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Abstract

The ordinal position effect posits that items positioned earlier in an ordinal sequence are
responded to faster with the left key than the right key, and items positioned later in an ordinal
sequence are responded to faster with the right key than the left key. Although the mechanism of
the ordinal position effect has been investigated in many studies, it is unclear whether the ordinal
position effect can extend to the auditory modality and the hands crossed context. Therefore, the
present study employed days as the order information to investigate this question. Days were
visually or acoustically displayed on a screen in random order, and participants were instructed to
judge whether the probe day they perceived was before or after the current day (days-relevant
task) or to identify the color or voice of the probe day they perceived (days-irrelevant task). The
results indicate the following: (a) The days before the current day were responded to faster with
the left key than the right key, and the days after the current day were responded to faster with the
right key than the left key, both when the days-relevant task and the days-irrelevant task were
performed, regardless of the sense modality. (b) The ordinal position effect for judgments of days
was also obtained in the auditory modality even when the hands were crossed. These results
indicate that the ordinal position effect can extend to the auditory modality and the hands crossed
context, similar to the spatial-numerical association of response codes effect of numbers.
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Introduction

Dehaene and his collaborators displayed Arabic numerals ranging from one to nine (except
five) one at a time centrally on a screen and then instructed participants to judge whether the
probe number was an odd or even number by pressing the left or right key on a keyboard. They
found that numbers smaller than five were responded to faster with left key presses than right.
In contrast, numbers larger than five were responded to faster with right key presses, and the
correlation of left-small number and right-large number was very strong. Dehaene, Bossini,
and Giraux (1993) referred to this phenomenon as the spatial-numerical association of
response codes (SNARC) effect. To explain this phenomenon, Dehaene et al. introduced the
hypothesis of the mental number line (MNL) proposed by Restle, which postulates that
numbers are spatially represented on the MNL by numerical magnitude from left to right.
Specifically, small numbers are represented on the left of the MNL, and larger numbers are
represented on the right of the MNL (Dehaene et al., 1993; Restle, 1970). Many subsequent
researchers have found that the SNARC effect not only survives in the processing of Arabic
numbers (Schwarz & Miiller, 2006; Tan & Dixon, 2011; White, Sz{ics, & Soltész, 2012; Wood,
Willmes, Nuerk, & Fischer, 2008) but is also observed in the processing of other numerical and
nonnumerical stimuli (e.g., pitch, luminance, and emotional pictures denoting different levels
of happiness; Calabria & Rossetti, 2005; Cho, Bae, & Proctor, 2012; Fumarola et al., 2014;
Holmes & Lourenco, 2011; Liu, Mai, & Fu, 2004; Kirjakovski & Utsuki, 2012). These studies
further provided direct evidence for the MNL hypothesis. Thus, the SNARC effect is viewed as
a gold standard to examine whether a particular stimulus is spatially represented.

Given that numbers simultaneously encompass the concept of quantity (how many) and
serial order (which position; Jacob & Nieder, 2008), many researchers have employed the
SNARC effect as an index for investigating whether order information is spatially
represented in a manner similar to numbers (Casarotti, Michielin, Zorzi, & Umilta, 2007;
Dehaene et al., 1993; Dodd, Stigchel, Leghari, Fung, & Kingstone, 2008; Gevers, Reynvoet,
& Fias, 2003, 2004; Ishihara, Keller, Rossetti, & Prinz, 2008). Although one study indicated
that order information such as letters of the alphabet was not represented spatially because of
the absence of the ordinal position effect in the processing of letters (Dehaene et al., 1993),
most studies have indicated that order information was also spatially represented because the
ordinal position effect was identified in the order information processing task (Abrahamse,
van Dijck, Majerus, & Fias, 2014; Botvinick, & Watanabe, 2007; Gevers et al., 2003, 2004;
Ginsburg, Archambeau, Van Dijck, Chetail, & Gevers, 2017; Huber, Klein, Moeller, &
Willmes, 2016; Previtali, de Hevia, & Girelli, 2010; Zhang et al., 2016). For example, when
Previtali et al. (2010) instructed participants to learn a list of nine words and then perform an
order-relevant classification task or order-irrelevant classification task, the researchers were
able to replicate the ordinal position effect in serial learning. Although most studies have
found that all numbers and order information were represented spatially, several studies have
indicated that the mechanism of the SNARC effect and the ordinal position effect was
different (Casarotti et al., 2007; Dehaene et al., 1993; Dodd et al., 2008; Ginsburg &
Gevers, 2015; Jan, Janosch, Telse, Marcus, & Sven, 2013; Nakhai, Pesciarelli, Mapelli, &
Cacciari, 2012; Turconi, Campbell, & Seron, 2006; Wang, Liu, Shi, & Kang, 2018; Zhao
et al., 2012). For example, Dodd et al. (2008) investigated whether letters, days, and months
could shift individual attention in a way similar to numbers, and they found that while
numbers could shift individual attention to the left or right according to numerical
magnitude, the same was not true for letters, days, and months.

