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Whether SNARC effect exists or not in the distance?

Zhang Xue

The spatial numerical association of response codes (SNARC) effect reflects the observation that individuals
respond faster with the left-hand to small numbers and the right-hand to large numbers. However little is known
about whether it could be observed in depth. In a series of four experiments, we demonstrated that the SNARC

effect can observed in depth.

Keywords: SNARC effect, depth, number, numercal sequence

As we already know, the spatial-numerical
association of response codes (SNARC) reveals
indicates the association between number and space:
an association between smaller numbers and left
space, while larger numbers are related to right space
(Dehaene, Bossini & Giraux, 1993). Dehaene et al.
(1993) confirmed SNARC effect in horizon. This
conclusion has been verified in widely (Dehaene et al,
1993; Gevers, Reynvoet & Fias, 2003; Ganor-Stern,
2011). Beyond visual stimuli, visual numbers have also
been investigated in different languages (Kong, Zhao,
& You, 2012).

Ito and Hatta (2004) obtained that a bottom-to-top
vertical SNARC effect existed in Japanese subjects.
When employed Arabic numbers, the results showed
that the Chinese number words are aligned vertically
with a top-to-bottom directionality, an inversely
conclusion with Japanese (Hung, Hung, Tzeng &
Wu, 2008). From then on more and more researchers
focused on vertical SNARC (Shaki, & Fischer, 2012).

Visual system integrates different sources of
information of three dimensions, horizon, vertical and
depth (Poom & Borjesson, 1999). SNARC effect in
horizon or vertical have been confirmed by experiment,
however we always integrate information of space
of three dimensions, thus how does the depth exert
influences on SNARC effect?

Depth perception can be caused by monocular
cues. Texture gradients are of particular interest
in vision because of their association with depth
perception (Goodenough & Gillam, 1997). Texture
gradients, systematic variations in image texture due
to perspective projection of surface texture, provide
information about the shape and disposition of surfaces
relative to a viewer (Stevens, 1984). We employed
the picture with texture gradients to trigger depth
perception in two dimensions.

To investigate the SNARC effect, there aretwo
widely used tasks; one is magnitude relevance and

magnitude irrelevance. Magnitude comparison is
magnitude relevance, and parity judgment task is
irrelevance with magnitude. To avoid the affect of the
response keys’ position, detected task was applied in
the present research. In this sense, attentional SNARC
was selected.

Experiment 1

We chose attentional SNARC paradigm to
exploration whether spatial-numerical association
existed or not. If numbers cause attention bias, a
SNARC effect will exist. The SNARC effect reveals a
spatial-numerical association.

The first experiment used Arabic numbers as
stimuli. This experiment was done to examine whether
the SNARC effect occurred in depth.

Method
Participants.

Twenty-one college students took part in this
experiment. The average age of the subjects was 20.1
years old. All subjects were with normal or corrected-
to-normal vision, unaware of the intention of the
experiment.

Apparatus and stimuli.

Stimulus presentation and response recording were
on an IBM PC compatible Pentium IV computer with
a 17-in monitor. The experimental procedure was run
by E-primel.1.

Eight Arabic numbers from 1 to 9 except 5 show
on screen. The numbers of 1, 2, 3 or 4 were considered
as small numbers while the numbers of 6, 7, 8, or
9 were considered as large numbers. We employed
texture gradient picture, a tunnel scene utilized (see
Figure 1A). Besides these two target stimulus and
one non-target stimuli also could be found in the
procedure. The non-target stimuli were the same as the
background of fixation and numbers (see FigurelA).
For the two target stimulus, light is likely close to the
subjects, it seems that the other one keep away from

C

Figurel. A: The first one is the picture that is employed as the background of these experiments. B: The figure is the image
which the bright (white part) is likely close to the subjects. C: The panel is the bright (white part) far from the subjects.
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Procedure.

