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Abstract

The Spatial-Numerical Association of Response Codes (SNARC) effect is evidence of an association between number mag-
nitude and response position, with faster left-key responses to small numbers and faster right-key responses to large numbers.
Similarly, recent studies revealed a SNARC-like effect for tempo, defined as the speed of an auditory sequence, with faster
left-key responses to slow tempo and faster right-key responses to fast tempo. In order to address some methodological
issues of previous studies, in the present study we designed an experiment to investigate the occurrence of a SNARC-like
effect for tempo, employing a novel procedure in which only two auditory beats in sequence with a very short interstimulus
interval were used. In the “temporal speed” condition, participants were required to judge the temporal speed (slow or fast)
of the sequence. In the “interval duration” condition, participants were required to judge the duration of the interval between
the two beats (short or long). The results revealed a consistent SNARC-like effect in both conditions, with faster left-hand
responses to slow tempo and faster right-hand responses to fast tempo. Interestingly, the consistency of the results across the
two conditions indicates that the direction of the SNARC-like effect was influenced by temporal speed even when participants
were explicitly required to focus on interval duration. Overall, the current study extends previous findings by employing a
new paradigm that addresses potential confounding factors and strengthens evidence for the SNARC-like effect for tempo.

Keywords Temporal Processing - Music cognition - Sound recognition

Introduction

In cognitive psychology the relationship between space and
numbers has been largely studied in the last 30 years. The
scientific literature has documented widely that people tend
to associate small numbers to the left and large numbers to
the right, along a left-to-right-oriented mental number line
(Restle, 1970). Dehaene et al. (1993) first demonstrated the
existence of this spatial-numerical relationship with the so-
called Spatial-Numerical Association of Response Codes
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(SNARC) effect. The SNARC-effect consists of faster left-
key responses to small numbers (e.g., 1) and faster right-key
responses to large numbers (e.g., 9). Since this seminal work
by Dehaene et al. (1993), several studies have focused on
different aspects of the SNARC effect, such as flexibility
and context dependence (Béchtold et al., 1998; Cipora et al.,
2018; Mingolo et al., 2021), and the role of order and magni-
tude information (Pitt & Casasanto, 2020; Prpic et al., 2021).

Numerous studies have documented that the SNARC
effect is not limited to symbolic numerals, indeed it has also
been found with non-symbolic numerosity (Cutini et al.,

@ Springer


http://orcid.org/0000-0002-1318-4318
http://crossmark.crossref.org/dialog/?doi=10.3758/s13414-023-02816-z&domain=pdf

264

Attention, Perception, & Psychophysics (2024) 86:263-272

2019; Nuerk et al., 2005; but see also Prpic et al., 2023).
Moreover, SNARC-like effects were also found with non-
numerical stimuli across different modalities. In the visual
modality, SNARC-like effects were found with perceptual
magnitudes like the size of pictorial figures (Prpic et al.,
2020; Ren et al., 2011), luminance (Fumarola et al., 2014),
and angle magnitude (Fumarola et al., 2016), but also with
more complex stimuli, such as different features of facial
displays (Dalmaso, Schnapper et al., 2022a, Dalmaso,
Vicovaro, et al., 2022b; Dalmaso & Vicovaro, 2021; Hol-
mes et al., 2019; Holmes & Lourenco, 2011; see also Bal-
dassi et al., 2021, and Fantoni et al., 2019, for an alternative
explanation to SNARC-like effects for facial displays). Par-
ticularly important for our work are studies that investigate
SNARC-like effects for musical stimuli. While only a small
number of studies investigated music notation (Ariga &
Saito, 2019; Fumarola et al., 2020; Prpic et al., 2016), most
studies focused on the auditory modality, reporting SNARC-
like effects for loudness (Bruzzi et al., 2017; Hartmann &
Mast, 2017) and pitch (Lega et al., 2020; Lidji et al., 2007;
Pitteri et al., 2017; Prpic & Domijan, 2018; Rusconi et al.,
2006).

Like other numerical and non-numerical magnitudes,
time can be spatially represented and elicit a SNARC-like
effect; indeed, accumulating evidence suggest that time,
similar to numbers, is cognitively represented along a
mental timeline (MTL) oriented from left to right (Bonato
et al., 2012). This interaction between time and space can be
reflected in a left response advantage for early stimuli and a
right response advantage for late stimuli (i.e., target stimuli
that, following a periodic sequence of auditory stimuli, could
occur either earlier or later than their expected timing; Ishi-
hara et al., 2008; Mariconda et al., 2022). Moreover, left/
right response advantages were found for short/long dura-
tions (Vallesi et al., 2008); similar spatial associations were
also found for the vertical and diagonal axes (for details, see
Dalmaso, Schnapper et al., 2022a, Dalmaso, Vicovaro, et al.,
2022b, Topié et al., 2022).

Among the great variety of time-related aspects there is
tempo, which is the speed of an auditory sequence and is
commonly measured in beats per minute (bpm). De Tom-
maso & Prpic (2020) hypothesized that tempo can be spa-
tially represented along the horizontal axis and, similar
to other temporal information, can elicit a SNARC-like
effect. In their work, the authors conducted three experi-
ments in which they asked participants to listen to a ref-
erence sequence of beats and judge whether a subsequent
target sequence was slower or faster than the reference, using
lateralized response keys. In these experiments, full tempo
range (40, 80, 160, 200 bpm; Experiment 1), slow tempo
range (40, 56, 88, 104 bpm; Experiment 2), and fast tempo
range (133, 150, 184, 201 bpm; Experiment 3) were inves-
tigated. The results revealed a SNARC-like effect only for
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fast tempos in Experiment 3, leading the authors to conclude
that slow and fast tempos may be perceived cognitively in a
different way; in particular, only fast tempos with 133 bpm
or more might be associated with space.

