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Introduction

The question of how time is conceptualized spatially in human mind has received
much academic interest over the years. Long-term linguistic and cultural effects on spatio-
temporal conceptualization are found in many previous studies (e.g., Tversky et al.,, 1991;
Fuhrman and Boroditsky, 2010; Boroditsky et al., 2011; Fuhrman et al., 2011; Miles
et al., 2011; De la Fuente et al., 2014; Vallesi et al., 2014; Yang and Sun, 2016a,b; Li
et al,, 2018; Gu et al., 2019; Starr and Srinivasan, 2021; Grasso et al., 2022; Yang et al.,
2022; but cf. Ulrich and Maienborn, 2010; Flumini and Santiago, 2013). For example,
differences among languages in the use of spatiotemporal metaphors have been found
to contribute to differences in spatialization of time in native speakers of different
languages (e.g., Boroditsky, 2000, 2001; Boroditsky and Ramscar, 2002; Lai and Boroditsky,
2013; Nunez and Cooperrider, 2013; Bender and Beller, 2014). The more common use
of vertical spatiotemporal metaphors in Mandarin than in English has been found to
contribute to a significant difference between English and Mandarin speakers in their
spatialization of time, such that Mandarin speakers are more likely than English speakers
to think about time vertically, suggesting the power of long-term linguistic experience
in influencing spatialization of time (e.g., Boroditsky et al., 2011; Fuhrman et al., 2011).
Similarly, differences among languages in writing direction has been shown to affect the
spatiotemporal conceptualization of time such that people’s space-time mapping tends to
be consistent with the writing direction of their native language (e.g., Tversky et al., 1991;
Fuhrman and Boroditsky, 2010; Chen et al., 2013; Casasanto and Bottini, 2014; Vallesi
et al., 20145 Starr and Srinivasan, 20215 Park et al., 2024). For example, spatialization of
time on the transverse/lateral (left-right) axis is left-to-right for native speakers of English
with a left-to-right writing direction, but right-to-left for native speakers of Arabic with a
right-to-left writing direction (e.g., Tversky et al., 1991).

A growing line of research focus on how bilinguals conceptualize time spatially, in
order to examine whether the spatiotemporal conceptualization of time in bilinguals may
be influenced by the linguistic and cultural background of the L1 and/or the L2 (e.g.,
Boroditsky, 2001; Fuhrman et al., 2011; Miles et al., 2011; Lai and Boroditsky, 2013; Yang
et al,, 2022; Park et al., 2024), with the study population of interest being overwhelmingly
Mandarin-English bilinguals. Previous research has revealed that the proficiency of
Mandarin significantly affects spatiotemporal conceptualization of Mandarin-English
bilinguals such that higher proficiency in Mandarin is associated with a higher probability
of the vertical (top/down) representation of time (Fuhrman et al., 2011). In contrast, the
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proficiency of English does not significantly affect spatialization of
time in Mandarin-English bilinguals (e.g., Fuhrman et al., 2011;
Yang et al., 2022). In other words, it seems that achieving higher-
proficiency in L2 English does not restructure Mandarin-English
bilinguals” spatialization of time, neither strengthening the sagittal
mental timeline nor weakening the vertical mental timeline (e.g.,
Yang et al., 2022).

Limited research has investigated whether immediate linguistic
or cultural experience influence bilinguals’ time conceptualization,
by manipulating the testing language (e.g., Fuhrman et al., 2011,
Experiment 2; Park et al., 2024) or the writing direction of the same
language that participants are exposed to in actual experiments
(e.g., Chenetal, 2013; Casasanto and Bottini, 2014) or the cultural-
specificity of experimental items (e.g., Miles et al,, 2011). Among
those studies, Fuhrman et al.’s (2011) Experiment 2 and Park et al.
(2024) are similar in demonstrating an effect of the testing language
on spatialization of time in bilingual speakers, but different in the
nature of the effect. In this article we examine the nature of the
effects of the testing language in Fuhrman et al.’s (2011) Experiment
2 and Park et al. (2024) and evaluate the generalizability and
implication of their findings for the literature on spatialization of
time in bilinguals.