Participants were tested in a good lighting room.
Orders of tasks were in random. The response hand
was counterbalanced across subjects. During the
experiment, a fixation was first shown on the screen
for 500ms, then a 800-ms number was displayed.
Finally a target stimulus(Figure 1B or C) was appeared
until subjects pressed the space key or until 2000ms
had elapsed. When the non-target stimulus appeared,
no response operated. The trials which did not need
to response were set as catch trials. The catch trials
set to avoid subjects press response key without paid
attention to the numbers and target stimulus. The
reaction times were recorded. After 500ms interval,
next trial began.

During the experimental session, each block
consisted of 240 trials, including 40 detected trials
and 200 response trials. There are two blocks in the
experiment. Between blocks, participants were allowed
to have a break.

Results and Discussion

Trials with RTs deviating more than 2.5 standard
deviations from the mean RT were excluded for the
analysis (1%). Since error rates were generally low
we in disregard of the error rates, we focused on the
ANOVAs with RTs. For the rest of trials, individual
median RTs were computed for each number and each
distance. A repeated-measurement analysis of variance
(ANOVA) was computed for each combination of
the factors number magnitude (8:1,2,3,4,6,7,8 or
9) and distance (2: far or close). Both factors were
within-subject variables. The repeated-measurement
ANOVA revealed no significant main effect on number
magnitude, F(1, 20)=0.257 p<0.05, but a significant
main effect on distance, F(1, 20)=20.21, p<.01, , when
target image was lighted far away from the participant,
the median RT was smaller than when the light was
close.

A significant interaction effect between number
magnitude and distance was revealed, F(1, 20)=2.52,
p<.05,The larger the number, the higher speed response
for close lighted relative to the response for far lighted
(see Figure 3).

In Experiment 1, we employed attentional SNARC
paradigm to detect whether Arabic numbers can trigger
one’s attentional bias in depth. Participants need to
press space key when they saw the light after numbers.
We argued that if there is SNARC effect, large/small
numbers would result in different reaction time at each
distance. To sum up, an interaction between Arabic
number and distance indicated a SNARC effect in
depth.

Experiment 2
The first experiment confirmed a SNARC effect
in depth under Arabic number. Dehaene et al. (1993)
found SNARC effect when the numbers were written
in French verbal number. So Experiment 2 applied

Q:T.g k(?ﬂuh, A\Eag_hungn_g!
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340
small number
335 4 large number
330 4
325

320 1

315 4

310

far close

Figure3 The interaction effect on number magnitude and
distance.

sample Chinese verbal number as stimulus,
investigated if SNARC effect can occurr in depth.
Method

Participants.

Twenty-four college students took part in this
experiment. The average age was 21.17 years. All
subjects with normal or corrected-to-normal vision,
unaware of the intention of the experiment.

Apparatus and stimuli

Apparatus were in line with Experiment 1. Stimuli
numbers were wrote in sample Chinese (e.g., —, /1)
from 1 to 9 without 5. And the numbers of 1, 2, 3 or 4
were considered as small numbers while the numbers
of 6,7, 8, or 9 were considered as large numbers.
Procedure

Whole procedure was the same as in Experiment 1.
Results and Discussion

We did not analyze of the error rates since error
rates were low. RTs more than 2.5 standard deviations
from the mean RT were discarded from analysis
(2.9%). An ANOVA on RTs with number magnitude
and distance as factors showed there was no significant
effect of number magnitude ( F(1, 23)=1.327, p<0.05),
and a significant main effect of distance effect F(1,
23)=8.18, p<.01, When the light far from the subjects,
their response were faster than the light close. The
interaction of the numbers magnitude and distance also
reached significance (F(1, 23)=2.29, p<.05). The result
was in line with Experiment 1, the smaller the number,
the faster the respond speed (see Figure 4).

In Experiment 2, SNARC effect can be obtained in
Chinese sample numbers. In other words, in Chinese
sample numbers a depth mental line with a far-to-close
orientation exists, too.

General Discussion
The present study confirmed SNARC effect in two
number notations (Arabic and Chinese notations). In
Experiment 1, small Arabic numbers lead to attentional
bias on far distance, and close distance when large
Arabic numbers displayed. Then proceed the study,
instead of Arabic numbers with Chinese sample

—— Al wingw 17
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Figure4. Reveals the number magnitude and distance
interaction.

numbers. The SNARC effect in depth could also
be observed toward same direction with Arabic
numbers. Participants responded faster with far
distance to relatively small numbers and with
the close distance to relatively large numbers.