Methodological issues in the SNARC-like effect
for tempo

Recently, Wood et al. (2021) raised methodological con-
cerns regarding the study's design and its potential impact
on the results of De Tommaso & Prpic (2020). Firstly, Wood
et al. noted that participants apparently violated the Weber-
Fechner law, since they were faster when discriminating
fast tempos (the mean of absolute response times (RTs)
was approximately 900 ms) than when discriminating slow
tempos (the mean of absolute RTs was approximately 1,400
ms). Indeed, according to the Weber-Fechner law, it should
be easier to discriminate the same delta of bpm with slow
tempos (low number of bpm) than with fast tempos (high
number of bpm). Consequentially, a pattern opposite to the
Weber-Fechner law (i.e., those shown in the results of the
study by De Tommaso and Prpic) could be explained if par-
ticipants focused on the duration of the interval rather than
on tempos. Namely, it should be easier to discriminate the
same delta of bpm with a short duration of the intervals (fast
tempos) than with a long duration of the intervals (slow tem-
pos). Moreover, participants could complete the task even
before listening to the second or third beat of the sequence
(anticipatory responding), especially when judging the slow-
est tempos (e.g., for 40 and 56 bpm); this reinforced the
idea that the judgment was based on interval duration rather
than on tempos. An alternative explanation for the differ-
ent patterns of RTs between slow and fast tempos is that
participants had to spend more time in the slow condition to
gain enough information to complete the task. Probably both
factors (i.e., the focus on interval duration and the need for
more time for gaining information) caused slower RTs for
the slow tempo stimuli.

Another point highlighted by Wood et al. (2021) regards
the lack of spatial associations for slow tempos, which might
be due to two possible conflicting effects. Indeed, with slow
tempos, the interstimulus interval might assume a higher
relevance and participants might have focused on interval
duration rather than on temporal speed; in other words,
instead of judging temporal speed (slow or fast), they might
have evaluated the temporal duration of the interval between
beats (short or long). In this case, short intervals should be
associated to the left and long intervals to the right (Conson
et al., 2008; Vallesi et al., 2008), namely the opposite expec-
tations to the associations for temporal speed (i.e., slow-left
and fast-right, as in De Tommaso & Prpic, 2020; Exp. 3).
According to Wood et al. (2021), it is possible that these
two opposite patterns prevented any spatial association from
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occurring with slow tempos in the study by De Tommaso
& Prpic (2020).

Furthermore, previous literature did not discuss a possible
confound between tempo and numerosity of auditory beats
(for recent evidence on common mechanisms for numerosity
and temporal processing, see Fortunato et al., 2023). Indeed,
when participants judge fast tempo stimuli, they are exposed
to a larger number of auditory beats compared to when they
judge slow tempo stimuli. Therefore, it is possible that the
spatial association detected in the fast tempo range (De Tom-
maso & Prpic, 2020; Exp. 3) was actually due to the smaller
number of beats for the relatively slower tempos, and to the
larger number of beats for the relatively faster tempos. Thus,
it cannot be excluded that the stimuli with smaller numbers
were associated with the left and those with larger numbers
were associated with the right, according to the SNARC
effect for non-symbolic numerals (Cutini et al., 2019; Nemeh
et al., 2018; Nuerk et al., 2005).

To sum up, the SNARC-like effect for tempo is still an
unclear phenomenon that needs further investigation. The
main objective of the present study is to investigate this phe-
nomenon, taking into consideration the three methodological
issues described above: (1) the anticipatory responding, (2)
the focus on temporal speed or on interval duration, and (3)
the confound between tempo and numerosity.

The present study

At first, to address the methodological issue of anticipatory
responding, we conducted a pilot study, in which we “turned
the beat around” by presenting the target tempo before the
reference, as suggested in Wood et al.'s (2021) commentary.
However, the results indicated that the task was too difficult
and led to an excessive number of errors, as a near-to-chance
level of performance was observed (see Appendix). We then
used a different approach, which implies a memory-based
judgment. Specifically, we used only two beats in sequence
with a very short interstimulus interval (to ensure the com-
plete encoding of the target sequence) without employing a
reference. In this way, the use of a very short interstimulus
interval would address the problem of anticipatory respond-
ing (issue 1) while the presence of only two beats, both for
the relatively fast and slow tempos, would address the con-
found between tempo and numerosity (issue 3). Clearly by
using this approach it is not possible to investigate stimuli
in the slow temporal range; however, it will be possible to
address these methodological concerns within the fast tem-
poral range. By employing this novel paradigm, we designed
two conditions (a “temporal speed” and an “interval dura-
tion” condition). In the temporal speed condition partici-
pants were asked to judge the temporal speed of the two
beats in sequence (slow or fast). In the interval duration
condition participants were required to judge the duration

of the interval between the two beats (short or long) of the
same stimuli. This allowed us to disambiguate the effect of
the focus on temporal speed or on interval duration (issue 2)
in spatial associations for tempo.

In the temporal speed condition we expected faster
left-hand responses for slow tempo and faster right-hand
responses for fast tempo, similar to the study by De Tom-
maso & Prpic (2020). In the interval duration condition,
one of three possible outcomes can emerge: (1) the effect
is driven by interval duration, determining a spatial asso-
ciation with a direction opposite to the previous study (De
Tommaso & Prpic, 2020); (2) spatial associations are driven
by temporal speed, determining a spatial association in line
with the previous study (De Tommaso & Prpic, 2020); (3)
interval duration conflicts with the processing of temporal
speed, thus determining a null effect.

Method
Participants

The sample size was calculated using the software G*Power,
setting power = .80 and a = .05 for a repeated-measures
ANOVAs main effect, and a small/medium effect size (f =
.20), based on previous research (De Tommaso & Prpic,
2020; Mariconda et al., 2022). The result was a required
sample size of 36 participants. To ensure that a sufficient
number of participants could be considered for the analyses,
we tested 45 participants (M =9, F = 36; Mage: 22.13 years,
SD = 2.84 years).

All participants were Italian university students (three
of them were left-handed and two were ambidextrous),
and their reading/writing direction was left-to-right. All
participants reported having normal hearing and normal
or corrected-to-normal vision, and that their psychophysi-
ological state was not affected by alcohol consumption or
insufficient sleep in the previous 24 h (Murgia et al., 2020).
Participants were students from the University of Trieste
and received credits for their participation in the study. The
experiment was conducted in accordance with the ethical
standards established by the Declaration of Helsinki and was
approved by the University of Trieste Ethics Committee.
Written informed consent was obtained from each partici-
pant before data collection.

Apparatus and stimuli

The experiment was designed and controlled by the Psy-
chopy software version 3.0 (Peirce, 2007). The experiment
was run with an HP PC with Intel Core i7 11th generation
(RAM: 16 Gb) on a 32-in. MSI monitor (Optix Mag 322CR,
180 hz). Participants’ responses were collected using a
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five-button serial response box. Sony MDR-XB950/B head-
phones were employed to provide participants with stimuli;
the volume was constant and set at a comfortable level for
participants.