Differences in the nature of the effects of
the testing language in Fuhrman et al.’s
(2011) Experiment 2 vs. Park et al. (2024)

In Fuhrman et al’s (2011) Experiment 2, Mandarin-English
bilinguals participated in an explicit spatial pointing task. In this
task, the experimenter’s gesture of the palm up and the fingers
together, about a foot directly in front of the chest of the participant,
was used to select a spot in space that corresponded to a central
temporal event (e.g., today, lunch, September, etc.). Participants
were then asked to spatially point to where they would put an earlier
(e.g., yesterday with respect to today, breakfast with respect to lunch,
August with respect to September, etc.) or later (e.g., tomorrow with
respect to today, dinner with respect to lunch, October with respect
to September, etc.) temporal event. Materials in this task were
all culturally-neutral. Their results showed that Mandarin-English
bilinguals were more likely to perceive time vertically when the
testing language was Mandarin than when the testing language was
English. Such an effect was linguistic in nature as native Mandarin
speakers tend to represent time vertically more than native English
speakers due to the more frequent use of vertical spatiotemporal
metaphors in Mandarin (e.g., Boroditsky et al., 2011; Fuhrman
et al,, 2011). Fuhrman et al’s (2011) finding of the effect of the
testing language is then due to either Mandarin-English bilinguals’
vertical mental timeline being strengthened with Mandarin as
the testing language, or its being weakened with English as the
testing language. We consider the former probability to be more
likely as the more long-term effect of L2 English proficiency
has been shown not to cognitively restructure Mandarin-English
bilinguals’ spatiotemporal conceptualization (Yang et al, 2022),
so the immediate effect of English being the testing language
seems even more unlikely to influence the spatialization of time
in Mandarin-English bilinguals. In other words, it appears that
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Mandarin as the testing language help remind Mandarin-English
bilinguals, either consciously or subconsciously, of the abundant
vertical spatiotemporal metaphors in Mandarin and the consequent
higher tendency to represent time vertically. In addition, Fuhrman
etal’s (2011) Experiment 2 also observed a significant cultural effect
of experience with vertical text such that participants were less likely
to arrange time in the lateral rightward direction with at least some
experience of reading vertical texts.

Park et al. (2024) examined instead Arabic-English bilinguals’
spatialization of time via a card arrangement task in which
participants spatially arranged different scenes of a story on a table
according to temporal sequence. They found an effect of the testing
language for Arabic-English bilinguals’ mental representation of
time on the lateral axis such that they were more likely to arrange
time from right to left when they were tested in Arabic than when
they were tested in English. Such an effect was not linguistic but
instead cultural, as it was not an effect of the Arabic language per se,
but the writing direction of Arabic, which was a cultural artifact.
In other words, being tested in Arabic seems to remind Arabic-
English bilinguals of the right-to-left direction of writing associated
with the Arabic language, either consciously or subconsciously. The
effect of the testing language in Park et al. (2024) is due to either
Arabic-English bilinguals’ lateral right-to-left mental timeline being
strengthened with Arabic as the testing language, or Arabic-English
bilinguals’ lateral right-to-left mental timeline being weakened with
English as the testing language. Park et al.’s (2024) results were thus
similar to previous studies that manipulated the immediate writing
direction of texts (e.g., Chen et al., 2013; Casasanto and Bottini,
2014) but different in that Park et al.’s (2024) finding was an indirect
mediating effect of long-term writing direction experience conjured
up by the testing language, whereas the effects of writing direction
in previous studies were direct effects of writing direction from
either long-term or immediate reading experience (e.g., Fuhrman
and Boroditsky, 2010; Vallesi et al., 2014).

The issues of generalizability considering
the effect of the testing language

It is important to note that the different tasks that have been
employed in the literature to examine participants” spatiotemporal
representation vary in their degree of implicitness (Bender and
Beller, 2014). Both the spatial pointing task in Fuhrman et al’s
(2011) Experiment 2 and the card arrangement task used in
Park et al. (2024) explicitly ask participants to spatially arrange
time events, so participants spatiotemporal representation as
revealed by their spatial pointing or layouts of the time events
is theoretically confounded with the task’s inherent spatial nature
(Bender and Beller, 2014), and participants’ responses could be
contaminated by their potential awareness of the true purpose
of the study and/or possible testing strategies. In contrast, non-
linguistic implicit temporal judgment tasks based on congruency
priming (e.g., Fuhrman and Boroditsky, 2010, Experiment 2 and 3;
Chen etal., 2013; Vallesi et al., 2014) examine participants’ implicit
space-time mapping through the spatial-temporal association
between response codes (the “STARC” effect). How participants
conceptualize time spatially is measured indirectly by analyzing
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their response time to different mappings either congruent or
incongruent with their inner spatiotemporal conceptualization.
Data elicited from such tasks are less likely to be affected by
subjective testing strategies of the participants, and such tasks are
less likely to make participants aware of the true purpose of the
study. Moreover, as implicit contingency tasks are not spatial in
nature, they could yield “the true extent of space-time mapping”
(Bender and Beller, 2014, p. 365).

