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<ABSTRACT>

The proportional model and the non-proportional model are suggested in the mathematics curriculum as one of

the tools to help mathematical understanding, but in Korea, the arithmetic algorithm is only introduced through the

proportional model. This study analyzed the degree of multiplication thinking and division academic achievement of

3rd grade students through the application of proportional and non-proportional models. As a result of the study,

the experimental group that applied both the proportional model and the non-proportional model significantly

improved the multiplicative thinking level and division academic achievement compared to the comparative group.

These results indicate that division learning using the proportional model and the proportional model together is

more effective. Through these results, we suggested some conclusions and implications for improving division

learning and teaching.
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[Figure 2] Multiplicative expression of 3x4=12
(Piaget, 1987, p.78)
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<Table 1> Steffe’s multiplicative thinking (Steffe,
1994)

Level of Additive thinking —
thinking Multiplicative thinking
Initial Internal External
Number o o
. number implications implications
series i . i
series Number series Number series
. Empirical Repeatable
Composite . Abstract
) Composite ) ) Abstract
unit . Composite unit . .
unit Composite unit

Pre-multiplic Part-to-whole

Multiplication

Schema ative unit adjustment
Schema
Schema scheme
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2. Proportional and Non-proportional Model
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[Figure 3] Examples of proportional models &
nonproportional models (Reys et al, 2009)
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2. Test Tool and Analysis Frame
1) Test of Multiplicative Thinking
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<Table 2> Composition of multiplicative thinking

level test sheet

) i Knowing relationship
Types of Knowing multiple
between part and

questions concepts
whole
Number of
. 3 2
questions
o Recognizing the
Identifying the . .
. relationship between
) multiple
Test items ) ) the whole (box)
relationship )
] and part (cookies)
between subjects i
in a complex way
Problem of Problem of inferring
finding the total the number of parts
) quantity using and totals in
Question o )
multiplication by accordance with the
content

looking at a conditions given in

group of given  the problem using a

objects group

2) Achievement Test of Division and Reliability
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<Table 3> Analysis frame of multiplicative thinking

level test sheet

Knowing relationship

Thinking Knowing multiple
between part and
level concepts
whole
o - Can't solve problems
Qualitati Addition or )
o by grasping part-total
ve I multiplication fails to . .
o and using addition or
thinking solve the problem o
multiplication
Part-to-whole thinking
Additive Solve all problems  is incomplete and all
thinking with addition problems are
expressed by addition
. Confusing the number
Solve using

multiplication and

IITA addition without

understanding the

of cookies (jelly) and

the number of boxes.
Solve problems by

mixing multiplication

. relationship o
Transitio and addition.
nal Cortect] sed th Confusing the number
Ire e
thinking ) Y gras ) of cookies (jelly) and
relationship, but did
o the number of boxes.
not use nultiplication .
i . Expressing and
equations or did not )
solving problem
get the correct o )
situations using
answer.
nultiplication.
Part-to-whole thinking
Complet Both relations are is complete, and
e correctly identified  problem situations are

multiplic IV by multiplication and

expressed using

ative calculated by multiplication and
thinking nultiplication. solved by
nmultiplication.
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<Table 4> Design model of research

Group Pre-experi  Experimental Post-experi
ment treatment ment
Experimental
0O1, 02 X1 03, 04
group
Comparison 5, * ) X2 03, 04
group

O1: Pre-division achievement test

02: Pre-multiplicative thinking level test

O3: Post-division achievement test

04: Post-multiplicative thinking level test

X1: Division learning with non-proportional model
and proportional model

X2: Division learning applying proportional model
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IV. Results

1. The Level of Multiplicative Thinking
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<Table 5> Examples of multiplicative thinking level

in knowing multiple concepts

Level of
multiplicative Problem solving process
thinking
Failure to solve the problem or solving
the problem in a way that is not
related to the content of the problem.
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’ gt Uy 3 p ‘I_ v |
Solve the problem by adding the
number of objects (confetti, jelly) per
bundle presented in the problem by
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IA

The condition given to the problem is
expressed as an expression or figure,
and the problem is solved by mixing

addition and multiplication.

Brain, Digital, & Learning, 10(4)

<Table 6> Examples of multiplicative thinking level

in knowing relationship between part and whole
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Level of
multiplicative

thinking

Problem solving process

Failure to solve the problem or
solving the problem in a way that is
not related to the content of the

problem.
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Recognized the relationship between
colored paper and bundles, jelly and
the box, but could not use it to
establish an appropriate multiplication
equation and could not find an

answer.

I

If the

incomplete and all

partial-total ~ thinking s
problems are
solved by expressing it by addition,
it is judged as level II remaining in
additive thinking, but there were no

students of level II.
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Recognizes the relationship between
colored paper and bundles, jelly and
the ship correctly, and expresses the
problem situation in a multiplication

formula to obtain the correct answer.
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The number of boxes and cookies (or
jelly, chocolate) given in the problem
is expressed as an expression or
picture, and the problem is solved by

mixing addition and multiplication.
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constructing a multiplication equation
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The process of obtaining the whole part
from the whole and the remaining part,
whole from the part, understands the
problem situation correctly, and uses
the conditions given to the problem

the whole process
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post
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Experimental
group
Comparison
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group
Comparison
group

Character
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relationship
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<Table 7> Results of multiplicative thinking level test



3. Analysis of Problem Solving Process using
Proportional and Non-proportional Model
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<Table 8> Corresponding sample t-test result for

changing of achievement test

Mean N SD t df »p

Experimental_pre_B8.67 ) ¢ 705 2665 23 .014*

group pOSt 92.31

Comparison _pre 8357 ), 13174 259 20 798
group post 82.76

#p<0.05

<Table 9> Independent sample t-test results for the

average change in the post-test

. Mean N SD t df p
Experimental ) 31 4 g 0875
Coﬁlr;a:lrri)son 2227 43 .031*
8276 21 18.6491
oroup
*#p<0.05
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[Appendix 1] Test of Multiplicative Thinking
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[Appendix 2] Activities papers of division lesson using non-proportional models
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