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Abstract
Current findings regarding whether the numerical SNARC effect occurs in the
early stimulus representation stage or the late response selection stage are in-
consistent. The present study investigated its locus of occurrence through three
experiments. Using a global-local paradigm, we constructed a composite exper-
imental stimulus—an arrow composed of numbers—and employed it as experi-
mental material, requiring participants to compare numerical magnitude (where
the global precedence representation of arrow direction interferes with the spa-
tial representation of numbers) and to judge arrow direction (where the arrow
direction judgment task generates response competition with number process-
ing at the response selection stage). The results revealed that interfering with
the spatial representation of numbers in the horizontal direction impeded the
generation of the numerical SNARC effect (Experiment 1a); interfering with
the spatial representation of numbers in the vertical direction had no impact
on the numerical SNARC effect (Experiment 1b); and interfering with the re-
sponse selection stage impeded the generation of the numerical SNARC effect
(Experiment 2). The experimental results demonstrate that both the stimulus
representation stage and the response selection stage of number processing in-
terference affect the generation of the numerical SNARC effect, supporting a
dual-stage processing model of the numerical SNARC effect.
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Abstract

Current research yields inconsistent findings regarding whether the digital
SNARC effect occurs during early stimulus representation stages or late
response selection stages. This study investigated its occurrence stage through
three experiments. Using a global-local paradigm, we constructed a novel
compound stimulus—arrows composed of numbers—and employed it as
experimental material. Participants were asked to either compare numerical
magnitudes (where the global precedence of arrow direction interferes with the
spatial representation of numbers) or judge arrow direction (where arrow di-
rection judgment competes with number processing during response selection).
Results showed that horizontal interference with number spatial representation
hindered the SNARC effect (Experiment 1a), vertical interference had no im-
pact (Experiment 1b), and interference at the response selection stage blocked
the SNARC effect (Experiment 2). These findings demonstrate that both
stimulus representation and response selection stages influence the SNARC
effect, supporting a dual-stage processing model.

Keywords: global-local paradigm, digital SNARC effect, early stimulus repre-
sentation stage, late response selection stage

Dehaene et al. (1990) serendipitously discovered that when judging numerical
magnitude, left-hand responses are faster for small numbers while right-hand re-
sponses are faster for large numbers. Dehaene et al. (1993) further investigated
this phenomenon using a parity judgment task and found that the association
between number magnitude and spatial location persisted even with crossed
hands (i.e., when participants responded with left hand on right key and right
hand on left key). They termed this association the Spatial-Numerical Associa-
tion of Response Codes (SNARC) effect, which has since attracted considerable
research attention and demonstrated broad universality (Xu & Liu, 2006; Kang
et al., 2013; Yan et al., 2022).

However, the occurrence stage of the digital SNARC effect remains controver-
sial. Some researchers argue it occurs during early stimulus representation
stages (Fischer et al., 2004; Tlauka, 2002), others propose it emerges during
late response selection stages (Gevers et al., 2005; Gevers, Ratinckx et al., 2006;
Keus et al., 2005; Keus & Schwarz, 2005), while a third group suggests it occurs
in both stages simultaneously (Nan et al., 2021; Xiang et al., 2022; Yan et al.,
2022).

