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EFFECT OF WRITING DIRECTION ON TIME PERCEPTION IN BILINGUAL
ADULTS

ABSTRACT

How do we perceive time? Is there a flow of time, and if so, does it have a direction?
Questions such as how time is perceived, expressed, and its relationship with language
and culture has been extensively investigated. Individuals need physical world and
concrete concepts (e.g., calendars, clocks, timelines) to understand and represent
abstract concepts. Spatialization of time, which is a highly abstract concept, is not
independent from reading & writing habits. While previous research demonstrated that
time can be represented on several axes (vertical, horizontal, and sagittal), this study
focused on the horizontal axis and the relationship between writing direction and spatial
time representation in three different bilingual groups (L1-Turkish — L2-English, L1-
Turkish — L2-Arabic, L1-Arabic — L2-Turkish). We aimed to investigate (1) if the bias
parallel to writing direction is replicable in Turkish-Arabic sample, (2) whether learning
another language written in a different direction changes the perception of time
direction, and (3) which language dominates the directional bias for participants who
are familiar with writing in both directions. We examined the effect of L2 writing
direction on bilinguals in three different fields (spatial, pictorial, and verbal) based on
percentage of time arrangement (spatial pointing task) and reaction time (pictorial and
verbal time flow tasks) measurements. Pictorial and verbal tasks showed that regardless
of language group, congruent trials were responded faster than incongruent trials
indicating a tendency to represent time in line with L1. Spatial pointing task revealed
that L1-Turkish speakers tended to arrange time from left to right, and L2 influenced
the L1 bias only for the L1-Arabic — L2-Turkish group. This finding suggests that
acquired writing habits can influence spatial representation of time when L2 is the
society language. Overall findings indicate that L1-writing direction is a determining
factor for spatio-temporal representation and the influence of L2 depends on other

factors.

Keywords: Time perception, Spatial cognition, Writing direction, Bilingualism



[Ki DILLILERDE IKINCI DIiL YAZI YONUNUN ZAMAN ALGISINA ETKIiSI

OZET

Zamani nasil algilariz? Zamanin bir akisi var midir, varsa hangi yondedir? Zamanin
nasil algilandig1 ve ifade edildigi, dil ve kiiltiirle iliskisi gibi sorular psikoloji alaninda
yogun bir sekilde arastirilmaktadir. Bireyler soyut kavramlari anlamak ve temsil etmek
icin fiziksel diinyaya ve somut kavramlara (6rn., takvim, saat, zaman cizelgesi) ihtiyag
duyarlar. Son derece soyut bir kavram olan zamanin uzamsallastirilmasi okuma
aliskanligindan ve yazi sisteminden bagimsiz degildir. Onceki arastirmalar zamanimn
birka¢ eksende (dikey, yatay ve sajital) temsil edilebilecegini gdsterirken, bu calisma
yatay eksene ve ii¢ farkli iki dilli grupta (D1-Tirkge - D2- Ingilizce, L1-Tlrkge — L2-
Arapca, L1-Arapca — L2-Tiirkge) yazi yonii ve uzamsal zaman iligkisine
odaklanmaktadir. Bu amagla (1) Tirkce-Arap 6rnekleminde yazma yonine paralel
yanliligin tekrarlanabilir olup olmadigi, (2) farkli bir yonde yazilmis baska bir dili
O0grenmenin zaman yoni algisint degistirip degistirmedigi ve (3) her iki yonde de
yazmaya asina olan katilimcilar i¢in hangi dilin yon yoniine hakim oldugu sorularmi
sorduk. Ikinci dil yazma y&niiniin iki dillilerin zaman temsiline etkisini ii¢ farkli alanda
(uzaysal, resimsel ve sozel) oran (uzamsal isaretleme gorevi) ve tepki siiresi (resimli ve
sozel zaman akis1 gorevleri) Olglimlerine gore inceledik. Resimli ve sozli gorev
performanslari, dil grubundan bagimsiz olarak, uyumlu denemelere, uyumsuz
denemelere gore daha hizli yanit verildigini, ve bu sayede zamanin DI ile uyumlu
olarak temsil edildigini gostermistir. Uzamsal isaretleme gorevi, DI1-Tlrkge
konusanlarin zamani1 soldan saga temsil etme egiliminde oldugunu ve ikinci dilin
yalnizca DI-Arapca — D2-Tiirkge grubunda zaman temsilini etkiledigini ortaya
koymustir. Bu bulgu, ikinci dil baskin toplum dili oldugunda, edinilmis yazma
aligkanliklarinin, ana dilin tersi yoniinde zamanin uzamsal temsilini etkileyebilecegini
gostermektedir. Genel bulgular, birinci dil yazma yéniunin uzamsal-zamansal temsil
icin belirleyici bir faktér oldugunu ve ikinci dilin etkisinin diger faktorlere bagl

