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(Brief report)
The Correlation between Distance Effects from Magnitude/Order Comparison

and their relationships with math achievement

Hayoung Lee Soohyun Cho
Department of Psychology, Chung-Ang University

There has been growing interest in ordinal representations and their contributions to mathematical cognition. The present
study measured distance effects based on magnitude/order comparison (MC/OC, respectively) tasks using symbolic numbers and
non-symbolic lines as stimuli. We examined whether distance or reverse distance effects from these tasks are correlated with
one another as well as with math achievement. A reverse distance effect (ie., better performance when the distance between
stimuli is smaller) was observed from the Number OC task, while canonical distance effects were observed from the Length
OC and MC tasks. There were correlations between distance effects from Number OC and MC tasks, between Length OC
and MC tasks and between Number OC and Length MC tasks. Among all, only the reverse distance effect from the
Number OC task predicted math achievement scores in a linear regression model. These results suggest that cardinal and
ordinal representations may depend on partially shared mechanisms, yet they may independently contribute to math

achievement during distinct phases of development.

Key words : ordinality, cardinality, reverse distance effect, canonical distance effect, math achievement
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st=dElEElA] s X W=

o

Fo wa ALg oujsh= 7]‘\|—(cardinality) i
I vnd u £AE ushs AL ordinality) E
of ot dFe AuFez Aok HZ S0 A
Fol & dAAAM FLF 4TS due dAE
o] wxgol we} olo] thk Ao FoA L Uk
(Lyons, Vogel, & Ansari, 2016, Reynvoet & Sasanguie,
2016). A8} 71 AL A7) T 27
(magnitude)®} =AE BRI AY FHI= HA
& 53 3A 7tesith 27] Bl A(Magnitude
Comparison, MC) FJAANXE 1HH Agl &3}
(canonical distance effecty’} #ZEHEH), o] vl

= AF 2 Agctelyt & W dgAIzke] B
A1 AT EolA= NS 43 (Moyer
& Landauer, 1967). WFA A A H 2(Order
Comparison, OC) HAE AHEE dREEY AT
= A4 1 At FE W o A8 Y B
ol o Aw A IKreverse distance effect)’} H 1% S}
CKFranklin - & Jonides, 2009; Turconi, Campbell, &
Seron, 2006). ¥ &2k OC FA|A ooz
1A1H A At HAE Ao AR EAG
TKTurconi et al., 2004; Vogel et al., 2015). °l&= A=
o] & FAY B4 Z2 AR Aol ©E A
}d Aew F=H1 gloy B33 AL Uy
7] M E o B 5 A57F 27" Thyons,
Vogel, & Ansari, 2016).

o Agl &) ZAls HEgs] WIAA Fpe
Y, &2 oc JAE 4T o 253 (premotor
cortex)®] AT HEYT B IE Y ThLyons & Beilock,
2013). ALFHA] FAs= A oc A9 F
o] I8+EH(overlearned) A4 A=ie, 1, 2, 3, )
<+ Hege S Fe] fEd Aos &4
H AUTHReynvoet & Sasanguie, 2016). EJ, A+ A4
4% st 153 A 5YE giske A
o7 43 AeEHde] &4 A =4 oc
FAo] o] 8 AHES Fofnt WA 2

= A7 Z2HEF LA THGoffin & Ansari, 2016;
Knops & Willmes, 2014; Lyons et al., 2014).

Iy, o FHoAE =2 oc 9 MC FHA
o] A "I} 3t AHBAE FEIA Rt F

o

b

(

F AAZE S3HolgL FAE FTHGoffin
& Ansari, 2016; Lyons & Beilock, 2013; Vogel, Remark,
& Ansari, 2015). °]2|gF gitd A= oc ¥ MC
FAfoll AHEE A= W] zpeloll A HIRHIES
7FeAel Aok fukstd, At 7l w3 3 F
A 7IAE FAshe ATdAe Aer 2
T B MY AF (g, 71 1098 A
1-10&, SHE 7AE FEske ATl
Hog 22 o F2 MY ASeg, 271 19
A4y AHER7] wZoltth webA A=59] e
7b Mg} 717 B4 BAARC gk AT A
FEFS MAEAE A5 vt Aok

