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Figure 1. Model predictions in a number line estimation task

A: linear, B: logarithmic, C: 2-linear, D: power(1-cyclical model)
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SRS - OJEE - QAR / FAUFHIN0IM ALSEl= 7IEE M2t A5
Table 1. Number lines and target digits
Number range Example of stimuli Reference points and target digit

300 (1/3) : 285, 290, 295, 299, 300, 301, 305, 310, 315

0-900 (’,7 - 450 (1/2) : 435, 440, 445, 449, 450, 451, 455, 460, 465

600 (2/3) : 585, 590, 595, 599, 600, 601, 605, 610, 615

250 (1/4) : 235, 240, 245, 249, 250, 251, 255, 260, 265

0-1000 (’,7 f‘m 500 (1/2) = 485, 490, 495, 499, 500, 501, 505, 510, 515

750 (3/4) : 735, 740, 745, 749, 750, 751, 755, 760, 765
= 10009 F FFE ARESE 7 2 2 AE B P 438 AFH del A
FoA A& A5 e o2 AAEHL,  BE Fod, AR g edwdE Has)
+Z Bde, 0027 E 9005, 100027 87 fAste] FrkAel RUE Atele] Azt
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FAzARE 71 dAldshe A 71l Hel A3 e AN § Ade 59
A2 £=AES ARSIt 71 900& sk WOl tiste] AHsigion, Alzte] 2
AollMe 12 ARl idste 4509, 13 A 2 Zeldeke Ao P e AL
A<l 300, 23 AHQ 600% AHESIAAL, 1000 FERSATE ZF AlFold FA A g4 &
2N 12 A sldste 5007, A Tl 72 98cm AE 43cm FA7IZ Al
AHQL 250, 3/4 AL 7505 ARESIGTE £ AlBIHTE AAE A ERIE § Ao
Ak 71E8E 7IFeR 15, 410, -5, -1, 2HE FEW, SAkE AR L fz}%‘%ﬂ
071D, +1, +5, +10, +159] &Qsts = FAE H2A Ao vl A& 2o
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= 277H°ﬂ9ﬂ 7} b o RkRSle e 339
Ak AN A s A Al 63 °ﬂ A2 A
A 2 02m
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Figure 2. Number line estimation as a function of numerical distance (Experiment 1)
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Table 2. One sample t-test results for intercept and slope (Experiment 1)

Intercept Slope
Number Reference
range points Degrees of t p Degrees of t p
freedom freedom
900 300 17 4,52 0.000 17 -0.49 0.630
1000 250 17 -3.37 0.004 17 0.62 0.542
900 450 17 3.92 0.001 17 3.05 0.007
1000 500 17 3.65 0.002 17 2.19 0.043
900 600 17 4.09 0.001 17 -1.29 0.215
1000 750 17 243 0.026 17 -1.06 0.306
Table 3. Regression results for each reference points (Experiment 1)
Number range  Reference points Intercept Slope p R
900 300 -24.28 -0.08 0.562 0.05
1000 250 2371 0.10 0.549 0.05
900 450 8.40 0.66 0.000 0.94
1000 500 7.01 0.64 0.000 0.84
900 600 19.23 0.23 0.129 0.30
1000 750 19.12 -0.26 0.291 0.16
&R me wegkel FEIL HARYe A Y BARE « A5 2HE A
o 90027 K2,17)=73.80, p<.001, 1000Z7: = AAEUTKTable 2). BT Z7oA 3
R2,17)=98.50, p<.001, Bonferroni ¢ A AHL ozt 71T fFevlgt zol7t e
A3, BE 715 deted frovldk telrh Aem yeidten], 22 VEHdAMe &5
de Ae® yetdth &AL 7IEden e @ $Y 7IEHE 2 VIeddM e dras
25000 AA FEAol @ YA HET FHZ= HThTable 3)
AY, & F2F9S BAD, % AFH@s0  BALASL 2A) BAAR Aeld] 47 B
52 5007 2 71Ed©600 FE& 750°00ME AVE EAgkeA AW R 9jste, 7t }.Zjﬁg
AA EAGl B QARG 2 5 3 = IARAS AT F 2N BE
N3-S Boon, 24 7IEdEtgs 2 71 oA FU AR 39 Aol #F
TAAA HAHFE AEdol o AsAl UEE HATE, 90024 p<.001, R2=.94, 100037
WTHFigure 2 F1). ©] A 2AYE 39 p<.001, R2=84(Table 3). 2t Z7FAe] 39 7]
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of 3 GdREE « AT A dA|, T & AEIAHEE| - Ve 2R E