In addition, several previous studies investigated the stability of the SNARC effect across
sense modalities, and the results have consistently indicated that the SNARC effect of numbers
and numerical magnitudes occurred in both visual and auditory modalities (Golob, Lewald,
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Jungilligens, & Getzmann, 2016; Klein, Moeller, Nuerk, & Willmes, 2010; Kong, Zhao, &
You, 2012; Nuerk, Wood, & Willmes, 2005). Moreover, accumulating evidence suggests that
the SNARC effect of numbers is not exclusive to the hands uncrossed scenario, as was also
observed when the participants crossed hands in the experiment (Dehaene et al., 1993;
Viarouge, Hubbard, & Dehaene, 2014). Since the ordinal position effect was first identified
in the processing of months and letters by Gevers (2003), most subsequent studies have further
replicated the ordinal position effect in the processing of other order information (e.g., weeks,
Chinese color words) and investigated the mechanism of this effect (Dodd et al., 2008; Gevers
et al., 2004; Previtali et al., 2010; Zhang et al., 2016). Unfortunately, few studies have
investigated whether the ordinal position effect in the processing of order information
extends to the auditory modality passively or automatically, given the difference in the
mechanism of the SNARC effect and the ordinal position effect. In addition, there was a
difference in the SNARC effect between visual and auditory modalities, although this
difference could not substantially inhibit the SNARC effect of numbers in the auditory
modality (Szucs & Csépe, 2004; Zhao, Li, Deng, & Chen, 2017). Therefore, to discover the
mechanism of the ordinal position effect, it is necessary to investigate whether the difference
between visual and auditory modalities would inhibit the ordinal position effect of order
information. Furthermore, no study has investigated whether, similar to the SNARC effect
of numbers, the ordinal position effect is observed in the processing of order information when
participants cross their hands in the experiment. Investigating these questions can also help to
reveal the mechanism of the ordinal position effect. Thus, the present study aimed to
investigate these subjects. Given that concepts such as the day before yesterday, yesterday,
today, tomorrow, and the day after tomorrow are very familiar to everyone and not only
encompass order information but also exclude magnitude information, we used this sequence
of days as the order information to investigate the mechanism of the ordinal position effect in
the present study. The study consisted of five experiments.

In the first two experiments, we visually presented days centrally on a Screen 1 at a time
and instructed the participants either to judge whether the probe day was before today or
after today (order-relevant task) or indicate the color of the probe day (order-irrelevant task).
This information was collected to further consolidate and elaborate the ordinal position effect
with new order information in order-relevant and order-irrelevant tasks. In addition, the
results of these first two experiments were intended to provide a baseline comparison for
the subsequent experiments of the present study. We hypothesized that the ordinal position
effect would occur in each of the first two experiments.

Although previous studies have investigated the mechanism of the ordinal position effect,
few studies have investigated whether the ordinal position effect could occur in the auditory
modality. Therefore, in Experiment 3, this question was investigated by presenting the
different days in the form of sound and instructing the participants to judge whether the
days heard were before or after today.

Furthermore, nothing in the literature reports whether the ordinal position effect can be
automatically activated in the auditory modality in the processing of order information.
Thus, in Experiment 4, we investigated whether the ordinal position effect was
automatically activated in the auditory modality when a days-irrelevant task was
performed by presenting the different days using male and female voices and instructing
the participants to judge whether the voices heard were male or female (days-irrelevant task).