Current research primarily employs additive reaction time paradigms to inves-
tigate the SNARC effect’s occurrence stage (Tlauka, 2002; Gevers et al., 2005;
Nan et al., 2021). Based on Sternberg’s (1969) additive factors logic, if two cog-
nitive processes show an interaction, they occur in the same processing stage;
if they are independent, they occur in different stages. The classic Stroop ef-
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fect (Stroop, 1935) has been verified to occur during stimulus representation
stages (Li et al., 2014; Scerrati et al., 2017), while the classic Simon effect (Si-
mon & Rudell, 1967) occurs during response selection stages. Accordingly, if
the SNARC effect is independent of the Stroop/Simon effect, it occurs during
response selection/stimulus representation; if they interact, it occurs during
stimulus representation/response selection. Tlauka (2002) presented numbers
“1” and “100” (Experiment 1) and “100” and “900” (Experiment 2) on either
side of the screen, requiring left/right key responses. Both SNARC and Simon
effects were found and considered independent, leading to the conclusion that
the SNARC effect occurs during stimulus representation. In contrast, Gevers
et al. (2005) found interactions between SNARC and Simon effects in both
magnitude-irrelevant (parity judgment; Experiment 1) and magnitude-relevant
(magnitude comparison; Experiment 2) tasks, concluding that the SNARC ef-
fect occurs during response selection. Recent research increasingly points to
dual-stage occurrence. For example, Nan et al. (2021) conducted two experi-
ments based on additive factors logic and found interactions between SNARC
and Stroop effects (Experiment 1) and between SNARC and Simon effects (Ex-
periment 2), concluding that the SNARC effect exists in both stages. Xiang et
al. (2022) conducted four experiments building on Nan et al. (2021) and Yan
et al. (2021), finding that interference information magnitude relevance (intro-
ducing magnitude Stroop effect in parity judgment tasks) rather than quantity
information task relevance (introducing parity Stroop effect in magnitude com-
parison tasks) was the key factor affecting the SNARC effect’s occurrence stage,
again supporting dual-stage processing.

Thus, while additive reaction time paradigms have yielded rich evidence, conclu-
sions remain inconsistent. One possible reason is that different studies employ
different stimuli and tasks while applying the same “golden rule” (additive fac-
tors logic). This singular approach neglects attention to specific processing
components within particular experimental tasks, hindering comparison and
integration across studies. The present study addresses this gap by using the
global-local paradigm to innovatively construct compound stimuli—arrows com-
posed of numbers—and manipulating attention toward local information (mag-
nitude comparison task; Experiment 1) and global information (arrow direction
judgment task; Experiment 2). This approach allows us to examine how interfer-
ence with number processing at stimulus representation and response selection
stages affects the SNARC effect, thereby identifying its occurrence stage.

Navon (1977) discovered that when intentionally perceiving local features, indi-
viduals are influenced by global features—a phenomenon termed global prece-
dence. By using numbers as local information and arrows as global features in
a magnitude comparison task, global precedence predicts that arrow direction
will be preferentially represented, interfering with number spatial representa-
tion. This allows investigation of how stimulus representation stage interfer-
ence affects the SNARC effect. Specifically, if the SNARC effect disappears
under these conditions, it suggests that the stimulus representation stage plays
a decisive role. Do both horizontal and vertical arrows interfere with number
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spatial representation? According to Dehaene et al.’s (1993) mental number
line (MNL) theory, numbers are mentally represented along a left-to-right axis.
Therefore, horizontal arrows can interfere with number spatial representation
and affect the SNARC effect, whereas vertical arrows cannot interfere with
horizontal spatial representation and thus cannot influence the SNARC effect.
Experiments 1a and 1b tested this hypothesis. In Experiment 2, using number-
composed arrows in a direction judgment task, numbers could be automatically
processed and generate MNL representations (Dehaene & Akhavein, 1995; Gev-
ers, Verguts et al., 2006; Casarotti et al., 2007; Yan et al., 2022), and unconscious
information can have stimulus representation (Luo et al., 2018). Thus, numbers
could be fully spatially represented unconsciously. However, because the task
required arrow direction judgment, number processing and arrow direction pro-
cessing would compete during response selection, allowing investigation of how
response selection stage interference affects the SNARC effect. If the SNARC
effect disappears under these conditions, it suggests that the response selection
stage plays a decisive role.

