 25&14
i 146 564,01

= LT

The reliability coefficient was .79, To be signifie
eant at the 01 level with 50 degrees of freedom the coeffi-
clent need only be B384, To be significant at the .01 level
means that there are 89 chances in 100 that the coefficient
of correlation: shows a true relationship., There is only
one chance in 190 that the coeffigient is the result of
chance factors, Reference to Garrett's table® ghowing the

4 gbiﬁfg pe 884,
5 Ibid., p. 464,
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significance of correlation coefficients based on various-
slzed samples indicates that at the .01 level ,854 is sige
nificant for a sample containing ¥ cases - 2, or 50 degrees
of freedom (nearest ten to the 54 cases -~ 2 in this study),.
Since the coeffieient need have been only 864 for this size
sample, the obiained coefficient of ,79 is far in excess of
that and therefare is highly significant, It must be kept
in mind that the significance of any coefficient of correla«
tion depends to a large extent upon the size of the sample
on which it is based and upon the representativeness of the
conutitnauta of that sample, The high coefficient of corres
lation means that the original objective test has internal
¢onsistency and can de depended upon to discriminate in
favoer of the more able pupils,

The original test was given in September and repeated
in December, Since the relisbility and validity of the
original objective test were esitablished, the results from
this test were important in the study.

HORMALITY OF SAMPLE

The results from the tests in intelligence and in
arithmetic achieveuent were checked to determine how nearly
the 54 cases in this study approximated & norsal distribue
tion, The percents in Table VI suggest only a slight devia-

tion from a normal distribution, In the table the percents
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TABLE VI

A TEST FOR NORMALITY OF THE SAMPLE
~ BASED ON THE COMPARISOX OF THE PERCENTS OF
THE 64 CASES IN BOTH GROUPS WITH THE FRACTIONAL PARTS OF
THE TOTAL AREA UNDFR THE NORNAL PROBABILITY CURVE,
CORRESPONDING TO DISTANCES ON THE BASELINE
BETWEEY THE MEAY AND SUCCESSIVE POINTS
LAXID OFF PROM THE MEAN IN
+5 SIGHA UNITS®

Pergent un Perrcent on

Yean plus Percent Californis Stanford
8,0, units expected Test Test, Sept,
«5 19,15 16,68 18,80
1¢° 3‘4013 3@ 95‘9 25:90
1.5 48,32 33,80 87,00
20 4772 44 .40 44,40
2.5 49,88 46,25 44,40
3.0 49,86 46,25 44 ,40
¥ean minus
S oDe nﬂit”
8.0 49,86 51480 46,25
2.5 49,38 51,80 46,25
2,0 47,72 49,98 46,25
1,5 48,32 46,26 44,40
1.0 34 ¢13 87 .00 27 575
o5 19,18 27.78 14,80

# pased on information in Tables XII, XIIX, and XV, Appendix
A,
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of a normal distribution are recorded at intervals of ,§
gignk units between plus and minue 9 sigonsma units, The pere
cenls obtained from the results of the intelligence test and
the achievement test beoth approximate very closely those of
a normal distribution, To check it formally, the amount of
skewness frem the normal distribution was calculated accorde
ing to this formulas®

sk « SP90 *'Pio)
Sk = 3 Pgo
California Test of Mental Haturity:

«-3.9

= 3;2& - 3.0
L%

Stanford Achievement Test, Septembery

" 2«% " ﬂnﬁﬁ
w0

on the California Teat of HNental Maturity the scores
of both groups in the sample were skewed slightly in & posie

tive direction indicating that the scores were concentrated

8 1bid., p. 121,
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& little below the mean, The significance of this skewness
was determined by means of the formula%7
+5188D
anuk & ..;EF:.
in which D #‘(993 - P&ﬂ)

Bk
Then ¢t =
8By

California Test of Mental Maturity:

sv,, = .sma;: 2.9 » g0

t = .3&23 = 1,25

With 50 degrees of freedom, the critical ratio, or %,
must be 2,40 to be significant at the .01 level,® With tnis
critical ratio of only 1.26 it seecms guite certain that the
distribution of secores on the €alifornia Test of Hental
Maturity wes not significantly skewed, The skewness of the
scores on the Stanford Achlevement Test was zmero which
indicated a normal distribution.

Since there was no significant skewness, it can be

assumed that the 84 pupiis in this study approximate a

7 ibid., p. 221,
8 Ibid., p. 464,
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normal distribution on the basis of intelligence and of arithe
metic achievement, The normality of distribution in achieve~
nent grade placements and in intelligence grade placements
for the pupile gtudied offgets to a great extent the smalle
ness of the samples Furthermore, the representativeness of
the sample incraases the importance attached to the relis
abllity and wvalidity coefficients of the original objective
test,



CHAPTER IV
MATERTALS, METHODS, AND LEARNING ACTIVITIES

Once the control group and the experimental group
were equated, common learning experiences were planned for
both greupg with the use of the same twosdimensional pictors
ial and symbolic materials., The same materials, used alike
with both groups by the same teacher, served as the control
factor in the atudy, Additional experiences were outlined
for the experimental group with the threewdimensional matere
ials which were used exclusively with that group. It was
the additional use of these materials with this group which
provided the variable in the experiment,

MATERIALS COMMON TO BOTH GROUPS

The control group and the experimental group used
identical symbolie¢ and pictorial materials,
Symbolic materials.
1. Rewe~Paoterson Arithmetic, M.mol This wells
illustrated textbook was used with both groups because it
wap the one sdopted by Lafayettie Parish,

1 garry Gu;-w_c Wheat hmgmige ‘gagt’fm Enm% Harl R,
Douglass, RowePeterson Ar ;% €, Boo ee (Evanston,
Illinois§ I%%, Peterson an Ompal,ly, 1952), 812 pp.

87
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2. Morkbook, RowePeterson Arithmetic, Book Iwo.?
3. ¥Workbook, Row-Peterson sritmmetic, Book Three.®

4. Disgovering Arithmetic, Book _2_.4
The variety of exercises in the three workbooks enw

abled the teacher to provide for the individual differences
of the pupils, whose achievement grade placements ranged
from 1,8 to 8.6 and whose intelligence grade placements
showed an weﬁ greater ranpe, fron ,7 to 5.2? The segond
grade workbooks presented dii“farenjt, approaches to the study
of numbers, which heliped to enlarge the pupils'® view of the
work previously studied,

Pictorial materials. Charts were selected or dee

gigned to point up number relations in a dramatic fashion,
The charts provided learaing experiences that supplemented
those experiences provided by the textbook and workbooks.

Only a few commercial materials were used. The following

2 Harry Pgmvve ﬁhoa: tggdﬁlﬁargamt Lack%e Wheat,
Workbook, Row~Petergon Aprithmetic, Book Twe (Evanston
Tiiinoiss Row, Peterson and Company, 1961), 128 pp. ’

3 Harry Grove Wheat, Hargaret Leckie Wheat, and
Robert H. Kosaker, Morkbook, Row-Peterson Aritmmetic, Book

Tﬁw (Evanston, 0153 Row, PFetsraon and Company, 1903),
PP

4 catherine Stern, Discoverin %i?hmetgc Book
teachers® edition (Dallasy Houghtoen Hi n »ompény, Is%é),
96 + 128 pp.

% peference Tables XII, XIII, md XV, Appendix A.
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charts were designed by the investigators

1,
43,
2.
page 44,
3.
4
8.
page 48,
G
Te
8,
Decade,
Qe
Decade,
10,
11,
X1V, page
12.
13,

Number Names and Number Symbols, FPlate I, page
Hindue-Arabic and Chinese Number Symbols, Plate II,

A Configuration of 100,

Component Paris of Ten,

Plate XIT, page 45,
Plate V, page 47.
A "Moving Picture® of the Teen Numbers. Plate VI,
Analysis of the ll-group. Plate IX, page 52,
Apalysis of the 12«group, Plate VIII, page 51,
Structure of Even and 0dd Rumbers in the Pirst

Plate X, page 83,

Structure of Even and 0dd Numbers in the Second

Plate XI, page 53,

The Fact Finding Chart.
Hultiplication Pairss
58.

Studying Groups by Counting, Plate XV, page 60,
Pinding a New Multiplication Fact from a Related

Plate XII, page &3,
83X8and 56X 3, Plate

Fact, Plate XVI, page 80,

4.
15,

Multiplying Tens and Ones,

Multiple Groups of Six. Plate XVII, pape 61,
Haking the Transfer fron Maultiplying Ones to
Plate XVIII, page 82,
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METHODS COMMON TO BOTH GROUPS

The investigator taught both groups., Using the labw
oratory method she introduced c¢oncepts and processes with
diagramns and charts supplementing the textbook and workbooks.
Prom time to time during the semester, concepts and processes
beyond the prgscribed course of study ﬁere introduced in

their relationship to the work at hand,

General objective. The overall objective of the
investigator was to give the pupils a way of thinking, a
definite, systematic way of thinking sbout numbers of
things.. In order to stimulate the pupils' thinking, expers
iences were provided which enabled them (1) to study numbers
as groups and (2) to seg‘the number processes as groups in
action. The teacher carefully supervised each stage of the

pupils' development to keep the activity a thinking activity.

Study habits of pupils. From the start the experi-
menter's iask was twofolds (1) to teach effective methods

of study through demonstrations before the pupils, and
(2) to direct the pupils in using independent methods of
study.

Individual differences., In studying the representa=~
tions and rearrangements of number groups, the investigator

worked at different levels according to the readiness of the

pupils.
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Yaried procedures. The pupils in both sections were
ghown a variety of ways to study number-groups, The first
part of the semester was spent in studying the number-groups
to and including ten, The pupils had experience ing

1: Counting groups,

2« Comparing groups.