A 0 v Aoz =AY x 100). dE B0, IRk uke-gk

Ueht, 39 B4 232 ARG THTable 2. ©] 5px¢l A¢E ME-LE WA EHo

g He), A2 71EdF 2 VIEddMe 29 AT} s Al 100%E, 100

39 Aol wEHA @, A=A g s0%, 1012 50045 SHE Aotk ®
g

ARG e FolE 2 FolE A @ £AANG 5% Frgel B EF
3l 90 A Aom Uit Ho) e BT A% oo ke $A7)

wop 2AAFRIANA NEHE 48R vesl HBE 27 7 Aol AR oy
o, AFHoEREY AN BE A e 4% ddsel, AUgE 7 F F

=
R e e R I T %%01% o] 52

900 1000

2000 1

1800 1

1600

1400 7

1200 1

1000 -+

800 A

Percentage of response (%)

600 -

T T T T T T T T T T
0 1 5 10 15 0 1 5 10 15

Numerical distance from reference points

Figure 3. Percentage of response as a function of numerical distance (Experiment 1)
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Vebstth, 900%7: R4,17)=42.97, p<.001,
1000%7: R4,17)=44.64, p<.001. Bonferroni *
o BA Axk 900243 100027 Rl
A, 2AA8 103 15, 283 9002719 £t
A sellAE vhEgke] WEEo] 100%°] 7F
7The AR UEbga, 1 99 bAoA

T 100%EY fFefrsdl w2 AL o=
LT
g 2
A DS STl YA A% H
1 %Kspeed-accuracy trade-of) 2 L7 &
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th Ht WA 7] 90027 A 1.863, 1000
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FoRes At AN AE 13=
g 24 7 Fong zole BHEHA F
s}t A7 eSS AR A 23, 7
Aol wE whggte] FaEITE HEEHIJS
™, 900271 R2,18)=58.47, p<.001, 10003=71:
R2,18)=14.91, p<.001, Bonferroni *3Ti?} ¥-A]
A3, e 71l skl frojngk 2ol vt
e Ao UehythFigue 4). 20 37
Aol thste] GLREE « A5 TP B
A3, AL 7IERdAAe AF 13 A
A BAlEo 2 A EG HSUY S 3
L2FYe Bilov FY 127@4 71%4

%01]*1
l%uﬂl/ﬂ“} Q%’% 73&”01 HEE A
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Figure 4. Number line estimation as a function of numerical distance (Experiment 2)

Table 4. One sample t-test results for intercept and slope (Experiment 2)

Intercept Slope
Number Reference
. Degrees of Degrees of
range points t p t p
freedom freedom
900 300 18 -5.47 0.000 18 1.94 0.068
1000 250 18 -4.06 0.001 18 1.14 0.267
900 450 18 -0.90 0.381 18 4.33 0.000
1000 500 18 -1.59 0.130 18 3.79 0.001
900 600 18 0.34 0.741 18 -0.53 0.602
1000 750 18 0.02 0.983 18 -0.66 0.520
R fond Aelrl Gl e et AiEsl sdeldd, A% 01449 ede
(Table 4). MBS AZ3T) Figure ST 2AW RS
NEgeine sAdddd ne Aol gl WEes MolEt. WA WEay
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Table 5. Regression results for each reference points (Experiment 2)

Number range Reference points Intercept Slope P R
900 300 -38.77 0.43 0.138 0.29
1000 250 -26.79 0.28 0.250 0.18
900 450 -3.73 1.38 0.000 0.92
1000 500 -4.01 1.51 0.000 0.91
900 600 1.96 -0.11 0.443 0.09
1000 750 0.33 -0.21 0.252 0.18

