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The spontaneous association between numbers and 
space has drawn much attention since its discovery (De-
haene, Bossini, & Giraux, 1993). Well over 100 published 
experiments have shown that small-magnitude values 
are associated with the left side and larger values with 
the right side of space (for a recent meta-analysis, see 
Wood, Nuerk, Willmes, & Fischer, 2008). The associa-
tion is typically found by comparing the speed of right- 
and left-hand responses in a parity classification task. 
This so-called “ spatial–numerical association of response 
codes” (SNARC) effect has been interpreted as reflect-
ing a “spillover” of directional reading or writing habits.1 
Readers in Western cultures progress through each line of 
text from left to right, and they also seem to place small 
numbers further on the left side of a “mental number 
line” than larger numbers when they enumerate objects 
or think about magnitudes. Supporting this explanation of 
the SNARC effect as a generalized habitual association, 
the spatial association for numbers was weaker in Irani-
ans, who habitually read Arabic script from right to left 
but were only recently immersed into a left-to-right read-
ing culture (Dehaene et al., 1993, Experiment 7). How-
ever, that study reported no data from Iranians in their 
native reading context, and thus no demonstration of the 
expected reversed association between numbers and space 
in right-to-left readers.

A field study by Zebian (2005) tried to address this 
point. She reported that monoliterate Arabic readers were 
faster to name the side of the larger number in a pair when 

it was on the left side of a display than when it was on 
the right, suggesting a reversed association between num-
bers and space consistent with their right-to-left reading 
habits. However, the verbal naming task is not sensitive 
to the SNARC effect (Keus & Schwarz, 2005); this was 
evidenced by the absence of a normal effect in Zebian’s 
English-speaking control group. Together, these results 
cast doubt on whether a reversed SNARC effect was in-
deed present in Zebian’s (2005) study, or whether some 
other aspect of the task led to a spatial bias in these mono-
literate Arabic readers.

Ito and Hatta (2004; see also Schwarz & Keus, 2004) 
reported a vertical SNARC effect (small numbers associ-
ated with lower keys and larger numbers with upper keys) 
in Japanese readers. This association conflicts with the 
habitual top-to-bottom reading direction in Japanese and 
suggests that reading habit and SNARC effect might be in-
dependent. Recently, Hung, Hung, Tzeng, and Wu (2008) 
showed a horizontal mapping for Arabic number symbols, 
which their Chinese participants typically encountered in 
horizontally printed English text, and a vertical mapping 
for Chinese number symbols, which most often appeared 
in vertically printed Chinese text. Such flexibility in the 
same group of readers in the association of numbers with 
space resulting from both the number format and the as-
sociated reading context suggests that number concepts 
might not possess spatial associations in their own right. 
Instead, it seems possible that separate spatial associations 
become activated from the number itself and also from 
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digit parity ( .5 for even, .5 for odd; cf. Andres, Davare, Pesenti, 
Olivier, & Seron, 2004) as a predictor in a multiple regression.

RESULTS

Overall Performance
Average RT was 610 msec (SE  19 msec), with no 

between- group differences [F(2,34)  0.95, p  .39]. 
Group means were 574 msec (SE  32 msec), 629 msec 
(SE  30 msec), and 626 msec (SE  33 msec), for Ca-
nadians, Israelis, and Palestinians, respectively. There was 
a main effect of parity [F(1,34)  20.77, p  .001], indi-
cating an “odd effect” (see Hines, 1990; Nuerk, Iversen, 
& Willmes, 2004), with slower responses for odd than for 
even numbers (624 msec and 596 msec, respectively). 
The only other reliable effect was the predicted triple in-
teraction between number magnitude, response key, and 
group [F(2,34)  16.74, p  . 001]. It reflected the fact 
that, under the SNARC-compatible mapping of numbers 
to keys (small–left,  large–right), there was a reliable 24-
msec RT benefit in Canadians [t(11)  2.79, p  .02], a 
nonreliable 7-msec RT penalty in Israelis [t(13)  1.57, 
p  .14], and a highly reliable 33-msec RT penalty in Pal-
estinians [t(10)  6.41, p  .001] when compared with 
the opposite mapping.

Average error rate was 5.3% (SE  0.9%), with no 
between-group differences (F  1). Error rates replicated 
the odd effect, with 6.5% errors for odd and 4.0% errors 
for even numbers [F(1,34)  9.04, p  .01]. The triple 
interaction between digit magnitude, response key, and 
group was marginal in error rates [F(2,34)  3.24, p  
.051] but consistent with the RT pattern: Compared with 
the reverse mapping, under the SNARC-compatible map-
ping of numbers to keys (small–left, large–right), there 
was a 1.2% benefit in Canadians, a 0.9% benefit in Israe-
lis, and a 4% penalty in Palestinians.