8, S8eparating and combining groups,

4. Pividing factorable groups into their cowponent

equal groups.

Decimal nature of number system. The latter part of
the scmester was spent in developing and using the idea of

ten. The children were inbued with the principle that tens
are treated the game as ones in adding, subtracting, multie
plying, and dividing,

The teen numbers were studied as groups of ten and
smaller groups rather than as single groups, All the teen
numbers were analyzed for their component parts., The
factorable ones were alsce divided into equal groups to pave
the way for the ideag of division and multiplication,

In understanding the structure of other twoe-place
nusbers the idea of ten took on added significance, The
children analyxed these numbers by separationg them into tens

and ones, The numerals, including mero, were seen as place

denomination,
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The relation beiween the addition and subtraction
facts of the first decade and those of higher decades was
shown by focusing attention on the numbers in the same
relative position in.eaci: decade, rather fhan by the usual
nethod of calling attention to endings,

Preparation was made for carrying forward a group of
ten in addition and multiplication, and for using a tea-

group in subtraction and division,

Hpstery techniques., In general the basic addition

and subtraction facts were mastered by a deductive method in
place of the conventional type of repeiitive drill. Provie
gion was made for practice after understanding had been
established, 4 great effort was made to vary the practice

work in erder that it should be a refreshing experiesnce,

Problem golving. Understanding numbers and the
processes, and knowing the basic addition and subtraction

facts, paid great dividends in the solution of problens,
SELECTED LEARNING ACTIVITIES WITu BUTH GROUPS

Concepts were introduced or enlarged through the use
of charts and diagrams, Some of the concepts were approached
through social situations, such as telling time, or studying
coinsy others were approached fron a purely mathematical
point of view, such as an understanding of the structure of

nunbers,
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Appreciating our number system# It was pointed out
to the pupils that number names may have been among the
first words used as people began to talk* These names were
necessary in speaking of animal®, birds, tools — anything
with which men dealt in their daily lives*
Today the number names bear a striking similarity in

the different languages*

NUMBER

ME‘@HWEEMJ) 1TATI -
ONE UN UNO UNO l 'EINS
TWO DEUX DOS DUE ZUEI
THREE TROIS TRES TRE TRE3 DREI
FOUR OUATRE CUATRO QUATIRC VIE R

FIVE CINQ CINCO CINQUE XK FUNF
SIX SIX SEIS SEI  6EIS SECHS
SEVEN SEPT SIETE SETTS SETE SIEBEN
EIGHT HUIT O0CHO OTTO (0ITO ACHT

NINE NFUF NUEVE NCVE NOVE NEUN
TEN DIX DIEZ OIECE PEZ ZEHN

oo Jonur =W =

Plate I* Hindu-Arabic numerals, a Universal
Language
The children studied the names on this chart and
noticed those with great similarity in the various languages,
such as one, six, and eight*

An even more amazing fact was pointed out; that most
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countries now use the sane number symbols, the Hindu-Arabic
numerals, in computation* The Chinese us© their own number
symbols in formal writing but prefer to compute with the

Hiadu—<ftrabic numerals, which are much easier to use.

LhLQU~ARABIC AND CHINESE
512 AHlst 61 11+ g4 yr
11 m+2 52 62 721 82 12%
55 *5 55 6 754 828 1rF
3+ 5+ 64 74 841 TH
5S-15 25 55t 55 65 7 85Y
B wg 56 66 75 66 16+
qo 11+ lit 41 ; S di7nr 87: 11\
581 +¢ 58 68 78 138"
51 761 77 8?W7$

N MBER SYMBOLS

n

dA-I? ¢ 51%en1

40+SO}60 10 + 8¢
D+ DT v+

I»  iiM

Flats XI* Humber Systems with a Base of Ten.

Hiss Millie Jung, a native of China and a student at
Southwestern Louisiana Institute, made a chart fen* the
classes to show the similarity between the arrangement of
the number symbols in the Chinese and the Hindu-Arabic num-
ber systems. Both number systems use ten as the base and
rely on the principle of positional notation to extend the
system. For example, Miss Jung indicated that in Chinese ©0

is formed by writing the symbol for 6 above the symbol for 10.
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Understanding the structure of numbers.

/X

V. %

.15%?3 o000 ‘étﬁi;
4 4 /ﬁ\ 4

#... e o o o e o o o

Plate XIX* A Configuration of 100*

The gummed one*Inch dots were so arranged that the
pupils sensed the unity of a group of tea made up of 10 ones
and felt the unity of the larger group of one hundred made
up of 10 tens* One of the pupils noticed that the order of
the tens was the same as the order of the ones* This chart
helped the children to see the decimal nature of the number

system*
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Plate I?* Studying Groups of Five*

Colored toothpicks glued to tagboard® were useful as
tallies in studying groups of five* the pupil® found twice

a® aany group® of five in 100 as group® of ten#

6 Designed by Mrs, Shirley S» Lagneaux, third grade
supervisor at F* M. Hamilton training School, Lafayette,
Louisiana¥*
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Analysing the story of ten*

Plate ?. Writing the Facts about fen

The pupils used pictures in their textbooks and work-
books and drawings like the one illustrated here to study
the corresponding addition and subtraction facts in the

first decade«



Understanding the teen numbers.

THE TEEN NUMBER
p<d®

i m

. 3 a
srO a8y 2 Y.

! 9@. 4 .O.() .O. Ay. ..‘.r].o.

.AV16 e 7

e oo o eeee oo m t
o 9
e dece 8% AM

Plate n* A "movi Picture* of the
Teen

w
(N J

The children found mmy interesting relationships
from this chart* Kelly contrasted the structure of 11 and
19, 12 and 18, and the other related pairs* He noticed, for

example, that 11 had as mmy ones toward 2 tens as 19 lacked

being 2 ten®.



Finding; answers in addition and subtraction. A good
understanding of the structure of the teen ntimbers paid
great dividends in reconstructing some of the harder addi-
tion and subtraction facts which the children had trouble
remembering. In the beginning the children found it diffi-
cult to add a number to nine, but later they saw that this

was easy if they first added the same number to ten.

Plate Til, Using a Diagram to Find the
Answer to 6 and 6,
Janet had forgotten 8 and 6, She found the answer by
adding enough to the group of 8 to complete a group of 10,
The pupils were encouraged to think the rearrange-

ments once they had sufficient experience with diagrams.
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The answers to subtraction problems whose minuends
were teen uumbers weremround in a similar way. If a pupil
forgot 16 « 7, he was émouraged to first think of 16 as
10 and 6§, Then the problem became simples

From 10 + 6
mhmpt‘ T

8 *k. or 9
By subtracting 7 from the 10 and adding 8 to 6 he found the
correct answer, This method worked well since the children
had already mastered the addition and subtraction facts of
the first decade. ‘

The ehildren were not limited to the use of any one
method, There was always time to hear how different child-
ren knew or found the answer, Some childresn preferred to
take 6 from 16 to get 10, and take 1 more from 10 for the
final answer, . They were shown that the methods were alike
in that both depended on an understending of the structure
of the taeh pumbers, In the first mth&ﬂ thé pupil began
by subtracting from the Q.Wgraupg in the second he began by
taking away as many unite as the minuend contained and take
ing the rest from the magzwup. The pﬁpils saw that both
nethods were effective,.

Once a fact was reconsiructed the pupils were asked
to practice thoughtfully saying the fact over and over,



Analysing the teen numbers.

TWELVE

[ =

m

[ ] mm e o o o L]
jm:%lt mg nm mmm mmmm
m. * o

Plate Till* Analysis of the 12-grottp,

In the arrangement at the top of the chart the sub-
groups were combined to farm the whole. This synthesis of
the component part® allowed the pupil® to see the parts in
relation to each other as well as to the whole group. 1In
the second arrangement a group of 10 and a group of 2 were

formed, and in the analysis a "moving picture" was mad® by



regrouping to get all the possible sub-groups. The pupils
said that they liked to study the sub-groups in both ways.
The first arrangement helped them with addition facts and
the second helped with subtraction facts. Eleven was

studied in a similar manneri#

| s

Plats XX# Analysis of the 1ll-group#



Stadying: odd and oven pigabers .

RELATED ,FACTS
EVEN NUMBERS ODD NUMBERS
9 0=10 9 1=0+1
3 >4=2+2 .9? 3=1+2

999 6=3+3 889 5=2+3
99099 8=4+4 3889 7=3+4

MM
99999 10=5+5 00009 4=4+5

m u x*

RELATED FACTS

EVEN NUMBERS  ODD NUMBERS
"k %
¢ ® » 4
4 4
~1
J "

Plate XI.
Related Pacts: Even and Odd Numberse
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In the charts illustrated on the preceding page the
even numbers were separated into equal groups and the odd
nuabers into near-equsl groups, The pupils could see the
relationships between the casier addition facts, such as
8 + 8, and the more troublesome related facts, 7 + 8 and
8+9,

The nature of a typical learning experience may be
shown by a discussion of a drill device the children some-
times used, They ¢alled it "a ﬁkinkim game,* The leader
began by saying, "I'm thinking of an even mﬁnher nade up of
the same two numbers, 7 and 7, What number am I thinking
of p# .

The child who answered becane leader and would cone
tinue, "I*m thinking of an odd number made up of iwo numbers
that follow each ‘a“timr, 6 and 7, ¥What is the number?®

MYost of the pupils found the doubles easy. They soon
gaw that for ww‘:y double they knew, such as 7 + 7, they
also knew two other related facts, 647 and 7 + 8, When a
¢hild had trouble remembering a double he learned to associs
ate the fact with momething in his dally experience, In one
week there were 7 days, and in asother week there were 7 ‘
days; so there were 14 days in alls In one carton there
were 8 small packages of cereal, In two cartons there were
8 and 8, or 16, The pupils had attended school 9 months in
the first grade and 9 months in the second grade, They had
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attended 9 and 9, or 18 months, of school in the first two

grades.