oldugunu gostermektedir.

Anahtar Sozciikler: Zaman algis1, Uzamsal bilis, Yazi yonii, Iki dillilik

Vi
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1. INTRODUCTION

Does language shape thought? Do people who speak different languages think
differently? The relationship between language and thought have long been investigated
by many scientists. On the other hand, there are disagreements about which factors
determine the relationship between language and thought and whether language reflects
or shapes thought. Linguistic relativity, also known as the Sapir—Whorf hypothesis
(Whorf, 1956), holds that language can influence how people perceive and
conceptualize the world, and linguistic determinism holds that language determines
basic mental categories, and thus speakers of different languages think differently
(Wolff & Holmes, 2011). The question of whether individuals who speak different
languages think differently has been examined in many languages and in many areas
such as time, space, quantity, color, emotion, and movement (e.g., Athanasopoulos,
2009; Maass & Russo, 2003; Pavlenko, 2002). Furthermore, the relationship between
language and thought was investigated, with a focus on the possibility of acquiring a
new worldview through the acquisition of a new language with contrasting linguistic
categories (e.g., Bassetti and Cook, 2011; Pavlenko, 2011). The present study will focus
on time perception to examine this relationship between language and thought using

bilingualism to understand this relationship.

1.1 Time and Space

Individuals need the physical world and concrete concepts to be able to understand and
represent abstract concepts. In relation to this, Lakoff and Johnson (1980) stated in
Conceptual Metaphor Theory that it is possible to understand one conceptual abstract
field through another concrete field. In this sense, as one of the most basic abstract
concepts, time is spatialized with cultural products such as calendars, clocks,

hourglasses, and timelines (Boroditsky, 2011).



The space-time conceptual metaphor has been extensively studied in linguistic relativity
studies in terms of the effect of language on the mental representation of time
(Boroditsky, Fuhrman, and McCormick, 2011; Chan & Bergen, 2005). Languages
construct time through spatial metaphors (e.g., past is behind, good days are ahead) or
organizational patterns in cultural elements (e.g., writing direction) (Boroditsky, 2011).
For example, individuals refer to spatial expressions (e.g., forward, backward, long,
short, large, small) while representing time (Pitt & Casasanto, 2020). It has been
observed that individuals speaking different languages sometimes represent time by
distance (e.g., short/long time expression used in English and Indonesian) and
sometimes by quantity (e.g., less/more time used in Greek and Spanish) (Casasanto et
al., 2004). Representing time as flowing in a direction is also accepted as an effort to
comprehend the concept of time with space. The movement of time from right to left,
left to right, front to back, or back to front can be expressed as the direction of the time
flow. While time can be represented on several axes, this study concentrates on the
spatial representation of time on the horizontal axis. Following a review of several
aspects of time representation and mental timeline in the introduction, the current study
is focused on the relationship between writing direction and spatial time representation

in three different bilingual groups.