Finally, several previous studies have indicated that the SNARC effect of numbers could
not be inhibited when the hands were crossed (Dehaene et al., 1993; Viarouge et al., 2014).
However, no study has investigated whether the ordinal position effect was impacted when
the hands were crossed. Therefore, in Experiment 5, we investigated whether the ordinal
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position effect was influenced by the crossing of hands by asking the participants to cross
their hands and perform the same classification task as in Experiment 4 of identifying
whether the voice heard was male or female by pressing the left or right key.

Experiment |
Methods

Participants. Thirty-eight right-handed students (22 females, 16 males, M,z =22.55,
SD =2.14) from Shanghai Normal University voluntarily participated in this experiment.
All participants had normal or corrected-to-normal vision and read or wrote from left to
right. They received a payment of 5 Yuan RMB when the experiment ended. Informed
consent forms were signed prior to starting the experiment. This experiment was approved
by the ethics committee of the Shanghai Psychological Society (which also applies to the
other experiments in the current study).

Stimuli and apparatus. The stimuli consisted of four words in black Chinese characters of
similar stroke number and type (Ffj-%, #FX, #%, and J;%, which correspond to the day
before yesterday, yesterday, tomorrow, and the day after tomorrow, respectively) printed in
Times New Roman font (72 point size). All stimuli were presented on a 19” computer screen
(1024 x 768 resolution, refresh rate of 60 Hz).

Task and procedure. All experiments were conducted using E-primel.0. When the experiment
was initiated, a fixation first appeared in the center of the screen for 500 ms and was
subsequently replaced by the probe stimulus. Once the probe stimulus appeared, the
participants were instructed to judge whether the probe stimulus was before or after today
and to enter their response by pressing one of the keys (left key corresponding to “F”* and
right key corresponding to ““J’) with the left or right index finger as accurately and quickly as
possible. The screen then displayed the participant’s response for 1500 ms before the next trial
started. If the participant did not respond to the probe stimulus within 3 seconds, the trial
was viewed as having an incorrect response, and the next trial was initiated after the display
of a blank screen.

The entire experiment was composed of two blocks. In one block, the participants were
instructed to press the left key with the left index finger in response to the days before today
(yesterday and the day before yesterday) and the right key with their right index finger in
response to the days after today (tomorrow and the day after tomorrow). In the other block,
the relevant key to press was the opposite (i.e., the left key was pressed with the left index
finger for the days after today and the right key with the right index finger for the days before
today). The order of the blocks was balanced between the subjects. The entire experiment
consisted of 88 trials (80 trials for the formal experiment and 8 trials for practice) and lasted
approximately 10 minutes.

Results and Discussion

There was no significant negative correlation between the reaction time and error rate across
all trials, #(38) = —0.19, p > .05, which indicates that there was no speed—accuracy trade-off.
Therefore, the error rate was not subjected to further analyses. The mean response times
(RTs; all trials with incorrect responses and trials with RTs beyond three standard deviations
were deleted under each treatment, for a total of 6.18% of trials excluded) were analyzed.
A repeated measures analysis of variance (ANOVA) was conducted with day sequence
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Figure |. The ordinal position effect was identified in the days-relevant classification task, where the days
before today were responded to faster with left key presses than right key presses, and the days after today
were responded to faster with right key presses than left key presses.

RT =response time.

(before today [yesterday, the day before yesterday] vs. after today [tomorrow, the day after
tomorrow]) and side of response (left key vs. right key) as the within-subject factors.

The results indicated that there was no significant main effect for the side of response.
There was a marginal significant main effect for the day sequence, F(1, 37)=3.36, p=.075,
n%>=0.083, in that the days after today (679 &20.91 ms) were responded to faster than the
days before today (699 +22.69 ms), suggesting an advantage effect was captured in the
processing of future time. A significant interaction effect between day sequence and side of
response was identified, F(1, 37)=8.95, p <.01, n°=0.195. A further simple effect analysis
showed that the days before today were responded to faster with left key presses
(676 £ 22.41 ms) than right key presses (723 +27.26ms), F(1, 37)=5.21, p < .05, n>=0.123,
and the days after today were responded to faster with right key presses (649 £ 19.59 ms) than
left key presses (710 +26.48 ms), F(1, 37)=8.94, p < .01, n2=0.195, which suggests that the
ordinal position effect occurred in the processing of the day sequence (Figure 1).