Extending the addition and subtraction facts of the

first decade Jo higher decades.

236567871
11?7 131615 617 181920
N 22326252027 2930
31 2333635 37 3960
.. 6263665 67 6950
h'22539f35 5/ 5960
61©636065 6/ 5970
MN72737%75 77 /87980
81 88386858687 888990
N 929396959697 9899 (0

Plate XII. the Fact Finding Chart.

this chart with the even numbers in green squares and
the odd numbers in white squares had many use®. Here are
some principles that the pupils discovered!

1, Adding 2 to an even number gives the next larger
even number, Subtracting 2 from an even number gives the

next smaller even number.
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24 Adding 2 to an odd nusber gives the next larger
odd nusber, Subtracting 2 fro: an odd number gives the next
smaller odd number, .

8. Adding 10 to a number gives the number in the
next decade which is in the same relative position, Sube
tracting 10 from a number gives the number in the next lower
decade which is in the same relative position,

4. Adding 9 to a number gives one less than if 10
were added to the same number, Subiracting 9 from a number
gives one more than if 10 had been subtracted from tie same
number o

Sy If one knows an additlion fact in the first
decade, such as 8 + 4 » 7, then he knows nine other related

factss
18,4 4 = 17
Bednsr.,.

The pupils were asked to write the fasts in equation
form to encourage & one-step thought process here, Nothing
was said about adding by endings. A pupll located § with a
pointer and moved on four unite to reach ¥, By placing the
pointer in a vertical fashion on the third number in each
decade, in a single move over four unua, the awenth unit
in each decade was reached,

The corresponding subitraction facts were discovered



fey reversing this procedure, counting back four units¥*
7 - 4m 3
17 - 4* 18
27 ~ 4« 23 * | *
6* Bridging in addition means a #spilling over" to
the next higher decade# For example*
if $ + 3« 12
then 10 * 8 * 22
and 20+ 3 » 32 # « -
Bridging in subtraction means a #rcaching down" into
the next lower decade# For example*
if 12- 8 * 4

then 22 * 8 * 14
and 92* 8 » 24 * _ *

Mifi S
I9S99H

Plate Xtll* The Ratio Meaning of Humber#
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Using the diagram made with a stencil chart illus-
trated on the preceding page, the pupils were able to
visualise the enrollment of their school* Allen indicated

that thirty-one pupils out of the 510 ware in his class.

Building readiness for multiplication ana division by
studying equal nuaber-groups» When the pupils had finished
studying related addition and subtraction facts, they di-
vided a factorable number into its equal groupse These
activities were distributed throughout the semester*s work
as a part of the total study of the number-groups from 2 to

18*

Plate XI?, Multiplication Pairs,
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Mosit multiplication facts, like most addition facts,
go in pairse. Wayne found, by studying the charts illus=
trated above, two new facts about 18, He saw that 18 could
be separated into three groups of 6 and mix groups of 8.
From these facts he saw multiplication as a short form of
addition., Eighteen was 6 + 6 + 6 or 3 + 8 + 3+ 38 +3 + 3,

Wayne could also find the related divieion facts,

He answered these questions from the picturess
“How many 6%s in 181®
“How many 3's in 187"

Multiplication was seen as the combining of equal
groups into a larger group, Division was seen as the sepa-
ration of a larger group into edual groups, This chart
illustrated the measurement idea of division, that is, the

number of equal groups in a number.



Plat* XV* Studying Groups by Counting.

The figures asked a question? Three 5»s are how

many? Counting by 5»s gave the answer¥*

Plate XVI* Finding a New Multiplication
Fact fro® a Related One*



Since three 61® were 15, then it followed that five

3fs were also 15*

(IIT*  "xL
illlT*] 346

[TIT¥* 5T
ke-k-kkkk 1) X3
/ Gth

|WW 71Xb

/\\ L

\kkkk ~ T71£

Flat* XVII« Multiple Groups of Six*

Kirk knew that he brought 6/ a day for school lunch,
or 30/ a week, In two weeks, he brought just twice as much,
or 60/,

talking about the pupils* lunch money provided an
incidental learning experience which developed an under**
standing of the multiplications about the sixes which are

not usually studied until grade four,

61
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Studying Multiplication pairs helped to emphasize the
roles that the multiplier (the number of equal groups) and
*he multiplicand (the size of the group) played in multipli-
cation* Although the teacher never used these terms the
pupils Here aware of their meaning¥*

Understanding the process of multiplication as a
short way of adding equal groups and appreciating the role
of the multiplicand and the multiplier enabled about half
of the pupils in each group to help Josephine, a comic strip
character, solve her problem* 3 X 23 is how many tens and

how many ernes?

Plate XVIII* Making the Transfer from Multiplying
Ones to Multiplying Tens and Ones,



63
Morgan remarked to Tamy, *Josephine will have to
come help me; I can’t help Josephine, *
tommy showed Morgan two good ways to solve the prob-
lem! (1) by using 23 as an addend three times, and (2) by
multiplying. Tommy reasoned, "Three 3*s are 9, and three

20*s are 60, so the answer must be 69,w

Telling time, The experimenter supplemented the
illustrations in the textbook and workbooks with drawings on

the blackboard.

Plate MIX, Telling Time Associated with
that Pleasant Experience, Recess¥*

Time was associated with the children’s experiences.

Each child, in both group®, worked up a cliart called "A Time



for Everything." He showed the tiiae that he (1) got up,

(2) ate breakfast, (3) carae to school, (4) had arithmetic,
(8) had recess, (6) ate lunch, (7) went home from school,
(8) ate supper, and (9) went to bed* Each child shared his

chart with the other members of the class¥*

Learning the value of coins. A money chart was pre-
pared by Xrs* Rosemary Campbell, a student at Southwestern
Louisiana Institute, and loaned to the Investigator. This
chart taught the coins, their value, and the number needed
to make one dollar* The initial and spontaneous response of
the children was to find out how much money was on the

chart*

Plate XX. '"Collecting silver dollars is my
hobby," explains George.
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Toward the close of the lesson George asked if he
might have the silver dollar* He wasted to add it to his

collection#

Mo™ about the j*rd. Lagniappe for both groups#

Plate 3XXI. A Yard of Candy.

It was nearly Christmas and a treat was in store.
The yard of candy was a new way to see the 36 inches or

3 feet in a yard*

These selected learning activities are representative
of the many experiences provided for both groups. The
pupils had numerous opportunities to do creative thinking,

to make their own discoveries.
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SPECIAL MATERIALS POR THE EXPERIMENTAL GROUP

In addition to the symbolic and pictorial materials
already described for use with both groups, the investigator
used manipulative materials in teaching the experimental
group, These materials were introduced at any time there
appeared to be a natural use for them in developing a new
number concept ~« or in clarifying and enlarging sn old one,

The following original devices were used'to build
understanding of numbersi

1. A string of 100 spools. Fifty spools dyed yellow
and fifty spools dyed blue were strung on heavy c¢ord in
groups of ten with the colers alternating, Loops at the
ends of the cord made it possible fo hang the string on iwo
hooks at the front.of the room. The pupils and their teacher
could manipulate the spools in view of the entire class,
Enough cord was left bheyond that taken up by the spools to
allow them to slide freely, Plate XXXI, page 79,

2, Strings of 100 beads., Corresponding to the string
of spools, each pupil had & string of 100 beads which he
could manipulate, Groups of ten pink and ten green beads

were strung on waxed twine with the c¢olors alternating.

Plate XXXI, page T9.
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8. Number racks. Nine separate racks were made to
hold groups of spools representing the component parts of
the number-groups from 2 to 10 inclusive, Each rack cone
sisted of vertical dowel rods fitted into a rectangular base,
The rods varied in number and height according to the sige
of the number-groups represented, The spools were glued toe
gether to represent the numbers 1 to 10, A total of 100
small spools was used, One set of spools representing the
numbers from 1 to 10 was enameled red and the second set
representing the numbers from 1 to 9 was enameled white,
The two setg of spools and the aine racks made a most flexe
ible device. Plate XXII, page 72,

4, Place holders., One hundred small wooden applica=
tors dyed red and two small cans painted white and labeled
"Peng® and %Ones® were used by each pupil in studying the
principle of positional notation, The sticks were bundled
into 10~-groups with rubber bands, A large rubber band
formed a 100~group of the ten 10-groups, Plate XXX, page 78,

5. Reversible green and orange counters. Fiber

discs, one inch in diameter, were enameled green on one
gide and orange on the other. Each pupil had a small plas~
tic bag containing 18 discs, These counters were used in
group arrangements on the pupils' desks or in tucked charts,
Plates XXVII and XXVIII, page 76,
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6. ZTucked charte., Tagboard, 8 inches by 11} inches,
wae folded into five tucks 1% inches deep which were divided
by staples into 20 small pockets to fit the green and orange
counters, A tagboard backing, 6 8/4 inches by 8 inches, was
attached with scotch tape, Bach pupil was provided with a
tucked chart for vee with his 18 counters. Plates XXVII and
XXVIII, page 764

7. Magnetic blocks and metal board. Small magnets
were embedded in single cubes and in blocks? scored to show
the number of units contained; These cubes and blocks
represented the numbers from 1 to 10, A metal board, 14
inches by 18 inches, served as a convenient display foar the
blocks, Plate XXIX, page 77.

8« Peg board and rings. A wooden base, 16 inches by
4% inches by 1% inches, contained ten removable pegs, 3%
inches high and % inch in diameter, placed in a straight row
one inch apart, Bone crochet rings 7/8 inch in diameter
were used to form number-groups,. Plate XXXIV, page "‘32.