Experiment 1a
2.1.1 Participants

Forty university students (27 female, 13 male) were recruited from Shandong
Normal University. Ages ranged from 19 to 35 years (M = 22.03, SD = 2.93).
All participants had normal or corrected-to-normal vision, no color blindness,
no history of mental illness, were right-handed, ethnically Han Chinese, and had
not participated in similar experiments previously. They received compensation
upon completion.

2.1.2 Experimental Design

A within-subjects design with 2 (Number magnitude: small, large) × 3 (Arrow
direction: left, right, left-right bidirectional) × 2 (Response hand: left, right)
was employed. Small numbers were Arabic digits 1 and 2; large numbers were
8 and 9. Dependent variables were accuracy and reaction time.

2.1.3 Materials

Stimuli were arrows composed of Arabic digits 1/2/8/9. Materials were created
using Photoshop CS6 with Times New Roman font, 48-point black digits pre-
sented at screen center. Participants sat 70 cm from the monitor with a visual
angle of 10° × 6°. Screen resolution was 1024 × 768 pixels, black background, 60
Hz refresh rate. Materials are shown in Figure 1 [Figure 1: see original paper].

2.1.4 Procedure

The experiment was programmed in E-prime 2.0. Participants placed their left
index finger on the “F” key and right index finger on the “J” key. Each trial
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began with a 500 ms fixation cross “+”, followed by a number-composed arrow.
Participants compared the constituent number to 5 and responded accordingly,
followed by a 1500 ms blank screen before the next trial. The experiment com-
prised two blocks: in Block 1, “F” indicated numbers < 5 and “J” indicated
numbers > 5; these mappings were reversed in Block 2. Block order was coun-
terbalanced across participants. Each block included 12 practice trials and 144
experimental trials, with self-paced breaks between blocks (press “P” to con-
tinue). The entire experiment lasted approximately 16 minutes.

2.2 Results and Analysis

Accuracy rates for each condition are shown in Table 1 . As the task was
relatively simple, descriptive statistics showed accuracy > 95% across all condi-
tions, so no further inferential analysis was conducted on accuracy. Error rates
ranged from 0.35% to 14.93% (M = 4.31%, SD = 0.03%). Trials with incorrect
responses, reaction times > 1000 ms, or RTs beyond 3 SD from the mean were
excluded (4.94% of data). Remaining RTs are shown in Table 2 .

A three-way repeated-measures ANOVA on remaining RTs revealed no signif-
icant main effects of number magnitude, F(1, 39) = 0.821, p = 0.370, �2p =
0.021; arrow direction, F(2, 78) = 2.429, p = 0.095, �2p = 0.059; or response
hand, F(1, 39) = 0.079, p = 0.780, �2p = 0.002. Critically, the Number mag-
nitude × Response hand interaction was not significant, F(1, 39) = 0.274, p =
0.604, �2p = 0.007, indicating no SNARC effect. The three-way interaction was
also non-significant, F(2, 78) = 1.136, p = 0.326, �2p = 0.028, suggesting the
SNARC effect did not differ across arrow direction conditions.

The Arrow direction × Response hand interaction was significant, F(2, 78) =
84.281, p < 0.001, �2p = 0.684. As shown in Figure 2 [Figure 2: see original
paper], simple effects analysis revealed that for left-pointing arrows, left-hand
responses were significantly faster than right-hand, F(1, 39) = 61.378, p < 0.001,
�2p = 0.611; for right-pointing arrows, right-hand responses were significantly
faster than left-hand, F(1, 39) = 34.228, p < 0.001, �2p = 0.467; for bidirectional
arrows, no difference emerged between hands, F(1, 39) = 0.534, p = 0.469, �2p
= 0.014.

The Number magnitude × Arrow direction interaction was significant, F(2, 78)
= 4.234, p = 0.018, �2p = 0.098. As shown in Figure 3 [Figure 3: see original
paper], simple effects analysis indicated that for left-pointing arrows, responses
to small numbers were faster than to large numbers, F(1, 39) = 7.433, p = 0.010,
�2p = 0.160; no such differences appeared for right-pointing or bidirectional
arrows (both ps > 0.05).

