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<ABSTRACT>

The purpose of this study was to examine and analyze the cognitive demand of the mathematical tasks
suggested in the elementary school textbooks in Korea and Japan. In particular, it aimed to reveal the overall
picture of the level of cognitive demand of the mathematical tasks in the strand of proportional reasoning in the
textbooks. We adopted the framework for mathematical task analysis suggested by Stein & Smith(1993) and
analyzed the mathematical tasks accordingly. The findings from the analysis showed that 389 percent of the
mathematical tasks were at high level and the rest at low level in terms of cognitive demand in Korea. In
Japan 187 percent of the mathematical tasks were at high level and the rest at low level in terms of cognitive
demand. Most of the mathematical tasks in the textbooks were algorithmic and focused on producing correct

answers by using procedures in both countries.
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Theoretical Background

Ratio & Rate
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<Table 1> The meaning of ratio & rate

When a and b are two numbers or
Rati the same kind of quantities, the ratio
atio

of a to b is expressed as a: b, where

a i1s a multiple of b.
When two or more

numbers or
quantities represent the relationship of
their size, the ratio is written. Let a
and b be two numbers or the same
Rate kind of quantity, and use fraction a /
b to denote how many times a is b.
This is called the ratio of a to b. The
fraction a / b is called the fraction of
the ratio, and this fraction is called the

prime of the ratio.

. The result of calculating a + b, that
Ratio

is, the value of the fraction is the
value

value of the ratio a: b.

Comparing Korean &  Japanese

Textbooks
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<Table 2> The achievement standard of ratio in
Korea and Japan (MEST, 2011; SCHRHEE, 2010)

6 -1

(1) By comparing the magnitudes of the

two quantities, we can understand the

concept of ratio and express the
Korea . . .

relationship as a ratio.

(2) You can understand the ratios, and

the ratios can be expressed as fractions,

decimals, and percentages.

5-2

(1) Use the table to examine the

relationship between two quantities that

change together.

(2) The understanding of the equation

expressing the relation of quantity is
Japan improved, and attention can be paid to the

manner in which the two quantities
correspond and change with respect to the
simple

relationship expressed by the

expression.

(3) Make the percentage understandable.

6 -2

(1) Make sure the ratios understandable.

Mathematical task analysis guide &
types
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<Table 3> Analysis protocol of the tasks(Stein et al., 2009)

Lower-levels Demands

Higher-level Demands

Memorization Tasks (M)

e Involves either producing previously learned
facts, rules, formulae, or definitions OR
committing facts, rules, formulae, or definitions
to memory.

e (Cannot be solved using procedures because a

procedure does not exist or because the time
frame in which the task is being completed is
too short to use a procedure.

e Are not ambiguous - such tasks involve

exact

reproduction of previously seen material and
what is to be reproduced is clearly and directly
stated.

e Have no connection to the concepts or
meaning that underlie the facts, rules, formulae,
or definitions being learned or reproduced.

Procedures With Connections Tasks (PWC)

e TFocus students’ attention on the use of
procedures for the purpose of developing deeper
levels of understanding of mathematical concepts
and ideas.

e Suggest pathways to follow (explicitly or
implicitly) that are broad general procedures that
have close connections to underlying conceptual
ideas as opposed to narrow algorithms that are
opaque with respect to underlying concepts.

e Usually are represented in multiple ways (e.g.,
visual diagrams, manipulatives, symbols, problem
situations). Making connections among multiple
representations helps to develop meaning.

e Require some degree of cognitive effort.
Although general procedures may be followed, they
cannot be followed mindlessly. Students need to
engage with the conceptual ideas that underlie the
procedures in order to successfully complete the
task and develop understanding.

Procedures Without Connections Tasks (PNC)

e Are algorithmic. Use of the procedure is
either specifically called for or its use is evident
based on prior instruction, experience, oOr
placement of the task.

e Require limited cognitive demand for
successful completion. There is little ambiguity
about what needs to be done and how to do it.

e Have no connection to the concepts or
meaning that underlie the procedure being used.

e Are focused on producing correct answers
rather than developing mathematical
understanding.

e Require no explanations, or explanations that
focus solely on describing the procedure that
was used.