9, Felt board and discs. A rectangle of all wool
black felt, 86 inches by 18 inches, was thumbtacked to a

7 Unit blocks designed by Catherine Stern and sold by
Houghton Mifflin Company, DPallas, Texas.
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portable bulletin board and used as a base on which to
manipulate all woel felt discs, The 18 discs were each made
of two pieces of felt, 3 inches in diameter, glued together
With rubber cement, The resulting discs were reversible,
yellow on one side and rust on the other, The color, as
well as the position of the discs on the felt board, helped
to indicate the composition of the number-group,

The feit board was placed in the chalk tray at the
front of the room so that all the pupils could see the nume
ber relations dramatized on it, Plates XXVII and XXVIIX,
page 76,

10, Flannel board. Oray flannel was mounted on a
rectangle of cardboard, 22 inches by 28 inches. Pictures
backed by fine gandpaper were used in forming and arranging
number groups on the flannel board, which stood in the chalk
tray at the front of the room.

11, The stair of numbers, 1 to 20. A metal board
held all the magnetized unit blocks to form the series of
numbers 1 to 20,% The teen numbers ware studied in relation
4o the numbers in the first{ decade. Plate XXIII, page 73,

8 This is an adaptation of Catherine Stern's 20-case,
Stern, op. ma; Pe 125,
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12, The teen rack. This rack was built of wooden
strips, 1 inch by 1 inch, It consisted of an upright 28
inches high to which were fastened five crosspileces 15
inehes long, at intervals of § inéhas« In the top of each
crosspiece was a groove % imch deep to hold carboard cute
outs of birds, There were ten red birds and ten yellow
birds. 7The vertical support of the rack divided the crosse
pieces into equal parts, On the left side two red birds
were placed on each of ithe five branches to form a 10-group,
The yellow birds were used on the right half in adding
enough ones to form any of the teen numbers,

This aid was reserved for studying the teens as a
10«proup and another smailer group, The children referred
to the device as "the bird tree,” Plates XXV and XXVI,

page 75,

18, Cartons of wooden eggs., Egg cartons contaiaing
one dozen wooden epgs werre used to show factors of 12,

Plate XXXV, page 83,
SPECTAL HETHODS WiITiL THE BXPERINENTAL GROUP

Manipulative materials, another medium of expression.
The additional use of mauipulative materials gave the

teacher and the pupils of the experimental group another way

to represent numbers as groups and afforded a convenient way
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to combine smaller groups and to separate larger groups, The
pupils had some experience nearly every day in bandling
these materials, The length of time the aids were used
depended on (1) the nature of the activity and (2) the
naturity of the pupils using them,

Eanipulative materials Gesigned for teacher snd
pupils, The children not only watched the teacher manipue
late the larger objects, but they manipulated their own
smaller materials at their desks or gave demonstrations
before the class with the larger materials whigh could be
seen by alle

Manipulative materials used gs fhought models. The
investigator was careful to keep the activity with these
raterials a thinking activity. The physical arrangements
and re-arrangements were mades (1) to answer some question
which required addition, subtraction, multiplication, or
division, and (2) to give undersianding to the numbers
themselves, The materials were looked upon as a8 means to
an end, as thought models, or as a springboard to indepen-
dent work habits,
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SELECTED LEARNING ACTIVITIES USING MANIPULATIVE
MATERIALS WITH THE EXPERIMENTAL GROUP

AsaUaUsi 16® aiara °f isa*

Plate XXII# Discovering Facts about Ten*

This rack of spools made it possible to break the
number 10 into its component parts« The children learned
to tell and write the related addition and subtraction facts

by families, thusi

9 ¢ 1» 10 10 ¢ 9al
1+ 9* 10 10 -1a9
8 + 2810 10 - 8a2
2+ 3=10 » . * 10 -2 »8 # * *



These same spools were rearranged on other racks, one
for each group from two to ten, as an aid to learning the
rest of the related addition and subtraction facts in the

first decade.

IMaraUnding the teen numbers.

Plate XXII1l, The Twenty Stair.

Each step in this stair of magnetic blocks on a metal
board was one unit higher than the step below it# Bach step
representing a teen number was made by combining a 10-block
and a smaller block# Jon pointed to 14f the number of days

remaining before Christmas.
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Plate XXIV* Comparing Croupe with Peg Boards*9

Maureen showed the age of a younger sister with 6 pegs
and the age of an older brother with 16 pegs, a group of 10
and a group of 6. She said, wIt*® easy to see that ay

brother is 10 years older than my little sister*¥*

9 Aid designed and presented to the investigator by
Mrs, Lagneaux*
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Finding answers in addition and subtractionThe

pupils found the more difficult addition and subtraction
facts easier when they understood the structure of the teen

numbers*

Plate XXV* Plate XXVI.

Finding the Answer to 9 and 6,

Lynn Xell could not recall 9 and 6, but she said that
she knew how to find the answer by using "the bird tree*"
First she placed red birds on the branches to form a group
of 9* Then she used yellow birds to form a group of 6* She
thought, "Mine and 0 will be 10 and some more.** So she com-
pleted the 10-group with one yellow bird, regrouping 9 and 6
as 10 and 5 to get IS*

Audrey Anne watched Lynn Mell find the answer, then
said that she got the answer another Way* She thought, '"Tec

and 6 is 10, so 9 and 6 is one less, or 15*"
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Plate TO! , now many ore 8 and «

Mito used a felt beard with felt disc* to represent
the groups af 8 sad 8, The other pupils used tucked charts
and formed the groups with green discs. Mike asked, "Will
the answer be ware than 10f*

"Yes," the pupil# replied,

*Then regroup your discs to find the answer,*

suggested Kike.

u "ATTTTEEB

B fiS n

Plate XXVIII, Rearranging the Discs
to Find the Answere



77
An&lyzixr the teen mothers.

Plate XXIX* Studying the
Component Parts of 12*
The magnetic blocks were used to tell the story of
12* Robert, started it with a 10-block and a 2-blocki#
Dianne added a 9-block and a 3-block* The children took
turns building the other combinations* later thej* separated
the groups of blocks to tell the related subtraction facts*

*
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Understanding 2-place numbers*

Plata XXX# Showing the Structure ©f 31,

3

Bach pupil uoad two small cans as place holder®, one
labeled "Tens" and the other labeled "Ones#" With 100
stick®, divided into bundles of 10, the structure of any
2-place number could be quickly represented* Lynn Nell and
the other pupils represented 81 with 8 bundles of ten in the
10*s place and a single stick in the units® place»

Those sticks and cans wexws used in the addition and
subtraction of tens and ones and to demonstrate the princi-
ple of bridging* in addition and multiplication the bridg-
ing was seen as the regrouping of 10 units of a smaller

denomination into 1 unit of the next larger denomination*



In subtraction and division the bridging was seen as chang-
ing 1 unit of a larger denomination for 10 units of the next

smaller denomination¥*

Plate XXXI* Making a Picture of 43*

Using the string of 100 spools Marty Ann pictured 43
as 4 groups of ten and 3 ones* The other pupils carried out

the activity with their strings of 100 beads*
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Undergtandinj> 3-place numbers,

Flat® XXXII* Building 510.

m
A aet of blocks to represent ones, ten® and hundredslO

was used to give meaning to numbers between 100 and 1000.
Bon and Berenda used five 100-blocks and one 10-block to

show the enrollment at Myrtle Place School,

10 These block® were made for the investigator fro® a
diagram of Stern*1®. Catherine Stern, Children Biseover
Arithmetic (Mew York* Harper and Brother®, M495, p, 267«
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fITT-*+

Plate XXXHX* Using a Chinese Abacus to
Show 910#

Miss Jung represented 510 in another way, showing the
use of the abacus# She explained to the children that the
order of the rods determined the denomination. The bottom
rod marked the ones* place, the one above, the tens* place,
etc* The beads on the left of the dividing bar represented
one unit of the denomination, and the beads on the right
stood for 5 units of the denomination* Miss Jung moved over
one bead on the third rod, representing 5 of the hundreds,
and one bead on the left half of the second rod, represent-

ing 1 ten#
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gfM&ttoss f®r multiplication and division bf

Plate XXXIT, Using: a Peg Board to
Show Multiple Groups of Six,
The ten pegs on the hoard each contained six rings
to represent the amount of money brought daily for school

lunches during a two-week period.
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Plat# xm * Multiplication Pair® Fimad la
Mother's Kitchen,

Martin had a carton of a dose® eggs divided into two
raws* Me could see the multiplication pairs, two S's and
six 2vs* ©avid had another carton with a different arrange*
neat, three 4*s and four 8*s*

From these cartons the following multiplication and

division facts were found*

6 2 b
X a X 6 2/IT
x 8 x \ i/ W 8/iT

felling time* Bach pupil made a clock for his own

use. In addition the big Judy Clockll was used for

11 Supplied by The Judy Company, 810 North Second
Street, Minneapolis 1, Minn.
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demonstration purposes before the group* Reference was made
to a large electric wall clock with a second hand* Time was
studied on the hour* half hour* quarter hourt and to the
minute. The children learned to state and record time in a

variety of ways.

Plate XXKYI* What Time Is Il1lf

®It*s time for arithmetic,® said Sandra* *Wiiat time
is it?® She received the following responses*

®It*s fifteen minute® to nine**

MIt *¢ eight forty-five.®

»Xt*s a quarter to nine.®
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Introducing the partition idea of division» The
partition idea of division was approached through sharing.
On the Stanford Achievement Test, Form K, not one pupil had
solved the problem, 2/I86B the pupils had shared ones and
tens, but they bad no experience in sharing hundreds, tens,
and ones¥*

The teacher posed the problem this way* '"Suppose you
had $186 and wished to share it equally between two of your

friends* Bow Would you do it?"