Two different sequences, namely slow tempo (corre-
sponding to long interval duration) and fast tempo (corre-
sponding to short interval duration), each of them composed
of two auditory beats, were used as stimuli; each beat was
a sinusoidal waveform consisting of a 1,000-Hz tone with
a duration of 120 ms. The two sequences were identical,
except for the duration of the interstimulus interval: in the
slow tempo it had a duration of 100 ms, while in the fast
tempo it lasted for 30 ms. Moreover, a third stimulus consist-
ing of a single beat was used as a “no-go” condition. Before
each sequence, a fixation cross was presented for 1,500 ms.
Stimulus loudness was set at a comfortable level and was
equal for all stimuli and all participants.

Procedure

The experiment took place in a quiet laboratory in which
participants were tested individually. Participants were asked
to sit comfortably in front of the response box and the screen
to read the instructions; their bodies were aligned with the
response box’s midpoint.

Before starting the experiment, participants were explic-
itly informed which sequence was considered slow (long)
and which was fast (short). Accordingly, they were exposed
to the sequences to familiarize themselves with them and to
make sure they could classify them correctly. In the experi-
ment, participants were required to judge whether the tem-
poral speed of each sequence was slow or fast (temporal
speed condition) or whether the duration of the interstimulus
interval was short or long (interval duration condition) by
pressing one of the two response buttons as accurately and
quickly as possible. An additional “no-go” condition, with-
out the second beat, was added to ensure that participants
waited for the entire sequence and maintained the focus on
task. It is noteworthy that as opposed to De Tommaso &
Prpic (2020), no reference stimulus was employed.

The temporal speed condition consisted of two blocks
where the response mapping was counterbalanced among
participants (A-B or B-A). In detail, in block A (congruent
condition) the left key was assigned to the slow sequence and
the right key was assigned to the fast sequence; in block B
(incongruent condition) the response mapping was the oppo-
site, namely “left-fast” and “right-slow.” A practice session
and an experimental session were performed in each block.
In each practice session participants performed ten trials
(four slow, four fast, and two no-go), and received feedback
on their RTs and accuracy (“Correct!”, “Wrong!”). In each
experimental session, participants performed 50 trials (20
slow, 20 fast, and ten no-go) presented in random order,
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and received feedback only for wrong responses. Similarly,
the interval duration condition consisted of two counterbal-
anced blocks (C-D or D-C). In Block C (congruent condi-
tion) the left key was assigned to the short interval duration
and the right key was assigned to the long interval duration;
in Block D (incongruent condition), this stimulus-response
mapping was reversed (“left-long” and “right-short”). As
in the temporal speed condition, participants performed ten
trials (four short, four long, and two no-go) in the practice
session and 50 trials (20 short, 20 long, and ten no-go) in the
experimental sessions, in each block.

All participants were engaged in both conditions, thus
they performed four blocks in total; the order of temporal
speed and interval duration conditions was counterbalanced
among participants. The experiment had a total duration of
about 30 min.

Data analysis

The no-go trials were excluded from the analyses (partici-
pants provided unwanted responses only in 2.88% of no-go
trials in the temporal speed condition and 4% of no-go tri-
als in the interval duration condition; this confirmed that
they performed the tasks accurately). Moreover, the incor-
rect responses (5.33% in the temporal speed condition and
6.33% in the interval duration condition) and outliers (0.82%
in the temporal speed condition and 1% in the interval dura-
tion condition) were excluded from the analyses. A response
was considered as an outlier if the RT was shorter than 120
ms or longer than the average RTs of each participant plus 3
standard deviations (same criteria as Ishihara et al., 2008).
In addition, we excluded any participants with over 50%
of missing values in at least one cell of the design (e.g.,
left responses with the slow stimulus). Overall, two partici-
pants (4.4%) were removed due to this exclusion criteria.
No analysis was conducted on accuracy rates due to the low
number of errors.

Preliminarily, the difference between right-hand and left-
hand RTs was computed [dRT = RT (right hand) - RT (left
hand)] for each stimulus in each condition. Therefore, a 2
x 2 x 2 mixed-design analysis of variance (ANOVA) was
performed on dRTs, with the following factors: Condition
(temporal speed vs. interval duration) x Tempo (slow vs.
fast) x Order (temporal speed - interval duration vs. interval
duration - temporal speed); the former two variables were
within subjects, the latter between subjects. Moreover, two
paired-samples t-test were conducted to compare the dRTs
for fast and slow stimuli, both in the temporal speed condi-
tion and in the interval duration condition. Finally, a set of
one-sample #-tests was conducted to observe whether dRTs
were significantly different from zero, for each stimulus
in each condition. Data were analyzed using the software
SPSS.
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Results

The analyses revealed a significant main effect for Tempo
[F(1, 41) = 9.821; p < .005; ,° = .193], with average
higher dRTs for slow tempo stimuli and average lower
dRTs for fast tempo stimuli. Figure 1 illustrates the RTs
for each hand in each condition to facilitate the interpreta-
tion of this result (see also Table 1). This result indicates
the presence of a SNARC-like effect for tempo, with slow
tempo associated with the left and fast tempo associated
with the right. Moreover, the analyses showed a significant
main effect for Condition [F(1, 41) =5.105; p < .05; ;11,2
= .111]. Conversely, no main effect (p = .48) or interac-
tion with Tempo (p = .84), Condition (p = .21), or both
(p = .94) was observed for Order; likewise, no significant
Tempo x Condition interaction was found (p = .61), sug-
gesting that the SNARC-like effect for tempo is similar in
the two conditions.
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Fig. 1 Panel A shows the average response times of left and right
hands for slow and fast tempo stimuli in the “temporal speed” condi-
tion. Panel B shows the average response times of left and right hands
for slow (long interval) and fast (short interval) tempo stimuli in the
“interval duration” condition. Error bars indicate standard error of the
mean

Table 1 The table shows the average response times (ms) and stand-
ard deviations for slow and fast tempo stimuli with left and right
hands, in both the “temporal speed” and “interval duration” condi-
tions

Stimuli Hand  Temporal speed condition Interval duration
(slow vs. fast tempo judg-  condition
ment) (short vs. long

interval judgment)

Mean (SD) Mean (SD)

Slow Left 732 (130) 731 (149)

Slow Right 743 (148) 765 (181)

Fast Left 650 (155) 665 (167)

Fast Right 605 (118) 626 (127)

The consistency of the SNARC-like effect for tempo
across the two conditions was further confirmed by the
paired-samples z-tests, which showed a significant differ-
ence between dRTs for slow and for fast tempo stimuli, both
in the temporal speed [#(42) = 2.805; p < .05; d =.313] and
in the interval duration [#(42) = 3.209; p < .005; d = .482]
conditions. Interestingly, in the temporal speed condition an
asymmetric pattern was observed, with dRTs for fast tempo
(M = -46 ms; SD = 95) significantly lower than zero [#(42)
=-3.173; p < .005; d = .478], and dRTs for slow tempo not
different from zero (M = 12 ms; SD = 97; p = .44). Con-
versely, a more symmetric pattern was found in the interval
duration condition, with dRTs for fast tempo (M = -38 ms;
SD = 98) significantly lower than zero [#(42) =-2.577; p <
.05; d = .385], and dRTs for slow tempo (M = 35 ms; SD =
74) significantly higher [#(42) = 3.059; p < .005; d = .464].

