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Abstract

This paper explores the link between the metaphoric structure TIME IS SPACE and time per-
ception in bilinguals. While there appear to be fundamental commonalities in the way humans
perceive and experience time regardless of language background, language-specific spatio-
temporal metaphors can give rise to differences between populations, under certain conditions.
Little is known, however, about how bilinguals experience time, and the specific factors that may
modulate bilingual temporal processing. Here, we address this gap by examining L1 Spanish –
L2 Swedish bilinguals in a psychophysical task. Results show that duration estimation of
dynamic spatial configurations analogous to L2-specific temporal metaphors is modulated by
L2 proficiency. In contrast, duration estimation of spatial configurations analogous to the L1
metaphorical expressions appears to be modulated by the age of L2 acquisition. These findings
are discussed in terms of associative learning and cognitive restructuring in the bilingual mind.

Introduction

How long is a minute? Or can a minute even be long, or short, for that matter? It depends.
According to some languages, a minute is big or small, but not long. Would these linguistic
conventions have any bearing on our experience of the passage of time? Recently, it has
been shown that this may indeed be the case. When asked to estimate the duration of dynamic
events, speakers of different languages are systematically misled by different types of
task-irrelevant information: native speakers of languages where time is usually talked about
as if it were long or short (e.g., English and Swedish), are likely to be distracted by visual
cues relating to distance, thus perceiving physically stretched out lines as also being stretched
out in time. In contrast, speakers of languages where time is mainly depicted as big or small
(e.g., Greek and Spanish) are instead misled by visual cues relating to quantity or volume
(Bylund & Athanasopoulos, 2017; Casasanto, Boroditsky, Phillips, Greene, Goswami,
Bocanegra-Thiel, Santiago-Diaz, Fotakopolou, Pita & Gil, 2004).

That language is a potentially powerful factor in shaping our perception of the passage of
time should come as no surprise, since various aspects of temporal cognition (e.g., the sequen-
cing of events, see Boroditsky, 2011) have been shown to be influenced by linguistic categories.
What kind of linguistic experience is then necessary to bring about such an effect? If the way
one’s native language expresses time meddles with time perception, does the learning of a new
way of talking about time bring about the same effect? Short term changes in time perception
have been documented in laboratory training paradigms (e.g. Casasanto, 2005). However, the
long-term effects of learning a new way to talk about duration, as in the case of bilingualism,
have only recently begun to attract empirical interest. Specifically, research shows that bilingual
individuals may flexibly switch between different temporal behaviours, depending on the lan-
guage they operate in (Bylund & Athanasopoulos, 2017). While this suggests that bilingual
time perception is a promising venue for testing the interaction of language and cognition
in the human mind, little is still known about the extent to which bilinguals actually converge
with monolingual speakers in their time perception patterns, and crucially, which particular
aspects of the bilingual experience may shape this outcome.

The aim of the current study is to address this gap by testing time perception in second
language (L2) users. Specifically, using an established psychophysical task of duration repro-
duction, we examine the degree to which L2 users of Swedish with Spanish L1 resemble native
speakers of either language, against several background variables known to shape cognitive
restructuring in bilinguals (see Bylund & Athanasopoulos, 2014a).

Background

Time in language and mind

Starting with Whorf’s (1956) contested analysis of temporal concepts in the Hopi language
and their alleged impact on thought, temporal cognition has been a classic testbed in linguistic
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relativity research (the idea that language affects thinking, in pre-
dictable ways). The backdrop of this line of research is the insight
that temporal language is typically built on spatial frames of ref-
erence (e.g., H. H. Clark, 1973; Traugott, 1978). While we cannot
see or touch time, we often talk about it as if we could. Consider
the following expressions:

1a) The table is behind us
1b) The meeting is behind us
2a) The table was pushed past the window
2b) The meeting was pushed past the deadline
3a) A long table
3b) A long meeting

Temporal expressions of this kind are examples par excellence of
conceptual metaphors, whereby concepts from a more tangible
domain (in this case, space) are used to denote abstract phenom-
ena (in this case, time) (Lakoff & Johnson, 1980). Systematic stud-
ies reveal that space is indeed central for the linguistic construal of
time, as spatial metaphors may be applied to the core distinctions
of deictic (D) time, sequence (S) time, and temporal (T) span, as
identified by Núñez and Cooperrider (2013). D-time and S-time
have in common that they refer to the order or sequence of a
given set of events (as in 1b & 2b), but they differ in their anchor-
ing of events, with D-time assuming a temporal landmark (the
deictic now), and S-time instead linking the events between them-
selves. T-span, which is the focus of this paper, is different from
these concepts in that it relates to the duration or temporal mag-
nitude of an event (as in 3b), with no reference to any other tem-
poral entity. Whereas there is an extensive body of research on the
spatial building blocks of talking and thinking about D- and
S-time (Boroditsky, 2011), the concept of T-span is to date
much less investigated.