Doing Mathematics Tasks (DM)

e Requires complex and non-algorithmic thinking
(i.e., there is not a predictable, well-rehearsed
approach or pathway explicitly suggested by the
task, task instructions, or a worked-out example).

e Requires students to explore and to understand
the nature of mathematical concepts, processes, or
relationships.

e Demands self-monitoring or self-regulation of
one’s own cognitive processes.

e Requires students to access relevant knowledge
and experiences and make appropriate use of them
in working through the task.

e Requires students to analyze the task and
actively examine task constraints that may limit
possible solution strategies and solutions.

e Requires considerable cognitive effort and may
involve some level of anxiety for the student due to
the unpredictable nature of the solution process
required.
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Method & Procedure

Research method
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<Table 4> The part of tasks on rate and ratio on two countries’ textbooks

Korean Textbook (6-1. 4. Ratio and Rate)

Japanese Textbook (Gakkoh Tosho)

Period Subjective Textbook Lesson title and page
1 Learn when rate and ratio are used 5-2 15. Ratio and Graph (p. 81783)
93 Comparing two sizes of numbers with
subtraction and division
Comparing two numbers and expressing . L
4 . 6-2 11. Ratio and Application (p. 8)
them as a ratio
5 Understanding ratios and expressing ratios in 5-2 15. Ratio and Graph (p. 84787)
fractions and decimals 6-2 11. Ratio and Application (p. 9)
6 Learn percent 5-2 15. Ratio and Graph (p. 88790)
7 Learn about the possibility of an incident
3 Find the co.mpared .quantity with the rate 59 15. Ratio and Graph (p. 91792)
and the basic quantity
9 Obtal-nmg a reference amount in terms of 59 15. Ratio and Graph (p. 93)
a ratio
10 Learn when rate is used (speed)
1 Learn when rate is used (population
density)
12 Learn when rate is wused (solution
concentration)
13 Review 5-2 15. Ratio and Graph (p. 100)
Problem solving—= Comparing camping
14 satisfaction 5-2 15. Ratio and Graph (p.1017102)
15 Experience - Solving our village problem
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Znd lesson. Able to compare two

numbers(1)

<Table 5> The analysis of tasks in 'The

compare of two numbers(1)’

Level Low Level High Level
T Total
e M PNC PWC DM ot
Textbool
Korea 4 1 5
80%)  (20%) (100%6)
Sevtel wakd 2R AE T £ WA 4k
oz mmsis A SHdth SFBEE F S8
oy 7k« WrHe = wluskE Bolth olF ¢8]
oAM= 471 SF 1719 viie] TAE A4
st etk BELANE okg gl W oste)
b WSl £2 ANKD T LS und wus

Brain, Digital, & Learning 7(1)

N W o

ol
o
A

,

= R
Moo o oo

i)

2

il

i 2

- il

4
oo

X0

>

rlj

o

£

g0
o
i
o =

QL
o
fo
b
e
b
Fie
>
i
=2

ofs
2L
2

=
i
B
kD
fd
8

o > +r dd
32

o ot & ]

—D’ O—Y—t mo{v JZ‘I.,
ic]
offt

oot rlr o
o
2
a
g
B
il
)
ﬂlm
32
O
o N off
i)
offt
o
2

o,
rlr
us
z
e
o
of
_] {
ol
2
>,
ol
ol

ol
==

o

ne
e

il
)
]
)
=
U
>
(ot
N/ P
By

M
e
it
-
v
o
g
rlo

o K
Ach
iy
a0
9
!
4 ©

B

o
N tlo
>
L) =
I o | O o2
ol
ol
rir
po
=
>
o2
AU
2
i
ol
ol
o [If

i il
K}
Z
a
o
B
o
M
¥

o X2
1 =2
)