Plate xxjnrxx. Representing 186 as
1 Hundred, 8 Tens, and 6 Ones¥*

Tommy said he believed he knew hew to share the money
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but if he really had that much he might act want to give it
to two of his friends»
Tommy saw that he could not divide the 100*block* So

he decided to exchange it far 10 tens which he could divide.

Plat® XXXVIII. Using 186 as 18 Tens
and 6 Ones,
Tommy took half of the 18 tens and gave each boy his
share, 9 tens. He then took half of the 6 ones and gave
each boy 8, Tommy finally told hi© friends, "I'm sorry this

isn’t real money, but I gave each of you the same amount,

didn't I?"
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The activities described above are typical of the
additional experiences provided only for the experimenial
group. The use of manipuiatiVe materials gave the pupils.
another way to reprasent nuabers as groups and to dramatiza

the processes as groups in actien,



CHAPTER V
PRESENTATION OF TUE RESULTS

In December, after three and one~-half months of
instruction, the groups were tested again for arithmetic
achievement, The original objective test was repeated; and
an alternate form of the Stanford Achievement Test, Primary
Battery, this time Form X, was administered,

In order to detsrmine the relative effectiveness of
the two methods used with the control and experimental
groups, both intra-group and inter-pgroup comparisons were
made. Intra-group couparisons were made to find whether
each group had shown growth that was significant for the
i:articular method used with that group. Inter-group come
parisons were made to find whether the manipulative maters
ials used additienally with the experimental group had pro=
duced any significant difference in growth for this group
over that for the control group, which had not had access
to the manipulative materials,

The significance of the difference between the means
on the testings was the method usal to make the comparisons,
Since the pgroups were small a better estimate of the stane
dard deviation for the intra-group comparisons was obtained
by pooling the sums of the squares of the deviations from

88
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the means on the testings in September and in December of
each group of children, Likewige, for the inter-group come
parisons a better estimate was cbtained by pooling the sums
of the squares of the deviations from the means on the final
teatings of the two groups in December, The interegroup
comparisons of the upper thirds, middle thirds, and lower
thirds of the two groups were made in a similar manner,

(See formulas, page 21.)

INTRA-GROUP COMPARISONS

The growth in aritlmetic achievement of sach group,
deternined by a comparison of the grade placements en the
Stanford Achievement Tests in September and in December, is
shown in Table VI,

TABLE VII

GROWTH IN ACHIEVEMNENT OF EAC g GROUP
0¥ THE STANFORD TBSYS

ﬂmbnr mmn arada v Standard Stane Crite

Group $ept. placenent Mean devia- dard ical
differ« tion error ratio
Dec. Sept. Dec, ence or s or sp or t

" e gt A g TP
by wrvosas

Control 5‘4: 2.7 8.4 «T «59 i W11 6.96

erie
Eﬁntu 54% 2.7 8.4 o7 59 .11 6.36

“ Baaad on infarmat:lun in Tables XIIX and KV, Appaadix A,

X pooling 27 cases in September with 27 cases in December,
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The critical ratios in Table VII above indicate that
there was significant growth in arithmetic aghievement
within both groups, With 50 degrees of freedom a critical
ratio of 2.40 is significant at the ,01 level, and the crite
ical ratios found in the above table are greatly above this,.

The mean grade placement for each group was 3,4 in
December as compared to 2.7 in September., In three and one=
hailf months the average gain for each group was seven
months, that im, two months of growth for each month of
instructien,

Table VIII shows the growtn in achievement on the
orizinal objective test,

TABLE VIIX

GROWTH IN ACHIEVEMENT OF BACH GROUP
OF THE ORIGINAL OBJECTIVE TEST

e e b e P VN 207 19 Rt U4 1 AN et v i 1 el

Kumber Standard

Stan Crite

Group Sept. Mean scores Mean devia- dard ical
and differ- 4tien error ratio
Dec, Sept., Dec, ence or g or By or t

Control 52% 97 117 20 22.9 6.41 8,20
Experi-
mental B52¥ 100 120 20 20,9 6.55 3,40

# Baged on information in Tables XIV and XVI, Appendix A.

X pooling cases in September and December. Groups reduced
by absence of one pupil for a testing,



91

The mean score for the control group on the original
objective test in September was 97 as compared teo 117 in
December. The mean score for the experimental group was 100
in September and 120 in December, Both groups thus showed a
net gain of 20 points on the final test, The critical ratios
were 8,20 for the control group and 8,40 for the experimental
group, far in excess of the 2,40 usually regarded as indie
cating a significant difference at the ,01 level,

These highly significant critical ratios obtained for
both the §tanford Test and the original objective test indi-
cate that there was significant growth in achievement within
each group during the period of instruction,

Growth in achievement was alse shown by the reduction
of underachievers in both groups, when each child's achieve«
ment was compared with what might be expected of him in
relation to his mental ability, The mental age grade places
ments made by the pupils on the California Test of Mental
Haturity were converted te intelligence quotients in order
to ocompare intelligence and achilevement, A tablal of norms
in the Manual of the California Test of Mental Maturity
shows what varlation in aritimetic achievement may be exe

pected in grade three for groups with varying median

1 piizabeth T, Sullivan, Willis W, Clark, and Brnest

W, Tiegs, Manual Ca%ifcrnia Test of Mental Maturity (Los
Aﬁgelegs’dEII?3Fﬁia €st Dureau, 1951}, D. 16,
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intelligence quotients, Identifying individual I.Q.'s with
corresponding median 1,Q,'s on the table, it was possible to
compare each child's achievement and his mental ability,

The norm was chosen as 3,0 in September gnd 3,4 in Deceuber,
Pupils with I.Q.'s of 100 were expected tu achieve the nor-
@mal grade placements) whereas, those with I.Q.'s above 100
were expected to achieve zrade placements above the norms
for each testing, and those with I.Q.'s below 100 were not
expected to achieve up to the grade norms,

Table IX shows the reduction in the number of undere

achievers during the period of instruction,

TABLE IX

ACHIEVEMENT IN RELATION TO ABILITY, AS REVEALED
BY THE STANFORD ACHIEVEMENT TESTS AND THE
CALIFORNIA TEST OF MENTAL MATURITY

Number of pupils whosge Number of pupils whose

achievement 4id not achievement equaled
Group equal ability or exceeded ability
Sept, Dec, Sept, Dec,
Control 20 9 7 18
Experimental ig 9 9 ig

Totals 38 2 18 38
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The investigator used the table of I.Q.'s and the
expected grade placements in the manual with caution for two
reasonss (1) the I.Q.'s of children from low socialestatus
levele do not always give a true picture of their mental
ecapacity, and (2) children from disturbed homes often lack
the proper mbtivutien to do their best work when they take
tests, In order to interpret the I1,Q,'s of any group pro=
perly, the relation between intelligence and cultural dife-
ferences must be understood;a

For example, two pupils from families of unfavorable
soclio=economic backgrounds may be considered, In the con-
trol group there was a pupll with an 1.G. of 83, whose rank
was 26th, next to the bottom for his group, and whose mother
wag in a mental institution., In September his grade place~
ment on the Stanford Achievement Test was 1,9, In December
his grade placement was 8.0, This achievement was phencmew
nalj it represented 11 months growth during 8% months of
instruction, This growih far exceeded the expected achievee
ment based on his I.Q.

In the experimental group there was a pupil with an
I.9. of 88, whose rank was 25th, third from the bottom of

nis class, and whose mother was in a tuberculosis sanitorium,

2 p11ison Davis, et al,, Intelligence and Cultural
iﬁ%"ﬁﬁiiéra y 0 ch3"F§E§§%£§§51).

Differences (Chicagos
PPe i=aioe
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In September his grade placement on the Stanford Test was
242 and in December it was 8,2, His gain represented one
wWhole year in arithmetic mctievement, His growth, like the
other pupil's, far exceeded what might have been expected
according to his I,Q.

The unusual progress of these pupils may be partially
explained in two wayst (1) by encouragemeat from the
teacher, and (2) by ressonable success of the pupils.
Encouragement and success were two important motivating
factors in reduecing the total number’of underachievers in
arithmetic in both groups.

All intra~group coumparisons point up the same facts
that each method used produced significant growth within its

group,
INTER=GROUP COMPARISONS

8ince both groups of pupils were equated as nearly
as possible in arithmetic achievement in September, then any
significant difference in growth between the groups on the
final testing would indicate whether one method of instruce
tion was more effective than the other,

In Table X the results of the Tiocal testings are
compared for the control group and the experimental group,
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TABLE X
CONPARISOY OP GROWTH BETWEEN CONTROL AL

EXPERIMENTAL GROUPS ON ARITHMETIC
ACHIEVIMENT IN DECEMBER®

Hean grade Standard Stan- Crite

Number placements MNean devia~ dard ical
Test of cases or scares differw tion error ratioc

Cont, Exp. Cont, [DExp, ence or g org, orgt

Stanford 27 27 8,4 3.4 0 - Zero
Original 26X 26% 31T 120 8 19,70 8,52 .54

P 4 48 o AT A A R e P 0 5 T - SN ) - 70

® Based on information in Tables XITI to XVI, Appendix &,

i Nt s AN

X one pupil miseed a testing.