Beside these, another interesting effect in all the
three experiments could be observed. A significant
main effect on distance can be observed. We supposed
that this effect suggested ideal depth perception been
triggered. Hence the results obtained could support
previous hypotheses. And the effect can be move
forward in the future.

The present study confirms a SNARC effect in
depth. In order to avoid the position of response hand
affecting research results, the present study employed
attentional SNARC paradigm. Dehaene et al. (1993)
show SNARC effect in horizon that small numbers
are responded faster at left side, and large numbers are
responded faster at right side. Yasuhiro et al. (2004)
found vertical SNARC effect by Japanese subjects.
However, Hung et al. obtained an opposite result when
they employed Chinese subjects. Yasuhiro concluded
that large numbers were faster with the top choice, and
reverse held true for small numbers. In Hungs’ study,
Chinese number words are aligned vertically with a
top-to-bottom directionality. Those two researches held
opposite direction that numbers are associated with
space. However, both of them verified the existence of
SNARC effect in vertical direction.

Since Dehaene et al. (1993) discovered SNARC
effect in horizon. In addition the SNARC effect might
reverse. Then Yasuhiro et al. (2004) found vertical
SNARC effect that large numbers faster with the top
choice than with the bottom choice, vice versa. In other
words, vertical SNARC was existed and confirmed.
While, whether SNARC effect existed in depth, and
what the combination between number and distance
was an unsolved question. The current research
conform that SNARC effect can be observed in depth,
then step forward, exploring the mechanism of depth
SNARC or employ it to study the development of
number cognitive and depth perception. Besides these,

18 T!_,W T TRaEp,

the following study could also be used to investigate
SNARC effect of many other stimulates or other
tasks. This observation provides new opportunities for
searching the connection of depth representation on
number cognition.

The study applied attentional SNARC effect to
explore whether depth SNARC effect existed or not.
In the future we may make use of virtual realityor
afford real judgment circumstance, building a ‘reality’
circumstance for subjects and investigate depth
SNARC in real depth condition. In this condition,
employed SNARC paradigm rather than attention-
SNARC paradigm might obtain SNARC effect in
letters or other order sequences.
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H A R AR 17 28 52 e A 0 L P B AR =
A =R, BRI (valence hypothesis) o
BB i) (arousal hypothesis) FIZAL4EE 15 (the
motivational dimensional hypothesis).

— B

1. INEIH T i (cognitive load theory)

A A7 A AR RN Y AR 1 28 B Re 3 i 5 1
A RN ABNE B )2 T 4 N 2% (R0, 30 T T R
N H B YR (Mackie & Worth, 1989; Seibert & Ellis,
1991) . LR NIELE, LW IES, #Refd
AT 51 258 % E 54155 T R i AR VR kAT UL
LS R 1 D I et 5 9 S (=N A B9 NS 2 B i ]
P TINEAWENL R s,  JEIH I IR L Tt Y SR AL (1)
INFIE NV Y RSt

2. {5 B2 i (affect-as-information model)

15 B SN VN BN RN 8 A 1 4 AR 1t
THRYERENER, XEEEEEARNG)
LR S, 12T 52 W A AR 1A 0 0 82 X (Bless,
Bohner, Schwarz, & Strack, 1990; Bohner, Chaiken, &
Hunyadi, 1994; Park & Banaji, 2000). F1 1% 1 % &
RE YATIE SRS LR, A B, RS T
MEE YT S SN, FRRIE 2RS4
A ) TSR A B & 3n LAH X (heuristic processing
style) o IR B TS A — i AS ™ 12 (17 I R A ke
Hpay, AN AR SR RIS 2. TH IR 25 Tl
INE ISR AELE [, (A AR RS A R Sk
LA (systematic processing style) DAk ] #5 .
AH I AR S T AR B 28 SRR B AR D T, i vE AR
185 25 SRR BRI T