A central feature about linguistic expressions of T-span is that
they often reference spatial magnitude. Crucially, as mentioned
above, these magnitudes may be of different natures across lan-
guages. In Germanic languages, there is a pronounced tendency
to talk about duration as a distance. Consider the following
English examples:

4a) It’s been long since we last saw each other
4b) We’ll be in touch shortly

In contrast, in Greek and some Romance languages, duration is
preferentially expressed as volume or quantity. Here, the distance-
based spatial metaphors underlined in (4) would instead be
quantity-based, as in the following Spanish examples:

5a) Ha pasado mucho tiempo desde la última vez que nos vimos
(approx. ‘It’s been much time since the last time we met’)

5b) Hablamos dentro de poco
(approx. ‘We’ll talk within little’)

It is nonetheless possible to use quantity-based metaphors to talk
about time in Germanic languages, as in She had spent so much
time on preparing the memorandum. Notably, however, expres-
sions like these do not necessarily relate to duration, but rather
give a connotation of iterativity (i.e. she had worked on the
memorandum over and over). Likewise, in, for instance,
Spanish, it is possible to talk about time in terms of distance, as
in No habían visto la costa por un tiempo muy largo (approx.
‘they hadn’t seen the coastline for a very long time’). Here, the

use of a distance-based metaphor conveys a particular stylistic
value of emphasis (i.e., they hadn’t seen the coastline for ages).
These usages are, in other words, exceptions, as shown by
Casasanto, Boroditsky, Phillips, Greene, Goswami, Bocanegra-
Thiel, Santiago-Diaz, Fotakopolou, Pita, and Gil (2004) and
Bylund and Athanasopoulos (2017), and the overwhelming pat-
tern for speakers of English and Swedish is to express duration
in terms of distance, and for speakers of Greek and Spanish to
preferentially use metaphors of quantity.

The question then arises as to whether these routinized lin-
guistic expressions exert any influence on T-span perception?
The two studies conducted to date suggest that this is indeed
the case. Using a psychophysical paradigm of duration reproduc-
tion, Bylund and Athanasopoulos (2017) and Casasanto et al.
(2004) asked participants to reproduce the duration of lines
extending across the screen, or boxes/containers filling up with
liquid. These animations had been manipulated such that two
lines could have the same duration (e.g., 3 seconds) but have dif-
ferent physical lengths (e.g., 200 pixels or 400 pixels), the rationale
being that in the participant’s mind spatial information would
interfere with temporal information, creating the sense of physic-
ally longer lines as being longer in time. Results showed that this
kind of spatial interference varied as a function of language, in
that speakers of English and Swedish tended to perceive physically
longer lines as also being stretched out in time, whereas this was
not the case for the Greek and Spanish speakers (who instead
exhibited spatial interference when reproducing the container fill-
ing up duration).

Casasanto (2008) attributed such spatial interference patterns
to associative learning: when people use a linguistic metaphor
for time, they activate the corresponding mental metaphor. As
people use the dominant and less-dominant metaphors in their
language, they activate one mental metaphor more frequently
than the other(s). In doing so, they would strengthen this particu-
lar associative mapping. Interestingly, however, this postulation
can be qualified in two important ways.

Firstly, the language-specific spatial interference effect was
found for stimuli that were harder to process. The paradigm uti-
lises 9 different line growths/container fill levels, and 9 different
durations, fully crossed to yield 81 experimental stimuli. Bylund
and Athanasopoulos (2017) divided their stimuli into extreme
(consisting of the two shortest and two longest spatial displace-
ments and durations) and medium (consisting of the five spatial
displacements and durations in-between the extreme ones). An
independent task established that the extreme stimuli were easier
to process than the medium stimuli: Casasanto et al. (2004) and
Bylund and Athanasopoulos (2017) found language effects only
for medium length/duration stimuli that were harder to estimate
duration for, which points to the role of language as a cognitive
tool to solve difficult or complex tasks. This is compatible with
findings from other domains such as colour, where cross-
linguistic differences were obtained for hard-to-discriminate but
not for easy-to-discriminate colour stimuli (Winawer, Witthoft,
Frank, Wu, Wade & Boroditsky, 2007) and in line with more gen-
eral theoretical accounts of Whorfian effects such as the
language-as-strategy-hypothesis proposed by Gennari, Sloman,
Malt and Fitch (2002) and Papafragou and Selimis (2010): the
more difficult or cognitively demanding the task becomes, the
more language is recruited to help with the task at hand.

Secondly, effects of language-specific metaphors on duration
estimation obtain exclusively in verbal contexts – that is, when
the stimuli are preceded by the word for duration in the
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participant’s native language. In a version of the experiment
that used visual instead of verbal prompts, Bylund and
Athanasopoulos (2017) found no cross-linguistic differences
between Swedish and Spanish monolinguals, in contrast to the
experiment where the verbal prompts were present, suggesting
that some kind of online top-down feedback from language
(Lupyan, 2012) must be the primary mechanism driving the
cross-linguistic differences in duration perception. This interpret-
ation received further empirical support in Bylund and
Athanasopoulos (2017) who also tested Swedish–Spanish bilin-
guals, varying the language context of experiment instructions
and the verbal prompts in order to see whether this would yield
distinct language-specific patterns of time perception. In this
modified experiment, the bilinguals, who were Swedish foreign-
language users of Spanish, turned out to reproduce time differ-
ently depending on the language of the prompts present in the
experiment. Specifically, when participants received Spanish
prompts they were more susceptible to spatial interference in
the filling-containers than in the growing lines condition, but
when receiving Swedish prompts, they were more susceptible to
spatial interference in the growing lines condition than in the fill-
ing containers condition.

