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Abstract

The purpese of this paper is to show how the use of pantamime enhances children's
understanding of mathematical concepis. 11 15 not sesy for children to understand most
mathematical concepts when they learn mathematics in the classroom. Pantomime is a
performance in which a stery iz tald by expressive bodily or facial movaments of a
performer.  Because pantomime is performed withour saving anvthing, children should
watch very carefully what a performer s movements maean. In the tlassroom, when the
weacher performs peantomime, the children are supposed to express their own thinking
based on the pantomime,

To teach mathematice! concepts to voung childeen, the teacher could wear a elown autfit,
while performing the pantomime, Pantomime is a pewerful tool to teach mathematics
because it snhances children’s communication, reasoning, and the correct formation af
methematical concepts, For example, it is net 2asy for studens 1o understand the
difference of measurement division and partitive division. The pantomimes of
measursment division and partitive division shoeuld be different, and childrer are drawing
figures, making formula, putting mathematicel tenms, and using symbals to represent the
situations in the pantomimes. Children have epportunities 1o exchange thair ideas, revise
their drawings and writings, and represent their ideas in feent of the whole class, They
spontaneously reflect on their own [deas and represent various ways to fit the pantomime
situations, Thus, pantomime helps children understand mathematical concepts.

For enhancing childrer’s logical and creative thinking, pantomimes can be designed for
children 1o think in various wevs, Pantomime provides a wonderful apportunity for
children to think of different traditional strategies and to help them build conceptual
understanding of mathemetical concepts.  In addition, through the use of pantomime,
children could strengthen legicnl and crzative thinking, thoughtful observation,
meaningful representation and effective communication as well as develop & positive
artitude teward mathemarics,
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Enhancing Children's Understanding of Mathematical Concepts Using Pantomime

L.

Why Pantomime?

Pantomime 15 a performance in which a performer expresses his or her intention
by expressive bodily or facial movements. Becouse pantomime is performed
without saving anvthing, sudiences should watch wverv carefully what the
perfonmer's movements mean. When o teacher performs a pentomime, students
may uhderstand various ways about what the pantomimes means.  Also, studenta
themselves can perform pantomimes (o represent or Lo express mathematical
concepts.  Swdents express their own thinking based on their understanding,
and their understandings are critically influenced b their experiences, Students
naturally respond in various wevs becanse thelr experiences are variouws.

To teach mathematics for students, speakers have used pantemimes for many
vears,  Wearing 4 clown outfit, the speaker, and the teacher, performs
pantomimes in which the teacher intends to teach mathematical concepts to the
students.  Pantomimes are powerful tools to teach mathematics because they
enhance students communication, reasomng, and right faormation of
mathematical concepts,

For example, it 18 not easy for students to understand the difference between
measurement division and partitive division. The pantomimes of measurement
division and partitive division should be different, and students are drawing
figures, making formule, putting mathematical terms, and using symbols to
represent the sifuaticns in the pantomimes, Duoring class, sudents have
opportunities o exchangs their ideas, revise their drawings and writings, and
prezent their ideas in front of the whale class. They spontaneously reflect on
their own ideas and represent various ways to fit the pantomime situalions,

Through pantomime students are able to consrruet mathematical concepts from
the sitnations relating to students' dailv bves, Motivated by pantomime, students
spontangously pasticipate in the mathematics class. Thus, by expressing from
pantamime situations into mathematica! sifnations, students can communicates
and consteuct mathematical concepts correctly.  In addition, pantomime can
enhence students' logical thinking kv providing students & step-by-step approach
al expetiencing to reprasent evervday situations into mathematical erms and
symbols, It also stimulates stndents' creative thinking by giving them
appartunities to draw figures, to name their own terms, and to make their own
formula.

An Episode
[f a student asks a question as below, the reacher may answer in two cases.

Student | What do vou think 3 + 172 is?
Teacher: I think that the answer of 3+ 152 s A
Student 1: Why do vou think 2 + 1.2 =87
Teacher: How should 1 answer for that?

Student 2: Whart do vou think 152 + 4 i57?
Teacher: 1 think that the anawer is 1.2 — 4 = 1/8,
Student 2: Why do you think 1.2 =4 = 1787
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Teacker: Haw should 1 answer for that?

Ta answer these quastions. students should have the concept of divisicn.
Answering like 3= 1/22=3x 2=6and 172 +4 =112 x 14 = [/B 15 not right
answer, This response just shows the process of computation, but net the reason
of the answer of the problem.

Use of Concept

One of the mos: importent goals in mathematics educaticn is for students to
develop logical and creative thinking. How can we help them 1o achieve the
poel effectively? We after say that "we have to know mathematical concepts 1o
be good at deing mathematie,” or "we have to have strong foundations of basics
to be good et daing mathematics." The meaning of "have to have strong
foundasion” is that we have to have correct mathematical basic concepts. That
is, well-formed mathematical concepts are needed 1o be good at doing
mathematics, For this reason, pactomime is a powerful method w help students
ta foster their mathematical urderstanding,

The 12rm "mathematical concept” is nat used in pure mathematics but in
mathamatics education. We can keedly find the definition of "concept” in the
college mathematics textbooks. The term "mathematical concept” is usually
used in the fizld of mathematics education when we are teaching end learning
mathermatics.

The lexical definition of mathematice! coneept is "an abstract or generic ides
generalized from many particular instances," or “menta]l construction by
remaving (eliminating) things that is not in commoen and pulling out
{gbstracting) common properties out ef many ebjects, phenomens, end
relations.”

However, we are embarrassed when we ors asked to take a concrete example of
the pbove deficition of mathematical concepts. For example, i€ we nre asked,
"what is the concept of 6 = 2 = 3 ™ [t is not easy to explain the concept of & + 2
= 3 hased on the above definition. As another example, if psked, "what is the
improper fraction™ we mey enswer that "improper frection is the fraction that is
a numarator i3 equal to or greatar than the denominator such as 494 ar 574, "

However, this explanation s not the definition according to the above lexical
definition, The examples show thet the explanation is not for the concept af
improper fraction, but for the terms themselves. For instance, this kind of
approach of the meaning of the term "improper fection” is not "some parts out of &
whale," but "a fake fraction” or “inappropriste fraction.”  The Korean and Chinese
LEFIS Dfimprnper fractian :I'Eé{ﬁj.j'ﬂl"ﬁ:'. which means ?l'ﬂ{f.ﬂ'!ﬁ] td E"i"f‘-".’*lﬁ

gre (fraction}, and English meaning of improper i3 "im (net)” + "proper
(suitable}," Thus, the term ltself is not encugh to represent the mathematical
concept of improper fraction,
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| do not mean that the lexical definition of concept is wrong, but my interest is
that how we as teachers can help students 10 develop correct mathemarical
concepis. As an alternative way of enhancing this, [ will introduce pantomime.