3. BB 1y & - @ W H L (the broaden-
and-build theory of positive emotions)

MG Y e - @ (Fredrickson, 2001)
NN, BRI ReY RAMRIER . INFIAT3hE
FRl, BE 4 T8 ANl () e 4R ATVE B A,
HETAE SRR B A 2. B R IEECE E T O P
fR v @, 59 k- @i —%, K=
WA R, ARG Red B iEZ Vil (Fredrickson
& Branigan, 2005; Gasper & Clore, 2002; Johnson,
Waugh, & Fredrickson, 2010; Rowe, Hirsch, &
Anderson, 2007). {ECIZIMTLTH, WEFEFREIN T
TR &5 X A2 3 8 R8E . Talarico,Berntsen Al
Rubin (2009) &I, TR 28 5e 3G 1 4 O &) FE 4
T = B A 2. Biss, Hasher f1 Thomas (2010)
RIMAEARR RO T, Bl A ] e s A e mr i e ¢

& BRI E AR BB R G, ALk, 7843
RE@MPANFIN LR, WA 7 RMRAE XA FT
¥ %N (Isen & Daubman, 1984; Isen, Niedenthal,
& Cantor, 1992),

4. FtE 24 H 2 EZP I (dopamine theory)

M4 10 2 % #E18 (Ashby, Isen, & Turken,
1999; Isen, 2002, 2007) i\ Jy, ARARAE 2 Refe it A4
iy R S DR T 2 B Mk, 3 n i N 1) 22 T K
s R A, PR EA R RIE

KRBT T, ANmL.

3 /2012 et R R A X

5Z BRI —3, B R IR 1 2
e fe BN F RyEME, X PR G R IAE 0 RAE S
(Isen & Daubman, 1984; Isen et al., 1992). & i& Bt
AT %% (Isen, Johnson, Mertz, & Robinson, 1985) .
5 15 W W 4 AF %5 (Phillips, Bull, Adams, & Fraser,
2002) . 09 R 3G P (Baumann & Kuhl, 2005; Tan,
Jones, & Waston, 2009) . J¥ & R 7514 (Comptson et
al., 2004; Johnson et al., 2010) FI{T 254 (Dreisbach,
2006; Dreisbach & Goschke, 2004) Z5 FfENLH,

Z B ARG 2 2 Bt CARe R i A R
TR RO B E S BOE TR — RN FEE
H1s BRI AR, dEm e gt AR R g
4 F0 238 M 4T . Dreisbach A1 Goschke (2004) A
IR 26 22 0T SR, BRI T e 28T S I B
;@éﬁ@i}\%ﬂﬁﬂif/ﬁ%, T 453 55 T 1) B AN 1 R R0

NI’

it 3k, Cools f1 Robbins 2 A (Cools,Barker,
Sahakian, & Robbins, 2001, Cools, Frank, Gibbs,
Miyakawa, Jagust, & D’Esposito, 2009; Cools &
Robbins, 2004; Cools, Sheridan, Jacobs, & D’Esposito,
2007) X £ BIEEIRHAT TEIE. X0 7258
Jez Ry PR b ) g =X, BAEASE A i A B 28 1 1) (Cools
& Robbins, 2004; Cools et al., 2009) . X 3 2% 1 #1111
T, mELKFHZERA TR TR,
RFEL K2 B B TR FET Y. X
s S, 2 EEMAAIE I (phasic increase)
FUN 0423 1] () 52 e Bk T4 45 75 B 22 EL KT R
AL IR 2 55K (Cools et al., 2001, 2007; Maia &
Frank, 2011) . SUHRAAR PN 2 ELZ (0 A8 47 364 0 A Bh T
RIGTEAT A, RGO NI R VG AUAH &R 2 B
Jaz W RRASE B8 N BESRD Z O PEAT s SR BB B
AN, AHS P E N R
T PR AR

1. JEE R (attentional resource
hypothesis)

FEERBRUWEIAESE SR T3 % 2R A
EREEE, F—ES s A RAESEER. M
P PRI 4 TR B A R SOE R 2 v R U,
R T 2= F PN R T 5y 2= B Y AR vl 1 T A —
B T R TN P 1) A7 8 ) e e 4 K R T o AT
1% 115 5 1 5% 5L Go/no-go 1155 HH AR 34 S 8 (De
Houwer & Tibboel, 2010; Verbruggen & De Houwer,
2007) .

