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Abstract: Previous research has shown that numerical and spatial representations are inextricably linked. The spatial-numerical
association of response codes (SNARC) effect reveals an association between numerical magnitude and lateralized motor responses with
faster responses to digits when the reaction side is congruent with the digit position on a mental number line (e.g., a left-hand side response
to a small magnitude) and slower responses in the case of incongruity (e.g., a left-hand side response to a larger magnitude). However, few
studies have examined the influence of attention on numerical processing. We examined the electrophysiological correlates of conflict,
which are linked to the facilitation and inhibition of the SNARC effect, to elucidate the relationship between the SNARC effect and visual
orienting of attention elicited by a peripheral cue. Participants responded more quickly on congruent than on incongruent trials. The validly
cued stimuli elicited enhanced N1, and P3 components compared to invalidly cued stimuli with a peripheral cue, indicating a support of
attention when the target is presented in the cued location. Moreover, the congruency of the SNARC effect emerged in the early sensory (N1)
component only in valid trials whereas, in the later P3, it occurred only in invalid trials. These results suggest that the SNARC effect is
influenced by the orienting of attention, particularly in the early stages, and the orienting of attention contributes to the spatial representation
of a task-related path.
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numerical stimuli (Dehaene et al., 1993). Despite extensive research

Introduction

in this field, the nature of the SNARC effect is still debated. One

There is mounting evidence that number representation

possible reason is that most studies explore the effect only using

involves a spatial component (see Hubbard et al., 2005; Zorzi et al.,

reaction time from behavioral aspect, and very few studies combine

2002). The spatial-numerical association of response codes (SNARC)

the external behavior result with event-related potential (ERPs)

effect (Dehaene et al., 1993) is an example of the relationship

indices which have a high time resolution to see the internal

between number magnitude and the spatial organization of mental

processing stages. We will expect more interesting results in our

representations. For instance, this effect arises in the parity judgment

study to better understand (by) the method of ERPs.

task, where the participant’s responses to smaller magnitude digits,

The MNL, as a spatial explanation of the SNARC effect, is

hand

considered to originate from semantic memory of number magnitude,

(SNARC-congruence) than the right hand (SNARC-incongruence),

depending on culturally determined reading habits (Dehaene et al.,

whereas larger magnitude digits, such as “8” and “9,” are responded

1993; Roettger and Domahs, 2015; Shaki and Fischer, 2008; Shaki et

faster with the right hand than the left hand. This effect occurs even

al., 2009; Zebian, 2005). However, a number of reports show that the

when the processed numbers are totally irrelevant to the task (e.g.,

associations between numbers and space are more flexible than one

Fias et al., 2001, 1996; Lammertyn et al., 2002), and is independent

would expect from a long-term semantic memory representation. It

of the stimuli modality (Fischer et al., 2009; Nuerk et al., 2005) and

has been shown that the SNARC effect is range-dependent (Dehaene

of the notation of the numbers (Ganor-Stern and Tzelgov, 2008;

et al., 1993; Fias et al., 1996). For instance, the numbers 4 and 5

Jiang et al., 2010; Nuerk et al., 2005; Reynvoet and Brysbaert, 2004).

elicit left faster than right responses when the numbers range from 4

Based on these studies and several other findings, the SNARC effect

to 9, and elicit right faster than left responses when the numbers

is widely interpreted as being represented along a left-to-right

range from 1 to 5 (van Dijck et al., 2011). In addition, the dual-route

oriented mental number line (MNL), automatically elicited by

model (Gevers et al., 2006) assumes that there are two routes in the

such

as

“1”

and

“2,”

are

faster

with

the

left
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SNARC effect: the automatic route (magnitude information is

of the time course of cognitive processes (Luck et al., 2000), are an

automatically activated through the magnitude field up to the level of

important method for investigating visuo-spatial attention and

response activation) and the task-related path (the activation that

numeral processing. Several experimental studies have explored

specifically codes for the task instruction is sent through the parity

different ERP components (N1, and P3) of spatial attention. The first

field). This hypothesis indicates that the spatial coding is not

of the most important components that we focus on, which is related

inherently associated with numbers but (that it) is constructed during

to spatial attention, is the N1. The N1 is a negative ERP component

task execution (Fischer, 2006; Fischer and Shaki, 2010; Treccani and

peaking approximately 150 ms with an occipital scalp distribution,

Umilta, 2011), and suggests a crucial role of working memory (WM;

reflecting an attentional effect of enhanced processing of stimuli at

van Dijck et al., 2011). Based on the dual-route model, we believe

the attended location (Luck et al., 1995, 1994). Doallo et al. (2005)

that the SNARC effect would only emerge when the two routes are

also suggest that peripheral cueing elicited stronger effects of cue

incongruent at the same time in spatial representation, and orienting

validity on N1 at 300 ms SOA (stimuli onset asynchrony).