The influence from long-term linguistic experience with
vertical spatiotemporal metaphors has been shown to apply to not
only explicit tasks but also the implicit contingency tasks such that
Mandarin speakers but not English speakers showed a vertical top-
to-bottom STARC effect, consistent with the higher frequency of
vertical spatiotemporal metaphors in Mandarin than in English
(e.g., Fuhrman et al., 2011, Experiment 1). Similarly, the influence
from long-term experience with the writing direction of the native
language has been shown to apply to the STARC task for native
speakers. For example, participants from a left-to-right writing
system displayed a left-to-right STARC effect (e.g., English speakers
in Fuhrman and Boroditsky, 2010; Italian speakers in Vallesi et al.,
2014), whereas participants mainly from a right-to-left writing
system did not demonstrate the STARC effect or a right-to-left
STARC effect (e.g., Hebrew speakers in Fuhrman and Boroditsky,
20105 Israeli speakers in Vallesi et al., 2014).

It is therefore important to examine whether the immediate
effect of the testing language would also affect time spatialization
in bilinguals in implicit contingency tasks. To the best of our
knowledge, no research so far has investigated such an issue.
Previous evidence from Chen et al. (2013) on Chinese participants
from both mainland China and Taiwan, however, suggest the
possibility of such an immediate effect of the testing language.
Participants from mainland China and Taiwan differ in their
lifetime experience with writing direction, as vertical texts are fairly
common in Taiwan but not in mainland China (Chen et al., 2013).
Chen et al. (2013) manipulated participants’ immediate experience
with writing direction by asking participants to read Chinese texts
that were either horizontally or vertically arranged in a reading task.
In the subsequent STARC task, participants were asked to judge
with horizontally- or vertically-oriented keys whether the event
depicted in the second picture happened earlier or later than the
event depicted in the first picture. Chen et al. (2013) revealed effects
of lifetime experience with writing direction such that Taiwan
participants were shown to have a greater vertical bias as compared
to the horizontal bias, but mainland China participants showed no
difference in the horizontal and vertical mental timelines. More
importantly, Chen et al. (2013) also found an interaction between
immediate and lifetime experiences with writing direction in
modulating participants’ mental timelines, arising from a stronger
vertical bias after vertical primes but no vertical bias after horizontal
primes for Taiwan participants, and a stronger horizontal bias after
vertical primes but no horizontal or vertical bias after horizontal
primes for mainland China participants. The significant immediate
effects of writing direction found in Chen et al. (2013) suggest that
the immediate effect of the testing language found with an explicit
task for bilingual speakers of two languages with opposing writing
direction, i.e., Arabic-English bilinguals in Park et al. (2024), may

Frontiersin Psychology

10.3389/fpsyg.2024.1355065

apply to the STARC task as well. It remains as well a standing issue
whether the immediate linguistic effect of the testing language per se
due to differences between languages in their use of spatiotemporal
metaphors, as in Fuhrman et al’s (2011) Experiment 2, would
likewise arise in STARC tasks for bilinguals.

The significant interaction between long-term and immediate
effects of writing direction in Chen et al. (2013) suggests a potential
complication of the testing language on the long-term linguistic
effects. As most previous studies on long-term linguistic effects did
not control for the factor of the testing language, findings regarding
long-term linguistic effects may have been confounded with the
potential effect of immediate linguistic experience, which awaits
future investigations.

Conclusion

Only two studies (Fuhrman et al., 2011, Experiment 2; Park
etal., 2024) so far have examined the immediate effect of the testing
language on bilinguals’ spatiotemporal conceptualization. In this
article we have examined the nature of this effect in those two
studies and pointed out that both studies employed explicit spatial
tasks, leaving open the question whether this same effect would be
generalizable to implicit contingency tasks as well.