To interpret these findings, Bylund and Athanasopoulos
(2017) complemented the general associative learning mechanism
proposed by Casasanto (2008) with a framework of predictive
processing (e.g., A. Clark, 2013; Hohwy, 2013; Kanai, Komura,
Shipp & Friston, 2015; Lupyan & Clark, 2015). Under this
account, the construction of a percept is viewed as a continuous
and concurrent interplay between top-down predictions and
bottom-up sensory signals. The top-down predictions are expec-
tations based on prior knowledge (e.g., encyclopaedic and con-
textual knowledge), but, compatibly with associative learning,
are also constantly updated by sensory input. Language may func-
tion both as a source of prior knowledge, as well as a bottom-up
contextual cue. The weighting of downward-flowing predictions
and upward-flowing sensory signals is modulated, among other
things, by the ambiguity of the input: a stimulus that is hard to
discriminate is more likely to trigger greater recruitment of
prior knowledge, than a stimulus that is easy to discriminate.
This may then explain why the medium-long/-large stimuli,
which were indeed harder to reproduce, exhibited language-
specific interference. Moreover, the effects of verbal prompts on
duration reproduction documented in both the monolingual
and bilingual speakers are consistent with the view of language
as a powerful bottom-up contextual cue, whereby words activate
semantic networks, which then function as a knowledge prior.
The question, from a bilingual development perspective, is
whether the second/newly acquired language can ever exert a
powerful enough influence to meddle with already established
time representations, and what factors drive this development.
The next section turns to focus on precisely these questions.

Language and thought in bilinguals

The question of whether learning a second language meddles with
thought patterns was discussed already by von Humboldt (1836/
1963) and Whorf (1956), who in their classic writings on lan-
guage and thought speculated as to whether learning a new lan-
guage entails learning a new way of observing reality. Von
Humboldt expressed two extreme points in what scholars like
Pavlenko (1999), Cook (2002) and Athanasopoulos (2011) con-
strue as a continuum of cognitive restructuring. At one end, the

shift or restructuring view entails complete internalisation of
L2-specific concepts: “The learning of a foreign language should
mean the gaining of a new standpoint toward one’s world-view”
(von Humboldt 1836/1963, p. 294). ’Learn a new language, get
a new soul’, as a famous proverb says. At the other end resides
the idea of conceptual entrenchment: “If it is not always purely
felt as such, the reason is one so frequently projects one’s own
world-view, in fact one’s own speech habits, onto a foreign
language” (von Humboldt, 1836/1963). Echoes of this idea can be
found in the writings of modern scholars such as Slobin (1996)
who speculated that cognitive patterns already established in the
L1 are exceptionally resistant to restructuring later in life. In a
less hardline tone, Lucy (2004, 2016) has discussed the idea of
semantic or conceptual accents. Just as an individual may carry
the speech accent of their native language when they speak a
second, so may that individual carry the semantic accent of
their native language concepts.

However, long-standing speculation aside, it was only recently
that bilingualism started entering the agenda of mainstream
empirical linguistic relativity research (for a recent synopsis see
Athanasopoulos, Bylund & Casasanto, 2016). Central questions
here concern the extent to which bilinguals may flexibly switch
between language-specific thought patterns, the degree to which
bilinguals resemble monolingual speakers of their respective lan-
guages, and the factors that underlie this degree of (non)
resemblance.

Extant evidence on cognitive flexibility indicates that bilingual
individuals may switch between distinct cognitive behaviours as a
function of the linguistic context. For instance, Athanasopoulos,
Bylund, Montero-Melis, Damjanovic, Schartner, Kibbe, Riches
and Thierry (2015a) found that depending on the language of
instruction of the experiment, as well as the language elements
present during the experiment (in the form of verbal interfer-
ence), German–English bilinguals would categorize motion either
according to German-specific patterns or English-specific pat-
terns (see also Kersten, Meissner, Lechuga, Schwartz,
Albrechtsen & Iglesias, 2010). In the domain of time specifically,
it has been found that bilingual individuals may indeed switch
between different temporal representations. Miles, Tan, Noble,
Lumsden and Macrae (2011) found that culture-specific cues
lead Mandarin–English bilinguals to conceptualise the flow of
time as either vertical (i.e., Mandarin-like) or horizontal
(i.e., English-like). However, a similar change of behaviour as a
function of culture-specific cues was also reported in monolin-
guals, reflecting the fact that Mandarin utilises BOTH a vertical
and horizontal temporal representation (Yang & Sun, 2016). As
mentioned earlier, Bylund and Athanasopoulos (2017) found
that Spanish–Swedish bilinguals would reproduce duration differ-
ently depending on the language of prompts of the experiment.

There are however other studies that have failed to show effects
of language context on bilingual cognition. For motion categorisa-
tion and recognition memory, Filipović (2011) found that the
behaviour of English–Spanish bilinguals was constant across
Spanish and English experimental contexts. Likewise, for the
domain of objects, Athanasopoulos (2007) found no difference
in object categorization preferences for Japanese–English bilin-
guals performing the task in different linguistic contexts.

