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Previous literature on the spatial-numerical association of response codes (SNARC) effect examined
which factors modulate spatial-numerical associations. Recently, the role of order in the SNARC effect
has been debated, and further research is necessary to better understand its contribution. The present
study investigated how the order elicited by the context of the stimuli and by task demands interact.
Across three experiments, we presented numbers in the context of a mobile phone keypad, an over-
learned numerical display in which the ordinal position of numbers differs from the mental number line.
The experiments employed three tasks with different levels of consistency with the order elicited by the
context. In Experiment 1, participants judged numbers based on their spatial position on the keypad,
and we found a spatial association consistent with the keypad configuration, indicating that the spatial
association is driven both by the context and by the task when they consistently elicit the same order. In
Experiment 2a, participants performed a magnitude classification task, and results revealed a lack of
spatial associations, suggesting a conflict between the orders elicited by the context and by the task. In
Experiment 2b, participants performed a parity judgment task, and the results revealed a SNARC effect,
suggesting that the order elicited by the context did not modulate the spatial association. Overall, three
different tasks gave rise to three different results. This shows that the context alone is not sufficient in
modulating spatial-numerical associations but that the consistency between the orders elicited by context
and task demands is a key factor.

Public Significance Statement
Humans use spatial coordinates to mentally represent numbers. Typically, small numbers are repre-
sented on the left space and large numbers on the right space. However, the association between
numbers and space is quite flexible, and previous studies showed that it could be modulated by the
context in which numbers are presented. Is the context sufficient to modulate spatial-numerical asso-
ciations? In the present study, we demonstrate that task demands have an important role and that the
direction of the spatial-numerical association depends on the interaction between task demands and
context.
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The spatial-numerical association of response codes (SNARC)
effect was first investigated by Dehaene et al. (1993) and referred
to the association of numbers with spatial response coordinates.

This effect consists of a left key-press advantage for small num-
bers (e.g., 1) and a right key-press advantage for large numbers
(e.g., 9) in a given numerical interval (e.g., 1–9). This effect has
been observed in various tasks and formats, both in the visual and
auditory modality (for a review, see Wood et al., 2008). Dehaene
et al. (1993) suggested that the SNARC effect could be explained
by the existence of a magnitude representation in semantic mem-
ory in the form of a hypothetical mental number line (MNL), fea-
turing small numbers on the left side and large numbers on the
right side. Therefore, the association between this overlearned
mental representation of numbers (i.e., MNL) and the execution of
responses in the external space would elicit the SNARC effect
(for alternative explanations, see Gevers et al., 2006; Proctor &
Cho, 2006).

The research on the SNARC effect was later enriched by find-
ings on nonnumerical sequences. Indeed, ordinal sequences such
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as letters of the alphabet, months of the year, and days of the week
(Gevers et al., 2003, 2004) as well as newly acquired word
sequences (Previtali et al., 2010) elicit SNARC-like effects. These
results have been explained by the fact that these types of stimuli
are characterized by overlearned ordinality (i.e., the property of
items of being classified based on their relative position in a se-
ries), which can be spatially coded similar to numbers. Hence,
both numerical and nonnumerical overlearned ordinal sequences
would elicit SNARC-like effects.
Furthermore, SNARC-like effects have been found in the proc-

essing of nonsymbolic quantities such as luminance (Fumarola et
al., 2014; Ren et al., 2011), size (Prpic et al., 2020; Ren et al.,
2011), weight (Dalmaso & Vicovaro, 2019), temporal duration
and pace (De Tommaso & Prpic, 2020; Ishihara et al., 2008; Val-
lesi et al., 2008, 2011), angle magnitude (Fumarola et al., 2016),
and facial expressions of emotions (Holmes & Lourenco, 2011;
see also Baldassi et al., 2021; Fantoni et al., 2019). The stimuli
used in these studies are not typically organized as overlearned or-
dinal sequences; therefore, these SNARC-like effects are reason-
ably accounted for in terms of magnitude.
This body of evidence suggests that both ordinal and magnitude

features can elicit a spatial representation (Prpic et al., 2021).
Notably, there is a natural confound in the ordinal and magnitude
properties of numerical stimuli because these features covariate in
numbers. Indeed, in Western cultures, numbers are represented as
an ordinal sequence progressing from left to right, with stimuli
increasing in magnitude from left to right. Hence, the spatial map-
ping of numbers could be determined either by order or by magni-
tude (or both). To disambiguate this confound, Prpic et al. (2016)
performed three experiments on musicians, employing musical
note values (i.e., graphic symbols expressing the relative duration
of musical notes) as stimuli. These stimuli are typically repre-
sented as decreasing from left to right, starting from the whole
note and followed by progressively smaller note values. Thus, dif-
ferent from numbers, in musical note values, order and magnitude
are represented in opposite directions. Interestingly, results
showed that when the task explicitly required the processing of the
note value (i.e., note value comparison; direct task), a typical left-
to-right spatial association emerged, in line with the direction of
the overlearned order of note values; conversely, when the note
value was not to be processed explicitly (i.e., line orientation judg-
ment; indirect task), a reversed spatial association effect emerged,
in line with the direction of the magnitude. Results suggest that
SNARC-like effects are determined by two separate mechanisms
involved in the processing of order and magnitude, which would
be revealed by direct or indirect tasks, respectively. However, the
contribution of order and magnitude in the SNARC effect (i.e.,
with numerical stimuli) has still not been disambiguated.

Flexibility and Context

An important issue of the SNARC effect is its flexibility. Many
studies point out that the association between numbers and spatial
coordinates is not stable but can be altered by manipulations occur-
ring before or during the experiment (for a review, see Cipora et al.,
2018). Modifications of the SNARC effect have been observed in
participants with different reading/writing habits. Normally, individ-
uals from different cultures exhibit different SNARC-like effects,
consistent with their reading/writing direction (e.g., Dehaene et al.,

1993; Shaki et al., 2009; Zebian, 2005; but see also Cipora et al.,
2019, and Zohar-Shai et al., 2017, for different results).

In a study by Fischer et al. (2010), the association between read-
ing/writing direction and the SNARC effect was changed by a
manipulation occurring before the task. Before performing a parity
judgment task, participants read written recipes presenting small
or large numbers placed in a congruent or incongruent position
with their reading/writing direction. Although the position of the
numbers was irrelevant to the task, results in the incongruent con-
dition showed a reduction of the SNARC effect in native English
speakers and its reversal in Hebrew speakers.