This table shows that there was no difference between
the mean achievement of the two groups on the Stanford Test
on the final testing, and the difference beiwesn the means
on the original test was only a slight one. The critical
ratios of zero and .54 indicate that the difference in
growth between the groups was not significant,

Might the use of manipulative materials have been
advantageous, however, to a particular group, the above.
average, the average, or the beloweaverage pupils? Table XI
compares the growth of the upper thirds, the middle thirds,
and the lower thirds of the experimental and control groups,

and reveals no gsignificant difference.
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TABLE XI

CONPARISON OF GROWTH IN ARITHMETIC ACHIEVEMENT
BETWEEN SUB-GROUPS OF THE EKPEIRIHgNTAL ARD
CONTROL GROUPS, DECFMBER

- 1 e T e S5 A A M- i s it s o T S

Standard Stane Crite

Sub=group Number Kean Hean devia- dard ical
differ« tion error rgtio
Exp. Con, Bxp, Con. ence ors or g or t

Stanford Achievement Test

UPPW thirds 9 9 8.8 8.7 sk »27 218 «T7
Xiddle thirds & 9 8 o3 B4 +1 142 o 20 +B0
Lower thirds 9 9 3.2 8,0 2 «28 a13 1,54

Original objective test

thirds 8 9 185 182 3 6.80 3.24 »98
Middle thirds 9 9 116 124 8 12,60 5,90 1,36
Lower thirds ¢ 9 67 97 10 20,50 9.64 1.04

et e AL AL A Gt AL i R A i N e A et P AT P

b b

# pased on information in Tables XIXI to XVI, Appendix 4,
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It will be recalled that with the 18 cases resulting
from pooling the small samples there are 16 degrees of free~
dom, and to be significant at the .01 level the critical
ratio must be 2,58, The critical ratios in Table XI on the
preceding page are far below 2,88, indicating no significant
differences in growth between the groups,

The evidence of both inter?grﬁup couparisons and
intra-graup conparisons of growth indicates clearly thats
{1) the growth within each group was significant, and
(2) neither the difference in growth between the groups noy
the differences in growth between the sub~groupe was signif-
icant, In other words, boih methods proved equally effecw
tive with the group in which they were used, The additional
use of manipulative materials with the experimental group
caused no significant difference in the growth of that group
over the growth of the'cantrol group, with which only the
symbolic and pictorial materials were used, Nor was there
any significant difference between the growth of the upper
thirds, the middle thirds, or the lower thirds of the two

groups .



CHAPTER VI
SUNMARY AXD CONCLUSIONS
SUMMARY

The investigator equated two groups of third grade
pupils at Myrtle Place School, in Lafayette, Louisiana, in
order to determine the effectiveness of the use of manipulae
tive materials in teaching arithmetic,

Both groups of children were faught by the investiga-
tor for daily periods of thirty-five minutes each during the
fall semester of 1953«54, The same textbook and workbooks
were used by both groups, The investigator designed supple-
mentary symbolic and pictorial materials, as shown in the
body of the thesis, and used these materials alike with both
groups, These materials used alike by the same teacher with
the same overall objectives constituted the control factor
in the study, The experimenial group had the additional and
exclusive use of the manipulative materials, The additional
use of thesse materials with this group provided the variable
factor in the study,

The laberatory method, which stressed pupil diacove
ery, was used with both groups., Arithmetic was taught as

an orderly, systematic way of studying numbers as groups,.

98
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After three and one~half months of instruction the
children were tested again to determine their status in
aritbmetic achievement, Intra-group comparisons were made
to measure the effectivencss of each particular method with
each group. Inter-group comparisons were made to measure
the difrgranee in achievement between the two groups.

CONCLUS XONS

The intra-group comparisons showed that each method
produced significant growth within its own group, The inter-
group comparisons revealed no significant difference between
the growth of the control group and the experimental groupj
nor were there any significant differences in growth between
the upper thirds, the middle thirds, and the lower thirds of
the two groups.

It may be concluded from the studys

First, that within the limits of grade objectives to
which this study was confined, carefully selected pictorial
and symbolic materials provided adequate instruction,

And second, that the additional use of manipulative
materials with the experimental group caused no significant
gain in growth of that group over the control grnup.

It should be pointed out apain that this study was
1imited in scope to the arithmetic objectives (i.e,, con
cepts and skills) usually found in the course of siudy for
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the first half of the third grade, and the tests for measur-
ing achievement were developed within these limited grade
objectives and from the course of study materials laid out
for this grade, However, ithe study indicates conclusively
that the objectives of this third grade, as laid out in the
school courses of study, can be met adequately by the use of
textbook materials, supplemented richly by other pictorial
and symbolic materials such as those shown in the body of
this study, Stated precisely, this study showed no signifi-
cant advantage for the group that had access to the manipu-
lative materials, as umeasured by their learning when conw
fined within the limits of the third grade course of study,
first half, and especially when the tests were also ree
stricted within these limits,

Tils finding does not precilude the possibility,
however, that if the study could be repeated with two groups
in such a way that their learning were not resiricted within
rather narrow course of study limits and, particularly, if
the tests were not also thus restricted, there might be
found an advantage in the use of the manipulative materials,
This merely indicates the uneed in this area for more study
in different directions,

Since this is a pioneer study in testing the effecs
tiveness of manipulative materials in teaching arithmetic,

the investigator suggests that the experiment be repeated
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by other teachers on different grade levels and with broader
testing objectives than those usually developed for and
standardized within specific grade levels,
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APPENDIX A
REFIRENCE TABLES
TABLE XII

- CHRONOLOGICAL AGES AND MENTAL AGES®
OF PUPILS IN SEPTEMBER

Control group Experimental group

Rani®  Grade Grade
1 =10 3.4 113 8w & 4.7 118
2 L 4.8 119 B 4 4,9 122
3 8- 8 3.4 108 = 8 5.2 136
4 8« 8 4.5 118 8- 3 8.3 104
8 T«10 3.8 113 e 4 2.8 96
] T=11 2.8 101 = 7 441 109
7 6~ 2 8.0 101 T= 9 2.6 101
8 8= 8 8,8 104 8w § 8.5 104
9 T 3 8,8 114 8« 8 8. 108
10 8= B 2.8 95 8+ 7 4.6 115
11 8« 5 2.2 a7 8= 7 1.8 82
12 8« 0 8.7 113 T=10 3,1 108
i3 8« O 2.6 98 B 1 8.4 107
14 7~ 8 8.3 112 9« 3 2.6 85
18 8« 9 2.6 87 8= 7 2.4 88
18 8~ 7 2,8 28 Gu O 4.8 111
17 8« O 2.7 99 Bn T 4,0 108
is 8= 7 1,9 83 8~ 0 2.2 92
19 8~ 0 2,3 94 B 2 1.8 83
20 7« 6 3.0 110 8« 5 2.9 97
21 10- D 3.7 89 = 2 8,2 108
22 8~ 0 2.6 97 8~ 8 2.6 20
28 §=10 4,7 101 8« 8 1.8 a5
25 8~ 8 047 70 8~ 4 2.2 88
26 T=11 1.8 88 8- 2 1.4 80
27 T7=10 8.1 128 8- 1 1,6 84

o O e e e S g VS ANAR i

# Tntelligence quotients and grade placements as determined
by the California Test of Mental Maturity,

X gecording to rank on Stanford Achievement Test in September,
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TABLE X1XX
GRADE PLACEMENTS OF THE CONTROL GROUP

OX THE STANFORD ACHIEVEMENT TESTS
IN ARITHMETIC

Reasoning Gcmputation . Tof@lv Grade
naak* Sept, Dec,  Sept, Dec, Sept, Dec, gained

1 ‘

2 3,8 4.8 8,0 3.9 3.4 4,2 «3
8 3&". 3449 3‘0 3'3 3.2 3q6 Q‘
4 3.4 a.!} 3;8 3.3 3.1 3:8 9
5 3.2 8.8 248 8.1 3.0 3.5 113
8 3,1 3.8 249 3.4 8,0 3,8 +6
7 2.9 3.4 2.8 3.3 2.9 8.4 "
8 2*9 308 2.3 3@8 2@9 3&8 »9
9 2‘5 8;4 3(91 3a3 2,8 8¢4 .‘.6
10 2'7 306 3;9 3.0 2‘8 3.3 ‘5
11 2,8 4.5 2.9 8.5 2,7 4,0 1,3
12 2.5 405 3‘09 314 207 4 00 1&3
13 2.8 8.6 2.9 3.4 246 3.8 «9
14 2.3 2.8 2.8 2,9 2.6 2.9 .
18 2.1 2.8 8,0 3.0 2.6 2.9 "
16 2.5 3.8 247 3.0 2,6 3.4 +8
17 2.5 3Q4 2&? 209 2.6 902 ug
18 2,3 8.2 2.9 8.1 2,6 8.2 N
19 2,1 8.0 2.7 2.8 2.4 248 oi
20 1.8 3.8 249 3.5 2.4 3.7 1.8
21 2,3 8.1 2,4 2.6 2.4 2.9 B
22 2’1 3&6 2.6 2.9 204 333 .9
%3 2;1 8,0 30? 2,9 2.4 3*‘0 a“
24 2.8 3.1 2.0 2,7 2,2 2.9 o7
25 1.6 2.6 2,6 2.6 2.1 2.6 o9
26 1,6 3.2 2,3 2.8 1.8 3,0 1.1
27 1.8 8.0 2.0 2.6 i.8 2,8 1.0

% pccording to rank on Stanford AchieVement Test in saptember.
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TABLE XIV

SCORES OF TUE CONTROL GROUP ON THE
ORIGINAL OBJECTIVE TEST IN
ARTTHMETIC ACHIEVEMENT

TVl b ik o, e A , i
- - A M Wt RO U AT i ST

”Undm‘umﬂings Problems Computations Total
mw.-., . Bept, Dec, - Sept, Dec, . Sept, Da.,