General discussion

In the present study, we investigated the occurrence of a
SNARC-like effect for tempo in which we expected faster
left-hand responses for slow tempos and faster right-hand
responses for fast tempos, according to De Tommaso &
Prpic (2020). We designed the present study considering
three methodological issues that emerged from previous
research: (1) the anticipatory responding, (2) the focus on
temporal speed or on interval duration, and (3) the confound
between tempo and numerosity. We conducted one experi-
ment using a novel paradigm, in which only two beats in
sequence with very short interstimulus interval for both fast
and slow tempo were used. In the temporal speed condi-
tion participants were required to explicitly judge temporal
speed, while in the interval duration condition they judged
the duration of the interstimulus interval. Overall, results
consistently showed faster left-hand responses to slow speed/
long durations and faster right-hand responses to fast speed/
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short durations, suggesting that the SNARC-like effect for
tempo was driven by temporal speed.

The temporal speed condition replicated findings by De
Tommaso and Prpic (Exp. 3; 2020), showing a SNARC-
like effect for tempo. When participants were required to
judge temporal speed (slow or fast), results revealed faster
left-hand responses to slow tempo and faster right-hand
responses to fast tempo. The modified paradigm adopted
in this experiment allowed us to address the first (anticipa-
tory responding) and the third (confound between tempo and
numerosity) methodological issues. Indeed, a paradigm with
only two stimuli (fast and slow) consisting of two beats with
a short interstimulus interval and no reference was used;
therefore, participants completed the encoding of the tar-
get sequence before responding, thus avoiding anticipatory
responding. Moreover, this paradigm with only two beats
would address the confound between tempo and numerosity,
as the number of beats would remain constant for both slow
and fast stimuli. The results obtained with this paradigm
further strengthened the observation by De Tommaso and
Prpic (Exp. 3; 2020) that tempo can be spatially coded from
left to right.

The interval duration condition also showed a simi-
lar SNARC-like effect when participants were required to
focus on interval duration between beats (short or long).
Interestingly, the spatial association pattern elicited was the
same as in the temporal speed condition, suggesting that the
direction of the SNARC-like effect was driven by temporal
speed. Indeed, results revealed faster left-hand responses to
slow tempo (long duration) and faster right-hand responses
to fast tempo (short durations). This condition addresses the
second methodological issue, namely the focus on interval
duration (rather than on temporal speed). Indeed, even when
changing the focus of the instructions, the processing of
temporal speed prevails on the processing of interval dura-
tion. Therefore, it is unlikely that the processing of interval
duration played a role in the lack of a spatial association for
the slow tempo range in De Tommaso and Prpic (Exp. 2;
2020). Nevertheless, we should consider that this evidence
was gained within a fast tempo range and thus cannot be
directly extended to a slow tempo range.

Interestingly, our results differ from those of Vallesi et al.
(2008) and Conson et al. (2008). Indeed, Vallesi et al. (Exp.
1; 2008) revealed that participants responded faster with
their left hand when a visual stimulus lasted on the screen
for 1 s (short duration), while they responded faster with
their right hand when it was displayed for 3 s (long dura-
tion). Similarly, evidence of an association between left (vs.
right) space and short (vs. long) durations was also found
by using auditory stimuli (Conson et al., 2008). Therefore,
previous works showed an opposite pattern compared to our
findings in the interval duration condition (long durations/
left and short durations/right). A possible explanation for
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these contrasting effects could be that in the works by Val-
lesi et al. (2008) and Conson et al. (2008) the stimuli had
longer durations compared to our stimuli; in particular, Con-
son et al. (2008) used a longer interstimulus interval (1,000
ms) compared to ours (30 ms or 100 ms). Therefore, the
stimuli used in our experiment might have made temporal
speed particularly salient, thus masking the effect of interval
duration.

The absence of a spatial association for interval duration
(short/left, long/right, as found by Ishihara et al., 2008, and
Vallesi et al., 2008) suggests the lack of automaticity of this
effect. This is supported by recent evidence in the field. For
example, Scozia et al. (2023a) showed that this spatial asso-
ciation is only found with longer time durations, suggesting
that spatial interference only occurs at the later stages of
processing. Moreover, another recent study by Scozia et al.
(2023b) showed that spatial associations only occur when
both spatial and temporal codes are jointly involved in the
task. This effect gains further strength when the spatial code
is response-related. Overall, our evidence supports the lack
of automaticity of spatial associations for interval duration;
however, it also suggests that temporal speed might be auto-
matically associated with space since its effect emerged in
the interval duration condition with very fast stimuli. Future
studies should further investigate whether the spatial asso-
ciation for temporal speed is an automatic phenomenon.

Overall, our results seem to be in line with the ATOM
model (Bueti & Walsh, 2009; Walsh, 2003), which sug-
gests that any spatially or action-coded magnitude should
be related to space. Nonetheless, our findings suggest that
certain magnitudes may be preferentially associated with
space compared to others, and this becomes clear only when
these are put directly in contrast, such as temporal speed
and interval duration in our study. Indeed, the processing of
temporal speed prevails despite the focus of the instructions
being changed explicitly in favor of interval duration (in the
interval duration condition). Consequently, it is possible
that, at least with fast stimuli (that have very a short inter-
stimulus interval, as in our study), temporal speed becomes
the most salient dimension and, consequently, it elicits a
spatial association. Therefore, our study shows that explic-
itly stressing the instructions in favor of another dimension
(i.e., interval duration) might not be sufficient to change the
pattern of spatial associations.