L 12 et
>
¥
Jg 2o
=

-
2
"
2
e
o
fr not gE

PR P NI )
O
o
)
v

ML o
S|
i
kY

S{H0. 0o T LEHALS. 19980l LT} & A2 w|iia) KA,

0 W 4ol ofgt 58 W 242,
o W4 AE 494 HAL,
B 422 ofgAl 422 Lph=o] HAJS.

o T

o el 338 el AL,

[Figure 1] ‘The compare of two numbers(1)’
unit’s PNC task on Korean textbook

3rd Lesson. Able to compare two

numbers

<Table 6> The analysis of tasks in 'The

compare of two numbers(2)’

Level Low Level High Level
T Total
M pne PWC DM O
Text
Korea 3 1 4
(75%)  (25%) (100%)
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[Figure 2] ‘The compare of two numbers(2)’
unit’s PNC task on Korean textbook
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[Figure 3] “The compare of two numbers(2)’
unit’'s PWC task on Korean textbook

4th Lesson. Able to understand Ratio

<Table 7> The analysis of tasks in 'Ratio’

Level Low Level High Level
T Total
e M PNC PWC DM o
Text]

Kor 1 1 2 4
Orea T (25%)  (25%)  (50%) (10026)

Japan 4 1 5
80%)  (20%) (100%6)
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[Figure 4] ‘The Ratio of 2 quantities’ unit’s on
Japanese textbook

5th Lesson. Able to understand Rate

<Table 8> The analysis of tasks in 'Rate’

Level Low Level High Level
T Total
M PNC PWC DM
Text]
Korea 1 2 3
(33.3%) (66.7%) (100%6)
Japan 9 2 11
D (81.8%) (182%) (100%)
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[Figure 5] ‘The rate’ unit’s PWC task on

Japanese textbook

6th Lesson. Able to understand
Percent
<Table 9> The analysis of tasks iIn
'Percentage’
Level Low Level High Level
T Total
M pNe PWC DM O
Textboo
3 3
Korea
(100%) (100%6)
] 3 3
apan
P (100%) (100)
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[Figure 6] ‘The Percentage’ unit’s PNC task

on Korean textbook
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[Figure 7] ‘The Percentage’ unit’s PNC task

on Japanese textbook

7th Lesson. Able to understand the
possibility of event

<Table 10> The analysis of tasks in

"Possibility’

Level Low Level High Level

T Total
M PNC PWC DM

Text]

Kor 1 2 3
ca (333%) (66.6%) (100%)
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$E1. <Table 12> The analysis of tasks in 'Find the
’ %_ FAEHES N AR E 2201 BANTRLE R0 standard amount’
o 18190 B2 GBS o o o] SIS 20| Ho) oY ML Level Low Level High Level
goler T Total
el M PNC PWC DM
O a]. Textbool
o T o] g2 Fea $Y s e doltlyn? K 3 1 4
orea (73%)  (25%) (100%)
o BHE o) 2 ehelel Aiah g 42 Slolluy 3 3
Japan (10026) (100%)