The question of whether bilinguals align with monolingual
speakers is related to, but yet distinct from, the question of cogni-
tive flexibility, as a bilingual individual may exhibit distinct pat-
terns of, for instance, categorisation, in each of their languages,
without necessarily aligning with monolingual speakers of either
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language. Research comparing bilingual and monolingual cognitive
patterns often shows that the extent to which they align is depend-
ent on a number of individual background variables. One import-
ant such variable is language proficiency (L1 and/or L2), the
assumption being that more proficient individuals are more likely
to behave like native monolingual speakers than less proficient indi-
viduals. Indeed, in bilinguals who are still developing competence
in the L2, increasing proficiency has been shown to underpin cog-
nitive restructuring or shift towards the L2 (e.g., Athanasopoulos,
2007; Athanasopoulos & Kasai, 2008; Kurinski & Sera, 2011;
Park & Ziegler, 2014).

Language proficiency has also been shown to be a significant
factor in predicting bilingual speakers’ temporal perspective.
Based on the observation that, contrary to English, time-moving
metaphors in Mandarin (‘the deadline is approaching’) are more
frequent than ego-moving metaphors (‘we are approaching the
deadline’), Lai and Boroditsky (2013) asked participants questions
where the answer required adopting either a time-moving or an
ego-moving perspective. Their results showed that English speakers
were indeed more likely to adopt the Ego-moving perspective than
were Mandarin speakers, and furthermore that bilinguals’ temporal
perspective was predicted by language proficiency, such that those
who were more proficient in Mandarin were less likely to take an
ego-moving perspective, and those who were more proficient in
English were more likely to adopt such a perspective.

It should be noted however that many studies do not find
effects of language proficiency on cognitive restructuring (see
e.g. Athanasopoulos, Dering, Wiggett, Kuipers & Thierry, 2010;
Bylund & Athanasopoulos, 2014b; Cook, Bassetti, Kasai, Sasaki,
& Takahashi, 2006 who all found effects of length of residence
in the L2 speaking country instead of L2 proficiency). As sug-
gested by Bylund and Athanasopoulos (2014a), these mixed find-
ings may in part be ascribed to the different test formats used for
assessing proficiency. One other reason may be that the bilingual
samples tested do not show requisite variability in their L2 profi-
ciency to render any correlation, regression, or factorial analysis
significant. For instance, Lai and Boroditsky (2013) investigated
the impact of horizontal and vertical metaphors on temporal
sequencing in Mandarin–English bilinguals. Consistent with
Mandarin, which adopts a vertical system for sequencing events,
Mandarin–English bilinguals placed future events below and
past events above more frequently when tested in Taiwan than
in the USA, demonstrating a robust effect of experimental con-
text. Language proficiency, on the other hand, did not predict
behaviour in this task, possibly because all participants were
very advanced in both of their languages.

Another important variable is age of L2 acquisition, which has
been found to influence cognitive restructuring in at least two dif-
ferent ways. First, it may exert an indirect effect via L2 or L1 pro-
ficiency: age of L2 acquisition is often negatively correlated with
L2 proficiency, and positively correlated with L1 proficiency.
Proficiency, as shaped by age of acquisition, may then conse-
quently restructure cognitive patterns, as revealed when effects
of proficiency are controlled for (note that in these instances,
age effects are expected to be found for naturalistic learners rather
than for instructed learners). Second, age of acquisition may
modulate the extent to which language-specific conceptual repre-
sentations are merged or kept separate. For example, Kersten et al.
(2010) found that early bilinguals were more prone to exhibit
similar event categorisation patterns when operating in either of
their languages, whereas late bilinguals would categorise events
differently depending on the language context.

In the domain of time, age of L2 acquisition is the only vari-
able that has been found to correlate significantly with degree
of cognitive restructuring. Specifically, Boroditsky (2001) found
that Mandarin speakers who started learning English earlier in
life exhibited less of a vertical bias in a semantic verification
task with priming (recall that vertical spatiotemporal metaphors
proliferate in Chinese but not English). Results showed a positive
correlation between vertical bias and age of L2 acquisition, such
that the greater the vertical bias the later the age of L2 acquisition
of the participant. In other words, the longer a participant was
speaking only Mandarin in their language development, the
greater their vertical bias, showing an instance of L2 effect on a
temporal dimension (verticality) exclusively encoded in the L1.
Subsequent studies challenged Boroditsky’s (2001) main claims
of a verticality bias in Mandarin time conceptualisation (e.g.
Chen, 2007; January & Kako, 2007; Tse & Altarriba, 2008) but
did not specifically focus on bilinguals/L2 users per se in their
investigations.

Finally, frequency of use of the relevant languages appears to
also exert an influence on bilingual cognitive restructuring, with
several studies showing that the more often a bilingual speaker
uses a given language the more likely they are to converge with
monolingual speakers of that language on a cognitive task
(Athanasopoulos, Damjanovic, Krajciova & Sasaki, 2011; Bylund
& Athanasopoulos, 2014b, 2015; Bylund, Athanasopoulos, &
Oostendorp, 2013; Park & Ziegler, 2014). To our knowledge, no
study has examined the role of this variable in bilingual temporal
cognition.