Definition of Cancept and Mathematical Concept

Even if we use the term "concept” in our daily lives, it is not easy to define
elearly the meaning of it. We usually use the term if we can puess the indicated
thing when other person points & thing, In this case, we can usually say that we
have the concept af it, For example, we can <oy thal we have some sorls of the
concept of "a jungle gym® if we can imagine that the signified jungle gyvm
because we had experiences of playing in, secing, or reading about a jungle
grm. In our daily lives, concept and knowledge are used interchangeably. The
lexical definition mentioned above, "an abstract or generic idea generalized
from particular indtonees” is not enovgh o deling the meaning of "concepr.”

Richerd Skemp alse said that it is not easy 10 define "concept” and defined
“concept” as mental representetion of common chargcteristics out of many
objects. Skemp classified concepts imo various kinds such as first-order
concept and secand-arder concepr with the degree of sensory experience, Alsa,
he differenniated primary and secondary concepls according 10 whether they anc
derived directly from sensery experiences or they depend on other concepts,
respectively,

For example, in the hierarchy of concepts, the above figure, green pelfow, red
and srrangle, civele, obfong are primary concepls and color is & secondury
concept, which is formed when we realize what the concepts green, vellow, red
etc. have in common. Thus, the formation of the concepls avrifure invalves
more sigges of abstraction than the conceps of color, and shape. The terms
‘higher-order” and Tower-order’ describe the same relationships as ‘mone abstract’
and "less abatract, nespectively,

Klausmeier explained concept as information of oceurrences, things, or
processes that enables the generglization of these occurrences, things, or
processes,  Thus, concept can be defined us "a general and comprehensive idea
of common factors out of various ideas" or "mentally constructed common
properties from many things, phenomena, ond relations by subtracting
{abstracticn) and by abandening (projection) non-common factors.” A
comprehensive defintion of concepd would be information that consist of
common f[actors by celiminating non-common factlors out of many things.
phenomena, OF processes,

Mentioned earlier, the term "concept" is o term that is used in mathematics
education rether than in pure mathematics, Many mathematics educators and
ducators explain "concept" similar to Skemp's classification.  Skemp alsa
explained ordinary concep! and mathematical concept. Skemp's idea is
consistent witlh Leslie Steffe and Paul Cobb, who have studied children's
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formation of number concepts for a long time, classified as "figurative concept”
and "numerical concept" at the dearee of abatraction,

Undersianding of inclusive relations in macthemetics enables students to make a
deep mathematica! understanding, For example, inclusion relation of figures
(square=rectangle<trapezoid<quadrilateral) is hard for elementary school
students o understand, but students can understand each concept clearly if they
can understand the inclusion relations,

D Saussure explained the relaticnship between "concept” and "scond-image”
as Figure 1. The interaction between concept and sound-image is bidirectional
and associatad each ather, This association ocowurs 1n the abstractive level,
which i3 different from the senserv-metor level. He argue that rich experience
facilitate the association of concept and sound-image.

Concept % > Sauﬂd-lmuge
Abstraction Absteaction
from generalized phenomena from peneralized sonic phenomena

[Figure I; The relationship of coneept and sound-image]

As mentioned earlier, mathematicel concepts are Kinds of second-order
concepts, which is different from first-order experience such as vellow, red,
green, rectangular, oblong, hard, soft, and so forth,

A Model of Mathematical Concept Formation

In the Tth Korean curriculum, students should learn basic concepts through
phenemena in daily lives and concrete examples and the basic concepts should
be taught and learned from concrete to ebstract sequence based on students'
axperiences and desires,

The learning of each concept should be occurred on the basis of concrete and
individual activities because the straight forward definition of concepts are
difficult for elementary school students o construct mathematical schemes.
Thar is, becavse farmal and lopical learning 15 almost impassible for elementary
achool students at their developmental level, use of inductive reasoning that
ahstracts commaon properties from each specific fact is desirable in teaching
mathematical concepts to the students,

It is difTerent batween a concept and some activities to explain the concept. For
example, 1t is different between understanding commutative law and knowing
the fact that the sum of numbers of beads are same regardless of lefi-to-right
counting and left-to-right counting whan 2 beads and 3 beads are on a table in a
row. [t is confusing to differentiate a concept and the name that is wsed to
identify the concept,
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1]

(i)

{ii)

Mathematics mainly deals with ddeal ohjects that do not exist in our daily lives,
whereas mathematica education in elementary level mostly deals with real
objects ther are availeble in our daily lives, In elementary level, we should
tzach mathematics with real objects and 1each how 10 solve real world problems
wing mathemalics, Theretors, we cannod each students en ideal world bevond
our datly lives.

In mathematics education, mathematical concepts are basad o reel situntions.
Thus, teachers should help stodents understand mathematical concepts by
defining the concepts on the grouad of ree] waorld, Stedents undersiand
concepts not diragtly from reel world, but from a model that comes from the real
workd. The model helps susderns undersiand abstract concepis.  Figure 2
represents these processes.

Henl World

For a new direction of mathematics education, ns Panl B. Trefton and Albhert P,
shulte suggeated as “mothemetics can be learned from anything,” we can
change all elememary level of mathematics inte situations in phvsical
phenomena. Thus, 16 feach & mathematical concepl, we should offer situations
that are relatzd o the concept and that are familiar 1o the students,

Intuition

The importance af intuition has continuously been emphasized By many
edugators in various felds as well as by mashematics educarors. However, there
s a tendency that an infuitive attitude eesily drives us to a too subjective
mnowledge,

On intuitive thought, Byung Lim Lyu explained that "as & recognizing actvity,”
il is a thought to be able 1o Nigore owt the whole even though i s not clear
enough and o guide o divect o the process of theores from concrete situations
aid connect theories sod concrels situations,  Bruner argued that intuitive
people invent or discever problems that logical people cannot do.  His argument
means that infuition should ke the fisst step 1o crealive aspects of mathematics.
Creative mathemarics should essentially connest to intuition.