Our evidence also seems to be in line with the polarity
correspondence principles (Proctor & Cho, 2006), which
posit that corresponding polarities can be conceptually asso-
ciated. Since in our study we employed both dichotomous
stimuli and responses, it is certainly possible that “slow” was
defined as negative polarity (-) while “fast” was defined as
positive (+) and, therefore, these features were associated
with left (-) and right (4) responses, respectively. Interest-
ingly, when task instructions required focusing on interval
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duration, temporal speed prevailed, suggesting that partici-
pants spontaneously recoded a short interval (-) as fast tem-
poral speed (+), and a long interval (+) as slow temporal
speed (-). Both magnitude-based (ATOM) and conceptual
(polarity correspondence principles) accounts are possible
explanations for the spatial association revealed in our study.
However, our experiment was not specifically designed to
differentiate between the theoretical accounts, thus there
is no clear evidence for supporting one account versus the
other. Future studies should investigate which theoretical
approach better explains the SNARC-like effect for tempo.

Furthermore, our study revealed different absolute RTs for
slow and fast tempos. This phenomenon was also observed
in De Tommaso and Prpic (Exp. 2 and 3; 2020), with RTs
for slow tempos being slower than those for fast tempos.
Our experiment confirmed this trend, but the gap between
slow and fast tempos was extensively reduced. Indeed, in
De Tommaso & Prpic (2020) this gap was approximately of
500 ms (around 1,400 ms for slow temporal range vs. 900
ms for fast temporal range) compared to our experiment in
which it was approximately of 100 ms (around 700 ms vs.
600 ms for slow and fast tempo stimuli, respectively). While
the global reduction of RTs in our experiment (compared
to the previous study) can be easily attributed to the full
encoding of the stimuli before responding, it is interesting
to notice that — although reduced — the gap between RTs for
fast and slow stimuli still persists in our experiment. In our
opinion, two explanations could clarify this gap. Since RTs
were measured from the first beat, it is possible that RT gap
(100 ms) was due to participants encoding the fast stimulus
earlier than the slow stimulus (30 vs. 100 ms for fast/slow
tempos, respectively). Alternatively, this gap could be due
to the congruency between the stimuli and their semantic
classification. Indeed, participants were required to classify
as “fast” (or “short”) stimuli that were “extremely” fast (or
short); in this case, there was a clear congruency between
the stimuli and their label. Conversely, they had to classify
as “slow” (or “long”) stimuli that were still “quite” fast (or
short). This incongruency might have caused slower RTs for
slow tempo stimuli.

A limitation of the present study is that the paradigm used
in our experiment provides further evidence only regarding
the processing of fast tempo, while it does not allow us to
make direct inferences about slow tempos. Indeed, it is pos-
sible that the interval duration between beats would play a
greater role with slow tempos because it is longer and, con-
sequently, participants would have more time to focus on it
and to process it. Therefore, interval duration might become
more salient with slower tempi. Conversely, in our stimuli
the interstimulus interval was particularly short, making
temporal speed the relevant dimension. Unfortunately, our
paradigm is not suitable to investigate this issue with slow
tempos, as the gap between the relatively slow and fast

stimuli should be very short to avoid anticipatory respond-
ing. Indeed, as clearly described by the Weber-Fechner law,
this short gap can be easily detected within a short interval
duration (fast tempo range), as in our study, but would be
very hard to detect within larger interstimulus intervals (slow
tempo range). Future studies should design different para-
digms in order to investigate the spatial association in the
slow tempo range and to assess whether this differs from the
fast range, as suggested by De Tommaso & Prpic (2020).

Conclusion

In the present study we extended previous findings by
De Tommaso & Prpic (2020), taking into account three
methodological issues: (1) the anticipatory responding,
(2) the focus on temporal speed or on interval duration,
and (3) the confound between tempo and numerosity. To
do this, we developed a novel paradigm that ensured the
complete encoding of the stimuli and that used a fix num-
ber of beats, thus addressing the first and third issues.
Moreover, to address the second issue we asked partici-
pants to focus either on temporal speed or on interval
duration. Overall, the results strengthen previous findings
on the SNARC-like effect for tempo, conceptually repli-
cating the effect by using an improved methodological
paradigm. Our results suggest that the SNARC-like effect
for tempo is driven by temporal speed, even when the
focus of the instructions is changed explicitly in favor of
interval duration.

Appendix

This Appendix includes a brief description of the pilot study
in which we “turned the beat around,” as suggested by Wood
et al. (2021). The aim of this study was to address the prob-
lem of anticipatory responding highlighted in their commen-
tary; to do so, we conducted two experiments in which we
played the target tempo before the reference tempo, to ensure
the complete encoding of the target sequence.

Pilot Experiment 1

In Pilot Experiment 1 we aimed to conceptually replicate
Experiment 2 of De Tommaso & Prpic (2020) by presenting
the target sequence before the reference.

Method

Participants Thirty-one participants (M =5, F = 26; M,,.=

22.37 years, SD = 6.67 years) were recruited online for this
experiment.
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Apparatus and stimuli The experiment was created with
PsychoPy (Peirce; 2007) while Pavlovia was used to run
it online. All participants used their personal computer to
perform the experiment.

Five sequences of auditory beats, with five different slow
tempos (40, 56, 72, 88, 104 bpm) were used as stimuli. In
detail, four (40, 56, 88, 104 bpm) served as target sequence
while the 72-bpm stimulus served as reference sequence.

Procedure In the experiment, participants listened the target
sequences played before the reference; they were required to
judge whether the temporal speed of each target sequence
was slower or faster than the reference sequence, by press-
ing a left or right response key as accurately and quickly as
possible.

Data analysis In this section we report only descriptive anal-
ysis because this experiment was very difficult to perform
and led to an excessive number of errors. Indeed, consider-
ing that a 50% error rate means that participants responded
randomly and that the mean of incorrect responses was
48.48% (SD = 30.18), we concluded that participants were
not able to perform the task.

Pilot Experiment 2

Pilot Experiment 2 was similar to Pilot Experiment 1. The
only difference was that in this experiment we aimed to con-
ceptually replicate Experiment 3 of De Tommaso & Prpic
(2020), thus we only used the fast tempo range (from 133
to 201 bpm).

Method

Participants The participants were the same as those in Pilot
Experiment 1.

Apparatus and stimuli The apparatus used was the same as
the one used in Pilot Experiment 1. The only difference was
that we used five fast tempos (133, 150, 167, 184, 201 bpm)
as stimuli.

Procedure The procedure was similar as the one used in the
Pilot Experiment 1. The only difference was that the 133,
150, 184, 201-bpm sequences served as target stimuli while
the 167-bpm sequence served as reference.