of attention would influence the task-related path related to WM

Furthermore, the P3 component is a later stage of processing, which

rather than the automatic route related to magnitude information.

is modulated by visual attention (Hopfinger et al., 2006, 2001, 1998).

Regarding to aspects of the stage and source of the SNARC

Different temporal windows have been reported for this component

effect, several electrophysiological studies have examined the

depending on task demands and experimental paradigms. The

lateralized readiness potential in a parity judgment task of the

modulation of the amplitude of this component is also dependent on

SNARC effect. The SNARC effect began to emerge, at least partly,

the process being measured. However, the functional significance of

in a response-related processing stage prior to response preparation

these ERP components evoked by the SNARC effect is not yet well

and execution; more specifically, in a response selection stage

established. In order to shed light on the relationship between the

instead of the early perceptual or representational stages of

SNARC effect and executive attention, Gut et al. (2012) focused on

numerical magnitude (Gevers et al., 2006; Keus et al., 2005).

the executive attention evoked by the parity judgment task to

However, it remains unclear whether the response-selection stage is

examine the congruency effect in various ERP components of the

best characterized as a unitary or multiple construct (Jennings and

SNARC effect. They found that the congruency effect of the

van der Molen, 2005). In summary, previous studies, such as Keus et

SNARC was reflected in early sensory (N1, N2) components above

al. (2005) and Gevers et al. (2006), suggest that an association

the parieto-occipital and frontal regions, as well as in the later P3

between numbers and space can be detected at the response stage,

component above the centro-parietal areas.

but additional research is required to determine whether such an

Based on the review of the literature that examines ERPs of

association is also reflected in the earlier stages when participants

the SNARC effect, most of the studies that focused on the stage of

are initially attracted to the target stimuli after the presentation of an

SNARC processing indicated that the SNARC effect is associated

attentional cue.

with the response-selection stage. In contrast, others studies that

The orienting of visuo-spatial attention is often studied using

have investigated the orienting of attentional engagement by

the Posner paradigm (or spatial cueing paradigm), (Posner et al.,

measuring ERPs using the central cueing of Posner paradigm, but

1984, 1980), which includes central cueing and peripheral cueing,

induced by digit cues, have demonstrated SNARC effect in the larger

and involves two different mechanisms of attention shifts.

amplitude of both the sensory P1 and cognitive P3 (Ranzini et al.,

Specifically, central cueing is associated with voluntary (or

2009; Salillas et al., 2008). Very few studies have focused on the

endogenous) attention shifts, and peripheral cueing is linked with

relationship between the SNARC effect and orienting of attention

involuntary (or exogenous) attention shifts (Briand and Klein, 1987;

induced by peripheral cueing. As such, our goal was to focus on the

Jonides, 1981; Müller and Rabbitt, 1989). Fisher et al. (2003) have

relationship between the orienting of attention and the SNARC effect.

focused on the relationship between the SNARC effect and orienting

To accomplish this, we used the peripheral cueing of the Posner

of attention, adopting the Posner paradigm to explore whether the

paradigm (Posner, 1980) to elicit involuntary attention, in order to

representation of numbers could induce shifts of attention to the

investigate the influence on the SNARC effect. We expected that N1

location of the subsequent target. They found that small/large Arabic

and more ERP components of the SNARC effect would be found in

numbers presented centrally as a cue speeded up the detection of

our study indicating a support from attention. We were also

left/right

were

interested in the orienting attention effect elicited by the peripheral

non-predictive of the target side and task-irrelevant. Compared with

cueing and the parity judgment task, and in comparing our results

central cueing, peripheral cueing triggers a faster automatic shift of

with those of previous reports.

lateralized

targets,

even

though

the

cues

attention. However, very few studies have focused on the
relationship between the SNARC effect and involuntary attention,

Method

and the influence on the SNARC effect induced by peripheral

Participants

cueing.

