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Abstract

Many studies have identified two types of spatial congruency effects in number parity judgment tasks: the SNARC
effect (Spatial-Numerical Association of Response Codes), related to numerical magnitude, and the MARC effect
(Linguistic Markedness Association of Response Codes), associated with parity. Although previous work has found
that these effects interact, the mechanisms underlying the interaction are unclear. Previous studies have investigated
the effect of linguistic connections on the activation of the SNARC and MARC effects in right-to-left readers by manip-
ulating the time interval between tasks. We propose that a cognitive control mechanism mediates this phenom-
enon, with the level of cognitive conflict induced by the MARC effect under varying conditions being a critical factor
in influencing spatial-numerical associations. We first performed four behavioral experiments manipulating time inter-
vals between parity-to-response mappings. The results demonstrate that interactions between the SNARC and MARC
effects are not sensitive to changes in time intervals but are primarily influenced by the congruency between the two
effects. We then performed an event related potentials study. The response patterns observed in the P300 compo-
nent support the hypothesis that cognitive conflict levels influence spatial-numerical associations. In conclusion, this
study highlights the essential role of cognitive control in modulating the conflict between the SNARC and MARC
effects, providing a new theoretical perspective on the dynamic characteristics of spatial-numerical associations.
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effect [5-7], where participants determine whether a
number is odd or even. Another related phenomenon
is the linguistic markedness association of response
codes (MARC) effect, where participants respond faster
with the left hand to odd numbers and the right hand to
even numbers [8]. Both numerical magnitude and parity
influence response patterns, eliciting SNARC or MARC
effects within the same task. Some studies have found
interactions between the SNARC and MARC effects.
For instance, early research found that the presence
of the MARC effect made detecting the SNARC effect
more challenging, suggesting a masking interaction [9].
This observation indicates that when both SNARC and
MARC effects co-occur, the MARC effect may reduce the
magnitude of the SNARC effect.

Theorizing that processing parity information might
impact the analysis of the SNARC effect, Dehaene et al.
grouped numbers into increasing pairs containing two
numbers from different parity-to-response mappings
(e.g., 2/3, 4/5, 6/7, 8/9) [2]. Recent studies also sug-
gest that in parity tasks, the MARC effect can reduce
the SNARC effect [10]. Zohar-Shai et al. examined the
SNARC effect in Hebrew speakers, who write words from
right to left but write numbers from left to right. They
manipulated the time intervals (from minutes to a full
day) between performance of the two parity mappings.
Their findings demonstrated that time intervals signifi-
cantly influence the SNARC and MARC effects; with
extended intervals (one day), the MARC effect dimin-
ished, and the SNARC effect emerged [10]. Zohar-Shai
et al. hypothesized that when shorter time intervals (e.g.,
10 minutes) separate the parity mappings, participants
co-activate both mappings, which enhances linguistic
linkages, which in turn leads participants to focus more
on parity information and parity-to-response mappings.
Consequently, the enhanced MARC effect influence s
task performance, diminishing the SNARC effect [10].
We refer to this theory as the “Language Link Strength-
ening Hypothesis”.

The Language Link Strengthening Hypothesis of the
relationship between the SNARC and MARC effects can-
not account for all previous research findings [10]. The
SNARC effect has been widely observed across a variety
of experimental paradigms [2, 5, 7], and is observable
in contexts ranging from parity judgments to magni-
tude classifications [11-15]. Its underlying mechanism
involves the automatic spatial encoding of numerical
values. Even when a task is unrelated to numerical mag-
nitude, such as distinguishing the color of numbers,
numbers still evoke spontaneous spatial associations.
In contrast, the MARC effect exhibits a notable task-
dependence feature: when the task format involves
explicit odd-even cues (such as a judgment of “odd/even”
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with left/right key labels), it reliably induces a leftward
advantage in odd-even number association patterns;
however, if a response method without clear spatial cues
is used, or the task goal is unrelated to odd-even con-
cepts, the spatial encoding of odd-even concepts is dif-
ficult to activate [8, 16—19]. According to the dual-route
model [17], when both the SNARC and MARC effects
are activated in the same task, cognitive resources need
to be allocated simultaneously, which allows for the
concurrent processing of both the SNARC and MARC
effects. This may interfere with the representation of the
MARC effect, especially under complex or changing task
demands.

Furthermore, the interaction between the SNARC and
MARC effects can be influenced by task rules. In parity
judgment task, the MARC effect functions as a spatial
congruence effect, reflecting the semantic association
between numerical parity (odd/even) and specific hand
responses—odd numbers align naturally with left-hand
responses, and even numbers with right-hand responses.
When task rules align parity information with intuitive
spatial associations—assigning odd numbers to left-hand
responses and even numbers to right-hand responses
(referred to as mapl)—MARC-congruent conditions are
established. Conversely, when task rules are reversed—
assigning even numbers to left-hand responses and odd
numbers to right-hand responses (referred to as map2)—
MARC-incongruent conditions occur due to mismatches
between parity information and spatial associations. In
such incongruent conditions, cognitive conflict is higher
than in congruent conditions. Cognitive control is crucial
in regulating this interaction, especially in monitoring
conflicts and allocating cognitive resources. According
to Botvinick and colleagues, cognitive conflict can trig-
ger cognitive control to allocate attention appropriately,
thereby influencing task responses [20]. Zhang et al
further argued that the interaction between the SNARC
and MARC effects can be divided into a conflict-moni-
toring phase and a resource-allocation phase [21]. Dur-
ing conflict monitoring, cognitive control intervenes
to resolve contradictions when the representations or
response rules of the two effects conflict, thereby coordi-
nating their performance. For instance, when the parity-
to-response mapping is incongruent, cognitive control
reduces the conflict through monitoring, influencing task
outcomes. In the resource-allocation phase, cognitive
control dynamically manages limited cognitive resources
to balance conflicts between the SNARC and MARC
effects. However, due to heightened cognitive conflict in
incongruent conditions, resources are often prioritized to
resolve MARC effect conflicts, potentially weakening the
SNARC effect [20]. Overall, cognitive control coordinates
contradictions between the SNARC and MARC effects
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by monitoring conflict intensity and allocating attention
resources, thereby enhancing task performance. Further-
more, when responses occur under incongruent condi-
tions of both the SNARC and MARC effects, the dual
cognitive conflict requires the allocation of additional
cognitive resources to resolve [22-24]. This may result
in faster responses to trials under such conditions com-
pared to trials with incongruent MARC effects but con-
gruent SNARC effects, leading to a potential reversal of
the SNARC effect—faster left-hand responses to larger
numbers and faster right-hand responses to smaller
numbers.