AUS tRez 3 Meg B ATl AR
A Aol AAA Aeg, ool 27, &
(month), A+ %) (Franklin & Jonides, 2009; Goffin &
Ansari, 2016; Turconi et al., 2006), W3 A& & =}
=g, A A3 (Lyons & Beilock, 2013; Rubinsten, et
al, 2013) B WA, HFFHJ] ASeg, A=,
Y7]) S(Fias et al, 2007; Lyons & Beilock, 2013)°]
LotEn 2 ATlMe Ak A A7 A
TE v e wdA Ao AL, HIFFAY dEE A
of vl FAE AAstaL, A Aok Bl
1 g A5 HAE AREEt & A7
FEe ARk AdEe o837 oc 3 MC HAE
uehd A2l &3 bl daaArt yehde
b Agl &3t 8 AFHEE dSseAE
Asste otk A3 AFolA &Y 710
£ AR A T8 dEE 3§
(Goffin & Ansari, 2016; Lyons & Beilock, 2013), A
(inhibition) 5% HAl 8 FFHES} WA U=
Ao E BuE YO EZ(Gilmore et al, 2013), ©]2]g
gk Q1A FE o] kS wAlEt] fate] 2] 7]

o, oAl 5 2 45 A% JFE FAN:

e

]

¥ H

¥

91K T 1nime] & ATl el ol
o] Az 28-S AT 109789 T}
Ao AREHATHATHAY: 327, B 2144, BE
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Hxp +1.6A); B 334, EFHA
+24A). F7IAELE AP AR Fol| BE AA o
3 S B AHo R AF Frld tg)] 5o
son Ade] FRE F AAY AHENIE AF

Hl—o 1;}

et 777,

ZAL M 9 Hxt A &
g MC A, £ 59 SAHE
T AT A A 719 A
Aate HAZE AAEA A
Aate] BE FA9 AA &AE VAL 2o S+t
3= et

<A Hlaoo FHA. A AEe] AFo=
AEEIATE 2 FAeA s Sl Al A9 &
0] Zﬂ/\lﬂﬁE}(Figure . Z7HAE 71RE9] &2}
FIEE ARt Al Y] RSl dAEHA F
le S WA wgEgs AF W, 1
A &g AF 28 J1E FEREE ANE W
Y35 5t kA F Ahke 3% 7l
A A RSETE 1099] AG Al F 21089 B
Algo]l AZE QT AAE A= HelE A4k
HAE AL 640, VA AF(e, AANE Al A=

N
H

%‘1

fu ey
o, i
ooz &

= 19 o

S 7] ¢HE AEPS o Y-k FolAl H
=, <A A 7 7 A= 1 Ade -0, 9F
A= 7F ¥ 0.5-095°1 Atk

37] vEmMe) FA. R ARl A=o
AREEIATE 2 A A stH Sl T oY A
o] ANEHATKFigure 1). F7HAE= F A= F o
Zo $IX|& A=o| © F AS ¥, LEE A=

ol ol & A% 834 718 FEE
¥ dF A T 210Me] &

o A=e] MY, Ag, HE 52
71

= ANE vtk
el Az
oc A% 5

F AT AA- Lis
QAN T FETE LA AR AR AL
25%3Heg, “A7} B2 40%°]249, BE A9 2 %
77, X+(179 - 7X)=89 & uWl X))o AHe
A ZHATHPark et al. 2008). F7FAEL AF A
8—‘?‘ el 7bsd & w21 AgsiA BAE 25

ANE Wtk FA Y AFE FHOE
71]/1‘1'3]'04 T4 HRISE ALE3YTHJang & Cho,

2016). T8 AHE HAAe] WHE A1¥ E(Spearman-
brown coefficient)s= 0.91°] 1T},
#% A% A4 e 45 A5 24

7] 93} Raven’s Advanced Progressive Matrices®] =
kg AAF AREEATHArthur Jr, Tubre, Paul, &
Sanchez-Ku, 1999). FAEHMNA frE AT AR
Aeeg THICT ARSI

Y 719 A

(operation span), ¥ &

WHAEE A A4
I A|(rotation span) = 3ys}
HThFoster et al, 2015). A Z FANM= A
T Y ANEE EaEle A4S 795t
Ash= F FHAL} A EF it Ae Fe
Z BAVL A Z ARAAE Aol Wkl
2 R iy ANEHE A5S sAYE
ek F A A AR Ao WA}
2o R FAIA oA E WHEE Hx I

Order Comparison (OC)

Magnitude Comparison (MC)

Number 8 14 20 8 14
Length —~ / ~ \ —
Figure 1. Example trials of the comparison tasks
1) A4aksubitizing): A& Fieg, 1-499 EAES sh s AR &3 Shedd I 3 A8sA detsths A HA
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2 ARt

A A,
sasEsh AAEUT s Sl

gl WA 254 ME} ANE 7
= TC
= an

]

3P T WO 2EA Q]
aoLsksq.