Similarly, Shaki and Fischer (2008) reported a modification of
this association in bilingual participants speaking two languages
with opposed reading/writing directions, namely Russian and He-
brew. In this case, participants exhibited the classic left-to-right-
oriented SNARC effect after reading Cyrillic script (from left to
right), while this effect was significantly reduced after reading He-
brew script (from right to left). Thus, even though reading/writing
habits are crucial for the spatial association of numbers, these
results highlight that this association is quite flexible and can be
modulated by the context. In particular, when a specific direction
is activated by an event preceding the task (e.g., reading a script in
a specific language), the SNARC effect is modified according to
this experience.

Recently, Pitt and Casasanto (2020) proposed a CORrelations in
Experience (CORE) principle in which they suggest that experi-
ence with a specific domain (time or numbers) shapes the SNARC
effect, arguing against the idea that a common set of cultural expe-
riences could be responsible for the direction of all SNARC/
SNARC-like effects. To support their claims, in one experiment
(Experiment 2), the authors manipulated the direction of an experi-
ence that spatializes numbers, namely finger counting, through a
training before the experiment (right-ward vs. left-ward finger
counting). Results showed that, whereas the right-ward finger
counting training produced the typical SNARC effect, the left-
ward finger counting training determined a significant reduction of
this effect. These results, and the CORE principle they support,
indicate that any experience that spatializes numbers, even situa-
tional ones, can influence spatial numerical associations.

The SNARC effect can also be overrun by manipulating the or-
dinal position of numbers in working memory. For instance, when
participants are trained to retain a sequence of five random num-
bers in working memory and to perform typical SNARC tasks
using a go/no-go procedure (responding only to numbers in the
sequence), the spatial association follows the ordinal position
rather than the MNL (ordinal position effect; van Dijck & Fias,
2011). Ginsburg and Gevers (2015) further investigated the role of
working memory. In two experiments, the authors manipulated the
activation of the canonical number sequence (MNL) and of a
newly acquired numerical sequence relevant to the task. Results
showed that the SNARC effect and the ordinal position effect are
not mutually exclusive and can determine different spatial associa-
tions. They concluded that spatial associations could be deter-
mined by both preexisting representations in long-term memory
and temporary representations in working memory, depending on
the level of activation of these representations.

Similarly, an alternative long-term representation of numbers
(e.g., clock-face) can elicit SNARC-like effects when it is empha-
sized by the context. A classic example is a study by Bächtold et
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al. (1998), which showed that it is possible to reverse the SNARC
effect by manipulating the context. Participants were instructed to
imagine numbers as indicating length on a ruler (Experiment 1) or
time on a clock-face (Experiment 2). It is noteworthy that in the
clock-face configuration, the order of numbers is opposite to that
of the MNL (small numbers are depicted on the right, and large
numbers are depicted on the left). In Experiment 1, the authors
found a left key-press advantage for small numbers (1–5) and a
right key-press advantage for large numbers (7–11). Differently, in
Experiment 2, they found the opposite pattern of results. This indi-
cates that the clock-face representation replaced the MNL, leading
to a reversed SNARC effect. These results reveal that contexts can
elicit ordinal representations of numbers opposed to the MNL.

The Mobile-Phone Keypad as an Alternative Spatial
Representation of Numbers

Another alternative configuration of numbers is the numeric
keypad. Similar to the clock-face employed by Bächtold et al.
(1998), the spatial arrangement of the keypad is overlearned and
culturally shared by the vast majority of the population. Therefore,
this configuration is already stored in long-term memory and does
not require any training to be encoded and recalled. Moreover,
numbers presented in a keypad configuration are recalled more
easily compared to when they are presented singularly or in a lin-
ear display (Darling & Havelka, 2010). It is noteworthy that a
numeric keypad can have different formats. For example, the key-
pad used to dial telephone numbers in mobile phones (see Figure
1a) presents small numbers on the top and large numbers on the
bottom; differently, the keypad used in calculators presents the op-
posite vertical arrangement but with the same horizontal arrange-
ment. In the present study, we refer to the mobile-phone keypad.
In the mobile-phone keypad configuration, numbers from 1 to 9

are not linearly arranged in a typical left-to-right progression but
are ordered from left to right in three rows, resulting in a 3 3 3
matrix. Importantly, the numbers of this configuration are exactly
the same numbers (from 1 to 9) used in the vast majority of studies
on the SNARC effect. Thus, unlike the clock face, the keypad

only features single-digit numbers, eliminating the possible con-
found deriving from two-digit numerical stimuli (Nuerk et al.,
2011). By looking at the picture of a keypad, if we assume number
5 to be the middle point reference, we will note that some elements
of this configuration violate the MNL representation, while others
overlap with it. We can see that 1 and 4, which are smaller than 5,
are located on the left of the configuration. Similarly, 6 and 9 are
larger than 5 and are located on the right. Conversely, the relative
positions of 3 and 7 are different from that of MNL: 3 is smaller
than 5 but is located on its right, whereas 7 is larger than 5 but is
located on its left. Hence, the keypad configuration contains num-
bers that are represented in the same way they are represented in
the MNL and numbers (i.e., 3 and 7) that conflict with this repre-
sentation (Figure 1b).

Finally, while the clock-face configuration is evoked by a de-
vice (i.e., the clock) that is used passively and does not require any
manipulation, the keypad configuration is evoked by devices (e.g.,
phones, ATMs, Point-of-Sale terminals, computers, remote con-
trols) that are used actively and require to be manipulated to dial
numbers. Hence, the keypad is interactive and strictly related to
hand movements. For these reasons, the keypad represents a useful
context in which numbers can be represented, eliciting an order al-
ternative to the MNL.

The Role of the Task

Another important issue regarding the flexibility of the SNARC
effect is the role of the task. Typically, in studies on the SNARC
effect, two families of tasks are employed. The first one includes
tasks that are commonly called order relevant, explicit, or direct;
the second one includes tasks that are commonly called order irrel-
evant, implicit, or indirect.

In direct tasks, participants are directly asked to compare a fea-
ture of the stimuli (which is relevant for the study) with a refer-
ence. It has been suggested that the direct tasks induce an ordinal
judgment (Pitt & Casasanto, 2020; Prpic et al., 2016). A typical
example of a direct task is the magnitude classification task,
which, despite its name, paradoxically relies on order rather than
on magnitude (Pitt & Casasanto, 2020). In this task, participants
are asked to classify numbers as smaller or larger than a middle
reference standard (e.g., 5). To solve this task, participants are
induced by instructions to mentally represent the entire sequence
of the stimuli in a linear fashion (MNL). Once the representation
of the MNL is activated, the participant must retrieve the ordinal
positions of both the reference and the target number and compare
them to make an ordinal judgment. For this reason, a magnitude
classification task requires participants to classify numbers
depending on their ordinal position, namely before or after 5, in
the MNL.