Zohar-Shai et al. found that variations in time inter-
vals between two parity-to-response mappings affected
the SNARC and MARC effects, particularly noting sig-
nificant changes in the SNARC effect after the MARC
effect disappeared [10]. They attributed this to co-acti-
vation of both mappings at shorter time intervals, which
strengthened linguistic markedness linkages. Linguistic
processing plays a crucial role in producing the MARC
effect [25]; for instance, in Hebrew, the lexical encod-
ing of parity differs crucially between numbers: “even”
is denoted by the standalone term “zugi’, whereas “odd”
requires morphological negation through the prefix e-
(“e-zugi”), effectively framing oddness as “the absence of
evenness” (cf. “non-even” in English morphology). There-
fore, the terms for “even” (“zugi”) and “odd” (“e-zugi”)
may enhance the markedness of parity during linguis-
tic processing, potentially amplifying the MARC effect
and weakening the SNARC effect [10]. While studies on
animals and human infants further suggest that num-
ber-space associations exist independently of cultural
factors [26-31], it is possible that these associations are
influenced by reading habits [32—35]. Research has dem-
onstrated that the SNARC effect manifests a consistent
spatial-numerical association pattern among populations
with left-to-right reading orientation [36, 37]. However,
it remains unclear whether the competitive relationship
between the SNARC and MARC effects holds cross-cul-
turally. Previous studies have indicated that parity pro-
cessing may influence the SNARC effect, but the nature
of this influence remains unclear.

This study aims to explore the interaction between
the SNARC and MARC effects among left-to-right writ-
ing readers by manipulating the time interval (1 day, 10
minutes, or no time interval) between performance of
two mapping rules in parity judgment tasks. According
to Meiran et al., prior tasks continue to influence sub-
sequent tasks due to residual task sets, and with longer
time intervals, individuals become less sensitive to task
rule changes, reducing their perception of conflicts [38].
Thus, we designed experiments with different time inter-
vals to examine whether the SNARC effect in parity tasks
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among left-to-right writing readers would be affected
by the MARC effect. We identified cognitive control as
a critical factor in the interaction between the SNARC
and MARC effects, particularly in navigating and resolv-
ing stimulus-response mapping conflicts. By regulating
conflict monitoring and resource allocation, cognitive
control plays a vital role in ensuring task performance.
Taking into account the linguistic habits of previous
study groups, we hypothesize the following for left-to-
right writing readers: the SNARC effect will never be
completely masked by the MARC effect and will consist-
ently appear. However, the form of the SNARC effect is
expected to be influenced by parity-to-response map-
ping rules. Under mapl conditions (MARC-congruent
conditions), the SNARC effect is predicted to emerge
with statistical significance, while under map2 condi-
tions (MARC-incongruent conditions), the SNARC effect
may either disappear or demonstrate a significant reverse
effect. To test these hypotheses, we conducted a series
of behavioral experiments with time intervals varying
between 1 day, 10 minutes, and no time interval, to inves-
tigate the interaction between the SNARC and MARC
effects (see Fig. 1a).

In addition to behavioral methods we tested the cog-
nitive control hypothesis using event-related poten-
tial (ERP) technology in Experiment 5 (see Fig. 1b). The
cognitive control hypothesis posits that a conflict-mon-
itoring system evaluates ongoing levels of conflict and
transmits this information to cognitive control mecha-
nisms. These mechanisms, in turn, adjust attention to
task-relevant dimensions [20]. The P300, a positive wave-
form occurring 250-850 milliseconds after feedback
stimulus, is mainly observed in the parietal region, with
a peak at the central parietal area. It is closely associated
with advanced cognitive processes, including selective
attention, motivational states, and resource allocation
in decision-making [39-41]. Based on these findings,
Experiment 5 utilized ERPs technology to investigate the
neural mechanisms underlying the interaction between
the SNARC and MARC effects from an electrophysi-
ological perspective, and to further test the cognitive
control hypothesis. It is generally believed that deeper
or more complex processing tends to elicit greater P300
amplitudes [42]. A larger P300 amplitude typically indi-
cates that more attentional resources are allocated to the
stimuli [43—-45]. Therefore, we expect to observe a larger
P300 amplitude under the incongruent condition of the
MARC effect.

Experiment 1

Zohar-Shai et al. discovered that time intervals have a sig-
nificant impact on the MARC effect. Their experiments
revealed that the MARC effect was observed when the
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Verifying the Language Link Strengthening Hypothesis

Exp.1
1day time interval
(no MARC; SNARC)

Exp.2
10min time interval
(MARC; SNARC)

Exp.3
no time interval
(no MARC; SNARC)

Exp.4
10min time interval again
(no MARC; SNARC)

a: Behavioral methods

Exp.5:

b: Event-related potential (ERP) technology .
Electroencephalogram (EEG) experiment

Fig. 1 Experimental logic flowchart. The experiments used Behavioral methods (a) and Event-related potential (ERP) technology (b). The dark gray
experimental box represents the core verification group for the cognitive control hypothesis, while the light gray box reflects the follow-up study
on the results of Exp2. The arrows indicate the progressive relationship between experiments, with dashed arrows representing exploratory paths
triggered by unexpected findings. Experiments 1-3 validate the cognitive control hypothesis through behavioral methods, where Exp2 reveals

a significant MARC effect, inconsistent with the Language Link Strengthening Hypothesis. To address this, a dashed arrow leads to Exp4, introducing

an additional test of the moderating effect of language association. Exp5 employs ERP technology, utilizing P300 component analysis to reveal
the impact of cognitive control neural mechanisms on the above interactions

time interval was one day or shorter. However, no MARC
effect was observed under conditions with one week
interval, suggesting that a one-day interval may be the
critical time point for the emergence or disappearance
of the MARC effect [10]. Given the known instability of
the MARC effect and the aim of this study to examine
the interaction between the SNARC and MARC effects,
establishing the presence of a MARC effect becomes par-
ticularly important. Therefore, this study initially sets the
time interval to one day to determine whether the MARC
effect emerges.

Method

Participants

The sample sizes used in previous research studying the
SNARC and MARC effect were typically about 25 [10, 25,
46]. Before performing our experiments, we conducted a
prior power analyses using G*Power 3.1.9.2, and calcu-
lated that we would need a minimum sample size of 21.
Our calculation was based on performing a repeated-
measures ANOVA with 2 (response side : left vs. right) *
4 (magnitude bin : 1/2, 3/4, 6/7 and 8/9) * 2 (parity : odd
vs. even) within-factor design (effect size =.25, significant
level a =.05, power level 1-f =.99; the software G*Power
3.1.9.2) [47, 48]. The medium effect size (.25) was deter-
mined according to that in similar research [49].

We recruited participants through on-campus posters,
WeChat, and online platforms such as Bilibili. Twenty-
seven healthy participants (16 females, mean age of 19.19,
range from 18 to 23) voluntarily participated in this
study. All of them were fluent readers of modern Man-
darin Chinese, which is a Left-to-right writing system.
They were all right-handed with normal or corrected-
to-normal vision. After the experiment, the participants
received modest monetary compensation. This study was
approved by the Institutional Review Board of Henan

Philosophy and Social Sciences Planning Annual Pro-
ject. We obtained informed consent from all participants
before the experiment. After the experiment, the partici-
pants were compensated with 20 RMB.

