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Abstract

This study investigated the development and core mechanism of subitizing in children and adults as well as provides
related theoretical and practical discussions. This study was conducted to determine if subitizing changed with
the age of participants and if there were differences in subitizing according to the spacing, color, and shape of the
stimuli. The subitizing task set (including forty main trials) was prepared. Forty-five children (fifteen each in groups
of 3, 4, and 5-year-olds) and fifteen adults were recruited to perform the subitizing tasks. The results demonstrated
that the subitizing speed and accuracy of children improved abruptly between age 3 and age 4. Furthermore, there
were significant differences in children's subitizing speed according to the spacing and color of the objects. The
children's response time decreased when the objects were fully apart or were of diverse colors. In addition, there
were partial significant differences in the subitizing speed of children related to the shape of the objects. The
subitizing speed of children decreased in a condition (subitizing 5 objects of diverse colors in fixed spacing) when
the shapes of the objects were diverse. The subitizing speed of adults only differed according to the space of the
objects. The results demonstrate the development of subitizing in early childhood along with the presence of object
individuation processing stages underlying subitizing. This study also provides practical information and suggestions
for educational curricula that can strengthen the competency of children in systematic and diverse activities.
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Figure 1. Stimulus sets for subitizing tasks according to condition.
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Figure 3. Response time and error rate for the subitizing tasks of participants. Error bars represent standard errors.

2719k 370 tide] SR8 ] S AR 3*11% 4N Atololl 348}
Al FAasklaL, 4xiet 519 SHAIRES: 2folE HolA] ¢ sz
4, 5A19] SEHAIZE 4d219] "ERMEG o]H8] 11 AS
A EA o §oJ5t 2o|E Holz| ¢klr). o]= 27H9P 3
7h doll izt 4, BAl froke] SAJ8H7] T o] Hrof Sl
79] A1e] f5tof| o] 2= AL ofugit), g, 47l thde] &
A517] SR 3M19} 44 Alolol] FABHA] Zhasstal 4412t 5
Ao} SEAIzto] AolE Holx| eRatAINt, 4, 5419 SA8H] &
EAIES ARl §-ol8HA] AA| vebdltt, aRxjute g 574 o
e ZAeP| SHARE 3, 4, bA| fof B 3,53 Afoof|A]
LA vepgkon, Aol A 11 SHARS Bl

(g TR ek 2l Figure 33
o} frore] SAshr19] Lot 9IS o] A|AoR Al
3Al frote] -9- 2700llA] 47) tide] S8 ] St tiek 640
ms/item =R VERITE 4419k 5A] foke] - 270l 4] 371
7] SA)8E7] 4t ti=k 160-290 ms/item F w2 L
Elyd=t], o]+ 54-8A] oFzo] tiEF 100—200 ms/item?] £
2 ) olste] A2 frEg woldt 4= Qlolrh= A9, 44,
49]0] Azt Aol Yx|oh= Aifolet, 44|19} 54 fok= 47W

ZA51719] A

T2 wotatglal, ol AdA-tollA 5HI-6A] ool 47ielA] 7
W A 1049 ms/item?] =2 ufelst AuH9let Aol AR
stk gk, ARl 27004 571 tiAd-E 110 ms/item A=) wi
S g SA T 4= 0t 4= 24 Al G4 Hw7F St

871 7S S5k W9 Heke ), o] b tellAl 34 fob

rlm

o] Z2)3}7] W= 97)|. 44|12t 54| Gole] ZA|5l7] Wol= 37,
A918] 2817 W9l= 57) olAfo 2 A E 4= Qi) o= 5
K= oFE0] Z2|3}7] W 9I= 371 Blolst MaYATE[9, 49]

o] e} xht, Teivt 3,54 fote] ZAlsl] WelE 4,
5A frote] SAJsl7] H91E 1-57H= 2RIt Starkey@t Cooper
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oF 570 giAfol disfi Al Bl =9l £1(975-995 ms/item)Z 4= 1,’=.60), 470(F; 5,=111.15, p<.001, n,°=.86), 57H(F
Table 1. Subitizing Response Time and Error Rate According to Age
n— Response time (s) Error rate
umoer 3 years M (SD) 4 years M (SD) 5 years M (SD)  20's M (SD) 3 years M (SD) 4 years M (SD) 5 years M (SD)  20's M (SD)
2 2.33 (1.60) 1.18(21) 1.30(.22) 78 (.19) 07 (.14) 01(.03) .00 (.00) .00 (.00)
3 2.88 (1.33) 1.47 (42) 1.46 (.27) 83 (.24) 47 (.29) 04 (.17) .00 (.00) 00 (.00)
4 3.61(1.02) 2.20 (.64) 2.27 (.60) 90 (.21) 81(.26) .04 (.09) 03 (.07) .00 (.00)
5 3.44 (1.11) 3.42 (93) 3.45(.80) 1.11(.22) 88 (.17) 23(.29) A11(.16) 00 (.00)