Data analysis As in Pilot Experiment 1, in this section we
report only descriptive analysis due to an excessive number
of errors. The mean of incorrect responses was 39.31% (SD
=22.26).

@ Springer

Discussion of pilot experiments We designed Pilot Experi-
ments 1 and 2 following the suggestions by Wood et al.
(2021). Both Pilot Experiments produced a high number of
errors, which prevented to analyze RTs. This was due to the
complexity of the procedure that made the task particularly
difficult. Indeed, participants were required to retrieve and
classify information from the target sequence, while listen-
ing to the reference. It is noteworthy that there was always a
conflicting response mapping between the target sequence
and the reference (they had to indicate the target sequence
as “slower” while listening to a “faster” sequence, or vice
versa). Considering the complexity of the task and the high
number of errors we decided to try a different approach to
address the issue of anticipatory responding.

Funding Open access funding provided by Universita degli Studi di
Trieste within the CRUI-CARE Agreement.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ariga, A., & Saito, S. (2019). Spatial-musical association of response
codes without sound. Quarterly Journal of Experimental Psy-
chology, 72(9), 2288-2301. https://doi.org/10.1177/1747021819
838831

Bichtold, D., Baumiiller, M., & Brugger, P. (1998). Stimulus-response
compatibility in representational space. Neuropsychologia, 36(8),
731-735. https://doi.org/10.1016/S0028-3932(98)00002-5

Baldassi, G., Murgia, M., Prpic, V., Rigutti, S., Domijan, D., Ago-
stini, T., & Fantoni, C. (2021). Large as being on top of the world
and small as hitting the roof: A common magnitude represen-
tation for the comparison of emotions and numbers. Psycho-
logical Research, 85(3), 1272-1291. https://doi.org/10.1007/
$00426-020-01306-3

Bonato, M., Zorzi, M., & Umilta, C. (2012). When time is space:
evidence for a mental time line. Neuroscience & Biobehavioral
Reviews, 36(10), 2257-2273. https://doi.org/10.1016/j.neubiorev.
2012.08.007

Bruzzi, E., Talamini, F., Priftis, K., & Grassi, M. (2017). A smarc effect
for loudness. I-Perception, 8(6), 2041669517742175. https://doi.
org/10.1177/2041669517742175


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/1747021819838831
https://doi.org/10.1177/1747021819838831
https://doi.org/10.1016/S0028-3932(98)00002-5
https://doi.org/10.1007/s00426-020-01306-3
https://doi.org/10.1007/s00426-020-01306-3
https://doi.org/10.1016/j.neubiorev.2012.08.007
https://doi.org/10.1016/j.neubiorev.2012.08.007
https://doi.org/10.1177/2041669517742175
https://doi.org/10.1177/2041669517742175

Attention, Perception, & Psychophysics (2024) 86:263-272

271

Bueti, D., & Walsh, V. (2009). The parietal cortex and the representa-
tion of time, space, number and other magnitudes. Philosophi-
cal Transactions of the Royal Society B: Biological Sciences,
364(1525), 1831-1840. https://doi.org/10.1098/rstb.2009.0028

Cipora, K., Patro, K., & Nuerk, H.-C. (2018). Situated influences on
spatial-numerical associations. Spatial biases in perception and
cognition (pp. 41-59). Cambridge University Press. https://doi.
org/10.1017/9781316651247.004

Conson, M., Cinque, F., Barbarulo, A. M., & Trojano, L. (2008).
A common processing system for duration, order and spatial
information: Evidence from a time estimation task. Experimen-
tal Brain Research, 187(2), 267-274. https://doi.org/10.1007/
$00221-008-1300-5

Cutini, S., Aleotti, S., Di Bono, M. G., & Priftis, K. (2019). Order
versus chaos: The impact of structure on number-space associa-
tions. Attention, Perception, & Psychophysics, 81(6), 1781-1788.
https://doi.org/10.3758/s13414-019-01768-7

Dalmaso, M., Schnapper, Y., & Vicovaro, M. (2022). When time stands
upright: STEARC effects along the vertical axis. Psychological
Research.https://doi.org/10.1007/s00426-022-01693-9

Dalmaso, M., & Vicovaro, M. (2021). Is Face Age Mapped Asymmetri-
cally onto Space? Insights from a SNARC-like task. Symmetry,
13(9), 9. https://doi.org/10.3390/sym 13091617

Dalmaso, M., Vicovaro, M., & Watanabe, K. (2022). Cross-cultural
evidence of a space-ethnicity association in face categorisation.
Current Psychology.https://doi.org/10.1007/s12144-022-02920-7

De Tommaso, M., & Prpic, V. (2020). Slow and fast beat sequences
are represented differently through space. Attention, Perception,
& Psychophysics, 82(5), 2765-2773. https://doi.org/10.3758/
s13414-019-01945-8

Dehaene, S., Bossini, S., & Giraux, P. (1993). The mental representa-
tion of parity and number magnitude. Journal of Experimental
Psychology: General, 122, 371-396. https://doi.org/10.1037/
0096-3445.122.3.371

Fantoni, C., Baldassi, G., Rigutti, S., Prpic, V., Murgia, M., & Agostini,
T. (2019). Emotional semantic congruency based on stimulus
driven comparative judgements. Cognition, 190, 20-41. https://
doi.org/10.1016/j.cognition.2019.04.014

Fortunato, G., Togoli, 1., & Bueti, D. (2023). The more numerous the
longer: How the integration between numerosity and time leads
to a common neural response. Proceedings of the Royal Society
B: Biological Sciences, 290(1998), 20230260. https://doi.org/10.
1098/rspb.2023.0260

Fumarola, A., Prpic, V., Da Pos, O., Murgia, M., Umilta, C., & Ago-
stini, T. (2014). Automatic spatial association for luminance.
Attention, Perception, & Psychophysics, 76(3), 7159-765. https://
doi.org/10.3758/s13414-013-0614-y

Fumarola, A., Prpic, V., Fornasier, D., Sartoretto, F., Agostini, T., &
Umilta, C. (2016). The spatial representation of angles. Percep-
tion, 45(11), 1320-1330. https://doi.org/10.1177/0301006616
661915

Fumarola, A., Prpic, V., Luccio, R., & Umilta, C. (2020). A SNARC-
like effect for music notation: The role of expertise and musical
instrument. Acta Psychologica, 208, 103120. https://doi.org/10.
1016/j.actpsy.2020.103120

Hartmann, M., & Mast, F. W. (2017). Loudness counts: Interactions
between loudness, number magnitude, and space. Quarterly Jour-
nal of Experimental Psychology, 70(7), 1305-1322. https://doi.
org/10.1080/17470218.2016.1182194

Holmes, K. J., Alcat, C., & Lourenco, S. F. (2019). Is emotional mag-
nitude spatialized? A Further Investigation. Cognitive Science,
43(4), €12727. https://doi.org/10.1111/cogs.12727

Holmes, K. J., & Lourenco, S. F. (2011). Common spatial organization
of number and emotional expression: A mental magnitude line.