Concrete Operational Activities

According ta Piaget, elementary school chiklren can understand by observing in
real situations ar By using concrete or semi-congrete manipuletives becavse they
areg in the concrete operational peried.  Trefton and Shulte argued that
mathematics should be learned by doing. Herce, teachers should provide real
world situztions [n whichk the students can observe directly from or concrate
manipulatives with whicl students can play,
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2]

[3]

Model

Mathematics is originally based on the real world, However, the real world
itself is not the contents to teach in mathematics education. There are negative
factors in light of time and pedagogica] effects as well when we vse real world
situations in every meathematics lesson in the classroom. o some cases, il 15 not
impossible 1o do that in the classroom, Toe compensate this defect, we should
make madels to carrespond to real situations.

As a prior step to a theoretical definition, a model is a simple figure or a fact
that corresponds to a real situation, The model helps students understand the
properties of the concepts with ease.  Compared with real situations, these
figures and facts are sorts of semi-concrete manipulatives. Students can foster
ability of abstraction by drawing figures that correspond to real situations in
which the students had mathematical activities and by making formula that
carrespond to the semi-concrete objects such as figures,

Promise

Mathemetical concepts include processes and results rather than enly resulis, In
the process of obhtaining mathematical concepts in mathematics education, one
selects one perspective out of many perspectives to absrract definition of &
concept. Definition is an outcome of formation of 8 mathematical concept in
the field of mathematics education, Muore children-friendlier term “promise”
replaces a rigorous mathematical definition. This promise consists of terms and
symbals.

Feal situations Ml Pramise

— [ carrespondance L3 abstraction

| (o .

(Intuition} i Figures) i Terms)
[(Crperational Activities) Farmulal (Svmbols)

[Figure Z: The formation of mathematical concepts|

Students can develop ability to abstract concepts by deciding and using

mathematical terms out of figures and formula and by represemting with svmbaols
carrgspond to the figures and formule. Teachers should select which part is suitable for
the students in the circulation modal depend on the students’ mathematical levels.
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The Practice of Teaching Mathematical Concept Formation
Division consisis of mezsurement division and partitive division. Thus, division
should be taughl in two ways

Division as Measurement
O Activities in the real waorld
O Introduction in resl [ives

Students should leam mathematical basic concepts in the situations of studenty’
lives. That is, teachers should use materials that arc familiar to students’ hives to
teach the concept of division by measurement 30 that the students can recognize
the meaning of it. Therefore, teachers can introduce division by measurement
using candves that is familiar 1o students.

Bill want to make 2 packs of candics out of 6 candies to present to a frisnd. How
many packs can you make?

3 Activities

The Korean curriculum emphasizes concrete operations and thinking processes
and suggests that teaching and learning process should be from concrete to
abstract, Therefore, for the activites of packing twos out of 6 candies, teachers
suggest students take off 2 candies out of 6 as follows.

Let students do activity of aking off 2 candies out of 6.

= Model

O Drawing Rgures

The Korean cutriculum recommends teaching and learning process of from simple
concrete things to abstract things. Thus, teachers can let students draw semi-
concrete figures corresponding 1o concrete situations, Students may draw the
below zemi-concrete figures carrespanding to the candies as below,

e S 00 0ol &DY
In addition, any remarks can be possible 1o be used by students to replace the
cancrele things, candies. Students cen Toster the ebility of abstraction by drawing
semi-concrele remarks as the correspondence o concrete things.

Studerds may draw figures like below 1o ke off 2 candies ot of 6 candies.

e
T TR .
AW )
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O Writing formula

This Is writing & formula frem the semi-concrete figures according to the
principles that keeps the sequences from concrete to abstract introduction,
Studerts can foster the ability of ebatraction by drawing semi-concrete remarks
carrssponding to concrete things. From the semi-concrete figures of taking off
25 out of & candies, students may make a fommula as helow,

Ge2=2-1 =0

0O Pramise

01 Making promise

To represent concepts, students can use terms and symbols. Thus, teachers can
let students represent with akstract terms and svmbols out of figures and
formulae, Terms and symbols are defined as fallow.

O Matice

M The following concepis should be preceded to develop division by
measlrement,

Matural number 2, packing uniz, subtraction, 0

Ta reinforce the concept of division by measurement, the following problems
can be inroduced.

Divide the following prablems.

I+2=C 12-3=0 15+5=0

+ Diraw figures to fit to the formulae 8=2=4,

+ Make a sentence 10 it 10 the formulae 8-2=4,

Divizsion as equal partiton

= Activities in the real world

3 Intreduction inreal life

Students should learn mathematical congepts in the situations of students' lives,
I'herefors, teachers can introdoce division g5 equal partition using some piecses
o braad that is familiar to stadants,

With 6 pleces of kread, Susan wents to skare same amount of bread with two
friends on  two plates, How many pieces of bread can be put on each plate?

O Activities

The Korean currleulum emphasizes concrete operations and thinking processes
and suggests that teeching and learning process should be from concrete to
abstract, Therefore, for the activities of putting same pizces of bread into two
plates out of 6 pleces of bread, teachers sugpest students put one pizce of bread
inte each plate ane by aie in tarn as follows.

Let students do the activity of putting 2 pieces of bread into pwo plates one by
one in s until the bread runs cut.
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O Madel

O Drrawing figures

The Korean curriculum recommends teaching and learning process from simple
concrete things to abstract things, Thus, teachers can let students draw semi-
concrete figures corresponding to concrete situations.  Students can foster the
ahility of absteaction by drawing semi-concrete remarks corresponding to
concrete things., Students may drew figures to put & pieces of bread into 2

plates ai the same amount like below,

C27 <>

C Writing formula

This is writing a4 formula from the semi-cencrete figures according to the
principles that keep the sequences from concrete 1o abstract introduction,
Teachers can let studenis write on their own, but it is impossible to make &
formwla in this case. Thus, in the case of writing formulae can be amitted.

Definition

0 Making definiticn

To represent concepts, students can use terms and svmbels, Thus, teachers can
let students represent with abstrect terms and svmbaols out of figures and
formulae. Tenms and symbals are defined as fallow.

Divide 6 into two places with same amount of results 3 in each place. This is
written as 6+2=3 and read ns 6 divide 2 squals 3.Formula like 6-+2=3 is called
division formula,

O Motice

O The following concepts should be preceded to develop division by squal
partition,

MNatural number 2, Distribution one by ane

O To reinfores the concept of division by equal partition, the following
problems can introduced.

Drivide the following problems.