16 college students (19–28 years; mean = 23.75 years; 9 males)

Event-related potentials (ERPs), which permit the observation

participated in the experiment. All of the participants were healthy,

Aussie-Sino Studies

102

Issue 1, 2016

right-handed, and had normal or corrected-to-normal vision. No

blocks. The order of the trials was randomized and the participants

participants reported a history of neurological problems. All

familiarized themselves with the task and stimuli by performing a

experimental work was conducted in accordance with the ethical

short training block of 20 trials.

standards set forth by the APA and the World Medical Association
and was approved by the local ethics committee. Participants were
compensated monetarily.
Stimuli and apparatus
Participants were comfortably seated approximately 50 cm
from the computer screen and were instructed to fixate on the center
of the screen. The stimuli consisted of four white Arabic numbers (1,
2, 8, and 9; 5 mm in diameter) presented in a black disk (6 mm in
diameter), which was in a black circular ring (12 mm inside diameter,
15 mm external diameter). From an average viewing distance of 47
cm, the digit resulted in a visual angle of 0.7°. Each digit was
presented on a 17 in. (43 cm) LED screen with 1024 × 768 pixels

Fig 1

Schematic illustration of the behavioral procedure in
a trial

ERP recording and analysis
The electroencephalography (EEG) was recorded from 64 scalp

resolution and a 60 Hz refresh rate. Participants responded using the

sites by active electrodes attached to an electrode cap (NeuroScan

“F” and “J” keys (with the left and right hand, respectively) of a

Inc.), with the reference electrode on the CZ. For artifact control, the

standard computer keyboard.

horizontal electro-oculogram (HEOG) was recorded as the left

Procedure and experimental design

versus right orbital rim. The vertical electro-oculogram (VEOG) was

Each trial started with a central fixation point (a black cross

recorded supra- and infra-orbitally at left eye, to detect blinks and

sign, 3 x 3 mm, extending 0.4° vertically and horizontally) that was

vertical eye movements. The EEG and EOG activities were

presented for 300 ms. Following an interval of 400 ms, an black

amplified with a DC 100 Hz bandpass filter and continuously

circular ring (12 mm inside diameter,15 mm external diameter) was

sampled at 500 Hz/channel. All electrode impedances were

flashed red either on the left or right for 100 ms (each with a
probability of 0.50) as a peripheral cue. The cue correctly indicated
target location in 75% of trials (i.e., cue validity 75%; valid trials).
The interval from cue onset to target onset (stimulus onset
asynchrony) was 300 ms. Then, one of four digits was presented and

maintained below 5 kΩ. The ERP averages were computed off-line,
and trials with EOG artifacts (mean EOG voltage exceeding ± 80
μV), amplifiers clipping artifacts, or peak-to-peak deflection
exceeding ± 80 μV were excluded from averaging. The baseline was
set from -200 to 0 ms before the cue onset. Error trials were
excluded from the ERP averages.

remained in the left or right visual field until participants pressed a

ERP waveforms were time-locked to the onset of cue and the

key (maximum 1000 ms). Afterwards, the screen remained blank for

average epoch was 1300 ms, including a 200 ms pre-cue baseline,

1000 ms before the next trial started. The participant’s task was to

300 ms cue-to-target as a SOA and 800ms average epoch elicited by

judge the parity of the target digit as quickly and accurately as

targets. The following four electrode sites were selected for

possible by pressing the “F” key with the left hand when the target

statistical analysis: PO5, PO6, CP5, and CP6, including the

digit was odd, and the “J” key with the right hand in the case of an

parieto-occipital, and centro-parietal regions. The early N1

even target digit. The trial was defined as congruent when the

components were defined as the most negative (N1) deflections in

response side (left or right) was in accordance with the location of
the target digit on the MNL, and as incongruent in the opposite case.
The numbers “1” and “2” are low-magnitude digits (and are thought
to be located on the left side of the MNL) and the numbers “8” and
“9” are high-magnitude digits (and are thought to be located on the

the range of 180–210 ms. The P3 component was defined as the
most positive deflection in the range of 380–420 ms. Repeated
measures analysis of variance (ANOVA) were conducted on the
amplitudes with electrode as the within-subject factor. The degrees
of freedom for the F-ratio were corrected according to the
Greenhouse-Geisser method in necessary analyses.