In indirect tasks, participants are asked to judge a feature of the
stimuli irrelevant to the study; examples of indirect tasks are the
parity judgment and the orientation task (Notebaert et al., 2006).
Unlike direct tasks, the indirect ones do not require ordinal judg-
ment as participants are not required to directly compare the stim-
uli with a reference. For example, in the orientation judgment task,
participants are asked to judge the orientation of visually presented
numbers (upright or tilted 20° to the right). In this case, the only
feature activated by instructions is the orientation of the digit, in-
dependently from the number itself. Thus, orientation is the only

Figure 1
The Arrangement of Numbers on the Mobile-Phone Numeric Keypad

Note. Panel a shows a mobile-phone numeric keypad. Panel b highlights
the numbers displayed on the left and the right of the keypad configura-
tion. See the online article for the color version of this figure.
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feature that participants use to solve the task. The same reasoning
can be applied to parity judgment (in which participants are asked
to classify a number as even or odd) since the only feature acti-
vated by instructions and relevant to solve the task is parity/dispar-
ity of numbers. Consequently, to solve these tasks, participants do
not need to mentally represent an ordinal sequence of the stimuli.
For this reason, it is unlikely that this task induces ordinality. We
are not claiming that order is not activated at all, but we highlight
that this activation is not directly induced by task instructions, as it
happens with direct tasks.
It is noteworthy that results from direct and indirect tasks usu-

ally reveal different patterns of spatial association. For instance, it
is well-known that the SNARC effect arising from the magnitude
classification task generally presents a categorical shape, whereas
the parity judgment tends to exhibit a continuously distributed
SNARC slope (Gevers et al., 2006; Wood et al., 2008).

The Present Study

The present study aimed to investigate the role of order in the
SNARC effect by examining the factors that elicit ordinality,
namely the context of the stimuli and the task. Indeed, in studies
on the SNARC effect, both context of the stimuli and task can
induce ordinality, and the relative contribution of each factor
might be confounded. For instance, in the seminal study by Bäch-
told et al. (1998), these aspects were not disambiguated. Indeed,
the authors manipulated the context of the stimuli (e.g., clock-face
vs. ruler) and attributed the reversal of the SNARC effect observed
in the clock-face condition to the context. It is true that the reverse
order of the stimuli of the clock-face condition is a factor poten-
tially driving this effect by itself; however, the context was further
reinforced by a direct task that enhanced the ordinal properties of
the display. Indeed, participants were asked to imagine a clock-
face and to judge whether a number indicated a time earlier or later
than 6:00. Thus, the task required a judgment based on the same
clock-face order elicited by the context (large numbers on the left
and small numbers on the right). Therefore, it is not clear whether
spatial-numerical associations are driven by the context of the
stimuli or by the task (or both).
In the present study, we investigated the contribution of order

induced by the context and by the task to spatial-numerical associ-
ations. We manipulated the context by asking participants to visu-
alize numbers on the keypad configuration. The keypad should
elicit a spatial representation of numbers compatible with its spa-
tial arrangement, which has an order that partly differs from that
of the numerical stimuli in the MNL. Furthermore, we manipu-
lated the task demands to obtain different levels of compatibility
between the order elicited by the context and elicited by the task.
In Experiment 1, we used a direct task (keypad-position task) that
elicited an order consistent with the one elicited by the context
(i.e., the keypad). In Experiment 2a, we used a direct task (magni-
tude classification) that elicited an order (i.e., MNL) inconsistent
with the one elicited by the context (i.e., the keypad). In Experi-
ment 2b, we used an indirect task (parity judgment) that did not
elicit a specific order; thus, there was neither consistency nor
inconsistency with the order elicited by the context.

Experiment 1

In Experiment 1, the order of the keypad configuration was
emphasized by both the context and the task. In particular, the key-
pad was used as context at the beginning of the experiment; more-
over, it was used as a direct task (keypad-position task) that
requires participants to judge the spatial location of numbers based
on their position on the keypad. Hence, in this experiment, the
keypad configuration order presented at the beginning was further
reinforced by the task requirements.

We hypothesized the occurrence of a spatial-numerical association
consistent with the keypad configuration rather than with the MNL.
In particular, we expected that numbers 1, 4, and 7 would be
responded to faster with the left key and numbers 3, 6, and 9 would
be responded to faster with the right key. Thus, according to our
expectations, the numbers 3 and 7 should be associated with opposite
coordinates compared to the MNL. These hypotheses would be con-
sistent with the findings by Bächtold et al. (1998), who used a similar
paradigm in which the context was reinforced by the task; namely,
the orders elicited by the stimuli and the task were consistent.

Method

Participants

We tested 30 students (eight male, 22 female) from the Univer-
sity of Trieste with a mean age of 22.09 (SD = 2.84). The sample
size was determined by means of the software MorePower 6.4.
For repeated-measures analyses of variance (ANOVAs), the fol-
lowing parameters were used: power = .90, a = .05, hp

2 = .27 (esti-
mated effect size from Dehaene et al., 1993); the outcome was a
suggested sample size of 16 participants. For paired-samples t
tests, the following parameters were used: power = .90, a = .05,
Cohen’s d = .65 (estimated effect sizes from Bächtold et al.,
1998); the outcome was a suggested sample size of 27 participants.
Moreover, a recent article specifically addressed this issue in stud-
ies on SNARC effects (Cipora & Wood, 2017). The authors sug-
gest the rule of thumb “20 3 20,” recruiting at least 20
participants performing 20 repetitions per stimulus. According to
the power analyses and the guidelines provided by Cipora and
Wood (2017), we designed the experiments to have 20 repetitions
per stimulus and recruited a number of participants they consid-
ered “large,” namely 30. All participants reported to be right-
handed and to have normal or corrected-to-normal vision. They
were all used to the left-to-right writing direction and were naive
about the purpose of the study. All participants reported that their
psychophysiological state was not affected by alcohol consump-
tion or insufficient sleep in the last 24 hr (Murgia et al., 2020).
Written informed consent was obtained before participation; the
experiment was conducted in accordance with the ethical stand-
ards established by the Declaration of Helsinki and with the agree-
ment of the University of Trieste Ethics Committee.

Apparatus and Stimuli

The experiment was designed and controlled by the Psychopy
software, Version 3.0. The experiment was run with a Dell desk
computer with Intel Core i5 (RAM: 4 Gb). The monitor used to
display instructions and stimuli was a Quato Intelli Proof 242
excellence (24 in.), with a 1024 3 768 resolution., and a five-
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button serial response box was employed to collect participants’
responses.
Participants were presented with a single-digit number and were

asked to judge whether the presented number is located on the
right or the left of the number 5 on the keypad configuration. Stim-
uli consisted of six single-digit numbers (1-3-4-6-7-9) and were
presented one at a time in the center of the screen, painted in white
against a gray background. The digits 2 and 8 could not be used as
stimuli because, on the keypad, they are located on the central
axis; the digit 5 also could not be used because it served as the
point of reference for the task.