Regression Slopes
The results of the multiple regression analyses are dis-

played in Figure 1. For Canadians, the average slope coef-
ficient for magnitude was 10.81 msec/unit (SD  12.12, 
range  27.03 to 0.05), indicating a significant SNARC 
effect [t(11)  3.09, p  . 01], with small numbers as-
sociated to left responses and large numbers to right re-
sponses. The average slope coefficient for magnitude for 
the 14 Israelis was 1.26 msec/unit (SD  9.10, range  

8.22 to 14.08), reflecting the absence of a systematic 
association of numbers with space in this group [t(13)  
0.66, p  . 52]. Finally, for Palestinians, the average slope 
coefficient for magnitude was 12.56 msec/unit (SD  
8.19, range  4.43 to 31.9), showing a significant reverse 
SNARC effect [t(10)  5.09, p  . 001], with small num-
bers associated to right responses and large numbers to left 
responses. The slope difference of 12 msec/digit between 
Canadians and Israelis was significant [t(24)  3.15, p  
.01], as was the 11-msec difference between Israelis and 
Palestinians [t(23)  3.69, p  .01].

Regression weights for parity were 3.21, 23.93, and 
31.84 for Canadian, Israeli, and Palestinian participants, 

the associated reading context, and that their combination 
determines the resulting SNARC effect.

To test this possibility, we measured the SNARC effect 
with a parity task in three groups of participants with dif-
ferent combinations of spatial directional habits associated 
to the processing of words and numbers: Canadians, who 
habitually read and write both English words and Arabic 
numbers from left to right; Israelis, who habitually read 
and write Hebrew words from right to left but Arabic num-
bers from left to right; and Palestinians, who read and write 
both Arabic text and Arabic–Indic numbers (also called 
Eastern Arabic numerals) from right to left. We expected 
a normal left-to-right SNARC effect in the Canadians, a 
reversed right-to-left SNARC effect in the Palestinians, 
and a diluted SNARC effect in the Israelis because of their 
conflicting spatial associations for words and numbers.

METHOD

Participants
Twelve Canadian Carleton University students (7 female, 5 male, 

ages 18–24 years, 1 left-handed), 16 Israeli students from Ariel Uni-
versity Center of Samaria (12 female, 4 male, ages 19–23 years, 
3 left-handed) and 11 Palestinians (2 female, 9 male, ages 19–25 
years, 2 left-handed; mostly Islamic College students and some 
young noncollege students) took part in this study. The Palestin-
ian participants read Arabic only and used Arabic–Indic numerals 
(where both words and numbers are written from right to left) and 
reported minimal exposure to any left-to-right written language. The 
Canadians and Israelis participated for course credit, but the Pales-
tinians volunteered. They had normal or corrected-to-normal vision 
and participated in a single 30-min session.

Stimuli and Design
Either the Arabic digits 1, 2, 3, 4, 6, 7, 8, and 9 (for Canadians 

and Israelis) or the corresponding Arabic–Indic digits ٦ ,٤ ,٣ ,٢ ,١, 
٨ ,٧, and ٩ (for Palestinians) appeared in black Times New Roman 
font (size 30) on a white background at the center of the screen of a 
17-in. (43-cm, 800  600 pixel resolution) monitor. Responses were 
made on a standard keyboard, with all keys covered except “A’’ (for 
left-hand responses) and “L” (for right-hand responses).

Procedure. Participants were tested individually in a dimly lit 
room, seated approximately 50 cm from the center of the screen. 
They were instructed that on each trial a number would appear and 
they would have to indicate with a fast key response whether it was 
odd or even. Each trial ended with the participant’s response, and the 
next trial started after 1,000 msec. All eight digits appeared randomly 
and equally often in each of two blocks with opposite response as-
signments (even–left key or even–right key), resulting in 160 trials 
in the Palestinian group and 128 trials in the Canadian and Israeli 
groups.2 Block order was counterbalanced across participants, and 
there was a short practice phase before data collection.

Analysis. Two Israeli participants had error rates  30% and were 
excluded from further analyses; all other participants had  15% er-
rors. Correct reaction times (RTs) within 200–1,500 msec (amount-
ing to 97% of data) were averaged for each digit and each hand. 
Mixed-factor ANOVAs evaluated effects of group (Canadian, Israeli, 
Palestinian), number magnitude (small: 1, 2, 3, 4; large: 6, 7, 8, 9), 
number parity (odd, even), and response key (left, right) on overall 
performance in terms of correct RTs and error percentages.

Next we calculated the RT difference (right minus left hand) for each 
digit and regressed it on digit magnitude as a predictor to determine 
the strength and direction of the SNARC effect for each participant 
(cf. Fias & Fischer, 2005). Negative slope coefficients reflect the typi-
cal Western association between numbers and space. We also included 
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both text and numbers contribute to the overall SNARC 
effect. Specifically, we showed that the SNARC effect 
is present when the reading directions for numbers and 
words are consistent (both from left to right, Canadian 
group; or both from right to left, Palestinian group), but it 
is absent when the two directions are inconsistent (in the 
Israeli group, words are read from right to left and num-
bers from left to right).