10+2=[ 12+3=1 15+5=1

+ Draw figures to fit to the formulaz 8+2=4,

- Make a sentence to fit to the formulas B+2=4,

(31 Answering w the questions by stzdents

C Because the formule 3 = 1/2 i3 o measurement division, students may write
3 = 1/2 = 5. This means that 3- 172 —172- 172 =1/2- 112 —172 = 0. However, the
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formula 3 = 1/2 could not be thought &s partitive division, For an example, we

cannot divide 3 apples into 1.2 plates equally,

O We cannot subtract 1/2 from 4. Thus, the faormula, 1:2 + 4 cannet be thought
a5 measurement division, The formula 1/2 + 4 should he thought as a
partitive division situation. There is 142 of an apple. If you want o divide
this apple for 4 stwdents equally, sach student can eat 1/8 of an appla,
Hence, the formulae can be 172+ 4= 18,

As shown above, division can be thought as measurement or equal partition
sttvations. Thus, it is impomant for students to have a right concept of
drvigion.

The Practice of Teaching to Develop Mathematical Concepts Using Fantomime
[t is effective to use pantomime 1o foster studemts' mathematical concepts
correctly and develep logical and creative thinking in mathematics teaching. [In
the clessroom. students drew Agures and write formula as the correspondence o
the teacher's pantomime, Students in groups communicate their own ideas and
explain each other about their figures and formula, They may ask these
questions: Whv did vou deew this wav? Why did vou weite this farmula? They
can exchange their ideas and reflect their own ideas. This aciivity enhances
students’ communization and invigerates their various thinking, which leads ta
foster lopical and creative thinking of students.

[1] Subtraction

Subrraction consists of subtraction by removal and subtraction by comparison
Thus, a teachear can perform two pantomimes to teach subtraction,

i 17 Pantomime | (Subtraction by remaval )

Teachers | Student's figure Definition
Pantamime
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(2} Parmomime 1 (Subtraction by comparison)

Teacher's | Student's figure Definition
Pamomime |

[21  Division

Division consists of éivision by measerement and division by equal partition.
Thus, a teacher car perform twe pactemimes to teach division,

(17 Pantemime 1 (Division by measurement)

Teachar's Student's figure Deefinition
Pantomime
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(2] Pantomime 2 (Division by equal partiticn)

Teacher's Biudent's figure Detinition
Pantomime

[3] Computation of mixed operations
Let us think about teaching of Computation of mixed operations,
Student; 8if, what is the answer for the blank in 3 < 2 x 4= 7
Teacher: The answeris 11,
Student; Whyis3-2x4=117
Tzacher: [t 2 computational problem has addidon and multiplication, vou should
eompute multiplication first and addition later, That is, you should compute 2 x
4, which is B and add 3 10 8, then you abtain 11,

tudent: 5ir, 1 think it iz all right if we compute sequentially any complex
computation problems.  Why should we compute multiplication first and
adéition later? [s there any special intention of matkematician to confuse us?
Concerring these kinds of questions, a teacher cen use pantemimes o help
students understand pracedural as well as conceptual knowledge.

Teacher's Student’s figure | Dafinition
Pantomime
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Specific Aspects in the Korean Textbooks

The Kaorean national elementary school mathematics textbooks consist of
'examining in real lives, 'materials,’ ‘activities, ~ 'promise,’ ‘methods w a0l v,
teviewing what already learned, and ‘exercises’ In addition, some chapters
includes 'interes:ing games,' ‘problem solving, and 'challenge prablems.’

The texthooks consist of several level of problems for which each level of
students can emphasize on some specific sections of contents. One of the most
prominent features of the contents is that each unit has a specific open guestion:
‘Do you think itis 7 Why do yeu think so?" About this question, students
discuss each other in a free mmosphere. However, the goal of teaching
mathematics is not the activities themselves, but the activities can be used as
sources to sweach mathematical concepts, Teacher's job is to provide effective
materials and environmeantal in which students exchange their ideas.

The texthooks have a section of putting terms for mathematical concepts, In the
textbooks, the section is called "promise. Instead of using a rigorous term
*definition," the textbook use "promise.” which is easier to use for students,
Students have cpportunity to consider how they informally name the assigned
terms. This epportunity makes students heve more meaningful concepts of the
terms. Later, the teacher introduces a formal term for the mathematizal
concepts.

In the section of "methads," students have opporiunities to think of various
methods to solve problems,  Among the methods, students decide which one is
more canvenient and simple way to solve the problems. [n this section, teechers
should assist studerts to understand why the formula came out and why stadents
vse formula. In the later sections, reviewing the previous contents, exercise,
interesting games, challenging problems, and applying problems to the real lives
are fallowed.

Korean mathematics textbooks include a type of workbooks as well, The
workbooks include various tvpes of problems that do not deal in the textbooks
ar mare challenging prablems, The workbooks can be used in the classrooms,
but teachers are recommendad to use the workbooks as supplementary materials
to the texthonis,

Closing Remarks

The word "mathematical cancept” is not the term that is in pure mathematics bur
in mathematics education. Thus, we should find the meaning of it in the
methods of teaching mathematics, The lexical definition of it seems not to be
difficuls, but it is not easy to find concrefe examples to teach mathematical
comcept,
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Students can foster mathemeatical concepts by experiencing mathemarical
gituations in their daily lives. They can use intuition and use manipulatives
correaponding 1o the situations. Furthermare, they can develop mathematical
concepts by drawing semi-concrete figures and writing formula, and then
representing these with more abstract terms and svimbils,

It is nmecessary for studaents to manipelate concrete ohjects, draw figures, and
write Tormula 1o develop cormect mathematical concepts,  Students can develop
the ability of abstraction while forming mathematical concepts, That is,
students can develop the ability of abstraction by drawing figure and writing
formula out of the corresponding to real situations, and by representing with
terms and symbals with figures and formule,

Far enhgncing students’ logical and creative thinking, pantomimes can be
designed for students 1o think in verious wavs. Pantomime in the mathematics
classrooms provide a wonderful opportunity for them to think traditional wavsa
of strategies differently and to help them get the concepmal understanding of
mathematical corcepts. In addition, using pantomime, students ¢an strengthen
logical and creative thinking, thoughtful observation, meaningful representation
and effective communication as well as expand their mathematical concepts
accordingly,



Title Enhancing Children's Understanding of Mathematical
Concepts Using Pantomine

Presenter Professor Jongseo Bae, Seoul Mational University

Date & Time ;12 August 2003, 2,00 pm, — 3,00 p.m.,

1. Content of the Paper

1.1 The speaker demonstrated three examples of pantomimes te teach
computation with mix operations in & more interesting manner. Pantomime
helps students to develop interest and fun in mathematics, to think
marhematics positively, o analyze and think logically and creatively, and to
construct methematics concepts correctly.