In Experiment 1, we manipulated the day sequence to explore whether the ordinal position
effect could be observed in the processing of the day sequence to further consolidate and
elaborate the ordinal position effect. The results of our experiment were consistent with those
of previous studies (Abrahamse et al., 2014; Gevers et al., 2003; Ginsburg et al., 2017; Huber
et al., 2016; Previtali et al., 2010) and serve to consolidate and elaborate the ordinal position
effect with new order information.

Experiment 2

We replicated the ordinal position effect with the new order information in the days-relevant
task in Experiment 1. Given the meaning of the word was automatically processed when an
individual was forced to process the word’s color (Hoffmann, Hornung, Martin, & Schiltz,
2013; Stroop, 1935); in Experiment 2, we asked the participants to identify the color of the
days presented to further consolidate and elaborate the automatic mechanism of the ordinal
position effect in the visual modality with the days-irrelevant task.
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Methods

Participants. Thirty-eight right-handed university students (24 females, 14 males, M, =22.08,
SD =2.03) voluntarily participated in our experiment. As in Experiment 1, all participants
exclusively read or wrote from left to right and had normal or corrected-to-normal vision.
They received a payment of 5 Yuan RMB after the experiment ended. Informed consents
were obtained prior to the start of the formal experiment.

Stimuli and apparatus. The stimuli were similar to those used in Experiment 1. The only
difference lies in the colors of the stimuli. In the present experiment, the stimuli were
either colored green or blank. The apparatus was identical to Experiment 1.

Task and procedure. We used the same procedure as in Experiment 1, except
that the participants were instructed to judge whether the probe day was colored green
or blank.

Results and Discussion

Overall, a relatively low error rate was obtained (M =2.01%, range: 0-11.25%). As no
significant negative correlation between the RT and error rate across all trials was
identified, r(38)=0.06, p > .05, a speed-accuracy trade-off could be excluded. Accordingly,
no further error rate analyses were necessary. The mean RTs (trials with incorrect responses
and trials with RTs over three standard deviations in each condition were excluded, resulting
in 3.91% of trials excluded) were subjected to further analyses. A repeated measures ANOVA
was conducted with day sequence (before today [yesterday, the day before yesterday] vs. after
today [tomorrow, the day after tomorrow]) and side of response (left key vs. right key) as the
within-subject factors.

No significant main effect was identified for the side of response or the day sequence. Our
data indicated a significant interaction effect between day sequence and side of response, F(1,
37)=6.84, p < .05, n°=0.156. The simple effect analysis showed that the days before today
were responded to faster with left key presses (452 £9.09ms) than the days after today
(464+10.34ms), F(1, 37)=5.02, p<.05, n°=0.119, and the days after today were
responded to slightly faster with right key presses (449 +9.55ms) than the days before
today (453 +10.92ms), F(1, 37)=0.77, p> .05, n>=0.02, which suggests that the ordinal
position effect occurred in the processing of the day sequence when the days-irrelevant task
was performed (Figure 2).

In Experiment 2, the days-irrelevant task was used to explore whether the ordinal position
effect of the day sequence captured in Experiment 1 was automatically activated to
consolidate and elaborate the automatic mechanism of the ordinal position effect with the
days-irrelevant task in the visual modality. Our results showed the ordinal position effect
occurred in the processing of the day sequence when the days-irrelevant task was performed;
therefore, from this result, we further confirm that the ordinal position effect can be
automatically activated.

Experiment 3

The previous two experiments consolidate and elaborate the ordinal position effect with new
order information. Given that few studies have investigated whether the ordinal position
effect could extend to the auditory modality, in Experiment 3, we further investigate this
question.
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Figure 2. The ordinal position effect was identified in the visual modality when the days-irrelevant task was
performed, where the days before today were responded to faster with left key presses than the days after
today, and the days after today were responded to faster with right key presses than the days before today.

RT =response time.