1 73 68 - 15 18 - 45 44 193 180
2 0 79 - 16 18 - 44 46 180 142
3 68 82 10 omitted 43 89 . 121 121
4 56 82 - 13 16 - 36 40 105 187
5 58 74  inc, 12 we 42 inc, 128
6 54 76 13 18 48 48 110 187
7 49 65 11 18 31 41 91 119
8 61 80 12 18 43 44 116 140
9 68 176 8 14 43 44 119 134
10 48 78 110 29 43 76 138
11 49 76 9 18 35 41 93 132
12 67 178 12 17 38 44 117 139
18 62 74 11 8 43 41 116 128
14 58 75 11 18 44 45 118 188
15 58 63 9 10 42 43 104 116
16 58 60 15 9 39 41 112 110
17 46 67 9 9 34 83 89 109
18 53 71 11 14 36 45 100 130
19 84 38 7 7 33 87 74 82
20 85 76 10 16 40 44 105 186
21 31 49 o 7 20 26 51 82
22 45 59 11 11 34 33 90 108
23 51 78 7T 17 i2 43 100 188
24 8¢ 55 4 8 88 41 76 102
25 81 42 1 9 21 80 58 81
26 32 &7 6 omitted 22 84 60 91
a7 34 49 § omitted 19 14 58 63

# according to rank on Stanford Achievement Test in September,
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TABLE XV -
GRADE. PLACEMENTS OF THE EXPERIMENTAL GROUP

ON THE STANFORD ACHIEVEMENT TESTS
IN ARITHMETIC

Reasoning Computgtion ’ Total

Rank®  Sept,

T e e L A

Dec, Sept. Dec. Sept, Dec, Gainm

e A 01 AR N A e 2l A T A T

1 4.0 4.8 8,1 8.8 3.6 4,1 b
2 3.8 4,2 3.0 3,8 3.4 4,0 )
a 3.3 4'9 3*& 3:6 3;2 309 .
4 8,2 8.8 2,9 8.5 3,1 8,7 .
5 3,1 4.5 8.1 3;5 3a1 469 ts
G aal 3¢.9 a’&l 4@1 3#1 ‘00 ;9
T 3.2 8.6 2.8 8.8 8.0 3,6 +6
8 3,3 303 217 392 3 10 3u5 Qs
9 2g7 3*4 3*3 9»;7 3.9 31@6 @
10 2,9 4.9 2.9 8.3 2,8 4,1 1.2
11 2.7 3.2 340 8,1 2.9 8,2 -
2,7 4.2 2.9 8.3 2,8 8.8 1,0
13 2.5 2.8 2.6 2.8 2.7 2.8 s ]
14 2,5 . 2.8 8,1 2.7 8,2 .
15 2.6 8.6 2.8 8,2 2.7 8.4 7
18 2.3 8.1 2.8 8,1 2,6 3,1 "
17 2.5 8,1 2.7 2.8 2.8 8.0 od
18 2.5 8.1 2.7 2.8 2.6 2.8 .
19 2.7 302 2'4 aq(} 3»6 3‘1 '5
20 2.1 816 2!3 3'2 205 Bﬁ4 09
2n 2.7 8.8 2,2 8.8 2.5 8.5 10
” 1.9 3:1 2&7 ! 2#5 ga4 239 .
23 2.1 8,9 2.6 3.0 2,4 8,5 1.1
24 2.3 4.8 2,6 2.8 2.4 8,3 o9
25 2.3 3.4 2,0 8,0 2.2 3.2 1.0
26 2.1 8.1 1.9 2.8 2.0 8.0 1,0

a7 1.8 8.6 1.8 2.3 1.9 3.0 1.1

® pecording to rank on Stanford Achievement Test in September,
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TABLE XVI
SCORES OF TIE EXPERIMENTAL GROUP ON

THE ORIGINAL OBJECTIVE TEST IN
ARITIMETIC ACHIEVEMENT

Understandings Problems Computations  Total

Rank® Sept, Dec,  Sept, Dec,  Sept, Dec,  Sept, Dec,
| , Dec,

1 76 719 16 18 41 45 133 140
2 75 80 15 16 82 44 122 140
8 87 718 11 15 41 82 119 125
4 71 80 15 15 43 44 126 199
5 66 17 15 17 45 44 126 138
6 68 18 1s 7 44 43 130 138
T 65 T2 18 13 33 44 118 129
8 64 75 0 15 38 42 112 182
9 71 78 13 186 43 43 127 137
10 62 76 15 14 84 44 111 184
11 66 68 7 11 88 85 111 114
12 69 77 g 14 a4 4 119 182
13 37 59 4 3 20 32 70 98
14 30 56 6 12 44 a7 80 108
15 63 T8 17 7 83 40 118 130
16 56 71 7 18 38 41 96 125
17 62 61 ine, 4 inc. 96 ine, 101
18 28 55 0 10 89 40 64 1086
19 31 59 8 18 37 44 76 116
20 32 70 1 12 34 43 76 125
21 51 60 11 14 42 88 104 112
22 30 65 11 15 87 42 78 122
23 48 86 0 8 a5 89 21 108
24 35 48 8 12 32 88 75 98
25 43 66 8 8 45 41 101 116
26 29 50 6 9 28 a8 63 97
a7 30 52 7 7 18 16 55 75

# pccording to ranmk on Stanford Aghievement Test in September,



APPENDIX B
ARITHMETIC ACHIEVEMENT TEST
DIRECTIONS FOR ADMINISTERING

Time, Twenty-five minutes are mllowed for Test I,
with a five-minute rest period following it, %wenty minutes
are allowed for Testas II and III together, The total worke
ing time allowed the pupils is forty-five minutes,

Directions for scoring. There are 147 items on the
test. One point should be allowed for e¢ach exercise
answered correctly. A4 few exercises have more than one

response, No partial credit is allowed,
TEST I
CONCEPTS AND BACKGROUND

After the booklets have been distributed, say to the
pupilst "Now open your booklet to Test I, Concepts and Backe
ground, en page 1.,"

Speecific Directions:

Exercise 1.
sHow many stars do you seel Draw a riang around the

figure that tells how many.®

Exercise 2
"Ho; many squares do you seef Draw a ring around the

figure that tells how many."

Exercise 8.
wliow many circles do you see? Draw a ring around the

fizure that tells how many,*
110
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Exercise 4,

*Count the boxes and write the figure in the blank to
show how many there are,®

Exercise 5,

"Count the trees and write the figure in the blank to
show how many there are,"

Exercise €.

"Count the balls and write the figure in the blank to
show how many there are."

Exercises 7«9,

"Here are ten children lined up to take a ride on the
ferris wheel, Write their names or places in the blanks,

’ is first for the ferris wheel,

“Tack is in line, ’

" is eighth in line,*

Exercises 10«12,

"After the ride each cbild found his same place in
1ine, turned around and went across the fair grounds to buy
some cotton candy at a stand, Write in the blanks their
names or places in line,

®Lou is to get the cotton candy,

Exercises 13+15,

*The third grade room could have one school party
during the year. The class voted to see when they would
have their party. The marks show the; way they voted,.

"How many children voted for the Halloween Party?
¥rite the number on the blank beside the tallies, (Pause,.)

®"How many children wanted the Christmas Party? Write
the number on the blank, (Pause.)

*How many voted for the Baster Egg Hunt? Write the
number on the blank."

Exercises 16«23,

*¥ary told the e¢lass that she had 9 1little chickens
at home, BShe said, *Some of the chickens are bla¢ck and some
are yellow', The class had fun guessing the number of each,
F4i11 in the blanks to show all the guesses that were made."

Exercises 24-32,
"¥hen Mary fed the chickens they ran to her one at a

time. Finish the story to show how many were left with the
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nother hen each time,."®

Exercise 83,

"Seven is how many more than four? Write the answer
in the blank,"

Exercise 84,

®Four is how many less than nine? Write the answer
in the blank,"

Exercises 85 and 86,

®Put an X in the box in front of the correct answer to
each questiong

"When you put together things that are alike and find
how many there are, you are ?

"When you take some aWay from a group and find how
many are left, you are Pw

Exercisea 87«41,

%In the left column there is some sign language, In
the right column there are the meanings for these signs, 1In
front of each sign on the left put the number that goes with
its meaning.* (Allow enough time for all to try,)

Exercise 42,
"Write the number that the dot picture represents in
the blank,"

Exercise 43,
"Pi1l in the blanks with the correct figures,®

Exercises 44-82,
*Draw a ring around yes or no to show the correct
answerj}
44, Will 8 pennies buy more than 1 dime?
"45, Does fortyenine mean 4 tens and 9 ones?
*46, Is 147 more than 1747
"47, Is 798 less than 3979
548, Does 230 come after 2297
%49, Does 120 come before 1197
n50, Does 107 come between 106 and 1087
251, Do these dot pictures show that we add tens the
sane way we add ones?
n52, Do these dot plctures show that we subtract
tens the way we subiract ones?

Exercises §3«64,
fJane bad a good way of studying 18, She made dots
1ike these, a group of ten and three more,
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*By moving her pencil to the left, Jane could dis-
cover addition and subtraction facts about 13,

"Write the whole story as Jane wrote it, by filling
in the blanks,®

Exercises 65«67,
"¥rite the number that means:
8 tens (Fause,)
8 tens and § (Pause,)
B30 and 1#(Pause,)

Exepcises 68«70,
"Hirite the number names for these figuress
12  (Pause,)
90  (Pause.)
64.® (Pause.)

Exercise: 71,
*Nhat number is written under the space where Wednese
day {(wed) should bel! Write the number in the blank,”

Exercise 72.
"Nake an X in the box in front of the correct answert
“lHow many inches are in 1 yard?

Exercise T8,

"Look at the lengths of these five lines., (Pause,)
Which line is about three times as long as AP VWrite the
© answer in the blank,®

Exercise 74,
*How many dimes have the same value as a half-dollart

Write the answer in the blank,.®

Exercises 75«78,
*Under each clock write the time that it shows."

