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Objective: The purpose of this study was to investigate young children’s nonsymbolic magnitude
comparison ability according to ratio limit and task condition.

Methods: The participants included 40 3-year-old children, 42 4-year-old children, and 41 5-year-
old children recruited from 4 childcare centers located in Seoul, Korea. All magnitude comparison
tasks were composed of image material tasks and concrete material tasks. In addition, each
magnitude comparison task varied with the ratio of the two quantities; 0.5 ratio, 0.67 ratio, 0.75
ratio.

Results and Conclusion: The results revealed that 3-, 4-, and 5-year-old children could perform
nonsymbolic magnitude comparison tasks without learning experiences. Also, 3-, 4-, and 5-year-
old children could perform concrete material tasks better than image material tasks in
nonsymbolic magnitude comparison tasks. Furthermore, children’s performance on nonsymbolic
magnitude comparison tasks indicated the ratio signature of the approximate number system.
Children have a degree of numerical capacity prior to formal mathematics instruction. Also,
children were influenced by task conditions or sense stimulus when they processed numerical
information. Furthermore, the approximate number system can be used in understanding the
ordinality of number.
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Piaget®] S=7-¢f| HWIEF5}-Q] T} (Barth, Beckmann, & Spelke, 2008;
Barth, la Mont, Lipton, & Spelke, 2005; McCrink, Dehaene, &
Dehaene-Lambertz, 2007). %o}2] 4= 52l of It A1L=L
2 58K habituation) 71H& ARE-SEo] Folrt A= THE
AGA 7bell 4=2] o) 7} Qloks A A 4= U=AIE A
HHEQkTh I Adh, Gok= 301819 A 429 A Thol| 4=
9] zpo]7} k= AS QJIA|E 4= Q) S (Antell & Keating,
1983; Starkey, Spelke, & Gelman, 1990), 40|42] 2 4=2] %]
A 7He] 5ol Bt A= 4 4 Al Al (approximate
S48 Uehdts A
2 8 th(Lipton & Spelke, 2003; Wood & Spelke, 2005). =,
RBAS 1] 9] v1go] 16] 7p7H2) el vfet ot 5
48 Qs 50l Dol 0f olefe 5ol 4ol
WA WS A4to] Hele] 3 09 g 48 T8

Sk 4= 9)th(Cordes & Brannon, 2008; Halberda, Mazzocco, &
Feigenson, 2008).
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o] JJE 4= 7S £1A o] o]l 4= 9 tH(Resnick, 1992). EoF
TFAES Aol 3l froksol Tru 5715 7 =S 5k
A o) FYHFS =Y 4+ At (Mussen & Carmichael,
1983). 181} o] &3l Auke} ARTE A 2 ZF& o) Hol Al
4ol AR JREE folSolA] Q1AH B Z 4 9)
of= A= I ck(Kalyuga Ayres, Chandler, & Sweller, 2003).
Oﬂ/gx A Po] Hioj =] Oﬂx}g A ] AL 2L AUtE 7]7]

E =2 aas H45sh] 9 At
%"‘?45] R ‘Rl"/}- %‘”‘c}% =7t BAls A 5ol =
o it Zzjel T2 gk ATHE 9 5 2ol
U ALl ket 2 Zabok ApolahAl Lkl & M,
2010; Rakes, Valentine, McGatha, & Ronau, 2010). ¢ A& 7|&
o HYATES BB Bl LAE A AXISo] Folo]
A A5 A EANE Q4= A FAlE BAE

A A ASte] A Al T2 foke] Sakele) Hol
R A B EEED ERER )
o1 gL TN v foke] M S vl wabA S
P2 o = AASHA fote] ahAlsas o] ekl e
e 4= Slek. whebd o] QoA AR WA 2ol
oF Be A%FS BAIT APL A3t WEA] ol
I 4 sl UL Ul oot A
A% T2 A TR o] AN M A2
ofel HIAPY 4 vl o] GebS AL QIS Wl A
2 BEE oha Qick. B3 2 BA | A EE T g
2 ch2A) sto] 23 5 AA MR SHol 5 vl wE
of) LFEhLF= A S Abod 2 314} e,
H2Z

FOte| HI&E + Hlu S22 7Ot

H|2(0.5, 0.67, 0.75)%! IAIXIA[L (S
2t fo|8t 10|17t U=71

(3, 4, 5M|)} £=9
=, 7XIS)oll

EH
=

e

0

o] i A} S0 ulg W IAAA ] uHE 3, 4, 54
w5 7] 9la) SRl A%

1 210171 4300141 3, 4, 54 o 217} 4o
427, 4194 F 12392 AThAo 2 Atk

oS
©
o
o)
4
z
El
Ir
.1”11.4
{o
Z:

KJCS

\1

g B 3, 4, 541 = A3t o] = WA oY &
O} -2 AL TASHA] FAL S (numerosity) o] <A g
Al tgt QIAZE 7hst S Ao 2 st

t ‘THE— |tk oll ZARE 5] AdaA o Tt
2.54]-34] *171 of LPEM 7= HOWW}XI
O 2 34
FE SA7EA] o] % 3.71 frots 04%‘41”0% ’H skt
A A F 1237019l om, 1 F Folrt 651, ofo}
7} 58 o]t Aol Zroldt Gol= 34 S0} 409 (Fo} 23

W, ofo} 178; B U 43.6571), 44 ot 427 (ot 247,
ool 18, 215 5540718, 341 o 4170} 185, o
of 2%, B2 6663701

A=
frote] vl 4 BlasEe S45t7] 91t
Barth 5-(2005)0] 7}st v]AA 4= AAFA]| (nonsymbolic
arithmetic task) S ZF315}o] AGLR7) o] ZAVS E35) A2+
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Table 1
Designing Tasks
Task condition  Ratio  The number of problems Score
Image 0.50 2 3
3
0.67 2 3
0.75 2
Concrete 0.50 2 3
3
0.67 2 3
0.75 2
Total score 12 0-6
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Figure 1. Nonsymbolic magnitude comparison tasks (image and
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= Table 29} 2ok, G IpA|of| A 34 ot -9+ 1.57
HSD = 1.06), 44 F-oF2] = 2.458(SD = 0.63), 54| F-oF
O] A= 2.56%(SD = 0.55) %2 YEpRIT A5 THAoA] 3
Al frotel 8= 1958 (D = 0.99), 44] ok} Bp-= 271
H(SD = 0.51), 5A] G-ot2] 9= 2,908 (SD = 0.30).2. 2 L}E}
U B Aol A A= Aol A 9] A7t FAdm Al A

ANOVA), F 40| o] §|91c}. o] Han ek A ek
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HEQTE £ AFEE 5o vledh AAAR O] w2 A W A E= 522 Bl&o] 19 77 A5 o] vl
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HABE oA 1F aQle g Skal, 4=0f BlEy} AA A A
S WA ReloR slol WAy WHRAS AN APy 20| u]eT FAAAYE T2 u]
oF. TR AAMP ) e Aol ATEE A4S Bo RE  APR 2 H| @S o] Xo|
58 AfsleLon] o) wlgol e AolE Atwixs] a) F
A3 Scheffeo] AT AZS AABIIT HA 2 ulmsE fobe] MAPY 4 wlmieo] (R 4o g w T4
o A 20] Hl ol WE ABAGAIE Abwu ] Sfa)  Alguo] ufet 93 ol S Wo|i-x] otz o8 yiE 2
Table 2
Nonsymbolic Maenitude Comparison Ability Scores by Ages, Task Conditions, and Ratio
Age Mean
Task 3 (n = 40) 4 (n=42) 5 (n=41) (N=123)
Ratio condition M (SD) M (SD) M (SD) M (SD) Total Scheffé
0.5 Image 0.60 (0.50) 0.95 (0.22) 1.00 (0.00) 0.86 (0.35) 1.79 (0.53) a>b>c
Concrete 0.83 (0.39) 0.98 (0.15) 1.00 (0.00) 0.93 (0.25)
0.67 Image 0.60 (0.50) 0.88 (0.33) 0.93 (0.26) 0.80 (0.40) 1.66 (0.65)
Concrete 0.65 (0.48) 0.90 (0.30) 1.00 (0.00) 0.85 (0.36)
0.75 Image 0.38 (0.49) 0.62 (0.49) 0.63 (0.49) 0.54 (0.50) 1.28 (0.77)
Concrete 0.48 (0.51) 0.83 (0.38) 0.90 (0.30) 0.74 (0.44)
Total 3.73 (0.20) 5.29 (0.20) 5.46 (0.75) 4.84 (1.48)
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Table 3
Differences of Nonsymbolic Magnitude Comparison Ability Scores by Ages, Ratio, and Task Condition
Source SS df MS F
Nonsymbolic magnitude comparison ability
Between-subjects
Age 14.69 2 7.35 27.26***
Error 32.33 120 0.27
Within-subjects
Ratio 8.45 2 4.22 31.21%**
Age x Ratio 0.11 4 0.03 .19
Error 32.47 240 0.14
Task condition 2.18 1 2.18 30.94***
Age x Task condition 0.05 2 0.02 .33
Error 8.45 120 0.07
Ratio x Task condition 0.71 2 0.36 3.75*
Age x Ratio x Task condition 0.90 4 0.22 2.37
Error 22.71 240 0.10

*p<.05. **p<.001.

Table 4
Differences of Nonsymbolic Magnitude Comparison Ability Scores by Ratios, Task Conditions
Ratio Condition N M SD Paired-#

0.5 Image 123 0.85 0.36 -2.98**
Concrete 123 0.93 0.25

0.67 Image 123 0.80 0.40 -1.42
Concrete 123 0.85 0.36

0.75 Image 123 0.54 0.50 -4.02%**
Concrete 123 0.74 0.44

**p<.0L. ***p <.001.
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Figure 2. The interaction effect of ratios and task conditions in

nonsymbolic magnitude comparison ability.
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