900 1000
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Figure 5. Percentage of response as a function of numerical distance (Experiment 2)

AFEA 23 VISHCERE Y AR E
A& zpo]7} fom|3k Aoz e 9003
. R4,18)=6250, p<.001, 1000%71: K4,18)=
50.96, p<.001. Bonferroni Ao B Ay F

PN

A 2ol 2AA 103 15049 uke
MRg o 0%l FHHE Ao e
o, yuA EAAReAE TEd i &
gulsiAl & Aoz Jeht} A4 13 npzvt

s
1o

- 663 -



st=dElEElA] s X W=

Az 7128 7R =AAE A
g% 34 Jyeives A4S 29k

227}

e 9

2 d7elde Eds ol8st
A}ﬁé}—Xl AR fetd, 7% éﬂr
“AEE AFoE ARSI
Skl xﬂ?ﬂ A Z%sHA A}%Elﬂi, 2%
%%9.& AA == 10007, A
g A5 35EeR B8HE 900=
sted, AP flel wheh ARshe o]
AR ARl Eeh A9 1oAe

]
& dxegla, A48 2¢lde ASA

e
By
o

Hr
2L
1 oE
10 r-tm do o @
ol

>
L T oo U

o o it
ot

A3 13 A3 2 E%Oﬂ*i %ZPE”HOH e
= Zo} 7)1ZEH A
71l w}ﬂ} ‘&%7 = F7tst
, A2 71
TRl = 71%;‘&3} A =2l o
&k WhE-gro]l frARSHAl Yk ThFigure 2, 4 3
). ol Ade ZE 7|EdH 2 7IEHd
d 7IEAolA B FEstA g
ofmjoln}, Folxl =AHS = T
A 4 71ede] & ‘*d%%ﬁrﬂl AN F
o 7]?—@01]*1
A 712717 s Axg 43
7123 =2 A7t
TE AAEG RaFAshs Aol ¥
H AE 20lHE 1452
2|7} Holdas A

wEE A

¥

Oil
-

rr

23]
[e)

s
Q

e

o,
o x
oo o

(ES )
i
rﬂ i)

A

71RO =2

oN.

6;]:/\4 o]

T3 7o 2R ZAARIE 1 oA S
= A REggke] WiE-go] AY 1A=
1739.66%°1R " WA A& 20M = 2305.31%
2 /\L]_/_:':/\é% VAS z‘sal - ]_,_;ﬂo A}B.zﬂ—o
2 Qs TSt o] Hs & Aoz
1337¢=8
22 B8 AAE T 2Y, XY

2O = 0}‘4 =3t Agdol YEhT

Argo = FFsA] e Aot AA
glo] 2 221 7 Aole AYRYE AR5
v 23S Bk, HAAAQ Fe ta
gnkslE ARprh YeRd o] f7F ol A
HE 32 F7F AdS A 2tk
A 3
Al FFO VIR T T4 RS &

< 710l 2 ZIEA e, diHom
et AdddE il ol 5% 7
Aol Ak A A9 fAz Hgste 3
Folr Fod 4s doe HS HoAFn,
A A ZA TG 710l e Ve
o " £ OE VIedes Agd 7ol

- 664 -



SR - O[FE - 2R / SRMRIIRON ALBEIS 71N Mt AS

ZA0l @ 238 Aol ol slew A A 2 Aleld] 2 Ael7t Uehix gl
8 AT AQA Hs) B skl FF W), i@ W= s wedl