Procedure

The experiment took place in a quiet, dimly lit room. Partici-
pants were invited to sit in front of the PC screen, at a viewing dis-
tance of approximately 60 cm, with their body aligned to the
midline of the screen. They were instructed to move as little as
possible and to put their left index finger on the leftmost key of the
response box and their right index finger on the rightmost key.
The experiment was composed of two blocks; each block included
a practice session (not considered for data analysis) and an experi-
mental session.
Before starting each block, participants were exposed for 20 s to

the picture of a mobile phone’s keypad and were asked to pay par-
ticular attention to the spatial arrangement of the numbers. In the
last 10 s of the presentation of the configuration, the left and right
portions of the keypad were highlighted (Figure 1b) with two rec-
tangles showing the three numbers at the left of the keypad (1-4-7)
and the three numbers at its right (3-6-9). Participants were asked
to keep in mind the keypad’s configuration for the entire duration
of the experiment while performing the task.
The practice session was divided into two parts. The first part of

the practice session (6 trials3 2 repetitions) started with a fixation
cross (500 ms); then, after an interstimulus interval of 500 ms, the
picture of the keypad appeared at the fixation point (2,000 ms).
When the keypad picture disappeared, a fixation cross was pre-
sented for 500 ms, followed by an interstimulus interval of 500
ms. After that, a single-digit number appeared in the center of the
screen until a response occurred. Participants were asked to judge
whether the presented number is located on the right or the left of
the number 5 on the keypad configuration (keypad-position task)
by pressing the leftmost or the rightmost key of the response box.
For each trial, feedback about the response was given (“Correct!”
or “Wrong!”). This part of the practice session was designed to
help participants familiarize themselves with the keypad configu-
ration. The second part of the practice session (6 trials 3 5 repeti-
tions) followed the same procedure as the first one, except for the
lack of the keypad picture at the beginning of the trial.

In the experimental session (6 trial 3 20 repetitions), partici-
pants performed the same task as the second part of the practice
session, without any feedback. In Block A, participants were
required to press the leftmost key when the presented number was
in the left part of the keypad and the rightmost key when the num-
ber was located on the right part of the keypad, compared to num-
ber 5. In Block B, the response keys were reversed. The order of
the blocks (A-B or B-A) was counterbalanced among participants.
Participants were allowed to take a break between the two blocks
if needed; otherwise, they could continue with the experiment.
Instructions explicitly invited the participant to be as fast and accu-
rate as possible.

Data Analysis and Results

Experimental variables were manipulated within a repeated-
measures design. The independent variables were hand (left vs.
right) and number (1, 3, 4, 6, 7, 9). The dependent variable was
the response time (RT). First, mean RTs were calculated for each
participant in each session, separately for the left hand and right
hand. Next, RTs of incorrect trials and outliers were removed. An
RT was considered an outlier if it differed by more than 2.5 stand-
ard deviations from the mean RT of a participant in a session.

Based on these RTs, a 2 3 6 (Hand 3 Number) repeated-meas-
ures ANOVA was computed. The repeated-measures ANOVA
revealed a significant main effect for hand, F(1, 29) = 8.84, p ,
.01, hp

2 = .23, Bayes factor (BF)10 = 1.34, showing faster response
times with right hand over left hand, and a significant main effect
for number, F(5, 145) = 5.19, p , .001, hp

2 = .15, BF10 = .67,
although Bayes factor values are inconclusive. A significant inter-
action emerged as well, F(5, 145) = 10.29, p , .001, hp

2 = .26,
BF10 . 100, showing faster left-hand response times for numbers
1, 4, and 7 and faster right-hand response times for numbers 3, 6,
and 9. See Table 1 for details.

Second, response times differences (dRTs) were computed by
subtracting the mean RTs of the left hand from the mean RTs of
the right hand: dRT = RT(right hand) � RT(left hand). Positive
dRTs indicate faster responses with the left hand, whereas nega-
tive dRTs indicate faster responses with the right hand (see Figure
2). Then, two paired-sample t tests were computed in order to
compare the mean of the dRTs of the stimuli 1-4-7 versus the stim-
uli 3-6-9 (keypad configuration) and to compare the mean of the
dRTs for stimuli 1-3-4 versus 6-7-9 (mental number line configu-
ration). These analyses revealed both a significant effect elicited
by the keypad configuration (stimuli 1-4-7 vs. 3-6-9), t(29) = 3.56,
p = .001, d = .65, BF10 = 26.5, and an effect elicited by the MNL
configuration (stimuli 1-3-4 vs. 6-7-9), t(29) = 3.32, p , .005, d =
.60, BF10 = 15.1.

Table 1
Means and Standard Deviations of RTs for Each Condition of Experiment 1

Hand

Numbers

1 3 4 6 7 9

Left hand 449 (52) 503 (86) 482 (69) 509 (97) 476 (64) 517 (104)
Right hand 481 (92) 471 (67) 504 (94) 462 (60) 493 (80) 455 (56)

Note. Values are reported in milliseconds.
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Finally, a set of paired-sample t tests was computed to verify
whether the mean dRTs of numbers 3 and 7 were more in line
with the keypad or with the MNL arrangement. The first compari-
son revealed that the mean dRTs for numbers 3 and 7 significantly
differed, t(29) = �2.70, p , .05, d = �.49, BF10 = 4.06, with num-
ber 3 associated to the right compared to number 7. Furthermore,
the mean dRTs for number 3 significantly differed from the aver-
age values observed for the other small numbers (i.e., 1 and 4),
with number 3 associated to the right compared to the average of 1
and 4, t(29) = �3.36, p , .005, d = �.61, BF10 = 16.5. Similarly,
the mean dRTs for number 7 significantly differed from the aver-
age values observed for the other large numbers (i.e., 6 and 9),
with number 7 associated to the left compared to the average of 6
and 9, t(29) = 3.26, p , .005, d = .59, BF10 = 13.1.