Aims and scope of the present study

The current study sets out to throw light on how the acquisition
of a new language influences time perception. While some pro-
gress has been made on understanding the bilingual processing
of temporal sequences (e.g., Boroditsky, 2001; Miles et al.,
2011), little is still known about bilingual perception of temporal
spans (Bylund & Athanasopoulos, 2017), and the factors that
modulate temporal cognition in general in bilinguals. To address
this, we examined duration reproduction in Spanish–Swedish
functional bilinguals, with the intention to study, first, the extent
to which L2 time perception patterns converge with those of
native speakers, and second, the factors that underlie such
(non)convergence. In order to obtain a nuanced picture of bilin-
gual time perception patterns, we tested duration reproduction for
both line and container animations in a between-subjects design,
thus permitting an assessment of time perception of not only spa-
tial depictions specific to L2 temporal metaphors (i.e., lines), but
also depictions of L1-specific temporal metaphors (i.e., contain-
ers), in an all Swedish (L2) testing language context. This allows
us to examine both internalisation of novel time concepts preva-
lent in the L2 (duration as distance, lines experiment), as well as
any L2 effects on sensitivity to time concepts prevalent in the L1
(duration as quantity, containers experiment).

We can make at least three different predictions regarding our
bilinguals, interpreted differently for the two experiments, lines
(the L2 pattern to be learned), and containers (the pre-existing
L1 bias). First, bilinguals’ time estimation patterns may resemble
those of monolingual speakers of their L1. For lines, this would
suggest that bilinguals have not internalized at all the L2 pattern
of thinking about time as distance. For containers, this would sug-
gest that there is no traceable conceptual attrition – patterns
established by the L1 remain unchanged and prevalent. These
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outcomes would be compatible with the entrenchment hypothesis
that cognitive patterns, once established by the L1, are exception-
ally resistant to restructuring by an L2 (cf. Slobin, 1996). A second
possible prediction is that bilinguals’ time estimation patterns may
resemble those of monolingual speakers of their L2. In the case of
lines, this would mean full internalization of the L2 way of think-
ing about duration as distance travelled. In the case of containers,
it would mean that the L1 pattern of duration estimation is no
longer prevalent, or is less salient, in bilingual cognition, consti-
tuting evidence of L1 conceptual weakening. These outcomes
would favour the restructuring hypothesis. A third possibility is
convergence, a compromise between resistance and restructuring,
indexed by an ‘in-between’ pattern that resembles neither the L1
nor the L2. For lines, this would mean partial internalisation of
the L2 pattern, but not to a native-like extent. For containers, it
would mean partial attrition of the L1 pattern.

Because of our design that tests L2 internalization and L1 attri-
tion separately, we may find that more than one of the above pre-
dictions is supported, to different degrees for each of the
experiments. A necessary additional analytical step, then, is to
explore what accounts for the variance displayed in bilingual cog-
nitive behaviour, by assessing the relative influence of each of the
biographical variables of interest, specifically age of L2 acquisition,
L2 proficiency, frequency of use, and length of residence in the L2
speaking country, on bilingual individuals’ temporal cognition
patterns.

Method

Participants

Eighty L1 Spanish – L2 Swedish bilinguals living in Sweden were
evenly allocated to either the Lines or the Containers experiment.
Five participants were excluded from the analysis due to poor per-
formance in the experiments, presumably due to impatience and/
or fatigue, typical of psychophysical tasks of this type. Specifically,
following Casasanto and Boroditsky (2008) and Casasanto (2005),
participants were removed if they estimated distance instead of
time, or their overall duration estimations were markedly inaccur-
ate (if the slope of the correlation between actual and estimated
duration was <.5). The remaining participants had the following
characteristics:

For the lines experiment (n = 39), the bilinguals’ length of resi-
dence in Sweden was 24.7 years on average (SD 7.4, range 10-45
years). Their average age of acquisition of L2 Swedish was 9.6
years (SD 7.8, range 1-28 years). Their average Swedish proficiency
score as measured by a Cloze test (see Materials) was 20.28/42 (SD
5.65, range 7-30).1 They used Swedish for communicative purposes
76.3% (SD 14.3%) of the time, and Spanish for the remainder.

For the containers experiment (n = 36), the bilinguals had
lived in Sweden for an average of 21.9 years (SD 6.7, range 8-39
years). On average, they had started learning Swedish at 11
years (SD 9.1, range 1-31 years). Their average Swedish profi-
ciency score as measured by a Cloze test (see Materials) was
18.97/42 (SD 5.9, range 6-29). In their everyday lives, they used
Swedish 73.1% (SD 18.9%) of the time, and Spanish for the
remainder.

The functionally monolingual native speakers of Swedish
(n = 35) and Spanish (n = 35) analysed in Bylund and
Athanasopoulos (2017) were used as control groups for compari-
son purposes here (Lines experiment: Swedish = 17; Spanish = 18.
Containers experiment: Swedish = 18; Spanish = 17).

Materials

Lines Experiment
Casasanto’s (2005) growing lines experiment was used to elicit
duration reproduction for spatial depictions analogous to L2 tem-
poral metaphors (i.e., Swedish distance-based). In this experi-
ment, 9 different line distances, ranging from 100 to 500 pixels
(with 50 pixels increments), and 9 different line durations, ran-
ging from 1000 milliseconds (ms) to 5000 ms (500 ms incre-
ments) were fully crossed. This resulted in a total of 81 unique
line stimuli. Lines were black and grew from left to right against
a white background.

Containers Experiment
Casasanto’s (2005) filling containers experiment was used to elicit
duration reproduction for spatial depictions analogous to L1 tem-
poral metaphors (i.e., Spanish quantity/volume-based). In this
experiment, 9 different fill levels, ranging from 100 to 500 pixels
(with 50 pixels increments), and 9 different container durations,
ranging from 1000 ms to 5000 ms (500 ms increments) were
fully crossed, yielding a total of 81 unique filling container stimuli.
Containers were comprised of a 600 x 600 pixels hollow frame,
and were filled in black from the bottom upwards against a
white background.