NEAE AT F 9L ARk AN

IRt A9 1, 20l FedstA] b2 FeuiEt HESRte]l e +3sDE HolAe AldE &
W TRAY 197l Aste] Ao Hrtetdl G whgolzt ddste] EA A A<t
=3 ot A7 RHESA WRRA A 7)eA
o mE FEIVE AFHUT, K1,18)=15.84,
A K= 2 A AHE A % dAae 2 p<00lFigue 6 FHH). TF 7IEH S A5
7 A Adsta AF 1, 29 TSt SelE, A8 1, 29 nRRRR 53 A
A A5E 4 71Edd dldste AE Aol #FHJTE He 53t Aol T
A T AL 7ledY & Ve dd 7lEde] ug ¥ g EAlE|Ete
e bt AFRSFTHTable 1 Fa 0-1000  THE Q9lo] AAHAY] wEolgs HE B
A9 500 Al Bshe 2AFERE Al oAFrh VIEHeEREHY Al wE
ogh. A Slel wWE Aolzk YEREA] €5t zbelE AT ET] S}, AF 1A HH
7] W&o, T FRe AHYE BT AR ] WSS A& Bonferroni UM%
g Fdarl gldn ddsle] £AHE 1000 AL AASE Ay A 13 g2 &
29 ARgStth ek A 203 A& AAYEEAAD s, 10, 15) ARl BF

20 T 20
x =
2 e}
© U SUPUI © gl @ | _______]
C C
I} o
o a
7 @
o 15)
o [oey

20 20 -

250 750 250 500 750
Reference points Reference points

Figure 6. Mean estimation for reference points (left: Experiment 3, right: Experiment 4)
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Table 6. One sample t-test results for intercept and slope (Experiment 4)

Intercept Slope
Number Reference
. Degrees of Degrees of
range points t p t p
freedom freedom
1000 250 17 -0.97 0.345 17 2.53 0.022
1000 500 17 0.44 0.662 17 4.04 0.001
1000 750 17 0.67 0.514 17 0.99 0.335
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Table 7. Regression results for each reference points (Experiment 4)

Number range Reference points Intercept Slope P R
1000 250 -6.93 0.56 0.004 0.71
1000 500 1.37 1.43 0.001 0.83
1000 750 5.94 0.20 0.216 0.21
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Table 8. Visual angles of line stimuli in previous studies

Study Tool Line length  Viewing distance ~ Visual angle
Moeller et al., 2009 Paper 10cm - -
White & Szlics, 2012 Paper 16cm - -
Opfer, Thompson, & Kim, 2016 Paper 21.8cm - -
Barth & Paladino, 2011 Paper 23cm - -
Slusser et al., 2013 Paper 23cm - -
Siegler et al., 2003 Paper 25cm - -
Friso-van den Bos et al., 2014 Laptop computer 25cm - -
Sullivan et al., 2011 CRT monitor (20inch) 830px 83cm
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Ao, AFA A Ao AF AR otk FAUFPIAE WAFANS
obET 49l Aol sl MEY S Atk F WGE AR AARAY, B A7 2
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SAET ARG, AP A A Ao A 9l A AYE & e
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Verifying use of reference points

in the number line estimation task

ChanHeum Park Hyung-Chul O. Li ShinWoo Kim

Department of Industrial Psychology, Kwangwoon University

Number line estimation task has been widely used to test spatial representation of numerical concepts.
However, the claim of power model that participants respond based on a few reference points suggests
the possibility that results can be affected by cognitive strategies. The current research tested whether use
of reference points in number line estimation task affects shape of mental number line, that is,
participants’ response patterns. Based on the reliable linearity reported in adults’ mental number line, we
asked our adult participants to estimate positions including both reference points and those close to the
reference points, and then observed whether there happens any change in the typical linearity in number
line estimation. The results showed linearity in the middle reference points, but the tendency was fairly
weaker in the other reference points. In particular, greater estimation bias was observed for the positions
closer to the reference points, indicating use of reference points in estimation and importance of middle
reference point. In addition, bipolar response tendency was obtained where participants underestimate or
overestimate reference points on the left or right side of the line, respectively. Additional experimental
results showed stronger bipolarity for longer line lengths, suggesting importance of line length in number
line estimation task. These results imply that researchers need to be cautious in interpretation of

experimental data as the results can be easily affected by various perceptual and cognitive factors.

Key words : mental number line, number line estimation task, power model of proportion judgment, cyclical model,

line length
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