right side of the MNL). Thus, there were four types of trial:
congruent with the low-magnitude digit (in the case of “1” as the
target digit), incongruent with the low-magnitude digit (with “2”

Results
Behavioral results

used as the target), congruent with the high-magnitude digit (with

Misses (less than 1% of trials) and reaction times (RTs) faster

“8”) and incongruent with the high-magnitude digit (with “9”). The

than 300 ms and slower than 1000 ms were excluded from the

experimental procedure is illustrated in Fig. 1. The set of 1024 trials

analyses. The average correct rate was 95.92% (SD = 0.04).

was divided in eight blocks of 128 each. Half of the trials were

Repeated measures ANOVAs were computed on the RTs with cue

congruent and the other half were incongruent. There was the same

validity (validly cued targets/invalidly cued targets), magnitude

number of 7 trials (256) for each of the four digits. Of the 128 trials

(small/large), and response hand (left hand/right hand) as factors.

per block, there was 75% cue validity. Each block lasted
approximately 7 min and a short rest period was provided between

There was a significant main effect of cue validity (F(1,15) =
86.725, p < 0.001, η2 = 0.85), showing that RTs were significantly
faster for validly cued targets than for invalidly cued targets for
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peripheral cues. Separate analysis of each cue-validity condition

the mean reaction times (RTs). The graph presents the mean RTs

revealed that the interaction between magnitude and response side

obtained for congruent trials (darker bars) vs. incongruent trials

on RTs persisted for validly cued targets (F(1,15) = 39.36, p < 0.001,

(lighter bars), illustrated separately for valid cue trials (left) and

η2 = 0.72) and invalidly cued targets (F =9.19, p < 0.01, η2 = 0.38).

invalid cue trials (right). Error bars represent the standard error

For validly cued targets, the small magnitude (“1” or “2”) left-hand

of the mean.

responses were 49 ms faster (25 ms for invalidly cued targets) than
for the right-hand responses, whereas for the other magnitude (“8” or

ERP analysis

“9”), right-hand responses were 52 ms faster (18 ms for invalidly

The effect of attention

cued targets) than for the left-hand responses. These data indicate

We investigated the N1, and P3 components to examine the

that there is a clear SNARC effect on RTs for the different

effect of attention. There was a significant difference in the N1

cue-validity conditions, but more significant effects seem in the

amplitude of the recording signal at CP5 (F(1,15) = 10.59; p < 0.01,

cue-validly condition.

η2 = 0.41), CP6 (F(1,15) = 13.37; p < 0.01, η2 = 0.47), PO5 (F(1,15)

In order to consistent with the ERP data in our study, the

= 17.34; p < 0.01, η2 = 0.54), and PO6 (F(1,15) = 18.26; p < 0.01, η2

SNARC effect could also be seen in the difference between

= 0.55), because of the greater amplitude in the valid cue compared

congruent and incongruent trials. To examine the effect of

to the invalid cue condition. Moreover, significant differences in the

congruency (congruent/incongruent) and cue validity (validly cued

P3 amplitudes were observed from the CP6 (F(1,15) = 8.56; p < 0.01,

targets/invalidly cued targets), the RTs were submitted to a

η2 = 0.36), PO5 (F(1,15) = 6.92; p < 0.05, η2 = 0.32), and PO6

two-factor repeated measures ANOVA with congruency and cue

(F(1,15) = 9.85; p < 0.01, η2 = 0.40), with both amplitudes being

validity as the within-subject factors. The ANOVA showed a

greater for the valid cue than the invalid cue.

significant main effect of congruency, with slower RTs for

The effect of congruency

incongruent than congruent trials (F(1,15) = 26.15, p < 0.001, η2 =

Separate analysis of each cueing condition for the effect of

0.636). There was also a main effect of validity condition with

congruency at CP5, CP6, PO5, and PO6, revealed that the N1

slower RTs for invalidly cued targets compared with validly cued

amplitude was greater in incongruent than congruent trials in the

targets (F(1,15) = 87.45, p < 0.001, η2 = 0.85). More detailed results

validly cued trials (F(1,15) = 39.83; p < 0.001, η2 = 0.73) but not in

were illustrated in Fig. 2.

the invalidly cued trials (F(1,15) =0.97; p > 0.05, η2 = 0.00). Both of
the N1 components congruency × electrode sites interaction was not
significant.
The effect of congruency was also visible in the P3 amplitude in
the invalid cue condition at CP6 (F(1,15) = 4.82; p < 0.05, η2 = 0.24),
with greater amplitudes seen in the incongruent trials compared to
the congruent trials, but not in the valid cue condition (see Fig.3 for
the effect of congruency).