27] 393 g 71§ FEES AAugh
ANE Aol P ol AN2EY 4

9, A3} Fglel W A YES A ANk
o A#gEE S5t 2 7]
B Wi AT oAl
of ANA BUES} WS 719 WFo] X3k A
B3k AHFA g AP 1 B A R AR

of 2ol & L] TR ARSIt

2 2N A4 Fgrrt A4 BEoRRE 3%
AxFE Holue riae BAdAAM ALl =
oc ¥ MC FAlA, A 100149 Fh =2
oc FANA e % EFAZ st WA EA o)A
AdEJet. Al EA vm tiy ke Aol
e} o] Aot yehbe A4E Ttk 2
A= AYE Al FESE UFOGe., short:
1-3, medium: 4-6, long: 7-9), Z} T3te] B AYE
g #lo R, g 711 W3 AZMRD, BEE
(ACOE 4 WQIoZ 3k AN IAAS
EARY ZIe7hE A" E2FHE AHosithDe
Smede et al, 2009). Ee, Al EI ALY 71
7h7F 0% FYERE Zpol7h UEAE Fotrr]
3 Y TR HAEES AAFY I(Hoffman et al,
2013), g E2A Aol gholl tall Cohens dZ &
I} ZE ARkEGT. & 28 7| 1Bk,
4 A= p ovalueSt A, Cohen's d= Al4tgE &
G777 5 ol Aol SRS & &3 A7)
£ 7 AoE 345 thCohen, 1988). OC T
Ao BHoe EAE, Wl E A=o| )
dE AlgRte] 2IEHAT ¥ AT a3t At
A e 9ustgong ~ujojul A BAL
AN dHdA 24 235 EWE 52 oc

HA FPFE dF WMAeR fF AT AHAA

ACC, 7 24 719 Ao e, oA HA AeE

4
FUloR 3 HAS Y5E £5 Welow &
= 4 3

Z

712 8H 4 AA #8Y B RT 9 ACC(=E
FH2he oed 2T =4 0C: 1059.07ms
(+£229.39), 0.92(+.07); ZA°] OC: 1030.34ms(+236.43),
0.75(%.10); S=AF MC: 516.87ms(+64.28), 0.94(*.05); 24
O] MC: 449.40ms(74.44), 0.83(*.07).

22| g3t 7 FAdA SAHE AYEHY =
Table 1.1(regression coefficient)®l] A A EF o] A} Z+
Al &3 A7 o Fou|gk zolrt Q=
g gotry] g5t 9 BE  HF5E AAE
AN Table 1.1), A OC FANM= & Al &3
(4x(108)= 8.72, p< .01, Cohen's d= .84; £xc(108)=
-3.26, p< .01, Cohen's d= -31), A°] OC Al A=
144 Ag B DA AHa(109)= -12.55,
p< 01, Cohen's d= -1.20; zc(108)= 20.17, p< .01,
Cohen's d= 1.93). S=AF MC Aol A& RTAIA T &
A2l B3 UEPEOH(a(108)= 349, p< .01,
Cohen's d= .33), ACCIIA& olHd &dE {93}
A SEATHps> .05), Aol MC FHAdA = 113 A
2] 7} YEPF K 5(108)= -15.86, p< .01, Cohen's
d= -1.52; tac(108)= 34.46, p< .01, Cohen's d= 3.30).

AMTEM TE oc @ Mc FA A ZF 7
AABAZS B4 A3NTable 1.2), A oC 2 MC

A (npc107)= 25, p< 01 I+ ==A ocet Ao
MC FHAl(5(107)= -20, p< .05 I Zo] oc %
MC FA(4a(107)= 32, p< .01) Zroll Z7] foldt
AHTAZE ARG 22 2 Do oc #HA 1L,
ZA 9 Aol MC A 2 AR RAE oA ¥
PHps> .05). T2 oc @ MC FA9 AT &
H7t 8 T} ARBA AeAE AT
A3 Table 1.2), A OC A RTIAMY o A
ate] 8 HHES Fo & FHAATE A
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Table 1.1. Analysis of distance effects. Distance effects were calculated as the regression coefficients
using distance as predictor and task performance (RT or ACC) as the dependent variable. T tests were
conducted to test whether the regression coefficient was different from 0. Numbers in parentheses

denote standard deviations.

RT ACC

regression coefficient t d regression coefficient t d
Number OC 14.92(+17.87) 872" .84 .00(%.01) 3.26™ =31
Length OC -20.32(+16.91) -12.55" -1.20 04(%.02) 20.17" 1.93
Number MC 1.07(%3.21) 3.49” 33 -.00(.01) -1.27 -12
Length MC -8.42(%5.54) -15.86” -1.52 04(£.01) -1.52" 3.30

Table 1.2. Correlations between math achievement scores and distance effects from RT(A) and ACC(B).