2. WEBE - ZHE EIRERUE (locus coeruleus-
noradrenalin, LC-NA)

WP - S EIRREUOAN, BN
R BN AT LIRER. 52085
1738 1 /5 = AH L, Aston-Jones Fl1 Cohen (2005) TA
RWEDE - LS IR R WA PRE B, AL
KA TAT AR, BE e R g, H
G FE O OMEAT N WERURIL, WEPER 2 HE B
FARCFFIARA HE I RE XY 5 Hebbian 23], XFh2g>]
AR [ SRR AIE B i — AR e AT 55 I B B

\, +
% A3
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sqika

A SCA A, T e X M R RRUBR AT 55 1 B (Braem,
Verguts, & Notebaert, 2011; Verguts & Notebaert,
2009) , PRI 3 4 2 98 6] 28 T 3 PP AT 55 15 L 1
INEEME IR RN, a2 iR I B
RS E P A AR ) R

3. BN 5L A HAE H

A B U AT G T AR U A X 5 TR I — A
YEPT, AHIERA B FT R B 46 I R0 R i 2 e AL
H. 5§20\ %0 0 .. Fernandes,Koji,Dixon I Aquino
(2011) K FH B A MR AT 2525 521 45 10 35047 st i
BT ALV R R, 45 R B 46 T A e B
W TR AR B, BPTE m MBS T,
HRIELE T PR NS, IERER; 7R
BORAST , BRUARIE 46 0 B 733 (B AT 55 A oK
Jefferies,Smilek,Eich,Enns (2008) % R 3 A0 5t 7 51
AT 55 W R BT 500 A g B R S R R o 0 A B R
m, BPYESE AN H AR IERRAR b, ARl v B 18 24
RE QB FIE#RER S, REBEREERS

CEERE) TIEWIR &K, (KMelE CPE Al e
(PR BIRRARIE A T =38 2 18], HR A

W17 46 2% A 7] 6 5. 35 M %2 % . McConnell #1 Shore
(2010) SR HVERZ M ZEMLE, K EWREBIRE T,
WA E T PATEES]; R ERES T, BIE
LRGSR PAT IR R A BB E .
{HA A B FT A B A IR RSO g i B G DA R hn T ) 58
‘H2mi (De Houwer, & Tibboel, 2010; Kuhbandner &
Zehetleitner, 2011; Verbruggen & De Houwer, 2007).
= SINLYEE R

L. A RBHUAH M 5L H b M AT A

Larson A1 Steuer (2009) A 24 5l i i) 3h ML AH <
P2 HH I RE % TS AR CR B AL R St 51 (R 8 B L &
SRR R RE B, = S ATLAH S 0 1 S A AR 1
HEAF BN IC. AS )1 28 R R 516 11 1 46 e B
PIBIHLAH SSPE R A R, SLAH O 2 X 70 1h 25
SN B — b B LR 4iE . Briggs Al Martin (2009) %
F ERPs £ AR & B, Jo e & S ) ok 2 IF M
W R AL S R GRS T BRI P3b Rk
a5, AR YRR BOEGE T B OR B P3b HRIE.
Bradley,Greenwald,Petry 1 Lang (1992) & ¥l & &
ST OB, IR RBCREIE, XMHEZ B R R
M) B T 3 1 B LA OG 1E,  T AN A I RR
. Bradley,Lang 25 A (Bradley, Sabatinelli, Lang,
Fitzsimmons, King, & Desai, 2003) if & 31 12 91 1
SO A0 TS T T SR B 2 AR A 2 1 T TR )
3] 7 WS, I HAETCAZ B ) SO €15 R B
ORISR RN ESR, BN E# & il
AR . BRIk, fEEEAEEXE RS, 2k
B S F I S i, ASUEL SRR 25 1 T
JEE RN T R R, 38 B R 46 1 B HLAH S P
(Larson & Steuer, 2009) .