Stimuli and procedure

The stimuli were single Arabic numbers, ranging from 1
to 9 (5 excluded), presented one at a time at the center of
a 23-inch LCD computer screen. The numbers were dis-
played in 56-point Arial font, bold, and in white against a
black background. E-Prime 2 Professional Software (Psy-
chology Software Tools) was used to present the stimuli
and to collect the responses. The viewing distance was
approximately 60 cm from the screen, which had a reso-
lution of 1920 X 1080 pixels and a refresh rate of 60 Hz;
thus, each stimulus subtended approximately 4° of the
visual field.

The participants were instructed to complete a par-
ity judgment task, classifying each number as odd or
even by pressing the left-side key (“D” on the keyboard)
with the left index finger or the right-side key (“L” on the
keyboard) with the right index finger. The duration of
each trial was 2000 ms. At the beginning of each trial, a
fixation cross (approximately 0.5° X 0.5° of visual angle)
appeared at the center of the screen for 500 ms, followed
by a blank dark screen for 500 ms, and then, the number
appeared until the participant made a motor response
(followed immediately by a blank screen), or the response
deadline (1000 ms) was reached. There was no feedback
after the response. Reaction time (RT) and accuracy were
recorded for each trial (see Fig. 2a).

There were two sessions for each participant: one
session with the left hand assigned to odd numbers
and the right hand to even numbers and another ses-
sion with the opposite assignment (odd-left/even-right
vs. even-left/odd-right). In Experiment 1, participants
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a. b.
Fixation 500ms
Fixation 500ms
Blank 500ms
3000ms
Target 1000ms
Time T
Time 1300-1700ms
Fig. 2 The flowchart of a single trial in Experiments 1-4 (a), and in Experiment 5 (b)
Table 1 Means and standard deviations (SD) of the response times (RTs)
Exp.1 Exp.2 Exp.3 Exp.4

Mean SD Mean SD Mean SD Mean SD

left bin1 odd 494 65 469 56 473 41 454 41
even 516 58 500 50 513 55 486 47

bin2 odd 521 76 501 65 502 44 488 52

even 519 62 494 50 506 40 484 50

bin3 odd 518 67 498 57 512 43 493 56

even 517 64 512 52 515 55 502 55

bin4 odd 555 66 524 42 539 53 521 59

even 518 72 493 55 496 51 477 47

right bin1 odd 507 64 479 57 493 46 461 40
even 530 79 486 54 508 50 493 53

bin2 odd 511 68 505 61 497 41 477 41

even 517 72 485 45 501 45 490 53

bin3 odd 514 69 493 53 493 32 486 49

even 516 64 486 44 503 44 491 57

bin4 odd 543 56 516 54 533 43 512 54

even 493 67 467 54 480 47 468 52

performed two tasks during the same time period over
two consecutive days, which was counterbalanced
across participants. Due to the relatively poor test-
retest reliability and temporal stability of the SNARC
and MARC effects, increasing the number of trials can
somewhat enhance the reliability of the experimental
evaluation [50—54]. For each session, the participants
first completed 16 practice trials and then completed
the experimental trials. The session was divided into
two blocks, between which the participants could
take a short break. To prevent the same key response
from occurring more than three times in succession,
each number was presented 30 times, resulting in 240
pseudo-random trials per block [44]. The experiment
lasted approximately 20 minutes in total.

Results and discussion

One participant with a mean accuracy rate less than 85%
was excluded. Correlation analysis indicated that there
was no speed-accuracy trade-off (r =.08, p =.70). Tri-
als with incorrect responses (5.35%) and RTs more than
3 SDs from the individual mean (1.24%) were removed
from further analysis. The average RT was 518 ms (SD =
59 ms), and mean correct RTs of each condition were cal-
culated for each participant. Following Zohar-Shai et al,
the eight numbers (1-9, not including 5) were divided
into four bins by magnitude (1/2, 3/4, 6/7, 8/9) [10]. We
used the number bin, not the number itself, to estimate
the SNARC effect [10, 55].

We performed a three-way repeated-measures
ANOVA with the response side (2: left vs. right), the
magnitude bin (4: 1/2, 3/4, 6/7 and 8/9), and parity (2:
odd vs. even) (see Table 1 for the descriptive data). The



Zhou et al. BMC Psychology ~ (2025) 13:391

only significant main effect was magnitude [F (3, 75) =
10.93, p <.001, r]zp =.30]. The average RTs across magni-
tude bins gradually increased as follows: 512, 517, 516,
and 527 ms in bins 1/2, 3/4, 6/7, and 8/9, respectively.
The polynomial contrast confirmed this linear increas-
ing trend [F (1, 25) = 30.04, p <.001, n*, =.55]. Magni-
tude interacted with parity, F (3, 75) = 28.58, p <.001,
r]zp =.53. As the number magnitude increased, the RTs
for odd numbers tended to increase, but the RTs for
even numbers tended to decrease. The significant inter-
action between magnitude and response side indicated
that there was a SNARC effect [F (3, 75) = 6.91, p <.001,
r]zp =.22]; left-side responses were faster than the right-
side responses for number bin 1/2 (p =.05, r]zp =.15),
and the right-side responses were faster than the left-
side responses for number bin 8/9 (p =.007, r]zp =.26).
There was no significant difference between the left-
side and right-side responses for number bins 3/4 and
6/7. The interaction effect between parity and response
side was not significant [F (1, 25) <.001, p =.99, r]zp
<.001], suggesting that there was no MARC effect.
Moreover, the three-way interaction between response
side, magnitude, and parity was also not significant [F
(3,75) =.95, p =42, n*, =.04].

Additionally, in order to verify the cognitive control
hypothesis, reaction time differences (dRT) were calcu-
lated for each effect by subtracting the reaction times
for congruent conditions from those for incongruent
conditions. The following steps were taken to perform
the calculations necessary to measure each effect [13]:

o To compute the SNARC effect using dRTS(across
MARC-congruent and -incongruent trials):

a) Compute mean RTs for SNARC-congruent trials
(left responses to 1—4, right responses to 6-9)

b) Compute mean RTs for SNARC-incongruent
trials (right responses to 1-4, left responses to
6-9)

¢) Compute dRT =b — a

« To compute the SNARC effect in the MARC-congru-
ent conditions(mapl):

d) Compute mean RTs for SNARC-congruent trials
(left responses to 1 and 3, right responses to 6 and 8)
e) Compute mean RTs for SNARC-incongruent tri-
als (right responses to 2 and 4, left responses to 7
and 9)

f) Compute dRT =e - d

« To compute the SNARC effect in the MARC-incon-
gruent conditions(map2):
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g) Compute mean RTs for SNARC-congruent trials
(left responses to 2 and 4, right responses to 7 and 9)
h) Compute mean RTs for SNARC-incongruent tri-
als (right responses to 1 and 3, left responses to 6
and 8)

i) Compute dRT =h - g

o To compute the MARC effect using dRTS(across
SNARC-congruent and -incongruent trials):

j) Compute mean RTs for MARC-congruent tri-
als (mapl: left responses to 1, 3, 7, and 9, right
responses to 2, 4, 6, and 8)

k) Compute mean RTs for MARC-incongruent tri-
als (map2: right responses to 1, 3, 7, and 9, left
responses to 2, 4, 6, and 8)

1) Compute dRT =k —j

o A positive dRT in (c), (f), and (i) indicates a small-
left/large-right advantage (i.e., SNARC effect), while
a positive dRT in (I) indicates an odd-left/even-right
advantage (i.e., MARC effect).