[Figure 8] ‘The Possibility’ unit’s PWC task on

A WAL FA HEAS 9% dAE A
Korean textbook
AsE QAT T 25k 2ol FAHL AP
~ . 5 ol o FA=0 u oo 3
8th ~ 9th Lesson. Able to get comparing 7 AMstaL slem, PSS Hizte] §& Ao 2
. . 71 98l AR st 7] wEel =& JAAA
quantity and reference quantity B
o] 87HA ettt webA o]E PNC AR &
Rt
Selverel QB @AAAAE v ug, W
< gF 5 —7"01{] H & 7|EFo= H]J—L"é}%
ok F3l7], Folx Hl&H HlwEE Yow s FY b ;il‘iiii iﬁ’“?}iﬂﬁf{ﬁ"”” e e
T8 s B o A7 FAE] Tk
l::"‘ i]'}\] vo/] ‘fl‘f‘__‘}—\—l 7‘:]?_ -Tq'% }\g:‘]‘% E_?i <Table 11>’ 0 10 20 30 10 50 60 70 80 90 100 (%)
<Table 12>¢} Zt}. F xAldA 25 PNC A7} o 80 %= ZAT M 7t W em®E ° 2 LAY
TE olFa e, gyt wpAfelA PWC A SR S
7F 72 AL & g EAA AR H o] Tk 7 vk L b= AL
el A HA EAA I ZolE S F U=, o Zagt A Ft2t ® emAUZA?
SElvEl Ao E FA SES He dAE A T e T .
A AR S, wRA 2B A A vl 7)) s
T 9S & Hudtes FUlEH)S T W [Figure 9] ‘Find the standard amount’ unit’s
jal ojofr] sjEA FomH TAEo] F3HA I PWC task on Korean textbook
of dial] AAle] &l e AL Aste] xdSHA
@k webd o AR AAH fFe] Wasirha e o et o e el et
N . wall. How many m? did he paint?
Azt w | o] PWC FA|= BHF3aheitt. © Levs fnd by watme toe
(D If he painted 24m2, it Wouldg
. . R be 10025 of the total area.
<Table 11> The analysis of tasks in 'Find the @ 1% of the arenis,
amount to compare’ ® 252;+fl 310:0'% ) W@ e
6 of the area is, 0.24x25= i
. [
Level Low Level High Level Area 0: L 2
T T t 1 Percentage O.. [_LTJ ‘
ype ota ol 25 —i
M  PNC PWC DM P e
Textboo Find by changing 25/} to a decimal number. P
24 > 0.25 (I -
Korea 3 1 4 - Basic quantity Ratio Compared quantity —
(75%) <25%) (1(X)%) A' .. 'Compared quLntity=basic quantity X ratio o
o o [Figure 10] Find the amount to compare’ unit’s
Japan (1000) (1009)

PNC task on Japanese textbook
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@ There is 3 Iottery where |5% of the tickets are winning tickets. I there

are 30 winning tickets, how many lottery tokeds are needed in all?

[Figure 11] ‘Find the standard amount’ unit’s

PNC task on two countries

o] &fof, ghar WA e} dE WA A AAE
HAEL [Figure 1119} #Zo] g5k dxpet ALk
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PNC #A &2 EF3tc}.

10th™12th Lesson. Able to understand
the case of using rate.

<Table 13> The analysis of tasks in 'Case of

using rate’

Level Low Level High Level
T Total
M pNe PWC DM
Textboo
Korea 5 6 1
45%)  (55%) (100%)
19 EE SEivel wHA o 10712xFA o] A A
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[Figure 12] ‘Case of using rate’ unit’'s PNC

task on Korean textbook
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[Figure 13] ‘Case of using rate’ unit’'s PWC

task on Korean textbook

13th Lesson. Review

<Table 14> The analysis of tasks in ’'Unit

Evaluation’

Level Low Level High Level
T Total
M pNne PWC DM
Textbool
Korea 1 6 4 11
(91%) (B45%) (36.4%) (100%6)
2 3 5

Japan 000 (60%) (100%)
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Sl g wsuA wg ng ade g
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34 Age] BA} olo] gtk PWC Aol 342
s EAlES 29, 49 9%, 109] F 4iAlelt) o=
24 f9e S4e Aol WAR & 4 A ofe]
olst Axrt Aol glo] SFBEAA o= o
AAA wee aFd Aotk olsh e FAE
U8 W SES T4 BET 5 QAT ofF 4%
ol THL A8 St Ytk Folxl HE B T
Ael Aolo] et 1R Aole wEE Fohe] T

Brain, Digital, & Learning 7(1)

s she BAES 94 2olg Fohie A, ¥
2 QA6 e 39 O =
o A

9]
T AaTE Ad WS Tdste] vl
=

1419} 109 A
OHLQ 3]_: Al o] o].
dbs QM As
A4 wefo] ARl

10 ZErlol= vjd 190] 858 400094 e, ohe F 7 F=H A He =
Zheal gy B4l @5l AR BA S Al 8 JE7hA 22 8E
1000098 71 a2 <) wige] Zksvich Wizt Brlelztd ofd 818 31
A AP BAl2,

AE A7 A= £ CD 2t 2
200004 130009 50009
409 @ 309 el 20 9% W

gof 7h2& kA 2. 12000

> z Ezio] gld

[Figure 14] ‘Unit Evaluation’ unit’s PWC task

on Korean textbook
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1. ABel AC Zolf] viE FRAe (6-2,112H)

& For the length of side AR
and AC in o sct-sguanre.