Methods

Participants. Thirty-four right-handed university students (22 females, 12 males, M4 =22.65,
SD =1.87) voluntarily participated in our experiment. They all read or wrote from left to
right and had normal or corrected-to-normal vision. All participants signed a written consent
form prior to the start of the experiment and received a payment of 5 Yuan RMB after the
experiment.

Stimuli and apparatus. The stimuli were auditory renditions of Chinese words (fij 7%, HF K,
%, and i ;&, which correspond to the day before yesterday, yesterday, tomorrow, and the
day after tomorrow, respectively). Each Chinese word was read by a female voice in
Mandarin Chinese and was presented via headphone. The audio format of these sound
stimuli was PCM, the bit rate was 705 kbps, the audio sample size was 16 bit, and the
sampling rate was 44100 Hz. Each sound stimulus lasted 450ms. The apparatus was
identical to that used in the preceding experiments.

Task and procedure. Except for the stimuli being delivered in an audio form, the task and
procedure were identical to those in Experiment 1. The participants were instructed to judge
whether the probe day heard was before or after today.

Results and Discussion

A very low overall error rate was identified (M =3.75%, range: 0-11.25%). There was no
significant negative correlation between the reaction time and error rate across all trials,
r(34)=0.23, p>.05; thus, a speed-accuracy trade-off could be ruled out. Therefore, no
further error rate analyses were conducted. The RTs (excluding trials with incorrect
responses and trials with RTs over three standard deviations in each condition resulted in
5.96% of trials being excluded) were further analyzed. A repeated measures ANOVA was
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conducted with day sequence (before today [yesterday, the day before yesterday] vs. after
today [tomorrow, the day after tomorrow]) and side of response (left key vs. right key) as the
within-subject factors.

No significant main effect was identified. Interestingly, a significant interaction effect
between the day sequence and the side of response was identified, F(1, 33)=16.29,
p<.001, n>=0.33. The simple effect analysis showed that the days before today were
responded to faster with left key presses (739 +23.53ms) than the days after today
(847439.58ms), F(1, 33)=13.22, p=.001, n°=0.286, and the days after today were
responded to faster with right key presses (730 4+23.72ms) than the days before today
(839+36.07ms), F(1, 33)=13.07, p=.001, n>=0.284, which suggests that the ordinal
position effect of day sequence occurred in the auditory modality when the days-relevant
task was performed (Figure 3).

In Experiment 3, the days were presented in an auditory form, and the participants were
instructed to judge whether the probe day was before or after today. The ordinal position
effect was identified in this experiment; therefore, we conclude that the ordinal position effect
of order information can extend to the auditory modality when an order-relevant task is
performed.

Experiment 4

In Experiment 3, we found that the ordinal position effect could extend to the auditory
modality, but we still could not be sure whether the ordinal position effect would be
automatically captured in the auditory modality in the order-irrelevant task. Therefore,
Experiment 4 aimed to further investigate whether the ordinal position effect was
automatically activated in the auditory modality.

Methods

Participants. Thirty-two right-handed university students (25 females, 7 males, M,,. =22.69,
SD =1.52) voluntarily participated in our experiment. All participants had normal or
corrected-to-normal vision and read or wrote from left to right. A written consent form
was obtained from all participants prior to the experiment. They received a payment of 5
Yuan RMB when the experiment ended.

Stimuli and apparatus. With respect to the stimuli and apparatus, the only difference between
Experiments 3 and 4 lies in the form in which the sound stimulus was presented. In
Experiment 4, all sound stimuli were in Mandarin Chinese spoken by a female or male
voice. All other parameters of the sound stimuli were the same as those used in
Experiment 3.

Task and procedure. Other than the form of stimulus delivery, no difference existed between
Experiments 1 and 4. The days were presented in an auditory form in Experiment 4, and the
participants were instructed to judge whether the probe day heard was read in a male or
female voice.

Results and Discussion

We found a very low overall error rate in the experiment (M =2.81%, range: 0-10%). In
addition, because there was no significant negative correlation between the RT and error rate
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Figure 3. The ordinal position effect identified in the auditory modality when the days-relevant task was
performed, where the days before today were responded to faster with left key presses than the days after
today, and the days after today were responded to faster with right key presses than the days before today.