Fig 2

Fig 3

The interaction of cue validity and congruency for

Averaged event-related potentials of the N1 and P3 components for the effect of congruency in the valid cue trials (black

lines) and invalid cue trials (gray lines) at the CP5, CP6 , PO5, and PO6, electrode sites. Ellipses point out the components, when the
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effect of congruency was revealed in particular electrodes.
different attention conditions is a challenge because there is little

Discussion

knowledge about the role of these stages in the processing of conflict

In this study, we explored the SNARC effect from the

tasks in the SNARC effect. Still, our results are basically consistent

perspective of attentional orienting with an emphasis on a peripheral

with the ERP data of Gut et al. (2012), which was obtained in a

cue’s influence on the conflict of the SNARC effect rather than

study of the relationship between the SNARC effect and executive

employing a number as a cue that influences attentional allocation

attention, and show that the congruency effect is reflected in the

(Dodd et al., 2008; Fischer et al., 2003; Ranzini et al., 2009; Salillas

early sensory (N1) component. However, the discovery of the early

et al., 2008). For this experiment, we examined the effects of the

N1 effect differs from the result of Keus (2005), which suggests that

number magnitude and spatial response congruency on behavioural

the SNARC effect begins to emerge in a response-related stage, and

and psychophysiological indices, and found as expected, a early N1

not in an early sensory-related stage. One possible reason is that the

component in the SNARC effect under a support of the attention.

orienting attention paradigm is used in our study, providing support

As in previous RT studies, our behavioural data showed that

for the cognitive resources. Additionally, the gain effect of attention

participants were significantly faster at responding to targets in

might have an influence on the SNARC effect in two ways: on the

validly cued locations than in invalidly cued locations. This result

one hand, directly speeding up the digital representation of the space

indicates that a peripheral cue is more effective in orienting attention

(e.g., MNL), and on the other hand indirectly influencing the

to the cued location when it provides information about the probable

SNARC effect by working memory. Other previous studies have

location of the target (Doallo, 2004). Although, there were

shown that the SNARC effect disappeared when the working

significant effects of congruency for both the valid and invalid cues,

memory load was higher (e.g., Herrera et al., 2008; van Dijck et al.,

we still obtained a more obvious effect in valid cue condition than

2011, 2009), which indicated that working memory has a key role in

invalid, indicating a support induced by peripheral cue to the

the SNARC effect. In addition, visual selective attention can

SNARC effect. In short, the behavioural data indicate that a

promote

peripheral cue speeds up the response time to targets in validly cued

representation into working memory representation (Cowan, 2001,

locations, and has some influence on the SNARC effect. However,

2008; McElree, 2001, 1998; Oberauer, 2002) to improve the storage

what

Relevant

performance. Therefore, we reason that attention not only provides

electrophysiological indicators were used to further explore the

the support for the sensory processes but also reduces the load of

internal mechanism of the SNARC effect and may tell us more.

working memory, promoting the SNARC effect that is produced

are

these

influences

on

SNARC

effect?

Based on previous ERP studies of attention (Doallo, 2004, 2005;

the

information

transformation

from

perceptual

much earlier.

Eimer, 1997; Hillyard, 1998; Hopf, 2000; Luck, 1994; Mangun,

The effect of cue validity on P3 amplitude in our results is

1993, 1991), we investigated the N1, and P3 components in different

consistent with that of studies where the degree of attention to the

cue-validity conditions and showed the effects of validity with

location of the target gradually increases the amplitude of the P3

peripheral cueing. All of the amplitudes (N1, and P3) were enhanced

(Mangun and Hillyard, 1990). A number of factors are known to

in valid trials compared to invalid trials. These ERP results are

influence P3 amplitude, such as the amount of attention resources

consistent with the facilitation of RT in valid trials. In order to reveal

necessary to perform a task, working memory updating, and

the relationship between the orienting of attention and the SNARC

decision-making (Bashore and van der Molen, 1991; Donchin and

effect, we further investigated the effect of congruency in different

Coles, 1988; Kok, 2001). These findings suggest that involuntary

cue-validity conditions. The first manifestation of conflict of the

attraction of attention by a peripheral cue results not only in

congruency was observed in the enhanced N1 amplitude in only the

improved sensory processing but also contributes to the use of

valid cue condition rather than invalid cue condition. In addition,

endogenous resources, such as working memory, at the cued location

markers of conflict processing were detected in the P3 component in

after presentation of the cue.