TR 2 AMUAE Gair) shilHe s Bf %=
5, W EA B (goal relevance) X 5.
Knutson 2 A (Knutson & Peterson, 2005; Knutson
& Wimmer, 2007) f§ H 4 £ ¥ il 2E 38 75 50 (the
monetary incentive delay paradigm) # 2\ FHOIR S )
HAsAH M, KILATH#r (pregoal, SEHLH A5 2 H
1)) MRS S NBIBCRAT AL, e AR IR

PR TEESTIATLTENESY I 3% PEF FUPY T RE

20 xiny

FRIA B B AR B e gl b, ResE SRt 5 2 ET
H RS (3 B EEEIEIZ 15 H AR (postgoal,
RIFEARZ G HT ) FNCRES 5 N B3 2 B o, i
B AERRAT N, EPORE T MEA R B RE
Y RER|ETHVEE A (Larson & Steuer, 2009; Levine
& Edelstein, 2009) . PKlith, FRAR A 466D K0 1 1)
SZMA A e 5 R 26 A S B K k.

2. 1 45 1) 8 ML 4k & 15 Y (the motivational
dimensional model of affect)

Gable,Harmon-Jones %5 A\ $& H {15 & ) S AL 4E
FEREI, A NE A N R S AN AR B R
e L, T B HLYE 2 S g A R
BIRE: = B HLEE BE I 26 28 (N Enim 1, KBl
IR T s 22T AN AN T (for reviews, see Gable &
Harmon-Jones, 2010c; Harmon-Jones & Gable, 2008;
Harmon-Jones, Gable, & Price, 2012, 2013) . F{& 3
WkEEm S, SmBEEPEmIEZ (wEE,
WAE. M) BONFEIN T, KBTI PLAR R
g (W Wbl WE) BN FIIN L. Gable
A1 Harmon-Jones (2008, 2011) ik Jy, 2 BT LA LL4E
BRI — BRI T AR AE 28 55N JT 3 R 2L
N, o2 BN IX e a5 i@ it 45 7 8N ALY (Tsen
& Daubman, 1984). ib#i W E 45 5 52 B3k BR
f # # #8 4 (Fredrickson & Branigan, 2005; Isen,
Daubman, & Nowicki 1987; Isen et al., 1985). [A]{Z
ol B G A b O A S B AR B A VE S (Gasper & Clore,
2002; Talarico et al., 2009) 25142 AT 155 & H I FR M
AR AT B ML K] Gable A1 Harmon-Jones
ESRIG R, BT ikg M E /IR E N ST
K A8t 4i (Gable & Harmon-Jones, 2008, 2010b),
K 48R BUh %€ 3R V8 5 (Gable & Harmon-Jones,
2010b, 2011) & 15 LLFS K s i s HLAAR 1% 44
RIS G 26 28 ik ma L gl s
Z M R R A AT, e e BIE BICiZ R
U TAREIE SRS &6 Y Ry E e, gl
WA REys e £ U Ny (A O I 5 =T R = SRTRL VA e
W {F, Price Al Harmon-Jones (2010) i i il 4% it
Tl 5% I [ IR R A By A 222 35 D s e A [F] a1 B LI
MG, RIS R E (mEEshl)
B, F4 TINEIEZE R SR S iR (&R
L) B, R T iIANEIHZE. Gable,Harmon-Jones
£ N\ (Gable & Harmon-Jones, 2010c; Harmon-Jones,
Gable, & Price, 2012, 2013) i\ A, A[EEIT LR
WA 28 500 3 = RN 0 e | ) A A B XA [R) B 22 A
%, EFCNTE s SNBSS T, MK R
RAETRERAN e E PR B, 72830
BREC DT, R 2 A8 A3 A R0 9
MEAGEIT SIHRARIEZE T, MRIR B 2
PG, XIS B A IR B 1 22 A B i AR
FONFNY B B EY L2, N & 7 AMARR
FERFAFNE .
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