1.2 Wideo presentation of a lesson using pantomimes to leach elementary
mathemarics,

1.3 Brnef overview of the Karean Mational Elementary Textbook that includes
open-ended gquestions, Open-ended gquestions enhance students’ mental
representations, promote students” participation in a comfortable armosphere
and nuriwre literate citizens,

2. Discussion

2.1 Profesyor Yoshihibe Haskimote of Yokokama Navonal Usdversity, Japan
asked how do we wse pantomime to divide feactions with fractions?
Answer
Pantomumes can be best used in certain cases only,

2.2 {Question

Motjoharuddeen Mohd, Mor of SEAMEOD RECSAM Regional Cencre for
Education in Science and Mathematics, Penang, Malaysia asked if there was
any rational in using pantomimes rather than acting and explaining at the
same fime,

Answer

Pentomime 18 o performance in which a performer expresses his or her
intention by expreszively bodily or facial movements, It s a gesture to
stimulate students in thinking, Pantomime is a silent acting, It provides active
leaming and enhances students' communication and mathematical concepts,



Schemes of Children's Learning in Additive and Multiplicative Structures

Dr. Parmjit Singh
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Children used & veriesy af heuristie actions even before formal instruction, and these
heuristics continug to be vsed for several vears, Helping children to merge invenied
actions with the ones taught in school {often mere abstrect) requires careful
development by the teacher, The goal scught was to identify children’s transitional
thinking schemes that bridge frem addition, multiplicetion, proportional reasoning and
develop them through, From the clinicel interviews, the data suggests thet mathematics
instruction in the elementary school for these children has memorization and “mastery”
of specific procedures as goals, While some children make sense of numbers and learn
to compule using procedures prescribed by the teacher, many of them fail to understand
what they are doing. This research identifies transitional thinking metheds that bridge
from addition, multiplication to proporticnal reasoning and call these methods "iterative
multiplication.” Students use these “iterative multiplicative” ways of thinking in each
domain beth e conceptualize the underlying problem sitvation and te carry out the
numerical solution process,
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Schemes of Children’s Learning in Additive and Multiplicative Structures

Introduction

Studies have shown that students who score well on standardized 1ests eften are unable 1o
successfully use memorized facts and formulas in real-life applization culside the
classroom (Parmjit, 2000; Parmjit 2002;Yeger, 1991). Resnick {1%87) has commented
that practical knowledge (common zensel and schoal knowledae are becoming mutually
exclusive, This was echoed by Steffee (19947

The current notien of school mathemaiics is based afmost exclusively
et formal mathematical procedurves and concepts that, of their
fafure, are very remiote from the conceprual world of the children
wiia are fo learn teen (P 5)

In aur schoal  climate, children’s naetural thinking “becomes gradually replaced by
attemnpts at rote learning., with a disaster &5 a result” as indicated by Parmjit (2002] that
the grades cbtained in the national examination of Sijil Pelajaran Malaysia (SPM) for
mathematics do nat indicals their mathematical knowledge in problem solving, Otten we
hear in classroom with students increasingly sav, "just tell me which formula to use, a
vy of saving, “don’t asx me to think™ and with teachers increasingly saving * we must
‘cover” the svllabus, a way of saying, there is less tme to think, Students and teachers
are all victim, a8 we clamor for more methematics results without realizing, that they may
create less knowledge and more gnxiety, Iv is crucial to stop just learning the rules.
Two of the most important concapts children develop progressively throughour ctheir
mathematics education years are edditivity and mulliplicativity, Additivity is associated
with situations that invalve adding, ioining. affixing, subtracting, separating and
removing. Multiplicativity is associated with situations that involve duplicating,
shrinking, stressing, sharing equally, multiplving, and dividing. This paper presents
multiplicativity in terme of a multiplicative conceprual field {MCF), not as individual
congepts. [t is presented in termé of interrelations and dependencizs within, between, and
among multiplicative concepts. Additive thinking and carresponding addition strategies
are often believed to inhibit understanding in traditionally multiplicative mathematical
domains because many students persist in using additive eperations and do nor go bevond
additive thinking to learn multiplicative approaches. Such persistence of insufficient
additive strategies is well documented in multiplicative mathematical domains such as
proportional reasoning and ratio understanding (e.g., Parmjit, 2001; Confrey & Harel,
1994, Graer, 1988). The common view iy that multiplicative strategies must come fo
replace these inaccurate additive strategies in multiplicative problem situaticns,

Multiplicative reasoning plays en important rele in the learning of mathematics and one
could sav that the lack of multiplicative reasoming in mathematics seams ta be the critical
factor in childrens learning. It is the foundation on which students construct & notion of
ratio and proportion. Steffe (1988 has argued that the Xey to students' meaningful
deglings with multiplication is the ability to iterate abstract ¢omposite units, This
involves taking & set as a countable unit while maintaining the unit nature of its element.
For example, il a child is ask, *1f there are & groups of 3 blocks, how many blocks are
there?™ [f the student can solve this problem by coordination of twa number seguences,
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he ar she has established an iterable composite unit. That is stedent, the student counts: |
groupis 3, 2 proupis 6, Jis 9, 4is 12, Sis 15 and 6is 1E.

Children used a variety of modeling heuristic actions even béfore fonmal instruction in
additive and multplicative structures, and these heuristics cominue 10 be used for sevenal
years. Helping children 1o merge invenied actions with the ones mught in schoo! {often
mare abstract) requires careful development by the wacher. Children in school are often
asked to volce ar give their opinion, but at the end of the dev they find out that their ideas
are not baing heard (Parmjit, 2001; Confrey, 1995). Confrey (1995) says that—"at one
end of the spectrum by those whose mathematics was o weak o permit listening, and &t
the ather end by those whose mathematical rraining was too effective 1o permit
[atening. " (p. 6). Indications are that many concepts within the damain of additive and
multiplicative structures are not well taught and therefore are not learned well.
Deteemining what experience might be important to foster understanding reguires a
thorough asnalvsis of the schema of childrens thinking. In this paper, | seek to
demonstrate that children's vaice iz an effective and accessible vehicle for making these
challenges through discussion of the research | have conducted for the past few years. In
light of this, the purpose of this paper is to identifv children’s reasoning schemas and
develop them through.