1.2 The Role of Language on Spatial Representation of Time

Time could be represented as flowing in three axes along the egocentric coordinates:
front-back (sagittal), right-left (transverse), and up-down (longitudinal). For example,
Spanish speakers represent the future ahead, while Aymara speakers represent the past
in front of them and the future behind them (NUfiez & Sweetser, 2006). Similarly,
Taiwanese speakers prefer to line up sequential events on the vertical axis, whereas
English and Arabic speakers line up the events side by side on the horizontal axis (Chan
and Bergen, 2005; Tversky et al., 1991). Although the majority of them use egocentric
coordinates, allocentric coordinates such as cardinal direction (e.g., north, south, east,
west) and environmental direction (e.g., uphill/downhill) are also used by some cultures

to represent time (NUfiez et al., 2012). With this consideration, we can say that even



though spatial time mapping is universal, there are distinct ways to spatialize time

differing across languages and cultures.

The fact that people express time spatially may imply that they think spatially as well.
For example, it is known that Mandarin Chinese speakers and English speakers think
differently about time as Mandarin Chinese speakers often use vertical metaphors while
English speakers generally use horizontal metaphors (Zhang & Ding, 2003). When the
non-linguistic studies examined how the English and Mandarin-speaking participants
spatialize time via implicit measures, it was found that Mandarin Chinese speakers
represent time on the vertical line and the English speakers represent on the horizontal
line, in line with the metaphors they used. Boroditsky (2001) showed that English
speakers verify a sentence about time sequence (e.g.: March comes earlier than April)
faster when they are formed with a horizontal event (prime effect), and Mandarin
Chinese speakers verify sentences faster with a vertical stimulus. These results show
that the expressions used to represent time are also parallel to spatial thinking. When the
temporal diagram task was applied to two Spanish and Darija Arabic speaking groups, it
was discovered that, while the past tense in Darija was represented in the “behind”
using metaphors, the past was represented in the “front” (De la Fuente et al., 2014).
Based on these findings, it is possible to conclude that spatial thought can predict spatial
expression, but that these two processes are not always parallel. Although there is no
horizontal representation in spatial expression and linguistic metaphors, it has also been
observed that time is spatially represented from left to right or right to left. Based on
this, it was concluded that the use of language (writing direction) can be more indicative

than the expressions in the language (Huang & Tse, 2017).

1.2.1 Writing system and mental time direction

Reading and writing are two of the most common ways for individuals to communicate
with the world. (Bergen & Lau, 2012). It has been determined that reading habits and
writing systems influence cognition in a variety of ways in both low and high cognitive
processes. Even artists may create bias in various aspects, ranging from their aesthetic

preferences to their level of arousal (Roman, El Fathi, & Santiago, 2013). For example,



it has been discovered that the direction of writing is linked to the mental representation
of numbers. In some European languages written from left to right, such as English and
French, the numerical magnitude representation is associated with the left-right axis.
Larger numbers are responded faster on the right, while smaller numbers are
represented on the left (Bergen & Chan Lau, 2012).

Similarly, "STEARC" (spatial-temporal association of response codes) was defined over
the mental timeline as an effect similar to the effect that represent numerical magnitude
with the left-to-right organization. According to this view, while the previous times are
represented on the left side, the later times are represented on the right direction.
(Ishihara, Keller, Rossetti & Prinz, 2008). This effect, which is an indicator of the
horizontal representation of time and, was later associated with the writing direction and
it was claimed that there was a mental timeline flowing in a different direction for

individuals speaking different languages. (Fuhrman & Boroditsky, 2007)

Language is based not only on expressions but also on sensorimotor experiences
(Casasanto & Jasmin 2012). Abstract concepts can be represented and grounded through
conceptual metaphors by embodied experience and the sensorimotor system (Gibbs,
Costa Lima, & Francozo, 2004). It has been claimed that the writing direction, as a
feature of the language, influences people's use of space-time metaphors, and thus their
representation of time. However, when the writing direction and the metaphor direction
contradict each other, the writing direction have a more decisive role than the linguistic
expression (Huang & Tse, 2017). This is consistent with the embodied cognition
viewpoint, which serves as a basis for representing abstract concepts including time
based on spatial knowledge. Metaphors are used in the language since they are available
in thought, and thought is shaped by sensorimotor and embodied experiences. Hence,
the embodied/physical experience can be activated more quickly than the linguistic

expression and overcome the influence of linguistic expression (Huang & Tse, 2017).