Bayes factors provide a method for model comparison and hypothesis testing in
Bayesian statistics, simultaneously showing support for null (H0) and alternative
(H1) hypotheses and enriching psychological research (Wang et al., 2023; Hu
et al., 2018; Wu et al., 2018). Building on traditional hypothesis testing, we
conducted Bayesian ANOVA using JASP to quantify evidence for H0 and H1.
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Following established criteria for Bayes factor magnitude (Jeffreys, 1961; Wa-
genmakers et al., 2017), Bayesian three-way repeated-measures ANOVA showed
moderate evidence against main effects of number magnitude (BF_{incl} =
0.269), arrow direction (BF_{incl} = 0.221), and response hand (BF_{incl}
= 0.253). There was extreme evidence against the three-way interaction
(BF_{incl} = 2.918 × 10−4) and weak evidence for the Number magnitude
× Arrow direction interaction (BF_{incl} = 1.967). Most importantly, there
was extreme evidence for the Arrow direction × Response hand interaction
(BF_{incl} = 1.867 × 1017) and extreme evidence against the Number
magnitude × Response hand interaction (BF_{incl} = 0.008), confirming
absence of the SNARC effect.

2.3 Discussion

Experiment 1a failed to show a SNARC effect but demonstrated a Simon-like
effect. According to global precedence theory (Navon, 1977), the global rep-
resentation of horizontal arrow directions interfered with local number spatial
representation, preventing SNARC effect emergence. This suggests the stim-
ulus representation stage is decisive for SNARC effect generation. The left-
right arrows preferentially activated left-right response codes that corresponded
with left-right hand responses, producing a Simon-like effect (faster left-hand
responses to left arrows and right-hand responses to right arrows).

Experiment 1a also revealed a Number magnitude × Arrow direction interac-
tion, specifically that left arrows accelerated small number judgments or in-
terfered with large number judgments. This indicates interactive processing
between global and local information, jointly influencing responses. It supports
our assumption that global processing affects local processing in early stages,
consistent with He et al. (2015), who used local Arabic digits forming global
Arabic digits in magnitude comparison tasks. They found no global processing
advantage and proposed that global features may be processed early in percep-
tion, with local processing catching up later, potentially eliminating the global
advantage by task completion.

Experiment 1b
3.1.1 Participants

Forty university students (25 female, 15 male) were recruited from Shandong
Normal University. Ages ranged from 18 to 25 years (M = 20.58, SD = 1.81). All
had normal or corrected-to-normal vision, no color blindness, no mental illness
history, were right-handed, ethnically Han Chinese, and experiment-naive. They
received compensation upon completion.
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3.1.2 Experimental Design

A within-subjects design with 2 (Number magnitude: small, large) × 3 (Arrow
direction: up, down, up-down bidirectional) × 2 (Response hand: left, right)
was used. Small numbers were digits 1 and 2; large numbers were 8 and 9.
Dependent variables were accuracy and reaction time.

3.1.3 Materials

Stimuli were arrows composed of Arabic digits 1/2/8/9. Created with Photo-
shop CS6 using Times New Roman font, 48-point black digits at screen center.
Participants sat 70 cm from the monitor (visual angle: 4.4° × 9°). Screen reso-
lution was 1024 × 768 pixels, black background, 60 Hz refresh rate. Materials
are shown in Figure 4 [Figure 4: see original paper].

3.1.4 Procedure

Programmed in E-prime 2.0, the task and procedure matched Experiment 1a
except for stimulus orientation. The experiment lasted approximately 16 min-
utes.

3.2 Results and Analysis

As shown in Table 3 , accuracy exceeded 97% across all conditions. Error rates
ranged from 0.35% to 22.22% (M = 4.01%, SD = 0.05%). Trials with errors,
RTs > 1000 ms, or RTs beyond 3 SD were excluded (4.64% of data). Remaining
RTs are shown in Table 4 .