RT =response time.

across all trials, r(32)=0.12, p> .05, a speed-accuracy trade-off could be ruled out.
Therefore, no further error rate analyses were conducted. The mean RTs (after excluding
trials with incorrect responses and trials with RTs beyond three standard deviations in each
condition, 95.08% of trials remained) were subjected to further analyses. A repeated
measures ANOVA was conducted with day sequence (before today [yesterday, the day
before yesterday] vs. after today [tomorrow, the day after tomorrow]) and side of response
(left key vs. right key) as the within-subject factors.

Our data indicated that there was no significant main effect for the side of response. There
was a marginal significant main effect for the day sequence, F(1, 31)=3.48, p=.071,
n%>=0.101, where the days after today (696 18.58 ms) were responded to much faster
than the days before today (707 & 19.12ms), suggesting an advantage effect was captured
in the processing of future time. We identified a significant interaction effect between the day
sequence and the side of response, F(1, 31)=12.50, p=.001, n>=0.287. A further simple
effect analysis showed that the days before today were responded to slightly faster with left
key presses (702 +21.64ms) than the days after today (712+19.98ms), F(1, 31)=1.49,
p>.05, n?=0.046, and the days after today were responded to faster with right key
presses (679 £18.24ms) than the days before today (713 418.33ms), F(1, 31)=13.64,
p=.001, n?=0.305, which suggests that the ordinal position effect occurred in the
auditory modality when the days-irrelevant task was performed (Figure 4).

In Experiment 4, to investigate whether the ordinal position effect was automatically
activated, the sound stimuli were presented via a female or male voice, and the
participants were instructed to judge whether the voice they heard was female or male.
The results indicated an ordinal position effect. Thus, we conclude that the ordinal
position effect was automatically activated in the auditory modality.

Experiment 5

Through Experiments 3 and 4, we confirmed that the ordinal position effect could be
extended to the auditory modality, regardless of what task is performed. In Experiment 5,
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Figure 4. The ordinal position effect of the day sequence was identified in the auditory modality when the
days-irrelevant task was performed, where the days before today were responded to faster with left key
presses than the days after today, and the days after today were responded to faster with right key presses
than the days before today.

RT =response time.

we further investigate whether the ordinal position effect can extend to the hands crossed
context.

Methods

Participants. Thirty-four right-handed university students (24 females, 10 males, M, =21.03,
SD=3.27) voluntarily participated in our experiment. All participants had normal or
corrected-to-normal vision and read or wrote from left to right. A written consent form
was obtained from each participant prior to the experiment. Each participant received a
payment of 5 Yuan RMB when the experiment ended.

Stimuli and apparatus. The stimuli and apparatus were the same as those used in Experiment 4,
except that the participants crossed their hands in Experiment 5.

Task and procedure. Other than the position of the hands, the task and procedure were similar
to Experiment 4. Specifically, in Experiment 5, the participants were asked to press the left
key with the right index finger and press the right key with the left index finger to indicate
whether the probe day heard was read by a male or female voice.

Results and Discussion

We found a very low overall error rate in the experiment (M =3.97%, range: 0-8.75%). In
addition, because there was no significant positive correlation between the RT and error rate
across all trials, r(34)=0.203, p>.05, a speed-accuracy trade-off could be ruled out.
Therefore, no further error rate analyses were conducted. The mean RTs (after excluding
trials with incorrect responses and trials with RTs beyond three standard deviations in each
condition, 94.24% of trials remained) were subjected to further analyses. A repeated
measures ANOVA was conducted with day sequence (before today [yesterday, the day
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Figure 5. The ordinal position effect was automatically activated in the auditory modality when the hands
were crossed, where the days before today were responded to faster with left key presses than right key
presses, and the days after today were responded to faster with right key presses than left key presses.

RT =response time.

before yesterday] vs. after today [tomorrow, the day after tomorrow]) and side of response
(left key vs. right key) as the within-subject factors.