Brain and Cognition, 77(2), 315-323. https://doi.org/10.1016/j.
bandc.2011.07.002

Ishihara, M., Keller, P. E., Rossetti, Y., & Prinz, W. (2008). Horizontal
spatial representations of time: Evidence for the STEARC effect.
Cortex, 44(4), 454-461. https://doi.org/10.1016/j.cortex.2007.08.
010

Lega, C., Cattaneo, Z., Ancona, N., Vecchi, T., & Rinaldi, L. (2020).
Instrumental expertise and musical timbre modulate the spatial
representation of pitch. Quarterly Journal of Experimental Psy-
chology, 73(8), 1162-1172. https://doi.org/10.1177/1747021819
897779

Lidji, P., Kolinsky, R., Lochy, A., & Morais, J. (2007). Spatial associa-
tions for musical stimuli: A piano in the head? Journal of Experi-
mental Psychology: Human Perception and Performance, 33,
1189-1207. https://doi.org/10.1037/0096-1523.33.5.1189

Mariconda, A., Prpic, V., Mingolo, S., Sors, F., Agostini, T., & Mur-
gia, M. (2022). A systematic investigation reveals that Ishihara
et al.’s (2008) STEARC effect only emerges when time is directly
assessed. Scientific Reports, 12(1), 1. https://doi.org/10.1038/
s41598-022-23411-6

Mingolo, S., Prpic, V., Bilotta, E., Fantoni, C., Agostini, T., & Murgia,
M. (2021). Snarcing with a phone: The role of order in spatial-
numerical associations is revealed by context and task demands.
Journal of Experimental Psychology: Human Perception and Per-
Sformance, 47, 1365-1377. https://doi.org/10.1037/xhp0000947

Murgia, M., Mingolo, S., Prpic, V., Sors, F., Santoro, 1., Bilotta, E.,
& Agostini, T. (2020). University students’ hangover may affect
cognitive research. Frontiers in Psychology, 11, 573291. https://
doi.org/10.3389/fpsyg.2020.573291

Nemeh, F., Humberstone, J., Yates, M. J., & Reeve, R. A. (2018). Non-
symbolic magnitudes are represented spatially: Evidence from a
non-symbolic SNARC task. PLOS One, 13(8), €0203019. https://
doi.org/10.1371/journal.pone.0203019

Nuerk, H.-C., Wood, G., & Willmes, K. (2005). The universal SNARC
effect. Experimental Psychology, 52(3), 187—194. https://doi.org/
10.1027/1618-3169.52.3.187

Peirce, J. W. (2007). PsychoPy—Psychophysics software in python.
Journal of Neuroscience Methods, 162(1), 8—13. https://doi.org/
10.1016/j.jneumeth.2006.11.017

Pitt, B., & Casasanto, D. (2020). The correlations in experience princi-
ple: How culture shapes concepts of time and number. Journal of
Experimental Psychology: General, 149(6), 1048—1070. https://
doi.org/10.1037/xge0000696

Pitteri, M., Marchetti, M., Priftis, K., & Grassi, M. (2017). Naturally
together: Pitch-height and brightness as coupled factors for elicit-
ing the SMARC effect in non-musicians. Psychological Research,
81(1), 243-254. https://doi.org/10.1007/s00426-015-0713-6

Proctor, R. W., & Cho, Y. S. (2006). Polarity correspondence: A gen-
eral principle for performance of speeded binary classification
tasks. Psychological Bulletin, 132(3), 416. https://doi.org/10.
1037/0033-2909.132.3.416

Prpic, V., Basamh, Y. A., Goodridge, C. M., Agostini, T., & Murgia, M.
(2023). Contrasting symbolic and non-symbolic numerical repre-
sentations in a joint classification task. Psychonomic Bulletin &
Review. https://doi.org/10.3758/s13423-023-02246-w

Prpic, V., & Domijan, D. (2018). Linear representation of pitch height
in the smarc effect. Psihologijske Teme, 27(3), 437-452. https://
doi.org/10.31820/pt.27.3.5

Prpic, V., Fumarola, A., De Tommaso, M., Luccio, R., Murgia, M.,
& Agostini, T. (2016). Separate mechanisms for magnitude and
order processing in the spatial-numerical association of response
codes (SNARC) effect: The strange case of musical note values.
Journal of Experimental Psychology: Human Perception and Per-
Sformance, 42, 1241-1251. https://doi.org/10.1037/xhp0000217