Discussion

The results of Experiment 1 revealed both a significant effect
elicited by the keypad configuration (stimuli 1-4-7 vs. 3-6-9) and
an effect elicited by the MNL configuration (stimuli 1-3-4 vs. 6-7-
9). Thus, both configurations may have played a role; this is not
surprising since the configurations partly overlap.
However, by looking at Figure 2, it is immediately observable

that the mean dRTs are dichotomously distributed. They are organ-
ized in two categories reflecting an RT advantage compatible with
the keypad configuration. Indeed, responses to 1, 4, and 7 are faster
with the left hand, whereas responses to 3, 6, and 9 are faster with
the right hand. The analyses performed to verify whether the dRTs
of numbers 3 and 7 reflected the MNL or the keypad configuration
indicated that the keypad configuration prevails. Results showed
that numbers 3 and 7 significantly differed from each other, and
their spatial association is opposed to the one predicted by MNL
and consistent with the keypad. Furthermore, number 3 was associ-
ated to the right in opposition to the other small numbers (i.e., 1 and

4); similarly, number 7 was associated to the left compared to the
other large numbers (i.e., 6 and 9).

In summary, Experiment 1 indicates that when participants are
asked to encode numbers on the keypad configuration and execute
a keypad-position task, the RT advantage favors the keypad con-
figuration. However, we do not know whether the order elicited by
the context is sufficient to determine a keypad-related association
in the absence of a task eliciting the same order. For this reason,
we designed Experiments 2a and 2b.

Experiments 2a and 2b

In Experiments 2a and 2b, we tried to disambiguate the results
observed in Experiment 1 and to isolate the contribution of the
order elicited by the context to spatial-numerical associations. For
this reason, we employed two classic SNARC tasks (i.e., magnitude
classification and parity judgment), in which the keypad configura-
tion is irrelevant to solve the task. Typically, in the absence of train-
ings or context manipulations, these tasks elicit a SNARC effect. In
our experiments, we investigated whether the context alone could
interfere with these tasks, modifying the SNARC effect.

In the present study, the context consists of the presentation of
the keypad at the beginning of each experiment. The keypad is a
3 3 3 matrix of numbers; thus, the main difference with MNL is
the spatial arrangement of items, namely their order. Different
studies manipulated the ordinal position of numerical items, either
verbally or visuo-spatially. For example, van Dijck and Fias
(2011) required participants to verbally encode and retrieve a
sequence of numbers in random order, thus manipulating their or-
dinal position in working memory. Conversely, Bächtold et al.
(1998) required participants to visualize numbers on a clock-face
display, thus manipulating the ordinal position in a visual display.
These examples (and the results of our Experiment 1) suggest that
the ordinal position of presented items can modify the SNARC

Figure 2
Mean Response Times Differences (dRTs = Right Key � Left Key) for Every
Numerical Stimulus in Experiment 1

Note. Positive differences indicate faster left-key responses; negative differences indicate
faster right-key responses. Errors bars indicate the standard error of the mean. Separate
trend lines are computed for numbers 1-4-7 and 3-6-9, graphically showing that dRTs are
organized dichotomously according to the keypad configuration.
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effect, eliciting spatial associations that reflect their ordinal posi-
tion in the configuration.
Several studies suggest that the order of items is a key element

to perform the magnitude classification task (Pitt & Casasanto,
2020; Prpic et al., 2016). Indeed, to classify a number as smaller
or larger than a middle reference (e.g., 5), it is necessary to retrieve
the ordinal position of the target number and compare it with the
ordinal position of the reference. Thus, this task is based on the
order of the MNL. Differently, the parity judgment task does not
induce participants to directly process ordinality because parity is
a feature that is not bound to the order.
Based on these considerations, in Experiment 2a, we asked par-

ticipants to perform a magnitude classification task. In this case,
the context elicited the keypad order, while the task elicited an
order of numbers consistent with the MNL. Thus, the orders eli-
cited by the context and by the task would conflict since magni-
tude classification is based on ordinality. In Experiment 2b, we
asked participants to perform a parity judgment task. In this case,
the context elicited the keypad order, while the task did not elicit
any order because parity is a feature that is not bound to ordinality.
Thus, the order elicited by the context should not conflict with the
task since parity judgment is not based on ordinality. In Experi-
ment 2a, we expected that the keypad order would have a greater
influence in modifying the spatial associations because of the con-
flict between the orders elicited by the context and the task. Con-
versely, in Experiment 2b, we expected the keypad to be less
relevant in affecting the SNARC effect.

Experiment 2a: Method

Participants

Thirty-four students (six male, 28 female) from the University
of Trieste took part in Experiment 2a. They had a mean age of
22.17 (SD = 2.24). Thirty-one participants reported to be right-
handed, while three were left-handed; all participants had normal
or corrected-to-normal vision and were used to the left-to-right
writing direction. Like in Experiment 1, the sample size was deter-
mined using the same power analyses as for Experiment 1, and
following the suggestions by Cipora and Wood (2017), we there-
fore recruited a number of participants considered “large” for this
type of study. All participants reported that their psychophysiolog-
ical state was not affected by alcohol consumption or insufficient
sleep in the last 24 hr (Murgia et al., 2020).

Apparatus

The apparatus used in Experiment 2a was the same as the one
used in the previous experiment. The same apparatus were used
for both Experiments 2a and 2b.

Task and Stimuli

Participants performed a magnitude classification task; namely,
they were asked to judge whether the presented number was
smaller or bigger than the number 5. The stimuli set was slightly
different from the one employed in Experiment 1 and consisted of
eight single-digit numbers (1-2-3-4-6-7-8-9), with the addition of
numbers 2 and 8 compared to Experiment 1. Stimuli were pre-
sented one at a time in the center of the screen, painted in white
against a gray background.

Procedure

Experiment 2a followed the same procedure as the one
described in Experiment 1. The experiment was composed of two
blocks (Block A and Block B); each block included a practice ses-
sion (56 stimuli; not considered for data analysis) and an experi-
mental session (160 stimuli).

Before starting each block, participants were exposed for 20 s to
the picture of a mobile phone’s keypad and were asked to pay par-
ticular attention to the spatial arrangement of the numbers. In the
last 10 s of the presentation of the configuration, the left and right
portions of the keypad were highlighted (Figure 1b) with two rec-
tangles showing the three numbers at the left of the keypad (1-4-7)
and the three numbers at its right (3-6-9). Participants were asked
to keep in mind the keypad’s configuration for the entire duration
of the experiment while performing the task.

After being exposed to the keypad, participants performed a
practice session, which was structured in the same way as in
Experiment 1. In the first part of the practice session (8 trials 3 2
repetitions), the keypad picture appeared at the fixation point
(2,000 ms) before each trial. This part of the practice session was
designed to further help participants familiarize themselves with
the keypad configuration. The second part of the practice session
(8 trials 3 5 repetitions) followed the same procedure as the first
one, except for the lack of the keypad picture at the beginning of
the trial.

In Block A, participants were required to press the leftmost key
when the presented number was smaller than 5 and the rightmost
key when the number was bigger than 5. In Block B, the response
keys were reversed. The order of the blocks (A-B or B-A) was
counterbalanced among participants. All participants performed
both Experiments 2a and 2b in counterbalanced order.