A three-way repeated-measures ANOVA revealed no significant main effects of
number magnitude, F(1, 39) = 0.581, p = 0.451, �2p = 0.015, or arrow direction,
F(2, 78) = 0.609, p = 0.547, �2p = 0.015. The main effect of response hand was
significant, with right-hand responses faster than left-hand, F(1, 39) = 7.028, p
= 0.012, �2p = 0.153. The Number magnitude × Arrow direction interaction was
not significant, F(2, 78) = 0.559, p = 0.574, �2p = 0.014, nor was the three-way
interaction, F(2, 78) = 0.017, p = 0.983, �2p < 0.001.

The Arrow direction × Response hand interaction was significant, F(2, 78) =
4.258, p = 0.018, �2p = 0.098. Simple effects analysis showed no difference
between hands for up arrows, F(1, 39) = 1.103, p = 0.300, �2p = 0.028; sig-
nificantly faster right-hand responses for down arrows, F(1, 39) = 13.501, p =
0.001, �2p = 0.257; and no difference for bidirectional arrows, F(1, 39) = 2.144,
p = 0.151, �2p = 0.052.

Critically, the Number magnitude × Response hand interaction was significant,
F(1, 39) = 15.939, p < 0.001, �2p = 0.290, indicating a robust SNARC effect.
As shown in Figure 5 [Figure 5: see original paper], simple effects revealed faster
left-hand responses to small numbers, F(1, 39) = 19.019, p < 0.001, �2p = 0.328,
and faster right-hand responses to large numbers, F(1, 39) = 9.055, p = 0.005,
�2p = 0.188.
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Bayesian three-way ANOVA showed moderate evidence against number mag-
nitude (BF_{incl} = 0.288) and arrow direction (BF_{incl} = 0.086) main
effects, and moderate evidence for response hand (BF_{incl} = 4.686). There
was moderate evidence against the Number magnitude × Arrow direction inter-
action (BF_{incl} = 0.120) and strong evidence against the three-way interac-
tion (BF_{incl} = 0.082). Most importantly, there was very strong evidence
for the Number magnitude × Response hand interaction (BF_{incl} = 64.391),
confirming the SNARC effect, and weak evidence for the Arrow direction × Re-
sponse hand interaction (BF_{incl} = 2.463).

3.3 Discussion

Experiment 1b demonstrated a clear SNARC effect, indicating that vertical ar-
row interference with number spatial representation does not affect the SNARC
effect. This supports Dehaene et al.’s (1993) mental number line theory.

In Experiment 1a, the Arrow direction × Response hand interaction reflected a
Simon-like effect. In contrast, Experiment 1b’s interaction only showed a right-
hand advantage for down arrows, suggesting that right-handedness primarily
manifested when stimuli were downward-pointing, rather than reflecting a true
Simon effect.

Experiment 2
4.1.1 Participants

Forty university students (25 female, 15 male) were recruited from Shandong
Normal University. Ages ranged from 18 to 27 years (M = 21.20, SD = 1.99). All
had normal or corrected-to-normal vision, no color blindness, no mental illness
history, were right-handed, ethnically Han Chinese, and experiment-naive. They
received compensation upon completion.

4.1.2 Experimental Design

A within-subjects design with 3 (Local information: small number, large num-
ber, special character) × 2 (Arrow direction: left, right) × 2 (Response hand:
left, right) was employed. Small and large number conditions used the same
materials as Experiment 1; special characters were asterisks ”*”. Dependent
variables were accuracy and reaction time.