Our data indicated that there was no significant main effect for the side of response. There
was a significant main effect for the day sequence, F(1, 33)=14.66, p=.001, n°>=0.308, in
which the days after today (702 +22.25ms) were responded to much faster than the days
before today (727 £ 21.31 ms), suggesting an advantage effect was captured in the processing
of future time. We identified a significant interaction effect between the day sequence and the
side of response, F(1, 33)=17.10, p<.001, n*=0.287. A further simple effect analysis
showed that the days before today were responded to faster with left key presses
(709 £22.34ms) than right key presses (745+21.58ms), F(1, 33)=11.21, p<.0l,
N>=0.254, and the days after today were responded to slightly faster with right key
presses (694 +21.96ms) than the days before today (710423.32ms), F(1, 33)=3.41,
p=.074, n?=0.094, which suggests that the ordinal position effect automatically occurred
in the auditory modality when the hands were crossed (Figure 5).

In Experiment 5, to investigate whether the ordinal position effect occurred in the hands
crossed context, the sound stimuli were presented via a female or male voice, and the
participants were instructed to cross their hands and then judge whether the probe stimuli
were read by a female or male voice. The results indicated an ordinal position effect as well.
Thus, we concluded that the ordinal position effect can be observed when the hands are
crossed.

General Discussion

Previous studies have indicated that the SNARC effect generally occurred in the visual
modality regardless of the classification task performed. The research also found that this
effect could extend to the auditory modality and the hands crossed context. Although several
studies have indicated that the ordinal position effect widely occurred in the processing of
order information in the visual modality when both order-relevant and order-irrelevant tasks
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were performed, little was known about whether the ordinal position effect could extend to
the auditory modality and could be observed when the hands were crossed, similar to the
SNARC effect of numbers. Therefore, the present study used days, such as the day before
yesterday, yesterday, today, tomorrow, and the day after tomorrow, as new order
information to investigate these questions.

In the first two experiments, we aimed to further consolidate and elaborate the ordinal
position effect with new order information using order-relevant and order-irrelevant tasks in
the visual modality. The results indicated that the ordinal position effect can be observed in
the processing of the days used in the present study. These results were consistent with many
previous studies that have suggested that the ordinal position effect could occur in the
processing of order information both in the performance of order-relevant and order-
irrelevant tasks (Gevers et al., 2004; Ginsburg & Gevers, 2015; Previtali et al., 2010; Prpic
et al., 2016; van Dijck, Abrahamse, Majerus, & Fias, 2013; van Dijck & Fias, 2011; Zhang
et al., 2016). The result from the first two experiments thus indicated that it was feasible to
investigate the mechanism of the ordinal position effect using a sequence of days such as the
day before yesterday, yesterday, today, tomorrow, and the day after tomorrow. Therefore, in
the subsequent experiments of the present study, we employed this same sequence of days
as the order information to further investigate the mechanism of the ordinal position effect in
the auditory modality and the hands crossed context. Although we replicated the ordinal
position effect with this day sequence, our results still differed from those of previous studies.
For example, Gevers et al. used the days of the week as order information to investigate
whether the ordinal position effect occurred in the processing of ordinal information. In their
study, participants were required to indicate whether a given day came before or after
Wednesday and the results showed faster responses with the left hand for Monday—
Tuesday and, conversely, faster right-hand responses for Thursday and Friday. However,
in the data of Gevers, the positive difference in RT between the right and left hand for the
days before Wednesday was small indeed (approximately 5-10ms), while the negative
difference for the days after Wednesday was slightly larger but still approximately 20 ms
(Gevers et al., 2004). Notably, in the present study, the difference in reaction time between
right and left hand for the days before today (and vice versa for those after today) is much
greater, approximately 50 to 60 ms. What accounts for this difference? It is likely the result of
the different frames of reference used by the two studies (Wednesday vs. today). In the study
of Gevers, Wednesday was used as the frame of reference, and participants were asked to
classify whether the probe day was before or after Wednesday, but in the present study, the
frame of reference was today, and participants were asked to classify whether the probe day
was before or after today. Day designations such as the day before yesterday, yesterday,
today, tomorrow, and the day after tomorrow are well known to children before they are
enrolled in school. However, children often start learning the days of the week only after they
are enrolled in school. In addition, although weeks are familiar to students because they are
often used to define students’ course schedules and holidays, individuals often use today as a
reference frame, rather than a particular day of the week, to look back at the past and look
forward to the future. For example, an individual often can remember what they did
yesterday on the first try, but they usually fail to remember what they did on which day of
the week on the first try. Sometimes, individuals do not even know which day of the week
today is. Therefore, days of the week are less familiar to students compared with days such as
the day before yesterday, yesterday, today, tomorrow, and the day after tomorrow.
Familiarity can promote automaticity in cognitive processes (Toth, 1996). Thus, using
today as a reference frame can more easily and quickly activate this association between
space and the probe day compared with using Wednesday as the reference frame.
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Only a few studies have investigated whether the ordinal position effect could extend to the
auditory modality, although the SNARC effect of numbers has been shown to occur even in
the auditory modality (Golob, et al., 2016; Nuerk et al., 2005). After consolidating and
elaborating the ordinal position effect by using new order information in the form of a
sequence of days (namely, the day before yesterday, yesterday, today, tomorrow, the day
after tomorrow) in the first two experiments, we further investigated whether the ordinal
position effect could extend to the auditory modality, similar to the SNARC effect of
numbers. In Experiment 3, the days were randomly presented in the form of sound, and
participants were instructed to judge whether the probe day they heard was before or after
today. The ordinal position effect was identified in Experiment 3. Therefore, we concluded
that the ordinal position effect could extend to the auditory modality, similar to the SNARC
effect of numbers and numerical magnitudes. To further investigate whether the ordinal
position effect in the auditory modality could be automatically activated, in Experiment 4,
the days were presented via a female or male voice, and participants were instructed to judge
whether the probe day was read by a female or male (order-irrelevant task). The ordinal
position effect was observed in Experiment 4 as well. Based on this result, it could be
concluded that the ordinal position effect could also be automatically activated in the
auditory modality. Previous studies have investigated the mechanism of the SNARC effect
of numbers in the auditory modality. Few studies have investigated the mechanism of the
ordinal position effect in the auditory modality. Therefore, the present study investigated the
mechanism of the ordinal position effect in Experiments 3 and 4. The results of these
experiments indicated that the ordinal position effect could occur in the auditory
modality and could be automatically activated, similar to the SNARC effect of numbers.
The results of these experiments further supported previous studies by expanding the
modalities affected by the order position effect and further enriched the research on the
ordinal position effect in this field.