Exerciges 79«82,
"Look at the time under each clock. H¥ake the hands

of each clock show that time,®

Exercises 82 and 84,
9pi11 the blanks with the correct numbers.”
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TEST II

COXPUTATIOR

"Look on page 5 at Test 1I, Computation, Write the
answere to these guestions in addition and subtraction, One
of each is already answered as a sample."

TEST IIX
PROBLENS

*Look on page 6 at Test ITI, Problems, Here are some
story problems, Read each one carefully, ¥rite your answer
on the blank at the right.



ARITIOETIC ACIIIZVELLETT TIST

Ica iae Ileard, Associate Professor of :lathematics, South-
western Louisiana Institvte, lafayette, Louisiana.

Hame . Grade Boy or girl_
School Age Birthday
Teacher Sate
Possi~
ble Punil's
Test Subject Score Score
e COLICSPTS ALD BACIGLOUND | SF |
A, Understanding the numbers 1-10 3¢
B, Signs and symbols 5
C. Understancing 2-place numbers 23
D. Understanding 2-place nuuibers T
L. weasurenent 13 _

I+ COIPUTATION )
A, Addition -- 28
Suzs 1 to 10
Sums 11 to 18
Tens and ones (no carrying)
Coluun addition
¥ith 3 addends, sums 1 to 10
With 3 addends, suas 11 to 18
With 3 addends, tens and ones
. Subfraction -~ 17
iinuencs not greater than 10
ilinuends not greater than 18
Tens and ones (no changing tens
to ones)

—

T

= N
W W NN Icol g NUT Npws oos lo’rl

ITi., PL.COLES |
L. Addition -- 10
Suizs not greater than 10
Suzs 11 to 18
Tens and ones (no carrying)
Column addition (no carrying)
3. Subtraction -- 8
i.inuends not greater than 10
i.inuends not greater than 18
Tens and ones (no changing tens
to ones)

T

Total

[
S
~1
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7. is first in 1line for the ferris wheel,
8. Jack is in line. §
. 9. is eighth in line. !
: !
i1C. Lou is toc get the cotton candy. i
e !
f11. is fourti, !
! i

12. is last.

vl3 Halloween Party - ‘i\HNL

j14. Clristuas Party M
i
15, Iaster Lgg lunt ]
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Black and Yellow Chiclens nPan Away Left
‘\4 v A v

16, 8+ __" =9 24. 9-1=___

17, T+ ___ =9 25. 9-2=___

18. 6+___ =9 26. 9-38=__

1. 5+ _ =9 27. 9 - 4=__

2C. L+ =09 23. 9-5=___

21, 3+ __ =9 29. 9 -6 =___

22, 2+ __ =9 3¢, 9-7=___

23. 1L+ _ =9 31, 9 - 0 =

32, 9 -9=___

33. Seven is how wany 34, Tour is how unany

more then four? less than nine?

35. T Jadding T [sudbtracting| 86. ] ladding T [subtracting
T Jaividing] [multiplying T Taividing] jmultipiying
5ipn Lancuage The Ieaning

37. __ * 1. take away, less

38. ___X 2. cents

39, - 3. and

40, £ 4. tiues

47. 8 5. dollars and cents

6. divide
7. dollars
42, . | 43, Thirty-five is ___ tens
o o l and ones,
o 0 o ©c © l -
o 0o O © o O l
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44, i3l 8 nennies buy nore than 1 dime? Yes 1o
45. Docs forty-nine mean 4 tens and 9 ones? Yes Iio
46. Is 147 nore than 1747 Yes 1o
47. Is 793 less than 3977 Yes 1o
43, Does 230 coue after 229? Yes 1o
49. Does 120 come Lefore 1197 Yes 1o
50. Does 107 come betweer 106 and 1C8 Yes 1lo
51 Do these cdot pictures show that we add
tens the saune way we add ones?
3 ones
° o0 +4 ones
°© ° °° T 6nes
o] e} o
c © o 0 o ©
o O O 0 O © © o O
O O o o c O O o o 0O O ©°
°© ° e ° 3 tens
o o o 0 o O o 0 +4 f—_el'ls
o © (o] o O O o 0 o o o o 7 .ten's Yes 110
©c 0 0O © o 0 o0 ¢© o O O o o 0 0 ©
52. Do tiese dot pictures show that we subtract
tens the way we subtract ones?
ST 5 ones
° °‘f\°~j/ -3 ones
T2 ones e
° ° e ° © '\ 5 tens
o o o o // o o o o °°‘-3tens
e ° °° °°°°°° {°°°°°°° °°°°°°o °°°°°°0> 2 iens Yes 1o
o 0o o o . /
P - --———,’j"""‘"_‘/
00QO00000QQO0 /OO0
If 10+ 3 =13 If 183 - 3 = 10
53. then 9 + = 13 59, then 13 - 4 =
54, S + = 13 6O, 13 = 5§ =
55, T + = 13 61. 13 - 6 =
56. 6 + = 13 G62. 13 - 7 =
57. 5 + = 13 63. 13 - 8 =
58. 4+ = 13 64. 13 - 9 =
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65. 8 tens . 68. 12
6G. 8 tens ancd § 69. 9C
67, 30 and 1 7C. 64
71, — . Tebruary
{Stn[ton! T Sat
T O N N -
72. 73
_,_'! 24 I 3
T T 12 1T 36
A
|
3 C D E
T4. oW nany dimes have the saume value as
a half-dollar?
R, —— T -~ -~
V4 /(ll' ‘?2 1 //“ h2 ’7\ ,’4"‘ > //“ 2 [N
Se ] 2\ Jle o z\\ /1o A 2\ io PEAN
; ! : ~ H y ~ - -\
48 ‘I‘\A 33 ( 0 3 Ve 3% <—i:i - 3
\2 s/ s | ) A3 4/ \8 4,
N £/ 7 gz s/ 7, 5 v ké’ g/
S “~ o~ \&\‘P/ ——
75, 76. 77. 73.
T ’_/’]Z\\] /{T’Z\\‘ et [A) N
o DN = 2N 1o 2 Ao 22
’f o - \\ o \\ ( t\ 3\\
:9 ° 3—’ 1.9 ° d ? -9 ® \ﬁj \9 6 ":'
Kg +) .8 ) ”7/ \f 4,/ \8 5/4“7”
7 s/ 7 > 7 /y/ \7 '
\« o > \\\(_D/ N ) b~
79. ) 80. |T5 tTo 6| 1. |§v iiin. | 82. |5 min. {
after 9 after 4
23, 1 hundred, O tens, 84, 583 means hundreds,
and 2 ones are . tens and ones,
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TEST IX

COMPUTATICN
Ldds

Sample (1) (2) (3) (4)
2 2 5 £ 7
+1 +3 +5 +4 +1
a — —— ———

(8) (9) (10) (11) (12)
7 6 4 9 9
+8 +9 +7 +9 +7

(16) (17) (18) (19) (20)

25 32 59 92 4
+21 +25 +40 +13 4
' 1

(24) (25} {26) (27) (28)

5 7 4 73 81
2 1 2 10 13
_6 _8 _6 65 35
Subtract:
Sample (29) (30) (31) (32)
6 8 7 8 4
-8 =5 -z =6 -1
3.,

138 1 14 16 17

-8 -9 =5 =8 =9
(44)  (45)

85 7

120

(33)
10
-5

(41)
85
-11

(6)
8
+5

(14)

+41

(22)

[ oo

(34)
15

(42)
48
~24

(15)
+15

(23)

,MCJ.?CD

(35)
11

(43)
76
-65



10,

11.

12.

13.

14.

Ann has 10 pennjes. Jane has 8 pennies, ilow
nany fewer peunnies has Jane than Ann?

Jack hgd 2 marbles in the ring when Joe caue to
glay with hia., Joe put 4 marbies in the ring,
Then how many warbles were in the ring?

iim caugiit 2 fish and his father caught 6 fish.
+CW nany fish did Jim and his father catcli?

Joe has made 3 Clristuas cards and Ienry has
nade 4 Christuas cards. liow uany cards have
they both macde?

The girls brought thedir dolls to school. Alice
brousht 3 dolls and Jane brougiut 7 doils, Ilow
many dolls did they bring?

There were six red birds in a tree, Tlree flew
away. liow nany birds were left?

Ann read 6 stories @and Jack read 1 story. Ann
read how many wore stories than Jack?

The Snith fanmily got 9 Christiias cards one day
and 8 cards the next day. Iiow many cards did
they get?

Ton worked 4 hours one week, and he worled
7 hours tlie next weeXk, IHow many hours did
Ton work?

Betty wants a doll that costs 15¢. She has
84. ow nuch nore money does she need?

Dob has 16 books, and Joe has 8 books. Ilow
many fewer books does Joe have than DSob?

Sue needs 10 cents for a bus ticket and 5C cents
for a new doll. Ilow nuch does she need?

Jack had 43 narbles., Ile bought 32 nore. Ilow
many marbles had Jack then?

A toy car costs 20¢ and a toy train costs 8CF.
Ilow niuch cheaper is the car than the train?
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[ex}
[os]
.

Ann had 66 cents to spend. She paid 4C cents
for a doll. IHow rany cents did she then have?

Charles has 65 cents in his bank, Iiow many
cents will be left if he takes out 25 cents
for a defense stanp?

Detty gatliered eggs for her granduother. She
found 6 eggs in one nest, 3 eggs in another
nest, and 4 eggs in s+*ill another nest. Iow
naiy egps did 3etty find in the tlree nests?

Alice cut out 34 pictures of birds, 21 pictures

of flowers, and 32 pictures of dolls. She put
the pictures in a scrapbook, ilow many pictures
did she put in the book?
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