[Figure 15] ‘Unit Evaluation’ unit’s M task on

Japanese textbook

@ Shoko has a | 5m of tape. Kenji has a | 2m of tape. Bt “”’"Q
(@ Let's find the ratio of the length of Kenji's tape to the leagth of Shoko's
tape. o 1Sm
Shaoko
12m
Kenji ! ] §
Ratio » — —
0.5 el !
@ Let's find the ratio of the length of Shoko's tape to the length of Kenji's|
2 Q I15m
ka2 S
12Zm
Kenji 1 3
RALO | - e
- E-——i—'” 0 QL5 I fasl

[Figure 16] ‘Unit Evaluation’ unit’s PNC task

on Japanese textbook

14th. Problem

camping satisfaction

solving —comparing

<Table 15> The analysis of tasks in ’problem

solving’

Level Low Level High Level
T Total
M pNe PWC DM
Textbool
Korea 1 1
(100%) (100%)
Japan 1 3 4
(25%)  (75%) (100%6)
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@,’ The children’s association go to a picnic by bus. The number of seats is
60 and the cost is 500 yen per person. When we charter a bus, the cost
's discounted by 20%, ® Finding the peroentagaand usig hem n gl e

U When the number of passengers is 50, should we charter a bus?

' When the number of passengers is 45, should we pay the cost for 500 yen each?

3 How large should the number of passengers be before we charter  bus?

[Figure 17] ‘Problem solving’ unit’s PWC task

on Japanese textbook
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<Table 16> The analysis of tasks in g5 gt oleltgols &g ¢ e AR g
"Experience field’ A AmE £ S ek F o] BAlE A §d
| E -y =2 -7 = 1O 2=3FLA
Level Low Level High Level 59, At 25 T8, F2 T o3 & 94 st
Type Total g 58e Aoz 5 9 Bz gAY
M  PNC PWC DM
Texthoo
1 1 Conclusions and Implications
Korea 10009 (100%)
AR vhre AR Fu wA, AsAd, Aday . .
] ° o T ] }ﬁ_] & ° Aggeration and Analysis of Textbook
So) oje] 7pA A4k pEAo] ke vjgoz
Foe 9P IS 482 SRl dads ) Total
% 749 xvlom Jo vl wele] A wh

<Table 17> The level of tasks on rate and

ratio on two countries’ textbooks
T P

A=k A A7 AAE YA e W sho] & Level Low Level High Level
Xﬂ O]UE Zﬂ Xﬂe ?5]— X‘ﬂi X 'E‘@' '5‘]—%11:}—_ TeXt’EZSe M PNC PWC DM Total
Korea 2 31 20 1 571
B7%) (574%) (37.0%) (1.9%) (100%)
3B =ol7t £ ubee] 2er] e EAber AAvich Baol w@EhA e, 5 o 6 2
A | 3;; io; ;j-‘::}»%o\m hets ey e =AY ohaa 2 Japan (6.3%) (75%) (18.7%) (100%)
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[Figure 18] ‘Experience’ unit’'s DM task on 2228 o shx] <ol r gk},
Korean textbook St waA el 4vg Wk N ES BAE A
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wAl] el s el DM S5® 7h gy qo0 ebny, 53, s £ 34 F PNC
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= b Rasta @ SASels] TR I, 88 g mme) vigk vg weld e gny
WA g ek olsisl s © A =L g gk pNC B9 54 2 Aedn @
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