Results

Data analyses were the same as in Experiment 1. The repeated-
measures ANOVA revealed a significant main effect for hand,
F(1, 33) = 12.62, p = .001, hp

2 = .28, BF10 = 5.18, with faster
response times for right hand, and a significant main effect for

Table 2
Means and Standard Deviations of RTs for Each Condition of Experiment 2a

Hand

Numbers

1 2 3 4 6 7 8 9

Left hand 416 (68) 424 (72) 437 (77) 462 (101) 468 (89) 439 (71) 432 (63) 437 (66)
Right hand 419 (81) 412 (64) 435 (65) 454 (75) 452 (89) 439 (75) 419 (67) 424 (69)

Note. Values are reported in milliseconds.
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number, F(7, 231) = 29.87, p , .001, hp
2 = .47, BF10 . 100, but

did not reveal a significant interaction, F(7, 231) = .94, p = .47,
hp
2 = .03, BF10 = .05. See Table 2 for details.
A set of paired-sample t tests was computed in order to compare

the mean of the dRTs of the stimuli 1-4-7 versus 3-6-9 (keypad
configuration), 1-3-4 versus 6-7-9 (MNL configuration with the
same numbers of the keypad comparison), and 1-2-3-4 versus 6-7-
8-9 (MNL configuration including numbers 2 and 8). The paired-
samples t tests did not reveal any significant effect for the keypad
configuration, stimuli 1-4-7 versus 3-6-9: t(33) = 1.36, p = .18, d =
.23, BF10 = .43, nor for the MNL configuration, stimuli 1-3-4 ver-
sus 6-7-9: t(33) = .61, p = .54, d = .10, BF10 = .21; stimuli 1-2-3-4
versus 6-7-8-9: t(33) = .46, p = .65, d = .07, BF10 = .20.
Finally, a set of paired-sample t tests was computed to verify

whether the mean dRTs of numbers 3 and 7 were more in line
with the keypad or with the MNL arrangement. The first compari-
son revealed that the mean dRTs for numbers 3 and 7 did not sig-
nificantly differ, t(33) = �.06, p = .95, d = �.01, BF10 = .18.
Furthermore, the mean dRTs for number 3 did not differ from the
average values observed for the other small numbers (1, 2, and 4),
t(33) = 1.12, p = .24, d = .21, BF10 = .36. Conversely, the mean
dRTs for number 7 significantly differed from the average values
observed for the other large numbers (6, 8, and 9), with number 7
associated to the left compared to the other large numbers, t(33) =
2.87, p , .01, d = .49, BF10 = 5.73.

Discussion

In Experiment 2a, the ANOVA revealed a lack of spatial-nu-
merical association, and the Bayes factor provides strong support
to the null hypothesis for the interaction (BF10 = .05 is equal to
BF01 = 20). Furthermore, neither the MNL configuration (stimuli
1-3-4 vs. 6-7-9 and 1-2-3-4 vs. 6-7-8-9) nor the keypad configura-
tion (stimuli 1-4-7 vs. 3-6-9) elicited significant effects on the
speed of manual responses. The analyses on numbers 3 and 7 did

not provide clear support in favor of one of the two configurations.
The lack of any significant effect is well displayed in Figure 3.
Indeed, the figure shows that there is no clear hand-related
response time advantage for any number.

The most interesting finding of this experiment is that the magni-
tude classification task failed to produce the SNARC effect when
the context elicits an alternative configuration before the task. Nota-
bly, in the absence of manipulations of the context, this task should
have determined the SNARC effect. A possible interpretation is
that the conflict between the configuration elicited by the context
(keypad) and the configuration elicited by the task (MNL) deter-
mined the lack of any spatial association. Different from Experi-
ment 1, in Experiment 2a, the keypad configuration activated at the
beginning of the experiment was not used to solve the task; hence,
the context was irrelevant and perhaps detrimental. Therefore, we
might speculate that—at a certain level—the context caused an in-
terference, preventing the SNARC effect from occurring.

Experiment 2b: Method

Participants and Apparatus

The participants were the same as in Experiment 2a. The appa-
ratus used in Experiment 2b was the same as the one used in previ-
ous experiments.

Task and Stimuli

Participants performed a parity judgment task; namely, they
were asked to judge whether the presented number was even or
odd. The stimuli set was the same as in Experiment 2a. In particu-
lar, stimuli consisted of eight single-digit numbers (1-2-3-4-6-7-8-
9) and were presented one at a time in the center of the screen,
painted in white against a gray background.

Figure 3
Mean Response Times Differences (dRTs = Right Key � Left Key) for Every
Numerical Stimulus in Experiment 2a

Note. Positive differences indicate faster left-key responses; negative differences indicate
faster right-key responses. Errors bars indicate the standard error of the mean.
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Procedure

Experiment 2b followed the same procedure as the one
described in previous experiments. The experiment was composed
of two blocks (Block A and Block B); each block included a prac-
tice session (56 stimuli; not considered for data analysis) and an
experimental session (160 stimuli).
Before starting each block, participants were exposed for 20 s to

the picture of a mobile phone’s keypad and were asked to pay par-
ticular attention to the spatial arrangement of the numbers. In the
last 10 s of the presentation of the configuration, the left and right
portions of the keypad were highlighted (Figure 1b) with two rec-
tangles showing the three numbers at the left of the keypad (1-4-7)
and the three numbers at its right (3-6-9). Participants were asked
to keep in mind the keypad’s configuration for the entire duration
of the experiment while performing the task.
After being exposed to the keypad, participants performed a

practice session, which was the same as Experiment 2a. In the first
part of the practice session (8 trials 3 2 repetitions), the keypad
picture appeared at the fixation point (2,000 ms) before each trial.
This part of the practice session was designed to further help par-
ticipants familiarize themselves with the keypad configuration.
The second part of the practice session (8 trials 3 5 repetitions)
followed the same procedure as the first one, except for the lack of
the keypad picture at the beginning of the trial.
In Block A, participants were required to press the leftmost key

when the presented number was even and the rightmost key when
the number was odd. In Block B, the response keys were reversed.
The order of the blocks (A-B or B-A) was counterbalanced among
participants. All participants performed both Experiments 2a and
2b in counterbalanced order.