4.1.3 Materials

For small and large number conditions, stimuli were left/right arrows composed
of digits (Figure 1). For the special character condition, stimuli were arrows
composed of asterisks (Figure 6 [Figure 6: see original paper]). Created with
Photoshop CS6 using Times New Roman font, 48-point black characters at
screen center. Participants sat 70 cm from the monitor (visual angle: 10° × 6°).
Screen resolution was 1024 × 768 pixels, black background, 60 Hz refresh rate.
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4.1.4 Procedure

Participants placed left and right index fingers on “F” and “J” keys, respec-
tively. Each trial began with a 500 ms fixation cross “+”, followed by a
number/character-composed arrow. Participants judged arrow direction and
responded accordingly, followed by a 1500 ms blank screen. The experiment
comprised two blocks: in Block 1, left arrows required “F” and right arrows
“J”; these mappings were reversed in Block 2. Block order was counterbal-
anced. Each block included 10 practice trials and 100 experimental trials, with
self-paced breaks between blocks. The experiment lasted approximately 12 min-
utes.

4.2 Results and Analysis

As shown in Table 5 , accuracy exceeded 97% across all conditions. Error rates
ranged from 0% to 5.42% (M = 1.60%, SD = 0.01%). Trials with errors, RTs >
1000 ms, or RTs beyond 3 SD were excluded (2.47% of data). Remaining RTs
are shown in Table 6 .

A three-way repeated-measures ANOVA revealed a significant main effect of
local information, F(2, 78) = 4.162, p = 0.019, �2p = 0.096, with faster responses
to large-number arrows than small-number arrows. Arrow direction main effect
was not significant, F(1, 39) = 2.169, p = 0.149, �2p = 0.053. Response hand
main effect was significant, with right-hand responses faster than left-hand,
F(1, 39) = 4.271, p = 0.045, �2p = 0.099. No significant two-way or three-way
interactions emerged (all ps > 0.05).

The Arrow direction × Response hand interaction was significant, F(1, 39) =
58.512, p < 0.001, �2p = 0.600. As shown in Figure 7 [Figure 7: see original
paper], simple effects showed faster left-hand responses to left arrows, F(1, 39) =
63.258, p < 0.001, �2p = 0.619, and faster right-hand responses to right arrows,
F(1, 39) = 39.396, p < 0.001, �2p = 0.503.

Bayesian three-way ANOVA showed weak evidence against local information
(BF_{incl} = 0.676) and arrow direction (BF_{incl} = 0.566) main effects, and
weak evidence for response hand (BF_{incl} = 1.336). There was strong evi-
dence against the Local information × Arrow direction interaction (BF_{incl}
= 0.087) and moderate evidence against the three-way interaction (BF_{incl}
= 0.203). Critically, there was extreme evidence for the Arrow direction × Re-
sponse hand interaction (BF_{incl} = 1.927 × 106), with extreme evidence for
this interaction regardless of whether local information was numbers (BF_{incl}
= 3.142 × 106) or special characters (BF_{incl} = 1.731 × 1015).

4.3 Discussion

Experiment 2 showed that when using number-composed arrows in a direction
judgment task, the SNARC effect disappeared, demonstrating that the response
selection stage plays a crucial role in SNARC effect generation.

chinarxiv.org/items/chinaxiv-202408.00252 Machine Translation

https://chinarxiv.org/items/chinaxiv-202408.00252


General Discussion
Previous research yields inconsistent results regarding whether the SNARC ef-
fect occurs in early stimulus representation or late response selection stages. Us-
ing the global-local paradigm, we constructed compound stimuli—arrows com-
posed of numbers—and manipulated attention toward local information (magni-
tude comparison; Experiment 1) and global information (arrow direction judg-
ment; Experiment 2) to examine how interference at stimulus representation
and response selection stages affects the SNARC effect. This represents one of
few studies investigating SNARC effect occurrence from specific cognitive pro-
cessing perspectives. Results show that interference at both stages blocks the
SNARC effect, supporting the dual-stage processing model (Yan et al., 2022).
This model (Figure 8 [Figure 8: see original paper]) depicts task-relevant (Figure
8-A) and task-irrelevant (Figure 8-B) processing pathways, proposing that inter-
ference at any processing link affects SNARC effect generation. In Experiment
1a, we interfered with the pathway from magnitude to spatial representation
in Figure 8-A; in Experiment 2, we interfered with the pathway from spatial
representation to response in Figure 8-B. Both manipulations affected SNARC
effect generation.