only the invalid cue trials, and not in the valid cue trials.

The effect of congruency on the P3 component was found in

The effect of cue validity on N1 amplitude, which has been

only invalid cue trials at CP6, which possibly signals a delayed

previously observed in several peripheral cueing ERP studies

effect because of lack of the relevant support of attention in the

(Mangun et al., 1986; Mangun and Hillyard, 1991), has been

SNARC effect. We now consider what is influenced by the lack of

interpreted in terms of a sensory gain control mechanism in the

attention in the internal mechanisms of the SNARC effect.

extrastriate cortical structures, resulting in enhanced perceptual

According to the dual-route model of the SNARC effect (Gevers et

processing of validly cued targets (Luck and Hillyard, 1994; Mangun

al., 2006), we can reason that two kinds of conflict of spatial position

and Hillyard, 1990). Within this model, it can be suggested that these

representation exist at the same time, which result in the appearance

ERP data provide evidence that peripheral cueing leads to the

of the SNARC effect. One is the digital representation in the MNL

facilitation of the perceptual processing of stimuli presented in cued

(smaller magnitude on the left, larger magnitude on the left), which

locations. This sensory gain may be responsible for the RT benefits

is automatically activated and related to the automatic route, taking

in behavioral execution (Doallo, 2004, 2005).

up few cognitive resources. The other is the task-related path, which

Providing an interpretation of our ERP data of congruency in

is activated by the relevant task instruction (e.g., odd-left hand,
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even-right hand) and related to more endogenous factors, such as the

Donchin, E., & Coles, M. G. (1988). Is the P300 component a

task instruction, parity knowledge, and position of spatial

manifestation of context updating?. Behavioral and brain sciences,

representation in working memory inevitably demanding more

11(03), 357-374.

cognitive resources. As a result of lacking of attention in the invalid

Eimer, M. (1997). Uninformative symbolic cues may bias

cue, leading to the delay in the SNARC effect, we believe that the

visual-spatial attention: behavioral and electrophysiological

task-related path is mainly subject to the cognitive resources of
attention, rather than the automatic route. With the recovery of
cognitive resources, the congruency effect of the SNARC effect
emerges on the P3 component.
In conclusion, using an electrophysiological method, we found
that a peripheral cue indeed has a visible influence on the SNARC
effect in the N1 and P3 components. In the valid cue trials, the
congruency of the SNARC effect emerged in an early sensory (N1)
component, reflecting a facilitation by attention of the target location,
whereas in the invalid cue trials, the congruency effect was
postponed to the later P3 component. These results suggest that the
SNARC effect is influenced by the orienting of attention,

evidence. Biological Psychology, 46(1), 67-71.
Fias, W. (1996). The importance of magnitude information in
numerical processing: evidence from the SNARC effect.
Mathematical cognition, 2(1), 95-110.
Fias, W., Lauwereyns, J., & Lammertyn, J. (2001). Irrelevant digits
affect feature-based attention depending on the overlap of neural
circuits. Cognitive Brain Research, 12(3), 415-423.
Fischer, M. H. (2006). The future for SNARC could be stark….
Cortex, 42(8), 1066-1068.
Fischer, M. H., Castel, A. D., Dodd, M. D., & Pratt, J. (2003).
Perceiving numbers causes spatial shifts of attention. Nature
neuroscience, 6(6), 555-556.
Fischer, M. H., Mills, R. A., & Shaki, S. (2010). How to cook a

particularly in the early stages, and we believe that the orienting of

SNARC:

attention contributes to the spatial representation of the task-related

spatial–numerical associations. Brain and cognition, 72(3),

path.

number

placement

in

text

rapidly

changes

333-336.

---------------------------------------------------------------------
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