The dRTs derived from (c) and (1), with one dRT per
participant, were analyzed using a one-sample ¢-test
against zero to evaluate the overall SNARC effect and
MARC effects. The results indicated a significant SNARC
effect [Mean = 6.81, ¢ (25) = 2.17, p =.04, Cohen’s d =.43],
and still no MARC effect [Mean =.34, ¢ (25) =.04, p =.97,
Cohen’s d <.01]. To further investigate the influence of
MARC effect compatibility on spatial-numerical associa-
tions, the dRTs from (f) and (i) were tested against zero
in a one-sample ¢-test to assess the SNARC effect in the
both MARC-congruent (mapl) and MARC-incongruent
(map2) conditions. We discovered a more substantial
SNARC effect in the MARC-congruent condition (map1-
SNARC) [Mean = 23.27, ¢ (25) = 5.35, p <.001, Cohen’s
d = 1.05], but a significant reverse SNARC effect in the
MARC-incongruent condition (map2-SNARC) [Mean =
— 945, t (25) = — 2.19, p =.038, Cohen’s d = -.43] (see
Fig. 3, Exp.1). Furthermore, a paired ¢-test comparing
the dRTs from (f) and (i) demonstrated a significant dif-
ference between the mapl-SNARC and map2-SNARC
effects [t (25) = 5.46, p <.001, Cohen’s d = 1.07]. These
results indicated that the spatial-numerical associations
varied in different conditions of MARC effect, which
might support that the level of cognitive conflict in the
task at hand affected the SNARC effect.

In Experiment 1, we only observed the SNARC effect,
not the MARC effect, differing from the findings of
Zohar-Shai et al [10]. However, the results of Experiment
1 with a one-day time interval were identical to that of
Zohar-Shai et al with a one-week time interval. That is,
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Fig. 3 The different RTs (dRT: incongruent minus congruent conditions) for SNARC (across MARC-congruent and MARC-incongruent trials),

MARC (across SNARC-congruent and SNARC-incongruent trials), map1-SNARC (SNARC only in MARC-congruent trials), and map2-SNARC

(SNARC only in MARC-incongruent trials) effects in four behavioral experiments. The experiments were from left to right Exp1 with one day time
interval between two parity-to-response side mappings (“time interval”for short), Exp2 with 10 minutes time interval for the first operation, Exp3
with no time interval, and Exp4 with 10 minutes time interval for the second operation. Error bars are confidence intervals. Note: *p < 0.05, **p< 0.01,

%< 0,001

the MARC effect disappeared when the time interval
was one day for Chinese participants, but it disappeared
when the time interval was one week for Hebrew speak-
ers [10]. We suggest that the influence of the time inter-
val on the MARC effect might be relatively diminished
for left-to-right writing readers. However, it is unclear
whether the MARC effect would be enhanced by reduc-
ing the time interval. Thus, we conducted Experiment 2
to explore this issue, and reveal the interactions between
the SNARC and MARC effects again.

Experiment 2

In Experiment 2, the time interval was set to 10 min-
utes to further investigate the changes in the SNARC
and MARC effects, as well as the interactions between
them. If the time interval has the expected impact on
both effects, we would anticipate observing diminished
SNARC effect and an enhanced MARC effect.

Method

The selection criteria for the subjects are consistent with
those in Experiment 1, we need at least 21 participants
in the experiment (effect size =.25, significant level a
=.05, power level 1-f =.99) [47-49]. In Experiment 2,
twenty-eight new participants participated (16 females,
mean age 18.36 years, range from 18 to 19). The proce-
dure of Experiment 2 was identical to that of Experiment
1, except that there was a 10-minute interval between

the two mappings; Participants were instructed to com-
plete the first part of the task, then engage in activities of
their choice outside the laboratory for 10 minutes before
beginning the next part. The order of the two mappings
was counterbalanced across participants. Participants
received monetary compensation of 10 RMB for com-
pleting the experiment, which took approximately 20
minutes.

Results and discussion

Using the same statistical analysis as in Experiment
1, one participant with an accuracy rate less than 85%
was excluded. Correlation analysis indicated that there
was no speed-accuracy trade-off (r = -.27, p =.17). Tri-
als with incorrect responses (4.00%) and RTs more than
3 SDs from the individual mean (1.18%) were removed
from further analysis. The average RT was 494 ms (SD
= 48 ms), and mean correct RTs for each condition were
compared using a three-way repeated-measures ANOVA
with independent variables consisting of the response
side (2: left vs. right), the magnitude bin (4: 1/2, 3/4, 6/7
and 8/9), and parity (2: odd vs. even).

In Experiment 2, the main effects of all three factors
were found to be significant. The right-side responses
were faster (490 ms) than the left-side responses (499
ms), F (1, 26) = 7.49, p =.01, qu =.22. The average RTs
across the magnitude bins gradually increased as fol-
lows: 484, 496, 497, and 500 ms for bins 1/2, 3/4, 6/7, and
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8/9, respectively. The significant main effect of magni-
tude [F (3, 78) = 13.00, p <.001, n*, =.33] and the poly-
nomial contrast confirmed this linear increasing trend
[F (1, 26) = 57.67, p <.001, n*, =.69]. The main effect
of parity, F (1, 26) = 1245, p =.002, n?, =.32, indicated
that even numbers were responded to faster (490 ms)
than odd numbers (498 ms). There was an interaction
between parity and magnitude, F (3, 78) = 27.69, p <.001,
n2p =.52. As the number magnitude increased, the RTs to
odd numbers increased, while the RTs to even numbers
decreased. There was an interaction between magnitude
and response side [F (3, 78) = 3.92, p =.01, r]2p =.13], sug-
gesting that there is a SNARC effect. The simple effect
analysis showed that there was no significant difference
between the left-side and right-side responses for num-
ber bin 1/2 (p =.80, n?, =.003) and 3/4 (p =.62, n*, =.01),
the right-side responses were faster than the left-side
responses for number bin 6/7 (p =.001, n*, =.33) and 8/9
(p =.001, r]zp =.35). More importantly, there was also an
interaction between parity and response side, F (1, 26)
= 4.99, p =.034, r]zp =.16, suggesting that there is a sig-
nificant MARC effect. The right-side responses (481 ms)
were faster than the left-side responses (500 ms) for even
numbers (p <.001, nzp =.40), but there was no signifi-
cant difference between the left- (498 ms) and right-side
responses (498 ms) for odd numbers.