5.1 Stimulus Representation Stage in the SNARC Effect

Experiments 1a and 1b examined how horizontal versus vertical interference at
stimulus representation affects the SNARC effect. Only horizontal interference
blocked the SNARC effect; vertical interference did not. Bayesian analysis of
the Number magnitude × Arrow direction interaction supported the alterna-
tive hypothesis for Experiment 1a (interaction exists) but the null hypothesis
for Experiment 1b (no interaction), further supporting that horizontal but not
vertical arrows influence number processing. Dehaene et al. (1993) adopted Res-
tle’s (1970) mental number line concept, proposing that numbers are mentally
represented along a left-to-right axis, creating direct number-response corre-
spondence (left hand faster for left-side small numbers, right hand faster for
right-side large numbers). Our finding that only parallel (not perpendicular)
interference affects the SNARC effect supports mental number line theory.

Neural dimensional overlap theory offers an alternative explanation. Fias et
al. (2001) used numbers as task-irrelevant information while participants judged
triangle orientation, digit color, line direction, or shape. They found that when
target and distractor shared similar neural pathways, they competed for neural
resources, reducing processing efficiency and revealing SNARC effects for irrel-
evant numbers. They extended Kornblum et al.’s (1990) dimensional overlap
theory to the neural level, proposing that neural pathway similarity underlies
task interference. In Experiment 1a, digits and arrows activated similar neural
pathways and competed for resources. As distractors, arrows showed spatial
effects while the SNARC effect disappeared.

Experiment 1a also provides indirect evidence regarding the spatial characteris-
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tics of ordinal information. Our Experiment 1 found no SNARC effect, while Shi
(2010) found SNARC effects using number-composed letters in magnitude com-
parison tasks. This discrepancy may reflect letters’ lack of spatial characteris-
tics. When number-composed letters serve as stimuli, letters’ global precedence
does not interfere with number spatial representation, allowing SNARC effects
to emerge. Dodd et al. (2008) provided supporting evidence using a target
detection paradigm with numbers (1, 2, 8, 9), letters (a, b, y, z), days (Mon-
day, Tuesday, Friday, Saturday), and months (January, February, November,
December) as probes. Attentional SNARC effects only appeared for numbers,
supporting that numbers have spatial characteristics while letters do not.

5.2 Response Selection Stage in the SNARC Effect

Experiment 2 found no SNARC effect. The global arrow direction may interfere
with response selection in two ways. First, cognitive resource consumption at re-
sponse selection may affect the SNARC effect. Consistent with our Experiment
2, Shi (2010) found no SNARC effect when using number-composed letters in
vowel/consonant judgment tasks. When number-composed arrows/letters serve
as stimuli in tasks unrelated to magnitude judgment, numbers can be automat-
ically processed and spatially represented unconsciously (Dehaene & Akhavein,
1995; Gevers, Verguts et al., 2006). However, arrow/letter direction judgment
consumes response selection resources, eliminating the SNARC effect. Future
research could manipulate task difficulty levels to examine how response selec-
tion resource consumption affects the SNARC effect. For example, Wang et
al. (2018) found that task switching suppressed the SNARC effect. Specifically,
switch trials requiring two response standards (magnitude comparison for black
digits, parity judgment for green digits) consumed more response selection re-
sources than repeat trials, eliminating the SNARC effect. Wang et al. (2022)
further manipulated switch frequency (1:1 ratio = high frequency/high resource
consumption; 1:6 or 6:1 ratios = low frequency/low resource consumption). The
SNARC effect appeared at low switch frequencies but disappeared at high fre-
quency, supporting the cognitive resource consumption hypothesis.