A. Correlations between distance effects measured from RTs and math achievement scores

Number OC Length OC Number MC Length MC Math Achievement
Number OC - .034 -.003 -199" -194"
Length OC - -076 318" -.139
Number MC - -153 -.003
Length MC - -.056

Math Achievement

B. Correlations between distance effects measured from ACCs and math achievement scores

Number OC Length OC Number MC Length MC Math Achievement
Number OC - .027 252" 030 109
Length OC - 136 -.031 -.032
Number MC - -.087 139
Length MC - .018

Math Achievement

" p< 05, “p< 0L

(wi(107)= -.19, p< .05). A MC FHA Q] AT &3}

Ael E3h S5 44

A ZIIATHR = .16, R6,1000= 3.24, p< .01, Gu=

o 3 A= 7 AR fosA Esithe 3}
>.05). HA9] o
12N £ A=} ot AHBAVE AN 23, p< 05).

9 22 oc FA9 FHE dF AR FF A

ACC, F 2 719 A, oAl A Hese

>

olr
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B odAde Ade gde® sk oc 2 MC
Ao A= TR HAE 2EsidS W A £
7b dehd=A, B4 8 A g3 A5 7 E
T AR} dEHATE d=AE ASSATH
AT A, =2 oc HAY o A &3, Ao] oc
goMC HAG 1A A Z3t frofvlsid, 5
3 & &3 e e AoE Ueisth o
= A A5 3R EJA A5l w4 AHeE
g o Fold F5H EAFHE HIe MY AT
A9l YA 3HTHFranklin & Jonides, 2009; Goffin &
Ansari, 2016; Lyons & Beilock, 2013; Reynvoet &
Sasanguie, 2016; Turconi et al., 2006). <A MC IHA]
SHE o Ao muE Ao, Fe Ew

2718 BIBAEE W ol 2 HEL AH§H Hol
2 98 AR 5ol Eh w9, B AT
oAE 71z BReiAA gk Agl 100049)

EAY 48 fys #Aasdek. 4 oc HAE
T o, IS A 10004 A 1% /A
g Az wE rrE EYTE olE 3 1014 10
91 AZE 7M1 AFE 3 ©AE Adeg, 22 v
2) she L Ao A T 109 AE)het
HatA A&H o= o]FofE & Tk
% ATollMe A8 A7 Hlwste] G o
2 ¥ A5 H9E AHEst w2 oc ¥ MC &
Aol o A &I 3 dBTAL Fol oc E MC
FAS 117 Al &3 It FAAAS BESA
o Y AFE AHES oc 2 MC FHAY A
Ae Mg 71+ 724 7 359
FHAE 71A7E ST A9 AFE ARAF
UhFias et al, 2007; Franklin & Jonides, 2009). ©]:=
A ATFoA oc @ Mc FA Y A &I =
7] b AHBATY AT ol YABHA ¢hskd A
o A= Welo xfel7k FEFE MHE e E H
WA & B AT MY AF ARE TS
A, At es & o Ye AT Mleg, 27
6-40; 7E]: 1-1005 AHE3h= vl FHAS] AS A
ok 71 B4 2 AEBAVE YERAR, A

eg, A71: 19; A
7t o] Yehy
c 2@ =2 oc A

o Ze ok F& AS Hole
2l1-HE Agehs A9 7 2
2 k= Ao wolth Zo] M s
o] rRT A" &% Holle 54 dHAAVE JEw
=, ol Zeo] MC FAloA FHoz & 37 A
Tie, T 1A 72 E3hE B EAE =4
oc FAA AHoz Z IH Ade, & 9 A
gl a3hE HG7] "Eolt. rRZIAIZ Aol oc
2 MC #A9 rRT A &3} 2ol depd HH A
HBAE Aol oc HAA Bz Z 37 Al
T2 HQl B Aol MC FHAME FHo s
2 39 ATE Biee vt =3 & AT
oA Aol Mmc #AIY A &7t A oc AA
b fFol Ao vehd AL e #8714
Aa w39 7127 HH, &A1 ARV O 2
7] BOERYH EEdde Ad AT 7HES Sl
FoKLyons, Vogel, & Ansari, 2016). E3]1} A&
2o} di] 54 AT kA o A
A, My A=02A4, & AFAE do] MC
HAE 7 wE RTS UERATH mhEka] do] MC
Ao FPo] F oc HAY FHF BT FHd
A7 UE A AR Aol ®e] 7123 7)F
FFoEAM Mg w2 7127 He AR 4
& ok

& AFlAM =2 oc HAdA e o Az &
7b AL £ AR w34d AR A
= A3 A7} YXFTHGoffin & Ansari, 2016;
Knops & Willmes, 2014; Lyons et al., 2014). &% 3
1-63PdS o 3 My AFAAE o]9 e
@do] ashdo g AR ¢ FEHAA YBET
(Lyons et al, 2014). A3 Age} B Ao A=
A wEskd, A Mg w23 AgEet 5
A= BAE o] 9 A AeiAH A4
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AT Az, 5 o F A9 gvle AE T
9] Ao A4S WANE BT FS5ETe
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