Similar to the Experiment 1, we computed the dRTs for
the SNARC, MARC, mapl-SNARC, and map2-SNARC
effects. We then applied a one samples ¢-test on these
dRTs to evaluate the reliability of these effects. The ¢-test
also yielded a significant SNARC effect [Mean = 7.04, ¢
(26) = 2.86, p =.008, Cohen’s =.55], MARC effect [Mean
= 9.57, t (26) = 2.23, p =.035, Cohen’s d =.43], and a
greater significant mapl-SNARC effect [Mean = 17.59,
t (26) = 4.91, p <.001, Cohen’s d =.95], but a nonsignifi-
cant reverse map2-SNARC effect [Mean = — 3.78, ¢ (26)
= -.92, p =.37, Cohen’s d = -.18] (see Fig. 3, Exp.2). The
paired sample ¢-test indicated that there was a significant
difference between mapl-SNARC and map2-SNARC
effects [t (26) = 3.60, p <.001, Cohen’s d = 0.69]. These
results might again support that the level of cognitive
conflict in the task at hand affected the SNARC effect.

When the time interval was set to 10 minutes, we
observed both the SNARC and MARC effect [56, 57]. In
contrast to the SNARC effect in Experiment 1 (r]2p =.22),
the effect size in Experiment 2 decreased (n*, =.13), but
this difference is merely descriptive, as no statistical com-
parison test was conducted. This reduction may indicate
an inverse relationship between the SNARC and MARC
effects. These results seem to support the view that if the
time interval is sufficiently short, then the co-activation
of the two mappings will increase the MARC effect [10].
For Hebrew speakers, Zohar-Shai et al found that the
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MARC effect dominated task performance and masked
the SNARC effect when the time interval was 10 minutes
[10]. For left-to-right writing readers, whether the MARC
effect would dominate the task performance when the
time interval was further shortened or the SNARC effect
would still dominate the task performance was unclear.
We designed Experiment 3 further to investigate this
issue.

Experiment 3

In Experiment 3, no time interval was set to examine the
changes in SNARC and MARC effects once more. Based
on the language link strengthening hypothesis from
Zohar-Shai et al [10], it was anticipated that the MARC
effect would be more pronounced, potentially overriding
the SNARC effect.

Method

The selection criteria for the subjects are consistent with
those in Experiment 1, we need at least 21 participants
in the experiment (effect size =.25, significant level o
=.05, power level 1-f =.99) [47-49]. In Experiment 3,
thirty new participants were recruited for this experi-
ment (17 females, mean age of 19.03, range from 18 to
23). The procedure of Experiment 3 was similar to that of
the previous experiments, except that there was no break
between the two sessions. The order of the two response
assignments was counterbalanced across participants.
Participants received monetary compensation of 10 RMB
upon completing the experiment, which took approxi-
mately 20 minutes.

Results and discussion

One participant with a mean accuracy rate less than 85%
was excluded. Correlation analysis indicated that there
was no speed-accuracy trade-off (r =.16, p =.41). Tri-
als with incorrect responses (4.10%) and RTs more than
3 SDs from the individual mean (1.27%) were removed
from the analysis. As in the previous experiments, we
performed a three-way repeated-measures ANOVA with
independent variables consisting of the response side (2
levels: left vs. right), the magnitude bin (4 levels: 1/2, 3/4,
6/7 and 8/9), and parity (2 levels: odd vs. even).

The main effect of magnitude was significant [F (3, 84)
= 9.06, p <.001, r]2p =.24], with a gradual increase in the
average RTs across the magnitude bins: 497, 502, 506,
and 512 ms for bins 1/2, 3/4, 6/7, and 8/9, respectively.
The polynomial contrast confirmed this linear increas-
ing trend, F (1, 28) = 24.99, p <.001, r]2p =.47. There was
also an interaction between magnitude and parity, F (3,
84) = 37.45, p <.001, qu =.57. As the number magnitude
increased, the RTs for odd numbers tended to increase,
but the RTs for even numbers tended to decrease. The
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interaction effect between magnitude and response
side was significant [F (3, 84) = 5.83, p =.001, q2p =.17],
indicating a significant SNARC effect. The right-side
responses were faster than the left-side responses for
number bin 6/7 (p =.007, qu =.24) and 8/9 (p =.069, r]2p
=.11), but there was no significant difference between
the left-side and right-side responses for number bin 1/2,
3/4. Moreover, the interaction effect between parity and
response side was not significant, F (1, 28) =.50, p =.49,
q2p =.02, suggesting an absence of the MARC effect.

Following the same analytical procedures as in Experi-
ment 1, the ¢-test also yielded a significant SNARC effect
[Mean = 7.06, t (28) = 2.61, p =.014, Cohen’s =.49],
but no MARC effect [Mean = 3.70, ¢ (28) =.71, p =.49,
Cohen’s d =.13], which was not consistent with the pre-
diction of a greater MARC effect and a smaller, perhaps
nonsignificant SNARC effect. More importantly, there
still was a greater significant map1-SNARC effect [Mean
= 25.16, ¢t (28) = 8.19, p <.001, Cohen’s d = 1.52], and a
significant reverse map2-SNARC effect [Mean = — 10.88,
t (28) = — 2.17, p =.039, Cohen’s d = -.40] (see Fig. 3,
Exp.4). The paired sample ¢-test indicated that there
was a significant difference between mapl-SNARC and
map2-SNARC effects [t (28) = 5.66, p <.001, Cohen’s d =
1.05], suggesting that the spatial-numerical associations
varied in different conditions of MARC effect. These
results again supported that the level of cognitive conflict
in the task at hand might be the basic reason of the inter-
actions between the SNARC and MARC effects.

In first three experiments, we did not observe regular
changes in both effects along the shortening of the time
intervals; there was a quite consistent SNARC effect for
left-to-right writing readers, but a significant MARC
effect only in Experiment 2 with 10 minutes time interval.
Previous research has indicated that the reproducibility
of the MARC effect is relatively low; only about 60% of
participants show this effect [58], The repeatability of the
SNARC effect is also called into question [59]. To control
for potential contextually-driven contingencies, we set
the time interval to 10 minutes and once again investi-
gated the SNARC and MARC effects.

Experiment 4

If the short time interval was indeed a necessary fac-
tor for the MARC effects in parity judgment task, then
observing this effect again in Experiment 4 would be
expected.

Method

The selection criteria for the subjects are consistent with
those in Experiment 1, we need at least 21 participants
in the experiment (effect size =.25, significant level a
=.05, power level 1-f =.99) [47-49]. In Experiment 4,
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thirty-one new participants participated in Experiment 4
(16 females, mean age 20.74 years, range from 18 to 26).
The procedure of Experiment 4 was identical to that of
Experiment 2. Participants received monetary compensa-
tion of 10 RMB upon completing the experiment, which
took approximately 20 minutes.