Note: 3 years (n=14), 4 years (n=14), 5 years (1=14), 20's (n=15)
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Table 2. Differences in Response Time and Error Rate of Subitizing Tasks According to Age
R Age (y1) Response time (s) Age 1) Error rate
M (SD) F M (SD) F
2 3 233 (1.60), 946" 3 07(14), 3.10° (LSD)
4 118 (21), 4 01(.03),
5 130(22), 5 00(00),
20's 78(19), 20's 00 (00),
3 3 2.88(1.33), 217" 47(29), 2651
4 147 (42), 4 04(17),
5 146(27), 5 00 (00) ,
20's 83(24), 20s 00 (00) ,
4 3 3.61(1.02), 3893" 3 81(26), 1115
4 2.20 (.64) , 4 04(09),
5 2.27 (.60) , 5 03 (.07),
20's 90 (21) 20's 00 (.00) ,
5 3 344 (1.11), 29.04" 3 88(.17), 65.19"
4 3.42(93), 4 23(29),
5 345(80) 5 A1(16) o
20's 1(22), 20's .00 (.00)
Scheffé test, LSD test (error rate for number 2): *high, ‘low
p<.05, p<.001.
Table 3. Differences in Subitizing Response Time According to the Spacing, Color, and Shape of Objects
. 4 and 5 years (n=28) 20's (n=15)
Variables
SS df MS 7 SS df MS 7
Spacing (A) 19.18 1 19.18 1155 00 1 00 23
Color (B) 433 1 433 451 .00 1 .00 .16
Shape (C) .05 1 .05 .06 03 1 .03 .83
Number (D) 666.38 167 394.53 97.46" 7.77 3 2.59 62.61"
AxD 30.60 1.89 16.17 913" 44 3 15 560"
BxD 4.06 2.38 1.70 1.79 .10 3 03 1.52
CxD .16 1.86 .09 .07 N 3 .04 1.82
AxBxCxD 8.62 2.07 417 392 .06 3 02 77

Note. The Greenhouse-Geisser correction value was used because 4- and 5-year-olds did not satisfy the sphericity assumption; however, the adults did satisfy the

sphericity assumption.
'p<.05, p<.01, "p<.001.

55=65.19, p<.001, 1,’=.79)¢] 27 mFo| A Aol w2 F=7
7} bt Sheffe AR A 270, 370, 471 o] S4]

al7] @R&L sAje) 44 Aolel s Z1819L, 442t 5
Ao 2582 4oz} 2ol 2 wolx) aorh, 57 diae] ZHat

7] Q8 349k 44 Afolell FAsHA 715k, 4419t 54
OFEE oIS Ho|X QAL 5ARe] 4 Hekwe] =
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Table 4. Differences in Subitizing Response Time According to the Space of Objects
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4 and 5 years (n=28) 20's (n=15)
Number Near Fixed " Near Fixed .
M (SD) M (SD) M (SD) M (SD)
2 1.27 (.26) 1.21(.26) 94 79(.18) 76(.22) 1.08
3 1.51 (.41) 1.42 (.37) 1.25 80 (.23) 85 (.26) -1.75
4 270 (92) 1.77 (65) 478" 95(22) 86(21) 432"
5 3.49 (1.03) 3.39(1.01) 1.02 1.08 (.24) 1.14 (.22) -1.88
“p<.01, "p<.001.
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Figure 4. Subitizing response time (4 and 5 years) according to the space of
objects. Error bars represent standard errors.
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Figure 5. Subitizing response time (4 and 5 years) between conditions of the
lowest and highest object individuation levels. Error bars represent standard
errors.
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Table 5. Differences in Subitizing Response Time (4 and 5 years) Between
Conditions of the Lowest and Highest Object Individuation Levels

Number Lowest condition  Highest condition ¢
M (SD) M (SD)
2 130 (41) 120(37) 1.12
3 154 (.68) 130 (41) 216
4 273(1.23) 1,89 (68) 292"
5 3.80(1.27) 2.96 (1.44) 254

Note: Lowest condition (near, same color, same shape), highest condition (fixed,
diverse colors, diverse shapes)
:0 < .05, “p <01
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