Of course, there are several other cultural differences 
among our groups, some of which might affect the mapping 
of numbers onto space: finger counting preferences (e.g., 
Fischer, 2008), for example, or general spatial heuristics 
that may be present before reading acquisition (e.g., Opfer 
& Thompson, 2006; Tversky, Kugelmass, & Winter, 1991). 
However, the Opfer and Thompson findings of directional 
preferences for enumeration in preschoolers may reflect 
factors other than general prelinguistic predispositions to 
spatial components in the mental representation of num-
bers. For example, children as young as 3 years old will 
have observed their parents reading and, indeed, pointing to 
words while reading. Also, 4- and 5-year-old children may 
encounter numerical displays in daycare centers and in kin-
dergarten. A clear implication of this notion is that Israeli 
and Palestinian children will begin counting an array of 
objects from right to left, in contrast to children of parents 
living in a different culture who read from left to right.

Although the direction of reading is perfectly tied to 
the direction of SNARC for the horizontal dimension, this 
is not the case with the vertical dimension. For example, 
Schwarz and Keus (2004) demonstrate SNARC in the ver-
tical dimension with small numbers at the bottom and large 
at the top. Surprisingly, Ito and Hatta (2004) also found 
vertical SNARC paralleling that of Schwarz and Keus, 

respectively (all ps  .08). Thus, parity was not reliably 
linked to the response side, indicating the absence of a 
MARC effect (Nuerk et al., 2004) in all groups.

At the overall group level, all 11 Palestinians exhibited 
positive slopes, and 10 of the 12 Canadians had negative 
slopes, whereas 9 Israelis had positive slopes and 5 had 
negative slopes. In neither of the Israeli groups were or-
derly SNARC effects evident. Thus, it is clear that the ab-
sence of SNARC, so strikingly evident in Figure 1, is not 
an artifact of averaging across the two subgroups. Con-
firming the conclusion that the SNARC effects changed 
with reading experience for both words and numbers, a 
 between-group ANOVA on the slope coefficients was 
highly significant [F(2,34)  18.14, p  .001], and 
Bonferroni-corrected post hoc tests found all pairwise 
between-group contrasts to be reliable ( p  .02). When 
RT was considered as covariate in an ANCOVA, it did not 
account for a significant amount of variance [F(1,33)  
0.03, p  .863].

DISCUSSION

This study has two important results. First, by testing 
Palestinians in the standard parity task with Arabic–Indic 
digits, we demonstrated, for the first time, a clear associa-
tion between small numbers and right space and between 
large numbers and left space. This observation constitutes 
a reversed SNARC effect when compared with the well-
 documented association pattern in Western cultures.

Second, we compared three groups of participants with 
different combinations of spatial directional habits associ-
ated to the processing of words and numbers. This com-
parison revealed that the directional habits associated with 

100

50

0

–50

–100

RT
(R

ig
h

t)
 –

 R
T(

Le
ft

) (
m

se
c)

Canadian

1 2

Number (Arabic)

3 4 5 6 7 8 9

Israeli

1 2

Number (Arabic)

3 4 5 6 7 8 9

Palestinian

1 2

Number (East Arabic)

3 4 5 6 7 8 9

Y = 48.26 – 10.81X, r2 = .729 Y = –22.79 + 1.26X, r2 = .033 Y = –70.25 + 12.56X, r2 = .767

Figure 1. Mean SNARC effect [RT(right)  RT(left) in msec] as a function of digit presented in the parity task with Canadian, 
Israeli, and Palestinian participants. Direction of reading words and numbers for each group indicated by arrows.
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NOTES

1. In the remainder of this article we use the term reading habits to 
refer to both reading and writing, because the directions of reading and 
writing are perfectly correlated.

2. The slightly smaller number of trials for Canadians and Israelis was 
due to different time constraints during data collection.

(Manuscript received January 7, 2008; 
revision accepted for publication October 3, 2008.)

even though their participants read Japanese text in col-
umns from top to bottom. On the other hand, Hung et al. 
(2008) did find a vertical SNARC effect corresponding to 
the direction of reading—that is, from top to bottom. Thus, 
it is clear that SNARC effects in the vertical dimension are 
not so closely entrained to the direction of reading.

In a recent study, we (Shaki & Fischer, 2008) found that 
reading a short paragraph of text in either Hebrew or Rus-
sian systematically modulated SNARC in bilingual read-
ers. Thus, activating one of several preexisting directional 
spatial habits led to differences in the mapping of numbers 
to space. That study complements the present work by 
showing that the default spatial mapping for numbers de-
pends on recent activities. The present article documents 
the effects of the consistency between preexperimentally 
existing spatial mappings on the SNARC effect, whereas 
Shaki and Fischer (2008) reported effects of experimen-
tally induced spatial mappings on the SNARC effect.

Our results support the hypothesis of a link between 
reading direction and SNARC effect, as was first inferred 
by Dehaene et al. (1993), but also suggest that, in addi-
tion, reading habits for numbers are an equally important 
factor. From this perspective, our use of the Arabic–Indic 
number stimuli was important in bringing about the re-
versed SNARC effect in Palestinians, because this surface 
format probably activated the habitual right-to-left pro-
cessing strategy associated with such numbers (see also 
Hung et al., 2008). This spatial–numerical association was 
consistent with the other long-term spatial association of 
these participants, resulting from their directional reading 
habits. We think that this consistency enables the associa-
tion between numbers and space to become significant.
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