Results

Data analyses were the same as in previous experiments. The
repeated-measures ANOVA revealed a significant main effect for
hand, F(1, 33) = 14.04, p , .001, hp

2 = .30, BF10 = 2.01, with
faster response times for right hand, and for number, F(7, 231) =
7.98, p , .001, hp

2 = .19, BF10 . 100, and a significant interaction,
F(7, 231) = 7.23, p, .001, hp

2 = .18, BF10 . 100, with small num-
bers globally associated to the left and large numbers to the right,
although this pattern is influenced by the association of odd num-
bers to the left and even numbers to the right. See Table 3 for
details.
A set of paired-sample t tests was computed in order to compare

the mean of the dRTs of the stimuli 1-4-7 versus 3-6-9 (keypad
configuration), 1-3-4 versus 6-7-9 (MNL configuration with the
same numbers of the keypad comparison), and 1-2-3-4 versus 6-7-
8-9 (MNL configuration including numbers 2 and 8). The t tests

revealed both a significant effect elicited by the keypad configura-
tion, stimuli 1-4-7 versus 3-6-9: t(33) = 3.67, p , .001, d = .63,
BF10 = 36.7, and an effect elicited by the MNL configuration,
stimuli 1-3-4 versus 6-7-9: t(33) = 3.80, p , .001, d = .65, BF10 =
51.7; stimuli 1-2-3-4 versus 6-7-8-9: t(33) = 3.79, p , .001, d =
.65, BF10 = 50.3.

A set of paired-sample t tests was then computed to verify
whether the mean dRTs of numbers 3 and 7 were more in line
with the keypad or with the MNL arrangement. The first compari-
son revealed the mean dRTs for numbers 3 and 7 did not signifi-
cantly differ, t(33) = 1.10, p = .28, d = .19, BF10 = .32.
Furthermore, the mean dRTs for number 3 did not differ from the
average values observed for the other small numbers (1, 2, and 4),
t(33) = .95, p = .35, d = .16, BF10 = .28. Conversely, the mean
dRTs for number 7 significantly differed from the average values
observed for the other large numbers (6, 8, and 9), with number 7
associated to the left compared to the other large numbers, t(33) =
3.07, p , .005, d = .52, BF10 = 8.98.

Finally, given that the dRTs appeared to be different for odd
and even numbers, we compared the average values observed for
1-3-7-9 versus 2-4-6-8. The results revealed a significant associa-
tion for odd numbers to the left and right numbers to the right,
t(33) = 2.87, p, .01, d = .49, BF10 = 5.79.

Discussion

The results of Experiment 2b revealed both a significant effect
elicited by the keypad configuration (stimuli 1-4-7 vs. 3-6-9) and
an effect elicited by the MNL configuration (stimuli 1-3-4 vs. 6-7-
9). Moreover, results revealed a significant MARC effect (linguis-
tic markedness of response codes; Cipora et al., 2019; Huber et al.,
2015; Nuerk et al., 2004), namely a left-hand advantage for odd
numbers and right-hand advantage for even numbers.

By looking at Figure 4, we can see that the mean dRTs are dis-
tributed in a quite linear fashion, reflecting an RT advantage that
seems to fit more with the MNL configuration than with the key-
pad, although the pattern is influenced by the MARC effect (the
linearity appears clearer when observing odd and even numbers
separately). The MARC effect seems to also affect the values
observed for numbers 3 and 7 (both odd), which do not provide
clear information in favor of one of the two configurations.

Overall, it seems difficult to differentiate between the two con-
figurations; this can be due to the overlap between them and/or
because the MARC effect prevents numbers 3 and 7 from provid-
ing a clear direction. However, it is noteworthy that (a) the Bayes
factor computed for the paired-samples t tests revealed a higher
value for the MNL compared to the keypad configuration, and (b)
the pattern of results we found is not different from the one

Table 3
Means and Standard Deviations of RTs for Each Condition of Experiment 2b

Hand

Numbers

1 2 3 4 6 7 8 9

Left hand 477 (52) 478 (52) 493 (60) 481 (60) 508 (63) 473 (52) 514 (60) 500 (59)
Right hand 508 (60) 457 (62) 505 (60) 471 (67) 472 (60) 475 (47) 473 (59) 490 (54)

Note. Values are reported in milliseconds.
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expected for parity judgment tasks in the absence of any context
manipulation.
Thus, our interpretation of the results of Experiment 2b is that

the keypad configuration did not influence the spatial associations
that would occur in a typical parity judgment experiment. There-
fore, we conclude that a typical SNARC effect emerged. Further-
more, these results suggest that the order elicited by the context
did not influence RTs, probably because order is not a relevant fea-
ture to perform indirect tasks, such as the parity judgment.

General Discussion

The aim of the present study was to investigate the role of order
elicited by the context and by the task in the SNARC effect. To
reach this goal, we used a context that allowed us to alter the order
of the stimuli compared to MNL, and we manipulated the task
demands. The same context was provided at the beginning of each
experiment to elicit a spatial representation of numbers compatible
with the spatial arrangement of the keypad. The context was kept
constant, while the tasks of the three experiments were designed to
induce representations with different levels of consistency with the
context.
In Experiment 1, we asked participants to judge the spatial loca-

tion of numbers based on their position on the keypad. This
allowed us to investigate the role of order elicited by the context
when it is consistent with the order elicited by the task. We found
a spatial-numerical association resembling the spatial arrangement
of the keypad. In Experiment 2a, we asked participants to perform
a magnitude classification task. This allowed us to investigate the
role of context when it conflicts with the order elicited by the task.
We found a lack of spatial-numerical association. In Experiment
2b, we asked participants to perform a parity judgment task. This
allowed us to investigate the role of context when the task does
not elicit a specific order. We found a spatial-numerical associa-
tion consistent with the SNARC effect.

These results indicate that the order elicited by the context (the
keypad) determined a spatial association only in Experiment 1.
However, since in Experiment 1, the order elicited by the context
was the same as the one elicited by the task, it is not possible to
state whether the observed association was induced by the context
or by the task. Therefore, to disentangle the role of the context
from that of the task, we performed Experiments 2a and 2b. At the
beginning of these experiments, the context was activated in the
same way as in Experiment 1 by showing the keypad picture, and
participants were instructed to pay attention to the spatial arrange-
ment of numbers and to keep it in mind throughout the entire
experiment. Notably, participants were not aware that the keypad
would be irrelevant; rather, it is likely that they expected that a
keypad-related task would occur at some point, maintaining a cer-
tain level of activation of the keypad configuration.

In Experiment 2a, the context and the task elicited different
orders, that is, the keypad and the MNL, respectively. It is note-
worthy that Experiment 2a employed a direct task that requires
comparing stimuli with a reference, thus inducing an ordinal judg-
ment (Pitt & Casasanto, 2020; Prpic et al., 2016). Results indicate
an absence of spatial association instead of the typical SNARC
effect, which would be expected with this task. This result sug-
gests that the conflict between the two orders might have caused
an interference in the processing of the stimuli. In Experiment 2b,
we aimed to investigate the role of the order elicited by the context
in the lack of ordinal information provided by the task. To do so,
we employed an indirect task (i.e., parity judgment), which
revealed a spatial association in line with the MNL order. This
result suggests that the order elicited by the context does not deter-
mine a consistent spatial association in the presence of an indirect
task.