Author contributions

SC: Resources, Formal analysis, Writing - original draft,
Investigation, Conceptualization. ZW: Resources, Writing — review
& editing, Supervision, Formal analysis.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Fundamental Research Funds for the Central
Universities (# 2019JJ010).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or
evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1355065
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Cheng and Wu

Bender, A., and Beller, S. (2014). Mapping spatial frames of reference onto time:
a review of theoretical accounts and empirical findings. Cognition 132, 342-382.
doi: 10.1016/j.cognition.2014.03.016

Boroditsky, L. (2000). Metaphoric structuring: understanding time through spatial
metaphors. Cognition 75, 1-28. doi: 10.1016/S0010-0277(99)00073-6

Boroditsky, L. (2001). Does language shape thought?: Mandarin and English
speakers conceptions of time. Cogn. Psychol. 43, 1-22. doi: 10.1006/cogp.2001.
0748

Boroditsky, L., Fuhrman, O., and McCormick, K. (2011). Do English and
Mandarin speakers think about time differently? Cognition 118, 123-129.
doi: 10.1016/j.cognition.2010.09.010

Boroditsky, L., and Ramscar, M. (2002). The roles of body and mind in abstract
thought. Psychol. Sci. 13, 185-189. doi: 10.1111/1467-9280.00434

Casasanto, D., and Bottini, R. (2014). Mirror reading can reverse the flow of time. J.
Exp. Psychol. 143, 473-479. doi: 10.1037/a0033297

Chen, J. Y., Friederich, M., and Shu, H. (2013). “Whether Chinese speakers think
about time more vertically depends on their immediate and lifetime experience of
reading horizontal or vertical texts: evidence from contextual priming,” in Cooperative
Minds: Social Interaction and Group Dynamics - Proceedings of the 35th Annual Meeting
ofthe Cognitive Science Society, CogSci 2013, eds. M. Knauff, N. Sebanz, M. Pauen, and
1. Wachsmuth (The Cognitive Science Society), 2017-2021.

De la Fuente, J., Santiago, J., Romdan, A., Dumitrache, C., and Casasanto, D.
(2014). When you think about it, your past is in front of you: how culture shapes
spatial conceptions of time. Psychol. Sci. 25, 1682-1690. doi: 10.1177/095679761453
4695

Flumini, A., and Santiago, J. (2013). “Time (also) flies from left to right... If it is
needed!,” in Cooperative Minds: Social Interaction and Group Dynamics - Proceedings of
the 35th Annual Meeting of the Cognitive Science Society, CogSci 2013, eds. M. Knauff,
M. Pauen, N. Sebanz, and I. Wachmuz (The Cognitive Science Society), 2315-2320.

Fuhrman, O., and Boroditsky, L. (2010). Cross-cultural differences in mental
representations of time: evidence from an implicit nonlinguistic task. Cogn. Sci. 34,
1430-1451. doi: 10.1111/§.1551-6709.2010.01105.x

Fuhrman, O., McCormick, K., Chen, E. E,, Jiang, H., Shu, D., Mao, S., et al. (2011).
How linguistic and cultural forces shape conceptions of time: English and Mandarin
time in 3D. Cogn. Sci. 35, 1305-1328. doi: 10.1111/j.1551-6709.2011.01193.x

Grasso, C. L., Ziegler, . C., Mirault, J., Coull, J. T., and Montant, M. (2022). As time
goes by: space-time compatibility effects in word recognition. J. Exp. Psychol. Learn.
Mem. Cogn. 48, 304-319. doi: 10.1037/x1m0001007

Frontiersin

04

10.3389/fpsyg.2024.1355065

Gu, Y., Zheng, Y., and Swerts, M. (2019). Which is in front of Mandarin Chinese
people, past or future? The effect of language and culture on temporal gestures and
spatial conceptions of time. Cogn. Sci. 43:¢12804. doi: 10.1111/cogs.12804

Lai, V. T., and Boroditsky, L. (2013). The immediate and chronic influence of spatio-
temporal metaphors on the mental representations of time in English, Mandarin, and
Mandarin-English speakers. Front. Psychol. 4:142. doi: 10.3389/fpsyg.2013.00142