Results and discussion

Using the same statistical analysis as in Experiment 2,
one participant with an accuracy rate less than 85% was
excluded. Correlation analysis indicated that there was
no speed-accuracy trade-off (r =.24, p =.20). Trials with
incorrect responses (5.91%) and RTs more than 3 SDs
from the individual mean (1.54%) were removed from
further analysis. The average RT was 486 mms (SD = 41
ms), and mean correct RTs for each condition were com-
pared using a three-way repeated-measures ANOVA
with independent variables consisting of the response
side (2: left vs. right), the magnitude bin (4: 1/2, 3/4, 6/7
and 8/9), and parity (2: odd vs. even).

In Experiment 4, the average RTs across the magnitude
bins gradually increased as follows: 474, 484, 493, and
494 ms for bins 1/2, 3/4, 6/7, and 8/9, respectively. The
significant main effect of magnitude [F (3, 87) = 17.29, p
<.001, qu =.37] and the polynomial contrast confirmed
this linear increasing trend [F (1, 29) = 41.95, p <.001, r]2p
=.59]. There was an interaction between parity and mag-
nitude, F (3, 87) =47.41, p <.001, r]zp =.62. As the number
magnitude increased, the RTs to odd numbers increased,
while the RTs to even numbers decreased. More impor-
tantly, there was an interaction between magnitude and
response side [F (3, 87) = 3.17, p =.028, r]2P =.10], sug-
gesting that there is a SNARC effect. The right-side
responses were faster than the left-side responses for
number bin 6/7 (p =.001, n?, =.33) and 8/9 (p =.001, n?,
=.35), but there was no significant difference between the
left-side and right-side responses for number bin 1/2, 3/4.
The interaction between parity and response side was not
significant, F (1, 29) =.05, p =.83, n*, =.002, suggesting
that there is no MARC effect.

Following the same analytical procedures as in Experi-
ment 1, the ¢-test also yielded a significant SNARC effect
[Mean = 5.47, t (29) = 2.48, p =.019, Cohen’s =.45], but
no MARC effect [Mean =— 1.37, ¢t (29) = -.20, p =.84,
Cohen’s d = -.04]. There still was a greater significant
mapl-SNARC effect [Mean = 23.59, ¢ (29) = 6.95, p
<.001, Cohen’s d = 1.27], and a significant reverse map2-
SNARC effect [Mean = — 12.33, £ (29) = — 3.265, p =.003,
Cohen’s d = — 4.61] (see Fig. 3, Exp.4). The paired sam-
ple ¢-test indicated that there was a significant difference
between map1-SNARC and map2-SNARC effects [£ (29)
=6.39, p <.001, Cohen’s d = 1.17].
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In Experiment 4, when the time interval was set to 10
minutes again, the SNARC effect remained significant,
but the MARC effect disappeared, indicating that the
MARC effect is indeed affected. These results also illus-
trated that neither the SNARC effect was weakened,
nor the MARC effect strengthened along with the time
interval gradually shorten, which did not support the
explanation of Zohar-Shai et al about the interactions
between the SNARC and MARC effect [10]. However,
there was a very consistent phenomenon in the first four
experiments, that is, the SNARC effect varied in differ-
ent conditions of MARC effect; a stronger SNARC effect
in congruent conditions of MARC effect (mapl) but a
weaker or reverse SNARC effect in incongruent condi-
tions (map2). In parity judgment task, the SNARC and
MARC effect were all belong to the stimulus-response
compatibility effects, and there was cognitive conflict
between the congruent and incongruent conditions.
There was only one type of cognitive conflict from the
congruency of SNARC effect in mapl, however, there
were two types of cognitive conflict from the congruency
of SNARC and MARC effects in map2, suggesting that
the level of cognitive conflict might be the fundamental
reason for the interactions between both effects.

Experiment 5

The cognitive control hypothesis argues that there exists
a conflict monitoring system to evaluate the current lev-
els of conflict, which are transferred into the cognitive
control to adjust attention to the task relevant dimen-
sions, and thereby influences processing of task irrel-
evant dimensions [20]. An ERP component associated
with attentional resources is the P300 [60, 61], which is
recorded at site Pz and defined as positive deflections
between 250 ~ 850 ms after stimulus onset [17]. If the
level of cognitive conflict determines the variation in
SNARC effect across the two mappings, we would predict
that attention resources would be changed, and would
result in different P300 components. Thus, in Experiment
5, we used the ERP method to test this hypothesis.

Method

Procedure

We conducted the ERP study following the same experi-
mental procedure as in experiment 1-4. Two previously
published ERP studies on the SNARC effect included
sample sizes of fourteen [17] and twenty-two [62], respec-
tively. According to power analyses, we need at least 21
participants in the experiment (effect size =.25, signifi-
cant level a =.05, power level 1-f =.99) [47-49]. Twenty-
two new participants (13 females, mean age 21.41 years,
ranging from 18 to 27) participated in the ERP experi-
ment, in which we repeated each mapping twice for
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a total of four blocks. At the beginning of each block,
participants first completed 8 practice trials and then
completed the experimental trials. Similar to the pro-
cedure of Experiment 1, each number was presented 30
times, resulting in 240 pseudo-random trials per block.
In each experimental trial, a fixation point appeared for
500 ms, and then the number appeared until the partici-
pant made a motor response, or the response deadline
(3000 ms) was reached, followed by a blank dark screen
for random period of 1300 ms to 1700 ms with 100 ms
interval (see Fig. 2b). The order of the two mappings was
counterbalanced across participants in an ABBA format
(mapl-map2-map2-mapl vs. map2-mapl-mapl-map2).
The EEG (Electroencephalography) data, which meas-
ures electrical activity in the brain through electrodes
placed on the scalp, was recorded simultaneously while
the participant performed the parity judgment task. This
method allows for the tracking of brain activity in real-
time, providing insights into cognitive processes such
as attention and decision-making. After completing the
experiment, participants received monetary compensa-
tion of 40 RMB. The entire process took approximately
50 minutes.

EEG data recording and processing

We used a 64 electrode BrainVision system (BrainPro-
cedure, Germany) to record EEG data. The scalp elec-
trodes were placed according to the international 10-20
system (band-pass: 0.016-125 Hz; sampling rate: 2500
Hz). FCz was the online reference electrode, and AFz
was the ground electrode. Horizontal electro-oculograms
(HEOGS) were recorded at the right and left outer canthi,
and vertical electro-oculogram (VEOG) recorded above
the left eye to monitor eye blinks and ocular movements.
The electrode impedances were kept lower than 5 kQ.
Raw data was analyzed with EEGLAB (https://sccn.ucsd.
edu/eeglab/index.php), an interactive MATLAB toolbox.
First, raw data was resampled to 1000 Hz, then band-pass
filtered 0.1-30 Hz, and then re-referenced to the aver-
age of the bilateral mastoids. The continuous EEG data
was segmented into epochs using a time window of 3000
ms, ranging from 1000 ms pre-stimulus to 2000 ms post-
stimulus. We applied independent component analysis
(ICA) algorithm to reject the eye-movement artifacts.
The epochs belonging to incorrect responses and RTs
longer than 1000 ms or shorter than 200 ms trials were
discarded [62]. Available epochs were re-segmented into
short epochs with the time window of 1200 ms, rang-
ing from 200 ms pre-stimulus to 1000 ms post-stimulus,
and baseline correction was performed using the pre-
stimulus interval (— 200 to 0 ms), then set the amplitude
threshold + 80 pV to exclude out of range signals.
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Fig. 4 Results of Experiment 5 (an ERP study). a The different RTs (dRT: incongruent minus congruent conditions) for SNARC (across
MARC-congruent and MARC-incongruent trials), MARC (across SNARC-congruent and SNARC-incongruent trials), map1-SNARC (SNARC