A language background questionnaire was also administered in
both experiments, in order to collect information about acquisi-
tion history and usage of the bilingual participants, and to ensure
that the monolingual controls were not using other languages
than their L1. Bilingual participants in both experiments also
took a Swedish proficiency test. A cloze test was chosen for this
purpose, since this format yields reliable measures of language
proficiency across a range of different learner levels
(McNamara, 2000; Tremblay, 2011). The test consisted of an
around 300-word long text, in which every 7th word had been
removed (Platzack, 1973).

Procedure and Design in both experiments

Participants were tested individually on a 15.6” laptop. A Swedish
native speaker tested the bilinguals and the Swedish monolin-
guals, and a Spanish native speaker tested the Spanish monolin-
guals. The procedure and design were identical to Casasanto
and associates (Bylund & Athanasopoulos, 2017; Casasanto,
2005, 2008; Casasanto et al., 2004) as follows:

Each stimulus (growing line or filling container) was presented
twice, resulting in a total of 162 trials per experiment. Half of the
times the participants estimated duration, and the other half they
estimated displacement (distracter task). Before each stimulus, a
verbal prompt indicated whether duration or displacement was
to be estimated (the word ‘duration’ or ‘displacement’ in
Swedish for the bilinguals and the Swedish monolinguals; the
same words in Spanish for the Spanish monolinguals).
Participants reproduced duration by clicking the computer
mouse once to mark the onset, waited the appropriate time,
and then clicked again to mark the terminus. Presentation orders
were fully randomised.

1Previous studies using the same cloze test have found that Swedish L1 speakers on
average score around 30 to 35 (Abrahamsson and Hyltenstam, 2009). L2 speakers of
Swedish with early ages of acquisition (3-8 years) obtain around 25 (Bylund,
Abrahamsson and Hyltenstam, 2021). An average score of around 20 can thus be
expected from a mixed group of early and late learners.
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In accordance with previous research, we focused on the
so-called medium, hard-to-process stimuli in our analysis,
which are the five intermediate durations (200 ms to 400 ms)
and physical lengths/volume levels (200 pixels to 400 pixels),
since it is for these that language-specific spatial interference is
found (Bylund & Athanasopoulos, 2017; Casasanto, 2005;
Casasanto et al., 2005). This yielded a total of 25 trials analysed
per participant.

Linear mixed-effects models were run with estimated duration
as the dependent variable. For the group comparisons, stimulus
displacement and group were included as predictor variables,
and actual stimulus duration as a co-variate. Random intercepts
were included for participants and items, as justified by the max-
imal model that converged (in the case of the Lines experiment,
the model that converged included only participants in the ran-
dom effect structure). We used treatment coding, re-refencing
the model to each group for contrasts of interest.

For the analyses of bilingual background variables, we tested for
the inclusion of predictors to see which would improve the model
fit significantly. In these comparisons, the baseline model included
actual stimulus duration as a covariate, and the interaction between
stimulus displacement and age of L2 acquisition as predictor, based
on previous findings that showed age of L2 acquisition to be the
only variable to correlate significantly with degree of restructuring
in bilingual temporal cognition (Boroditsky, 2001). We then added
the interaction between displacement and each new predictor (L2
proficiency, frequency of L2 use, length of residence in the L2
speaking country) and performed model comparisons to discover
the model that would best fit the data. The maximal model that
converged included random intercepts for participants and items
in the Containers Experiment, and only participants in the Lines
Experiment. All analyses were run in R (version 4.1.0, The R
Foundation for Statistical Computing, 2021).

Results

Lines experiment

Group comparisons: results indicated that, unsurprisingly, the
covariate of actual duration was significantly related to duration

estimation across all groups (β = 0.77, SE = 0.02, t = 46.31,
p < 0.01; values were identical across the three models with each
group as reference). Figure 1 shows that as predicted, Swedish
monolinguals were affected to a significantly greater extent by
line displacement compared to their monolingual Spanish peers
(β = 1.34, SE = 0.49, t = 2.76, p < 0.01, model with Spanish mono-
linguals as reference; values were identical in the model with
Swedish monolinguals as reference except β = –1.34 and
t = –2.76). Bilinguals did not differ significantly from Swedish
monolinguals (t = 1.33) and differed marginally from Spanish
monolinguals (t = –1.92) (values were identical in the models
with Swedish and Spanish monolinguals as reference, except
t = –1.33 and t = 1.92 respectively).

Bilingual Background Variables: the baseline model with only
the interaction between displacement and age of L2 acquisition
was not statistically significant. Adding the interaction between
displacement and L2 proficiency yielded a statistically significant
model, such that the higher the proficiency in their L2 Swedish,
the more bilinguals were affected by line displacement (β = 0.05,
SE = 0.02, t = 2.82, p < 0.01), while age of L2 acquisition did not
interact significantly with displacement. Critically, this model
was also a statistically better fit for the data than the baseline
model, x2 = 7.76, p < 0.01. Adding interaction terms between dis-
placement and each of the other two variables (frequency of L2
use and length of residence in the L2 country) did not signifi-
cantly improve the model fit ( ps > .10).