Schema in Mathematics Learning

The concepts and experiences acquired by a student make up the knowledge that students
possess, A8 new experiences oceur, they ere fitted inte » person's existing mental
steuctisre, This is the Plagetinn process of assimilation. Depending on the familiarity af
the experiences and learning stvle of the leamer, the experiences are received or rejected
becavse of a persan's mental structure or schema, The schema is o part of the mind vsed
10 build up the understanding of 4 topic. Thus to increase or elter what is already known,
the schema takes in new ideas and fits them with what is already known, Understanding &
concepl means an appropriate schema has accommodated that concept. The view of what
it meart by leaming mathematics is. in Steffe’s (1983) word, the “accommodation of
schemas™ in which existing mental schemas are modified in, or as a nesull of, their use.
This language is, of course, metaphorical. Wie have no 2ccess 10 these schemas, bun infer
changes in cognition from changes that are observed in the behavior of the leamner. The
notion of “scheme” is useful. It allows vs o discuss what we experience, namely that
learning is difficult to recognize because so much of teaching produces certain changes in
behavier without apparent “internal” charige, that is change in the "scheme",

The idea of schema and how it functions provides a powerful toel for teaching
mathematics, That & mental framework can be identified and developed means that
mathematical relationships, patterns, and ideas can be understood rather than merely
memaorized; in the long run, children will heve the ability 1o build up mathematical
knowledge. When rules are memarized, children reach a poimt in their mathematical
learning at which they are uneble to remember the roles that are used to cantinus
learning. Understanding has long since vanizhed. As mathematics is introdueced, its
undersianding is predicted an children®s having already developed appropriate sarly
schemas. The implications ame clear. Teachers should provide mathematical expeériences
in 2 form that will ensure that the mathematics is understood. Such a foundation provides
a basis for all latier mathematical understanding.
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[ see vigorous pursiit of a child's voice as a means to articulate a broader set of
perspectives on mathematics involving children’s schemes in counting, multiplicative
regsoning and how listening to children carn lead 1o the development of powerful
mathematical ideas in the teaching and |lsarning of mathematics. The research reported
here is not ariented towerds conclusions about how to teach end introduce these concepts
in children’s early leaming. However, it is intended to be conjectural, that is, to outline
an approach o inatruction based on a broad definition of mathemarical knowledge that's
seems o be worth trving,

Methodology

The data for this research focused on the ways students, from Kindergarten, grade one,
erade two and grade threg, developed conceprual structures from thelr solution activity.
Date collagtion was in the form of clinical interviews bemwesn the researcher and student
where students solved a set of tasks related to additive and multiplicative structures. Two
main advantages of utilizing clinical interviews were, first, allowing for inerventian
where students werg encouraged w elaborate on their statements end judgments. This
provides an opportunity 1o make valid inferences aboul students’ covert intellectual
processes (Opper, 1%75), Second, this approach to gathering data provides for a continual
interection between inference ond observation (Cobb, 1986k Hence, the ressarcher
continually tests about studests” thinking and intervenas whenever the problem solving
activity of the solver cannot be adequatsly expleined by the model. The data presented
for this presentation is based on the resegrchers past and on going research on children’s
learning in mathematics.

Data
These episodes were done separately with each child.

Kindergarten (February 2002)
This sessions were conducted separetely with each child

E : Displayed 4 cubes on the table. How many cubes are there?

Lo One, twe, thees, four, . Four!
She tabbed at each cube as a perceptual facter in coordinating her counting
schemes,

B¢ 1eddanother 3 cubes, How many are there all together now?

L One, two, theee, four, .. five, six, seved...Seven!

L counted from one and relied on the cowseie qoff of cubes (physical materials),
Children at this level rely on the cownt @l and connt on scheme in their scheme.,

R: Displaved 4 cubes on the table. How many cubes are there?

1+ Four (She answered immedianely)
E :  ladd another 3 cobes. How many are thers now?
J oo five, six, seven,, ., Seven!

Imstend of counting all cubes, she recognizes “4" represents all four cubes and conadr o
from there ; “ 5, 6, 7.7

L |
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Episode Febroary 2002 (Early Grade One)
This was a teaching experimant 1 did with the first grade students

R . There are 5 cubes on the tables. 1 add another 3 cubes.
How many are there in all?
At One, two, three, four, five, six, seven, eight.. .. (Counting each of them {one o

onel using her fingers)
Five and three is eight,

1 add another two more, How many are there in all?
g, tweo, three, four, five, six, sever, eight, nine, 12n
Nine, ten,...en!

=X O

Here, A used the count eae #2 ome hedristic while D used the coseny or method,
Episode April 2002 (grade one)

R : [ have 11 marbles and gave 9 away, How many marbles do 1 have now?
Jas @ Ten, eleven. . twal

T :  Ten, nine...fwo

A Drew elaven marbkles and cencelled pine of them. .. ..twa

Herg, the three children used different hewristic 1o solve this problem.

Episode April 2002 {grade one)
Students were shown a card which stated 6 +4m  + 5

Out of 25 students interviewed, |6 students of the class said ten was the answer! And
anather five of them said fifteen. Many of this children have & limited understanding of
equality and the equal sipn if they think 10 or 15 is the answer. In this session, three
students were interviewed together,

R : Stadent showed a cerd which steted 6 + 4= __ + 8

L @ bhecavse "six plus four 15 ten™

Jns - [tis 3l

R :  Why?

las ©  Because “six plus four is ten and the ather side “five plus five is ten also™
B o . bucsix plus four is ten

Jas © Both sides must be samae

Both L and R seemed to agree with the explanation by 1.

Many of the first grade children faced ditficulties in constructing the mearing of =",
They see it a5 a symbal deseribing “compute it rather than a relationship sign. Children
must be taught that equality is a relationship that expresses the idea that twa
mathemetical expressions hold the same value.
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Episode July 2002 (grade Two)

R : showing acard : 42+ 0 =

A 1 Nine plus two is elever, carry one, ... four plus one is five, . fifty one
5 :  Countbyten : 32 and go beckward one...5]

R : T1-18=

& 38, 48 5B 6K ...69 70, 71,72,

She kept track of her iteration with the help of her fingers. She iterated by 1075 in het
counting scheme. She carried four fingers (tens) in her left hand and ancther four fingers
{units) in her right hand

K 1 Add 6 at the beginning and minos (it) cut at the end; T2 + 6 is 78, 78 — 28 = 50,
o minus (auboract) six L its 44,

The following are the mistakes made by students In grade two, from the review of
their bogks (Document analysis).

Type of mistakes commonly made by students {Grade two and three)

23 56 4 50 a8 69
- 14 - 17 - 35 - 18 gt + 31
11 i E 28 10 10 210

Each of these examples, in different ways. show the result of imposing procedures,
emplasizing counting and memorizing without opportunity to make sense of
mathematics.