only in MARC-congruent trials), and map2-SNARC (SNARC only in MARC-incongruent trials) effects in ERP experiment. Error bars are confidence
intervals. b The P300 amplitude for CC (the congruent condition of SNARC effect in congruent condition of MARC effect), Cl (the incongruent
condition of SNARC effect in congruent condition of MARC effect), IC (the congruent condition of SNARC effect in incongruent condition

of MARC effect), Il (the incongruent condition of SNARC effect in incongruent condition of MARC effect) at site Pz, and the corresponding scalp
topographical maps (350 - 450 ms). The gray bar indicates the time window within which there was a significant interaction between the SNARC

and MARC effect (p =.02)

Results and discussion

Behavioral

Trials with incorrect responses (4.26%) and RTs greater
than 1000 ms or less than 200 ms (7.44%) were removed
from further analysis. The RTs could be approximated by
a normal distribution (Skewness = -.57), and average RT
was 577 ms (SD = 69 ms). Following the same analytical
procedures as in Experiment 1, we calculated the dRTs for
the SNARC, MARC, mapl-SNARC, and map2-SNARC
effects, followed by a one samples t-test on these dRTs
to evaluate each effect. There was a significant SNARC
effect [Mean = 14.01, ¢ (21) = 2.70, p =.013, Cohen’s
=.58], but not a significant MARC effect [Mean = 7.09, ¢
(21) =.97, p =.35, Cohen’s d =.21]. Similar to the behav-
ioral experiments, there was a significant map1-SNARC
effect [Mean = 28.93, £ (21) = 5.08, p <.001, Cohen’s d =
1.08], but not a significant map2-SNARC effect [Mean =
-.80, t (21) = -.11, p =.92, Cohen’s d = -.02] (see Fig. 4a).
The paired sample ¢-test indicated that there was a sig-
nificant difference between mapl-SNARC and map2-
SNARC effects [t (21) = 3.56, p =.002, Cohen’s d =.76],
suggesting that the spatial-numerical associations varied
in different conditions of MARC effect. These results
were consistent with that of behavioral experiments in
current study.

Electrophysiological results

For each subject, the epochs time-locked to stimulus
onset were averaged for each condition to get the mean
waveforms. The group-level peak latencies and ampli-
tudes of the P300 component were computed from the
mean waveforms, and the corresponding scalp topo-
graphical maps were provided to reflect the distributions
of P300 component. We applied a two-way repeated-
measures ANOVA with MARC effect (2: congruent vs.
incongruent) and SNARC effect (2: congruent vs. incon-
gruent) for the amplitudes of P300 (time window 350
- 450 ms), finding that there was a significant SNARC
effect [F (1, 21) = 3.87, p =.06, qu =.16]. More impor-
tantly, we observed the interactions between the SNARC
and MARC effects [F (1, 21) = 6.38, p =.02, r]2p =.23] (see
Fig. 4b). The simple effect analysis showed that there was
a greater significant SNARC effect in the congruent con-
dition of MARC effect (p =.002, nzp =.38), but not sig-
nificant SNARC effect in the incongruent condition (p
=.39, qu =.04). There was no significant effect for the
peak latency of P300 component. The amplitude of P300
in different conditions was in line with the behavioral RTs
of ERP experiment, supporting that the level of cognitive
conflict determined the interactions between the SNARC
and MARC effects.
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General discussion
This study examined the effect of parity-response map-
ping on the SNARC effect. We first conducted four
behavioral experiments that varied the time interval
between two parity-to-response mappings to examine
their impact on the SNARC and MARC effects. Contrary
to the findings of Zohar-Shai et al. [10], we observed
that, regardless of the time interval, left-to-right readers
exhibited the SNARC effect, indicating that the SNARC
effect dominated task execution throughout this study.
While we found a MARC effect with a 10 minutes time
interval in Experiment 2, this effect failed to replicate in
Experiment 4 that also used a 10 minutes time interval.
These results align with our hypothesis that cognitive
control explains the interaction between the SNARC
and MARC effects. When the two effects conflict, cogni-
tive control suppresses the MARC effect by reallocating
attention, leading to instability in its occurrence (as seen
in Experiments 1, 2, 3, and 4). In contrast, the SNARC
effect consistently emerged in all Experiments. Notably,
our findings also highlight that, even when the MARC
effect itself is nonsignificant, the different conditions of
the MARC effect do influence the SNARC effect.
However, we found that these interactions mainly
reflected the influences of the congruency of MARC
effect on the SNARC effect. More specifically, although
we observed a significant SNARC effect in parity judg-
ment task, there was a stronger SNARC effect in congru-
ent condition of MARC effect, and a weaker or reverse
SNARC effect in incongruent condition. We proposed
that the levels of cognitive conflict in different conditions
might contribute to the changes of spatial-numerical
associations; more conflict signal in current task would
be transferred into more cognitive control to distribute
more attention resource to the task-relevant dimensions,
and then affected the spatial-numerical associations [20].
In addition, we conducted an ERP experiment to reveal
the neural mechanism of the interactions between the
SNARC and MARC effects. The ERP results offer evi-
dence for the interactions between the SNARC and
MARC effects, particularly in the amplitude of the P300
component. The significant SNARC effect observed in
the congruent condition of the MARC effect, but not in
the incongruent condition, highlights the critical role of
cognitive conflict in shaping these interactions. This find-
ing aligns with behavioral reaction time patterns, further
supporting the notion that higher levels of cognitive con-
flict diminish the strength of the SNARC effect. Impor-
tantly, the absence of significant differences in P300 peak
latency suggests that these interactions are not driven by
temporal variations in processing but rather by differ-
ences in the allocation of cognitive resources, as reflected
in P300 amplitudes. These results underscore the neural
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basis of how spatial-numerical and linguistic-spatial asso-
ciations interact, reinforcing the idea that the resolution
of cognitive conflict plays an important role in modulat-
ing these effects.