Second, stimulus location attribute activation and response code competition
may affect the SNARC effect. Unlike our Experiment 2, Fias et al. (2001) found
SNARC effects using “triangles superimposed on digits” in upward/downward
orientation judgments. This may occur because triangle orientation activated
vertical response codes while digits activated horizontal response codes linked to
left/right hands, preventing competition between relevant and irrelevant tasks’
stimulus locations and response codes, thus revealing SNARC effects. How-
ever, in our Experiment 2, both left-right arrows and digits activated horizon-
tal response codes, creating competition. Arrow direction codes were more
strongly activated, producing Arrow direction × Response hand interaction but
no SNARC effect. Future research should separate and test these hypotheses to
clarify specific mechanisms.
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5.3 SNARC Effect Occurs in Both Stages

Few studies have simultaneously examined both processing stages and their
continuous cognitive sequence. Our results suggest stimulus representation and
response selection stages are not entirely independent but interconnected. In
Experiment 1a, the Arrow direction × Response hand interaction (Simon-like
effect) was significant, while Experiment 1b showed no such effect. Researchers
have demonstrated Simon effects for both visual and auditory stimuli when
stimulus location corresponds with response location (Simon, 1968; Simon &
Small, 1969; Craft & Simon, 1970; Hedge & Marsh, 1975). Because arrows
convey spatial location information (left arrows point left, right arrows point
right), left-hand responses are faster to left arrows and right-hand responses to
right arrows, showing Simon-like effects (Luo & Proctor, 2021). Dimensional
overlap theory proposes that Simon effects arise from mapping between stimulus
location attributes and response codes, with stimulus locations automatically ac-
tivating ipsilateral responses (Kornblum et al., 1990). In Experiment 1a, global
precedence caused left-right arrows to be preferentially represented and activate
left-right response codes, competing with the left-right codes required for mag-
nitude comparison. However, because arrow direction interfered with number
spatial representation on the mental number line, numbers failed to activate
corresponding response codes. Thus, despite requiring magnitude judgments,
strong evidence supported absence of the SNARC effect but presence of the
Arrow direction × Response hand interaction (Simon-like effect). In Experi-
ment 1b, vertical arrows did not interfere with horizontal mental number line
representation, allowing numbers to activate response codes and produce the
SNARC effect. This suggests that stimulus representation spatial strength may
influence response code activation strength at response selection, and their joint
interaction may contribute to SNARC effect occurrence.

5.4 Limitations and Future Directions

Most previous research used single-digit Arabic numbers, whereas we inno-
vatively used compound stimuli, providing a new approach for investigating
SNARC effect occurrence stages. However, limitations remain. First, this be-
havioral study used reaction time as the primary measure, lacking more precise
cognitive process measurement. Numerous studies have provided more precise
evidence from electrophysiological perspectives, such as eye-tracking (Schwarz
& Keus, 2004) and ERP research (Salillas et al., 2008; Gevers, Ratinckx et al.,
2006). However, these studies still primarily use single-digit numbers. Future
research could innovate materials and tasks for electrophysiological studies to
investigate SNARC effect mechanisms across levels and better understand its
nature. Second, Experiment 2 used only one task type, finding that response
selection interference affects the SNARC effect. Future research should further
examine specific mechanisms of response selection stage influence.
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Conclusion
Using the global-local paradigm with number-composed arrows, three exper-
iments investigated SNARC effect occurrence stages. Key findings: (1) In-
terference with number processing at the stimulus representation stage blocks
SNARC effect generation, but only when interference occurs horizontally (not
vertically); (2) Interference at the response selection stage blocks SNARC effect
generation, with cognitive resource consumption and stimulus location attribute
activation/response code competition as two possible explanatory mechanisms.
These results support the dual-stage processing model of the SNARC effect.
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