Conventional mathematics instruction in the slementary school has memorization and
“mastery” of specific procedures as goals. While some students make sense of numbers
and learn to compute using procedures prescribed by the teacher, many students Tail 1o
understand what they are deing, become frustrated, anxious end torm eway from
mathematics because it does nol make sense to them. The sxamples above show why a
shift from procedures to reesoning is essential

The following verbatim was with a second grade girl, which provided me with
insights of multiplication reasoning in her thinking.
Episode 1 (Julv, 2002} (Grade two child)

R :  How many two's are there in twelve?
S 1 1,2;3,4:56;7.8,9,10;11,12.....there ara six.

Here, Sharen was coordinating units of units as she Keeps track of the paired counting
acts with her fingers, She counts by two's to twelve (2,4,6,8,10,12), keeping track of
Bow many Umes she counted. This Keeping track involves coordination of unit irems at
twa levels celled unit of unit, as shown below,
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Unit Linit

| 1,2
2 34
3 36

4 78
5 %10
é 11,12

Here, her fingers help her in the coordination iteration process but [ will say she iterated
it additively rather than multiplicatively. This is because there was a pause in each finger
for her to do the counting, Ac this stage of competency, her thinking was bazed on
additive reasoning rather than multiplicative,

Episode 2 (Augusi 2002}
B : There are 4 houses and in each house there are three cafs. How many cats
are there in all?

She used her fingers

5 Twelve cais!

R Can vou explain?

) Three, six, nine, twelve, (ufilizing her fingers}

R What do wou mean?

5 Crne house (hree cets, two house & cats, three house 9 cats and four kouse 12 cars!

R Can you tell me the relationship between 3 and 12 in this prablem?

5 Huk?

R [ mean, can you show or prove to me that there are twelve cats in the four
houszs?

5 Can | use the peper?

K Yes

After drawing in the worksheer, she explained:

5 o There ere four hovses (8 drawing of four houses) and inside all these houses thers
are three cats, ., Three plus three plus three plus theee is twelvel

At this stage of competency, she was able to iterate the 3 number pattern 3, 6, 9, 12,
fluently, and was able decompose the composite unit of 12 as 3+3+3+3 {as four thres"s),
Here, she iterated the units multiplicatively and not additively. As mentioned earlier, o
be conzidered additive, there would have been a pavse in each finger in order for her to
count mentatly,

R : Ms. Lim put her students into groups of 5. In each group there were 3 boys,
If she has 25 students, how many boys and how many girls does she have in
her class?

Sharan : Are there five students in ohe graup?
R : Yes
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After working on her work sheel, she gave her explanation referring o her worksheet as
appended below,

8§ ¢ There are five ina group....five, ten, fifteen, twenty, twenty-five. . there are
3 groups,

& B5,10,I1520,2s.
~

L
Grewes

3 PR )
.

1S

begrs

gk = 2S-15< 1D

15
r -

R : Dk O g

8 ¢ Butmy guestion is how many boys and girls are there in her class?,

Sharan: Ok...three boys....three, six, vine, twelve, fifteen.. fifteen boys. There ars
fiftean hovs,

How many girls?

twenty five minus fifteen....its ... ten

How do vou know that twenty fve minos fifteen i3 10, without using » paner?,
[t i5 @ number pattern. . .fifteen, twenty five, (it) is ten.

What do you mean fifteen twenty five is ten?

Fifteen, twenty five, thirty five, fourty five, .it's a ten number pattern.

G

Aol o @ W\m m

Episode 4 (September, 2002)

R :  To make coffee, Jenny needs exactly 3 cups of water to make 4 small cups
of coffee. How many cups of coffee can she make with 12 cups of water.

5 :  Can[ use the paper?
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Atter working on her warksheet;

5 ¢+ Thcups
R :  Canvou please explain?
S ¢ (Showing her worksheet) 3 cups you makes 4, & vou make B . @ makes 12 and

12 makes 16,

Jwater = 4 coffas

¥ - B
9 - 12
12 - la

She coordinated the two number sequences of 3, 6, % 12 with 4, 8, 12, 16, This shows
her ahility to coordinate two number seguences.

Deecenber, 2002

(At this stage, Sharan hes been intreduced to the concept of multiplication in schoal). The
following question was posed, similar to the one posed in September, 2002,

R :  Mariam needs exactly 3 cups of water to make 4 small cups of coffee. How
many cups of coffee can she make with 12 cups of water?.

After g while working on her worksheet, she responded:

5 ¢ lécups

R :  How did you get that?

Showing me her worksheet, as appended below;

What does the arraw means?

It means three cups of water to make four cups of coffee.
| see

Why did you times four here (pointing at her worksheet)?

Because in 3, 6, 9, 12 there are four. .. 50 limes fourl

== R = -
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Sharan did not use the iteration process, as she had previously used, and instead utilized
the relationship as a scalar funetion, [ believe that she is beginning to conceptualize the
iteration action of the composite unit to make sense of multiplicative facts in a problem,

In these problems, Sharan cuetailed the iteration process by using knewn multplication
facts 1o aid in determining the tetel number of itecations, She then corvectly multiplisd the
relevant composite units by that total. This curtailment required Sharan to sufficiently
abstract the lteratan action so that she could reflect on it and anticipate that the result of
several iterations could be caprored by a known multiplication fact, At this stage, it daes
inclicate that she wes beginning to represent the problem inte symbolic representation,
This reflects Sharan’s ability to move from the iteration schemes 1o a more abstract Ietel
of understanding in multiplicative thinking. This level of competency from an early 3
grade child represents Vergnaud {19830 representations of isomorphism of measires o
illustrate the structare of mualtiplicative problems,

Conclusion and discussion

There are no easy recipes for helping all siudents learm or for helping all feachers become
affective. Mevertheless, much is known about effective mathamatics teaching, and this
knowledee should guide professional judgment and activity, To be effective, teachers
must know and understand deeply the mathematics absteaction of children when they are
teaching and ke able to draw on that knowledge with flexibility in their reaching tasks. To
illustrate the notion of abstraction in number sense from the data, censider the child who
was asked to find the total of two collections of obtects (eight chjects and anather five
ohjects). Many voung childeen will "count all” o find the total ("1, 2,3, .. ., 11, 12, 13"),
even onee they are aware that there are eight ohjects i one set and five in the othe:,
ther children will realise that by starting at B and counting on ("%, 10, 11, 12, 13"), they
can selve the problem in an easier way. are therefore two important bench marks in
children's developing understending of Addition. To further illustrate let me describe one
task from the interview, The interviewer asks "If you have 11 marbles, and you gave @
wway, How mary would you have eft?™ Their reasoning schemas were @ (This was based
on all the interviews and some of them was not mentioned in the data because af space
constraints).
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Krown fact