For the interactions between the SNARC and MARC
effects, one could argue that reactions to numbers them-
selves caused the significant changes of SNARC effects in
different conditions of MARC effect. More specifically,
the same digit in different conditions of MARC effects
(different parity-to-response mappings) belonged to
congruent and incongruent condition of SNARC effect
respectively. For instance, in the congruent MARC con-
dition, digits 1, 3, 6, 8 belonged to the congruent condi-
tion of the SNARC effect (CC condition), but 2, 4, 7, 9
belonged to incongruent condition (CI condition), and it
was reversed for these digits in incongruent condition of
MARC effect (IC condition: 2, 4, 7, 9; II condition: 1, 3, 6,
8). One could argue that it was the reaction rule result-
ing in the significant difference or even reverse relation-
ships between SNARC effects in different conditions of
MARC effect. According to this viewpoint, we predicted
that the same set of digits would show a similar reaction
pattern for behavioral and ERP data. However, when we
computed the congruency effect by comparing the CC to
II conditions (digits: 1, 3, 6, 8), and comparing the IC to
CI conditions (digits: 2, 4, 7, 9), we found that the behav-
ioral and ERP results of two sets digits were inconsistent;
there only was a significant difference between CC and II
conditions (digits: 1, 3, 6, 8) in RTs [Mean = 22.78, t (21)
= 1.99, p =.06, Cohen’s d =.42], but only the significant
difference between IC and CI conditions (digits: 2, 4, 7,
9) in amplitude of P300 component [Mean = -.73, ¢ (21)
= — 2.33, p =.03, Cohen’s d =.50]. Based on these results,
we could rule out this possibility.

The alternative argument was that the SNARC and
MARC effects might share common processing mecha-
nisms. Researchers hypothesized that numbers are spa-
tially represented along a “mental number line” (MNL),
on which numbers are spatially organized in accord-
ance with their increasing magnitude [2]. Recently, some
researchers have suggested that numbers are associated
not only with spatial representations of a visuo-spatial
nature (e.g., MNL metaphor) but also with a verbal nature
[1, 3, 16, 63]. Additionally, van Dijck et al. [63] showed
that numbers are associated with different types of spa-
tial information, depending on the task. They suggested
that the retrieval of parity status (conceptual number
knowledge) would make conceptual spatial information
(left/right) be retrieved during parity judgment and thus
suggested that verbally mediated spatial representation
was a crucial factor of the SNARC effect in parity judg-
ment. More importantly, verbal coding is considered the
dominant mechanism for the MARC effect [15, 64]; there
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are linguistic associations between the adjectives “odd”
and “left” and between the adjectives “even” and “right”.
It could be argued that verbal coding might be the com-
mon processing mechanism for both SNARC and MARC
effects, resulting in the interactions between them. We
argued that if both effects shared a common process-
ing mechanism, there would be a significant correlation
between them at the individual level. Thus, we applied
the correlation analysis on the behavioral experimental
results by computing dRTs for each effect, to examine
this argument. We found no significant correlation of
the effect size between the SNARC and MARC effects (r
=.08, p =.42). A BF,, of.16 also indicated that there was
no correlation, which did not support the hypothesis of
common processing mechanism between the SNARC
and MARC effects.

Although we have discussed the cognitive con-
trol account for the interactions between the SNARC
and MARC effects, it remains to be explained why the
SNARC effect in the incongruent condition of MARC
effect was sometime reversed significantly (e.g., the find-
ings in Experiment 1, 3, and 4). The reverse SNARC
effect seemed to indicate that there were privileged asso-
ciations between small number and right-side response,
large number and left-side response, which could not be
explained by the MNL hypothesis [2]. We suggested that
this phenomenon might be explained from the conflict-
modulated Hebbian learning rule, which proposed that
cognitive system would be based on the level of cogni-
tive conflict to learn the task rule, and then meet the task
demands [65]. In present study, the II condition was the
high level cognitive conflict [66], which would strengthen
the processing of goal-relevant information [20, 67], that
is, the judgment of parity information. The mapping rule
of parity-to-response might be applied to the spatial-
numerical associations [68], leading to the significant
reverse SNARC effect in the incongruent condition of
MARC effect. Moreover, we further examined the corre-
lation between MARC and map2-SNARC effects, finding
that there was a significant correlation between MARC
and map2-SNARC effects (r =.21, p =.03), and the BF of
1.21 also indicated that there was a correlation, support-
ing the cognitive control account again.

This study found that reaction times for even numbers
were significantly faster than those for odd numbers,
which may be related to the odd-number effect. Hines
[69] proposed that the odd-number effect suggests that
individuals are typically slower in judging odd numbers,
possibly due to the linguistic markedness of odd num-
bers. According to the theory of linguistic markedness,
“odd” is considered marked, while “even” is unmarked.
Markedness reflects cognitive complexity or asymmetry:
marked concepts are more specific, less frequently used,
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and therefore require more cognitive resources to pro-
cess. However, we argue that the phenomenon observed
in this study cannot be entirely attributed to the linguistic
markedness of odd numbers. Our experimental results
revealed a complex interaction pattern, which primar-
ily reflects the dynamic regulation of the SNARC and
MARC effects under different conditions. Notably, the
interaction between these effects was particularly evi-
dent in Experiments 2 and 3, where different response
sides significantly influenced reaction times in numeri-
cal magnitude processing tasks. In addition, we observed
that reaction times increased progressively with the mag-
nitude grouping, showing a significant linear growth pat-
tern. This linear increase may reflect the magnitude effect
[70], whereby “larger quantities elicit longer response
times” However, in all experiments, we consistently
observed a significant interaction between numerical
magnitude and response side, consistently demonstrat-
ing the presence of the SNARC effect, indicating that
response side played a critical role in our experimental
setup. Although the magnitude effect and odd-number
effect, along with their significant interaction (p < 0.05),
were present in our study, these effects did not directly
interfere with the core interaction between the SNARC
and MARC effects. Our experimental design, which was
2 (response side: left vs. right) * 4 (magnitude bin: 1/2,
3/4, 6/7, 8/9) * 2 (parity: odd vs. even), ensured the gener-
alizability of the SNARC and MARC effects across differ-
ent magnitude and parity conditions. Furthermore, when
analyzing the SNARC and MARC effects, we focused
primarily on the patterns of the SNARC effect under dif-
ferent MARC conditions. The results showed that the
SNARC effect exhibited a consistent pattern across the
different MARC conditions, indicating that its repeat-
ability was not significantly affected by the interaction
between the magnitude and odd/even effects. While
this study observed a significant interaction between the
magnitude effect and the odd-number effect, our find-
ings still support the interaction between the SNARC
and MARC effects. Future research could further explore
the mechanisms underlying these auxiliary effects and
control for the influences of the magnitude and odd-
number effects in experimental designs, in order to more
precisely disentangle their impact on the SNARC and
MARC effects.

In conclusion, we conducted a serial of experiments from
cognitive behavior and neural levels to reveal the nature
of interactions between the SNARC and MARC effects.
We consistently found that the congruency of the MARC
effect influenced the SNARC effect. From the point of
view of cognitive control, we proposed that the changes
of cognitive conflict levels in the task at hand might be
the fundamental reason for the interactions between the
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SNARC and MARC effects. It is recommended that future
research manipulate different types of cognitive conflicts
in task design (such as interference tasks or dual tasks) to
observe their relative effects on the SNARC and MARC
effects. This approach would further test our hypothesis
that changes in cognitive conflict levels are the fundamen-
tal driving mechanism behind the interaction between the
SNARC and MARC effects.
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