Containers experiment

Group comparisons: as in the lines experiment, the covariate of
actual duration exerted a significant effect on duration estimation,
as expected (β = 0.75, SE = 0.02, t = 48.21, p < 0.01; values were
identical across the three models with each group as reference).
Figure 2 shows that according to our predictions, Spanish mono-
linguals were affected to a significantly greater extent by container
displacement compared to their Swedish monolingual peers
(β = –1.79, SE = 0.44, t = –4.04, p < 0.01, model with Spanish
monolinguals as reference; values were identical in the model
with Swedish monolinguals as reference, except β = 1.79 and
t = 4.04). Bilinguals differed significantly from both Swedish

Figure 1. The interaction between estimated dur-
ation (in milliseconds, vertical axis) and spatial dis-
placement (in pixels, horizontal axis) as a function
of Group in the Lines experiment.
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monolinguals (β = –0.89, SE = 0.38, t = –2.34, p < 0.02) and
Spanish monolinguals (β = 0.90, SE = 0.38, t = 2.37, p < 0.02)
(values were identical in the models with Swedish and Spanish
monolinguals as reference, except β = 0.89, t = 2.34, and β = –0.90,
t = –2.37, respectively).

Bilingual background variables: the baseline model with the
interaction between displacement and age of L2 acquisition was
statistically significant, such that bilinguals that learned the L2
Swedish later in life were likely to exhibit greater spatial interfer-
ence in their duration estimation of filling containers (β = 0.05,
SE = 0.02, t = 3.60, p < 0.01). Adding interaction terms between
displacement and each of the remaining biographical variables
(L2 proficiency, frequency of L2 use, length of residence in the
L2 speaking country) did not significantly improve the model
fit ( ps > .10).

Discussion

The current paper, by employing a psychophysical time estima-
tion task, set out to test the degree of internalisation of a L2 pat-
tern to conceptualise duration, the degree of resistance to
restructuring of L1 patterns of duration conceptualisation, and
the factors that may account for bilingual cognitive processing
in the domain of time. Because of our design that examined L2
internalization and L1 retention in two separate experiments, it
was possible to shed light on these phenomena independently.
Our group analyses found evidence of L2 internalisation as well
as L1 conceptual weakening. As can be seen in the statistical ana-
lysis, and in figures 1 and 2, the bilingual groups displayed an
‘in-between’ pattern in the degree to which their time estimations
were affected by spatial displacements, relative to the monolingual
datapoints. Unlike previous studies that focused on categorisation,
where such mid-points could either reflect chance behaviour on a
binary choice, or a bimodal response pattern between two cat-
egorisation options, here the dependent variable was continuous,
representing variation across the bilingual sample in each of the
two spatial interference conditions.

The question of interest then was what feature of the bilingual
experience may account best for the variation displayed. Our

findings revealed that L2 internalisation was modulated by L2
proficiency, such that the more proficient the bilingual individual
became in the L2, the more they were affected by the spatial
dimension prevalent in L2 spatiotemporal metaphoric structures
(in this case, time as linear distance). This finding is in line
with a plethora of previous findings showing effects of increasing
L2 proficiency on changing cognitive patterns in the individual in
various perceptual domains (Bylund & Athanasopoulos, 2014a).

L1 conceptual attrition on the other hand appears to be a func-
tion of the age of L2 acquisition of the bilinguals that took part in
our study. The later the individual began acquiring their L2, the
more L1-like their time estimation was of stimuli representing
the dominant metaphoric structure of their L1 (in this case,
time as quantity). Our finding that age of L2 acquisition predicts
weakening of the L1 conceptual pattern is fully in line with previ-
ous literature reporting similar findings from the time domain.
Boroditsky (2001) reported that in Mandarin–English bilinguals,
the vertical bias towards temporal sequencing encoded in the L1
was greater for bilingual speakers who started learning L2
English later in life. The language of instruction in that experi-
ment was the L2, similarly to our experiment. Therefore, in
both studies, this is an instance of an L2 effect on a temporal
dimension (verticality, in the case of Mandarin–English bilin-
guals; duration-as-quantity, in the case of Spanish–English bilin-
guals) preferentially encoded in the L1. Parallel to Boroditsky’s
(2001) findings, the propensity to think about duration as quan-
tity was related to the length of monolingual Spanish experience
(before any Swedish was learned).

What accounts then, for the effects of L2 proficiency and age
of L2 acquisition on the psychophysical experience of time in
our bilingual sample? Many recent studies have attempted to con-
textualise their findings in the theoretical framework of associa-
tive/attentional learning (Athanasopoulos, Damjanovic, Burnand
& Bylund, 2015b; Casasanto, 2008; Kersten et al., 2010; Lai,
Rodriguez & Narasimhan, 2014) and have even posited such a
framework as an ideal candidate for delineating the mechanism
underpinning bilingual cognition effects involving language-
thought interactions (Bylund & Athanasopoulos, 2014a). Our
study presents strong empirical evidence to support the