Count down to (14, 9; so the enswer 15 2)

Count up from {10, 11, 50 the answer is 2]

Fingers used to keep track only (during counting down 1o or up fram)
Count back all (11, 10, 9. 8, 7,6, 5,4, 3, 2; 50 the answer is 2)
Maodelling all (shows 11 "things”, then tekes away 9 "things", leaving 2)

Teackers knowledge of children’s schemas and having that as a repertoire of taols in their
teaching will kelp voung children in their learning, Thus children can capitalize on the
strengths of different strategizs and use each one for the problems for which its
adventages are greatest, For example, for an easy addition problem such as 4+, first
graders are likely 1o retrieve the answer; for problems with large differences between the
numbers, such &5 2<9, they are likely to count from the larger number ("9,10,11" % for
problems excluding both of these cases, such as 647, thev are likely 10 count from one,

The data from the secondithird grade child, Sharan, does suggest thet multiplicative
reasoning expressed by using iterative composits units (coordination of number
sequences) can help children construc: meaning for multiplication thinking in various
multiplicative sewing. As Sheran moved from additive to multiplicative reasoning with
whole numbers, there ere two significant related changes, There are changes in what the
numbers are and changes in what the numbers are about, Steffee (1988) traces children's
construction of numbers frem the construction of single entities with singleton units to
coordination with composive units that signals the onset of multiplication. It is not a
trivial shift, beceuse it represents a change in what counts as a number, The ability to use
operations with composites (units of units} from the data presented seemead 10 invelve
three cssential components. First, children needed to explicitly conceptualize the iteration
action of the composite unit to meks sense of multiplicative problem, Secend, children
seeds to have sufficient understanding of the meaning of multiplication and division so
thet they can see their relevance in the iteration process. Third, end finally, children need
o have sufficiently absiracted the iteration process so that they can reflect on it then re-
eoncepruelize it in terms of thelr knowledge of the multiplication and division operation.

Once it is recognized thet children know mueldple strategies and choose among them, the
question arises: How do they construct such strategies in the ficst place? This guestion is
answered through audies in which individuel childeen who do not yet xnow a strategy are
given prolonged experiences (weeks or manths) in the subject matter; in this way,
researchers can study how childeen construct their thinking in various stages. These ]
referred to us theorems in actions (VMergnaud, [983) studies, meaning small-scale studies
of the development of a concept. In this approach, ene can idenify when 4 new strategy
is firat used, which in twen allows examingtion of what the experience of discovery was
like, what led to the discovery, and how the discovery was generalized bevond its initial
use,

There are {wo purpeses in doimg research - for the construetion of theory and informing
practice. There is a wide agreement {Highert and Behr, 1988) thet if research is o inform
instruction, it s important to analvee mathematical structures and children's heuristic
processes in light of the developmental precursors (or, sometimes prerequisites) ta the
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knowledge needed to function competently in a domain. These precursors or cognitive
building blocks have been called By many names: key cognitive processes (Highert and
Wearne, 1988), key informal strategies (Hiebert and Behr, 1988), theorems in actiens
(¥ergnaud, 19833 These are schema considered necessary for meaningful learning in
concepls building and this schema on children’s learning can only be inferred theough
qualitative research methodolegy, Although the emphasis in conducting research on
teaching and learning of mathematics has increased over the years, the purposeful
connection between the construction of theeries and the informing practice on instruction
remains an issue. Research is elearly needed to explore how koowledge of childeen’s
‘earning of mathematics can be applied to the design of instruction.

From the data provided in this paper, the idea of schema and how it functions provides &
powerful tool for teaching mathemetics. Children learn better when the teaching builds
on their reasoning schemas and mathematics teaching should be built o children’s
reascning schemas and expanded through the use of mathematical representations. In
view af this, for meaninglul and effective teaching to take place, teachers need to
understand the different representation of schemas a child hrings te the classroom, the
relative strengths end weaknesses of each, and how they are related o one another
(Wilson, Shulman, and Rickert 1987). They need to know the ideas with which students
often have difficulty end ways 1o help bridge common misunderstandings. Linless the
teacher has this knowledge, her interpretations af and therefore the use that she can make
of Information on her students’ reascning to inform her own practice will be limited.

These statements and reasening ase ideal Tor effective changes to take place. However, in
practicality, Malaysian school teachers are so burdened with their load of work in schaol
en-compesing both ecademic and nen-acadernic work that there is [itle time for teachers
to reflect or read to seek improvement. Research has shown that teacher have a great load
of work in school. Secondly, the reading materials, especially the outcome of the research
conducted (usvally in tertiary education] does not reach the schools for teachers
consumpticn. One wonders what research is for if the product of the research does not
teach the clientele, the teachers, The purpose of doing research is for informing practice
and the construction of theory. While the later has taken place effectively, with
researchers getting their pieces of research inta journals, journels becoming thicker,
researchers curriculum vitae incregses, researchers gets promoted and so forth, whar
about the forme: (informing practice)?. These poor teachers, often accused as not reading
more te seek improvement, aré left behind in the latest development of seexing
improvement i the teaching and learning of mathematics. The outcome is thet they teach
as they were taught, [t must be acknowledged that in Malaysia, there has been a shift in
focus from & transmission model of teaching to an emphasis on teaching for
understanding, 1t is no longer a case of the student "working out what is in the veacher’s
head" but instead on teaching that aims w understand gnd build on what the student is
thinking, It should be stated however that this shift is present in policy statements and
curriculum documents more so than in the reality of elassrooms, reflecting the challenge
this poses for wachers,

|5 elementary methematics 5o simple that teaching it requires knowing of only the “math
facts™ and a handful of algerithms? The premise of this paper is that, quite to the
contrary, this early content is rich in important idees. It is during their elementary years
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that voung children begin ta lay down these habits of reasoning upon which later
echievement in mathematics will crucially depend. We must focus on how children learn
and understand mathematics and base instructional decisions on this knowledge, | belicve
that it is as crugial for the educational research community o identify brideing methods
that will help children move from edditive perspectives and methods to multiplicative
perspectives and metheds m ways that penmit children to integrate all of their knowledge
in these twe areas. | believe that understanding effective implementations of auch
appreaches will gllow additive and multiplicative demeins o become widely accassible
to all children in their learning.
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