@ Springer


https://doi.org/10.1098/rstb.2009.0028
https://doi.org/10.1017/9781316651247.004
https://doi.org/10.1017/9781316651247.004
https://doi.org/10.1007/s00221-008-1300-5
https://doi.org/10.1007/s00221-008-1300-5
https://doi.org/10.3758/s13414-019-01768-7
https://doi.org/10.1007/s00426-022-01693-9
https://doi.org/10.3390/sym13091617
https://doi.org/10.1007/s12144-022-02920-7
https://doi.org/10.3758/s13414-019-01945-8
https://doi.org/10.3758/s13414-019-01945-8
https://doi.org/10.1037/0096-3445.122.3.371
https://doi.org/10.1037/0096-3445.122.3.371
https://doi.org/10.1016/j.cognition.2019.04.014
https://doi.org/10.1016/j.cognition.2019.04.014
https://doi.org/10.1098/rspb.2023.0260
https://doi.org/10.1098/rspb.2023.0260
https://doi.org/10.3758/s13414-013-0614-y
https://doi.org/10.3758/s13414-013-0614-y
https://doi.org/10.1177/0301006616661915
https://doi.org/10.1177/0301006616661915
https://doi.org/10.1016/j.actpsy.2020.103120
https://doi.org/10.1016/j.actpsy.2020.103120
https://doi.org/10.1080/17470218.2016.1182194
https://doi.org/10.1080/17470218.2016.1182194
https://doi.org/10.1111/cogs.12727
https://doi.org/10.1016/j.bandc.2011.07.002
https://doi.org/10.1016/j.bandc.2011.07.002
https://doi.org/10.1016/j.cortex.2007.08.010
https://doi.org/10.1016/j.cortex.2007.08.010
https://doi.org/10.1177/1747021819897779
https://doi.org/10.1177/1747021819897779
https://doi.org/10.1037/0096-1523.33.5.1189
https://doi.org/10.1038/s41598-022-23411-6
https://doi.org/10.1038/s41598-022-23411-6
https://doi.org/10.1037/xhp0000947
https://doi.org/10.3389/fpsyg.2020.573291
https://doi.org/10.3389/fpsyg.2020.573291
https://doi.org/10.1371/journal.pone.0203019
https://doi.org/10.1371/journal.pone.0203019
https://doi.org/10.1027/1618-3169.52.3.187
https://doi.org/10.1027/1618-3169.52.3.187
https://doi.org/10.1016/j.jneumeth.2006.11.017
https://doi.org/10.1016/j.jneumeth.2006.11.017
https://doi.org/10.1037/xge0000696
https://doi.org/10.1037/xge0000696
https://doi.org/10.1007/s00426-015-0713-6
10.1037/0033-2909.132.3.416
10.1037/0033-2909.132.3.416
https://doi.org/10.3758/s13423-023-02246-w
https://doi.org/10.31820/pt.27.3.5
https://doi.org/10.31820/pt.27.3.5
https://doi.org/10.1037/xhp0000217

272

Attention, Perception, & Psychophysics (2024) 86:263-272

Prpic, V., Mingolo, S., Agostini, T., & Murgia, M. (2021). Magnitude
and order are both relevant in SNARC and SNARC-like effects:
A commentary on casasanto and Pitt (2019). Cognitive Science,
45(7), e13006. https://doi.org/10.1111/cogs.13006

Prpic, V., Soranzo, A., Santoro, 1., Fantoni, C., Galmonte, A., Agostini,
T., & Murgia, M. (2020). SNARC-like compatibility effects for
physical and phenomenal magnitudes: A study on visual illusions.
Psychological Research, 84(4), 950-965. https://doi.org/10.1007/
s00426-018-1125-1

Ren, P., Nicholls, M. E. R., Ma, Y., & Chen, L. (2011). Size matters:
Non-numerical magnitude affects the spatial coding of response.
PLOS ONE, 6(8), €23553. https://doi.org/10.1371/journal.pone.
0023553

Restle, F. (1970). Speed of adding and comparing numbers. Journal of

Experimental Psychology, 83, 274-278. https://doi.org/10.1037/
h0028573

Rusconi, E., Kwan, B., Giordano, B. L., Umilta, C., & Butterworth,
B. (2006). Spatial representation of pitch height: The SMARC
effect. Cognition, 99(2), 113—129. https://doi.org/10.1016/j.cogni
tion.2005.01.004

Scozia, G., Pinto, M., Lozito, S., Lasaponara, S., Binetti, N., Pazzaglia,
M., & Doricchi, F. (2023). Space is a late heuristic of elapsing
time: New evidence from the STEARC effect. Cortex, 164,21-32.
https://doi.org/10.1016/j.cortex.2023.03.009

Scozia, G., Pinto, M., Pellegrino, M., Lozito, S., Pia, L., Lasapon-
ara, S., & Doricchi, F. (2023b). How time gets spatial: Factors
determining the stability and instability of the mental time line.

@ Springer

Attention, Perception, & Psychophysics.https://doi.org/10.3758/
$13414-023-02746-w

Topié, V., Stoji¢, S., & Domijan, D. (2022). An implicit task reveals
space-time associations along vertical and diagonal axes. Psy-
chological Research, 86(4), 1252—1261. https://doi.org/10.1007/
s00426-021-01561-y

Vallesi, A., Binns, M. A., & Shallice, T. (2008). An effect of spatial—
temporal association of response codes: Understanding the cogni-
tive representations of time. Cognition, 107(2), 501-527. https://
doi.org/10.1016/j.cognition.2007.10.011

Walsh, V. (2003). A theory of magnitude: Common cortical metrics
of time, space and quantity. Trends in Cognitive Sciences, 7(11),
483-488. https://doi.org/10.1016/j.tics.2003.09.002

Wood, D., Shaki, S., & Fischer, M. H. (2021). Turn the beat around:
Commentary on “slow and fast beat sequences are represented dif-
ferently through space" (de Tommaso & Prpic, 2020, in attention,
perception, & psychophysics). Attention, Perception, & Psychophys-
ics, 83(4), 1518-1521. https://doi.org/10.3758/s13414-021-02247-8

Open practices statement The stimuli and datasets generated
and analyzed for all experiments are available via the Open Science
Framework repository at: https://osf.io/yq96z/?view_only=80236
810a85446f7bd5441bedde579%4c.


https://doi.org/10.1111/cogs.13006
https://doi.org/10.1007/s00426-018-1125-1
https://doi.org/10.1007/s00426-018-1125-1
https://doi.org/10.1371/journal.pone.0023553
https://doi.org/10.1371/journal.pone.0023553
https://doi.org/10.1037/h0028573
https://doi.org/10.1037/h0028573
https://doi.org/10.1016/j.cognition.2005.01.004
https://doi.org/10.1016/j.cognition.2005.01.004
https://doi.org/10.1016/j.cortex.2023.03.009
https://doi.org/10.3758/s13414-023-02746-w
https://doi.org/10.3758/s13414-023-02746-w
https://doi.org/10.1007/s00426-021-01561-y
https://doi.org/10.1007/s00426-021-01561-y
https://doi.org/10.1016/j.cognition.2007.10.011
https://doi.org/10.1016/j.cognition.2007.10.011
https://doi.org/10.1016/j.tics.2003.09.002
https://doi.org/10.3758/s13414-021-02247-8
https://osf.io/yq96z/?view_only=80236810a85446f7bd5441bedde5794c
https://osf.io/yq96z/?view_only=80236810a85446f7bd5441bedde5794c

	Temporal speed prevails on interval duration in the SNARC-like effect for tempo
	Abstract
	Introduction
	Methodological issues in the SNARC-like effect for tempo
	The present study

	Method
	Participants
	Apparatus and stimuli
	Procedure
	Data analysis

	Results
	General discussion
	Conclusion
	Appendix
	Pilot Experiment 1
	Method

	Pilot Experiment 2
	Method


	References