Figure 2. The interaction between estimated dur-
ation (in milliseconds, vertical axis) and spatial dis-
placement (in pixels, horizontal axis) as a function
of Group in the Containers experiment.
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postulation of such a mechanism in bilingual cognition. In line
with this literature (see e.g. Kersten et al., 2010), the age effect
apparent here could be interpreted under an associative learning
account. Early bilinguals statistically receive a mixture of language
inputs highlighting both duration-as-distance and duration-as-
quantity time schemata, resulting in more equally weighted cues
for duration estimation. Later acquisition of the L2, on the
other hand, means that individuals start out by receiving input
that is statistically biased towards the duration-as-quantity meta-
phor, with later acquisition introducing more frequent cues
towards duration-as-distance, allowing more opportunity for the
L1 based metaphoric pattern to be established. However, it
remains to be seen whether the nature of this relationship is lin-
ear, or whether there is a threshold or breakpoint that could be
indicative of a critical or sensitive period for cognitive restructur-
ing in the bilingual individual. Future studies may employ a sys-
tematic breakpoint identification procedure with a larger sample
of participants in this age-range along the lines demonstrated in
Vanhove (2013) and Veríssimo, Heyer, Jacob and Clahsen (2018).

The findings from the lines experiment corroborate the
assumption, under an associative learning account, that increasing
expertise in a particular language is likely to be a key aspect of
consolidation of language-specific spatiotemporal representations
in memory. Here, the degree of L2 internalisation was reliably
predicted by the individual’s L2 proficiency score. As L2 profi-
ciency increases, links between physical length and distance
time metaphors appear to also be strengthened.

Furthermore, the lack of an observable effect of length of stay
in the L2 speaking country is not surprising, given the profile of
our participants with regards to this variable. Specifically, studies
document effects of length of stay on bilingual cognition in par-
ticipant samples residing in the L2 speaking country typically for
periods between 5 months to 8 years (e.g. Athanasopoulos et al.,
2010; Cook et al., 2006). Boroditsky (2001), in contrast, found no
significant effects of length of stay on temporal cognition in her
sample of Mandarin–English bilinguals who had at least 10
years of residence in an English-speaking setting. This seemingly
contrasting set of findings from the afore-mentioned studies is in
fact compatible with the fact that a significant correlation between
L2 ultimate attainment/L1 attrition and length of residence in the
L2 speaking country is primarily observed during the first decade
in the L2 context, and past this time frame length of residence
exerts zero or little effect (e.g., Bylund, Abrahamsson &
Hyltenstam, 2012; DeKeyser, 2000; Schmid, 2011). Against this
background, and given the longer-than-10-years average length
of stay of our bilingual samples in both experiments, it is not sur-
prising that, like Boroditsky (2001), we do not find a significant
effect of this variable. Further systematic research is necessary
in order to establish whether effects of length of residence may
level out in cases of prolonged exposure in the field of bilingual
cognition.

Finally, our findings are fully compatible with a theoretical
framework of cognition that assumes a distributed representa-
tional system that places the interaction between internal mental
computations and their embedding in external environmental fea-
tures at its core2. Specifically, theories of distributed cognition
assume that cognitive activity is distributed beyond the “boundar-
ies of skin and skull” (Clark & Chalmers, 1998, p.7). That is, cog-
nitive processing is not confined to the mental computations

occurring exclusively in the mind/brain, but it is rather a two-way
interaction between the individual or a group of individuals, and
the external environment they operate in (Clark, 2017). All the
components, internal and external, of this extended cognitive sys-
tem are actively engaged in cognitive processing. Instantiations of
this framework have been traditionally documented in the way
groups of individuals cooperate for the purposes of spatial naviga-
tion (Hutchins, 1994), or in the way pilots interact with the instru-
ments in their cockpit to calculate airspeed (Hutchins, 1995).

Our findings here, along with previous findings from the same
experimental paradigm (Bylund & Athanasopoulos, 2017;
Casasanto, 2005), show that space, as an external stimulus,
plays a crucial role in the way individuals construct their mental
representations of time, on the go, as it were. As such, our
study aligns with the framework of distributed cognition, and fur-
thermore shows that such interactions between external stimulus
and internal mental computation are highly malleable, as revealed
in the changing cognitive patterns of bilingual individuals. This is
also anticipated by the framework of distributed cognition (e.g.
Hollan, Hutchins & Kirsh, 2000), which assumes that external
stimuli are inextricably integrated with internal computations,
such that if the internal computation remains the same (in this
case, estimating duration) but the external features change
(in this case, growing lines versus filling containers), behaviour also
may change completely. In this light, the extant findings highlight
the role of bilingualism on the distributed nature of cognition, by
showing that experience with a second language appears to be an
important determinant of this malleability in the system.

To conclude, our study examined a particular domain of
experience that is typically encoded differently in the two
languages of the bilingual individual. Our results suggest that
learners not only acquire new links between language-specific
metaphors and the psychophysical experience of duration, but may
also unlearn or partially develop the original ones, as a function of
the age at which they started learning their L2. Looking at time
perception in two different spatial dimensions, each exclusively
related to one frequent type of spatiotemporal metaphor in each
of the bilingual’s languages, yields a unique affordance to investi-
gate bilingual cognition of both L1-salient and L2-salient concep-
tual representations. We can then become more confident that
in isolating those variables that modulate cognitive patterns, we
are closer to uncovering the critical factors that govern both
internalisation of new concepts, as well as the fate of the existing
concepts, in development. Our findings have thus opened up the
way for further systematic investigation of these phenomena by
ferreting out further the nature of the influence of critical factors
of L2 development and cognitive restructuring.
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