In addition to investigating whether the ordinal position effect could extend to the
auditory modality, in Experiment 5, we further investigated whether the ordinal position
effect could occur when the hands were crossed, similar to the SNARC effect of numbers.
In Experiment 5, the days were presented via a male or female voice, and participants were
instructed to cross their hands and judge whether the probe day heard was read by a male or
female voice by pressing the left or right key as in Experiment 4. The results showed that the
ordinal position effect also occurred in the hands crossed context, suggesting that the ordinal
position effect could not be influenced by the position of the hands, similar to the SNARC
effect of numbers. From this result, we can conclude that the ordinal position effect is likewise
independent of effectors.

Although many previous studies have suggested that the mechanism behind the SNARC
effect and the ordinal position effect may be different (Ginsburg & Gevers, 2015; Prpic et al.,
2016; Turconi et al., 2006; Zhao et al., 2012), Gevers et al. nevertheless have indicated that a
(cor)relation probably exists between processing numbers and processing order information
(Gevers et al., 2004). This position was supported by a recent imaging study in which Fias,
Lammertyn, Caessens, and Orban (2007). showed that the same cortical network was
activated in the processing of numbers and nonnumerical order information. Most
previous studies have indicated that the SNARC effect of numbers could extend to the
auditory modality and that it also occurred when the hands were crossed (Dehaene et al.,
1993; Golob et al., 2016; Klein et al., 2010; Kong et al., 2012; Nuerk et al., 2005; Viarouge
et al., 2014). The present study further investigated whether the ordinal position effect could
also extend to the auditory modality and the hands crossed context. The results showed that
the ordinal position effect occurred both in the auditory modality and the hands crossed
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context. The present results provide further support for the position that a (cor)relation
probably exists between the processing of numbers and the processing of order information.

Conclusion

From the present study, we conclude the following: (a) The ordinal position effect can extend
to the auditory modality and the hands crossed context. (b) The ordinal position effect can be
automatically activated, regardless of the sense modality.
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