Our results are consistent with the model proposed by Prpic et
al. (2016), who described two distinct mechanisms underlying
SNARC-like effects: an order-related mechanism (ORM) and a
magnitude-related mechanism (MRM). The ORM would be

Figure 4
Mean Response Times Differences (dRTs = Right Key � Left Key) for Every
Numerical Stimulus in Experiment 2b

Note. Positive differences indicate faster left-key responses; negative differences indicate
faster right-key responses. Errors bars indicate the standard error of the mean.
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activated by direct tasks (e.g., magnitude classification), whereas
the MRM would be activated by indirect tasks (e.g., parity judg-
ment). Based on this model, in Experiment 1, the ORM would be
consistently activated by both context and task, thus inducing a
spatial association congruent with the keypad. In Experiment 2a,
the representations elicited by the context and the task would gen-
erate a conflict in the ORM, thus determining a lack of spatial
associations. It is noteworthy that the cancellation of the SNARC
effect has been interpreted as an indicator of conflicting spatial-nu-
merical representations in other studies (e.g., Shaki & Fischer,
2008). In Experiment 2b, the ORM would be only activated by the
context, but the task would activate the MRM. Therefore, in this
case, no conflict would have occurred. Given that the task does not
require processing the ordinal properties of the stimuli directly, the
MRM would elicit the SNARC effect.
The observed results could be explained based on the interplay

between the keypad configuration stored in long-term memory and
its contextual activation in working memory. Since the keypad is
an overlearned configuration, it can be assumed that it is stored in
long-term memory and does not require any training to be
encoded. However, numbers are not represented according to the
keypad spatial arrangement “by default”; rather, this arrangement
becomes salient only when it is activated in working memory. In
the present study, the activation of the keypad in working memory
can occur before the task (i.e., preexperimental manipulation) and/
or during the task (i.e., intraexperimental manipulation).
The context was preexperimentally activated in all three experi-

ments. However, only Experiment 1 produced a concurrent intra-
experimental activation of the keypad since the task required the
retrieval of this configuration to be executed. Results indicate that
the keypad determined an association only in Experiment 1, while
in Experiments 2a and 2b, the keypad configuration did not
emerge since there was no retrieval. These results are in line with
the study by Ginsburg and Gevers (2015), who showed that the or-
dinal position effect is activated only when retrieval is required.
In Experiments 2a and 2b, which did not require retrieval of the

keypad configuration, the influence of the context can be inter-
preted in light of previous studies comparing visuospatial and
verbal working memory. Van Dijck et al. (2009) found that the
SNARC effect disappeared under visuospatial load in magnitude
classification tasks, while this inhibition did not occur in the parity
judgment. The context used in the present study was of visuospa-
tial nature; hence, it might have acted as visuospatial load, conse-
quently interfering with the SNARC effect in the magnitude
classification but not in the parity judgment. Referring to Prpic et
al.’s model, it is noteworthy that in direct tasks, the judgment
(e.g., comparing whether the ordinal position of a target is before or
after a reference in a mapped sequence)—processed at ORM level
—would be based on visuospatial information. Thus, the visuospa-
tial conflict activated by the context would interfere with ORM dur-
ing the magnitude classification task (Experiment 2a). Conversely,
in indirect tasks, the judgment would not be based on visuospatial
information. Thus, the information activated by the context would
not interfere with MRM during the parity judgment task (Experi-
ment 2b).
The visuospatial context employed in the present study is simi-

lar to the clock face employed by Bächtold et al. (1998); more-
over, the procedure of our Experiment 1 resembles the one
employed by Bächtold et al. because the task is based on the

spatial representation elicited by the context, and retrieval was
necessary during the experiment because of the task. Indeed, the
results of our Experiment 1 are consistent with the results found in
the clock-face experiment; namely, in both cases, it was observed
that a spatial-numerical association resembling the spatial arrange-
ment was elicited by the context. However, different from Bäch-
told et al., the present study adds further manipulations, employing
two tasks that do not reinforce the order elicited by the context. In
Bächtold et al.’s study, the relative contribution of the context and
the task in inducing ordinality was confounded. In the present
study, we demonstrated that the order elicited by the context alone
is not sufficient to alter spatial-numerical associations if it is not
reinforced by the task. Thus, the effect observed by Bächtold et al.
is probably due to the order consistently elicited by both the con-
text and the task.

It is noteworthy that three different tasks revealed three different
results, thus helping us to better understand how the order elicited
by the context and by the tasks interact. Since the context of the
stimuli was the same in the three experiments, we assume that the
different results emerged because of the different contribution of
the tasks. Indeed, in Experiment 1, the task reinforced the context;
in Experiment 2a, it conflicted with the context; and in Experiment
2b, it was unbound to the context. Thus, our interpretation is that
the tasks determined different levels of consistency with the con-
text of the stimuli, revealing different levels of influence on spatial
associations.

A limitation of the present study is that it did not address the
issue of vertical spatial-numerical associations (Aleotti et al.,
2020; Ito & Hatta, 2004). In this regard, the keypad would be use-
ful to investigate this kind of association because it appears in dif-
ferent formats with different vertical arrangements in devices that
are used daily (e.g., phone vs. calculator). Future studies could
manipulate the context using such ecological and overlearned con-
figurations to activate different vertical arrangements in working
memory in order to investigate the role of the context better.
Another limitation of the present study is that it did not manipulate
the level of activation of the context within the same task. Future
studies should systematically manipulate the level of activation of
the context (pre- vs intra- experimental manipulation) for each
type of task (direct and indirect) in order to determine if a greater
activation of the context could lead to a stronger interference with
the order elicited by the task and if this interference could lead to
different spatial associations based on the type of task.

Conclusions

Previous literature highlighted the importance of ordinality in
spatial-numerical associations; however, the way ordinality can be
elicited by the context and by the task is still unexplored. To better
investigate the role of the order in spatial-numerical associations,
we employed an atypical configuration of numerical stimuli as
context and three different tasks, each involving different repre-
sentations that were consistent or inconsistent with the order of the
context or unbound to it. According to the observed results, the
context shaped a spatial association when the task was based on
the same configuration, it produced a conflict when it was incon-
sistent with the representation evoked by the task, and it did not
affect the SNARC effect when it was unbound to the task. Taken
together, the results of the present study highlight that spatial-
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numerical associations can be modulated by the order elicited by
the context depending on the tasks.
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