Li, H,, Bui, V. Q,, and Cao, Y. (2018). One country, two cultures: Implicit space—
time mappings in Southern and Northern Vietnamese. Eur. J. Soc. Psychol. 48, 560-565.
doi: 10.1002/ejsp.2356

Miles, L. K., Tan, L. B. G., Noble, G., Lumsden, J. M., and Macrae, C. N. (2011). Can
a mind have two time lines? Exploring space-time mapping in Mandarin and English
speakers. Psychon. Bull. Rev. 18, 598-604. doi: 10.3758/s13423-011-0068-y

Nuiiez, R. E., and Cooperrider, K. (2013). The tangle of space and time in human
cognition. Trends Cogn. Sci. 17, 220-229. doi: 10.1016/j.tics.2013.03.008

Park, J., Gagné, C. L., and Spalding, T. L. (2024). Writing direction and language
activation affect how Arabic-English bilingual speakers map time onto space. Front.
Psychol. 14:1356039. doi: 10.3389/fpsyg.2023.1356039

Starr, A., and Srinivasan, M. (2021). The future is in front, to the right, or
below: development of spatial representations of time in three dimensions. Cognition
210:104603. doi: 10.1016/j.cognition.2021.104603

Tversky, B., Kugelmass, S., and Winter, A. (1991). Cross-cultural and
developmental trends in graphic productions. Cogn. Psychol. 23, 515-557.
doi: 10.1016/0010-0285(91)90005-9

Ulrich, R., and Maienborn, C. (2010). Left-right coding of past and future in
language: the mental timeline during sentence processing. Cognition 117, 126-138.
doi: 10.1016/j.cognition.2010.08.001

Vallesi, A., Weisblatt, Y., Semenza, C., and Shaki, S. (2014). Cultural
modulations of space-time compatibility effects. Psychon. Bull. Rev. 21, 666-669.
doi: 10.3758/513423-013-0540-y

Yang, W., Gu, Y., Fang, Y., and Ma, J. (2022). Mental representations of time
in English Monolinguals, Mandarin Monolinguals, and Mandarin-English Bilinguals.
Front. Psychol. 13:791197. doi: 10.3389/fpsyg.2022.791197

Yang, W., and Sun, Y. (2016a). A monolingual mind can have two time lines:
exploring space-time mappings in Mandarin monolinguals. Psychon. Bull. Rev. 23,
857-864. doi: 10.3758/s13423-015-0964-7

Yang, W., and Sun, Y. (2016b). English and Mandarin speakers’ mental
representations of time: Some new evidence about the language-thought relationship.
Rev. Cogn. Linguist. 14, 385-415. doi: 10.1075/rcl.14.2.05yan


https://doi.org/10.3389/fpsyg.2024.1355065
https://doi.org/10.1016/j.cognition.2014.03.016
https://doi.org/10.1016/S0010-0277(99)00073-6
https://doi.org/10.1006/cogp.2001.0748
https://doi.org/10.1016/j.cognition.2010.09.010
https://doi.org/10.1111/1467-9280.00434
https://doi.org/10.1037/a0033297
https://doi.org/10.1177/0956797614534695
https://doi.org/10.1111/j.1551-6709.2010.01105.x
https://doi.org/10.1111/j.1551-6709.2011.01193.x
https://doi.org/10.1037/xlm0001007
https://doi.org/10.1111/cogs.12804
https://doi.org/10.3389/fpsyg.2013.00142
https://doi.org/10.1002/ejsp.2356
https://doi.org/10.3758/s13423-011-0068-y
https://doi.org/10.1016/j.tics.2013.03.008
https://doi.org/10.3389/fpsyg.2023.1356039
https://doi.org/10.1016/j.cognition.2021.104603
https://doi.org/10.1016/0010-0285(91)90005-9
https://doi.org/10.1016/j.cognition.2010.08.001
https://doi.org/10.3758/s13423-013-0540-y
https://doi.org/10.3389/fpsyg.2022.791197
https://doi.org/10.3758/s13423-015-0964-7
https://doi.org/10.1075/rcl.14.2.05yan
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	Spatialization of time in bilinguals: what do we make of the effect of the testing language?
	Introduction
	Differences in the nature of the effects of the testing language in ;, *bib12 Experiment 2 vs. ;, bib19
	The issues of generalizability considering the effect of the testing language

	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