To reveal the effect of writing direction on time representation independent from the
linguistic expressions, Chen and O’Seaghdha (2013) recruited participants from Taiwan

and a region of China that speak the same language but write in different directions.



These two languages with the same linguistic expressions differed and thus
demonstrated the independent effect of writing direction experience on time
representation. In another study, the effect of writing direction on the mental timeline
was demonstrated by an experiment that shows causal relations (Casasanto & Bottini,
2014). It was discovered that Dutch participants in different groups who received the
experimental instruction in four different writing styles, such as mirror reading or 90-
degree angles, answered the questions in accordance with the direction of the
instruction, evaluating "before” and "later” by using the right and left keys. These
studies revealed that writing direction, as a feature of language, has an independent

impact on time representation.

1.2.2 Representation of time flow on the horizontal axis

It has been claimed that the space-time metaphor is acquired through learning (e.g.,
Casasanto & Bottini, 2014; Cai, Connell & Holler, 2013). Casasanto and Bottini (2014)
showed that the mental timeline could be changed with stimuli and instructions in
different directions. Cai, Connell, and Holler (2013) found that the spatial representation
of time did not originally have a direction. Many studies have shown that the mental
timeline follows the direction of writing using both implicit and explicit measurement
methods (e.g., Fuhrman & Boroditsky, 2010; Ishihara, Keller, Rossetti, & Prinz, 2008;
Weger & Pratt, 2008). The spatial organization of time parallel with the writing
direction was demonstrated in these studies in a variety of ways by using tasks such as
organizing the sequence of events, early and late concepts, use of gestures, spatial
relationship, and auditory measurements (Tversky et al., 1991; N(fiez & Sweetser,
2006; Casasanto and Jasmin, 2012). To investigate the relationship between mental
timeline and writing direction, Tversky, Kugelmass, and Winter (1991) asked school-
age children to locate stickers for breakfast, lunch, and dinner. It was found at the end of
the study that Arabic and English speakers arranged them in opposite directions in line
with their written languages. In another study investigating directional bias in spatial
thinking, Italian and Arabic speaking participants were asked to draw the action scenes
that they heard. While Italian speakers drew actions from left to right, Arabic speakers

drew the opposite direction, placing the agent to the right of the object (Maass & Russo,



2003). In another comprehensive study that requires the arrangement of the temporal
sequence of natural events, Fuhrman and Boroditsky (2010) asked two groups of
Hebrew and English-speaking adult participants to arrange events first, and then
conducted an additional implicit study to eliminate the possibility of participants
thinking in accordance with the experimenter's request. Following the presentation of
one of three-stage event sequences, participants were asked to determine whether the
second image occurred before or after the first image. Among the participants who used
the keys to answer this question, those who speak English responded faster when the
“before” was responded by left key, while those who speak Hebrew responded faster
when the right key corresponded to “before”. Santiago, Lupiafiez, Perez, and Funes
(2007) conducted the first study showing the automatic activation of the left-right axis
in the processing of temporal concepts. They manipulated the location side where the
words appeared on the screen while displaying the words associated with the past and
future and asking them to represent past or future with the left or right keys. As a result,
when past-related words were displayed on the left and future-related words were
displayed on the right, faster and more accurate answers were obtained. These responses
were consistent with the Spanish writing direction. Overall, several previous studies on
monolinguals demonstrated that time representation follows writing direction in the

horizontal axis.

Non-linguistic gestures and motor movements measured in different studies have also
supported the claim that time flows parallel with the writing direction. Miles, Betka,
Pendry, and Macrae (2010) investigated the relationship between spatial and temporal
dimensions using motor movements and discovered that participants tended to position
the past to their left, as revealed by their computer hand movements. It has also been
questioned whether these spatial associations affect our performance in other non-
linguistic areas, such as visual attention. Ouellet, Santiago, Funes, and Lupiafiez (2010)
tested whether words with temporal references direct attention to specific points in
space using a visual cue paradigm. According to the findings, activation of the past and
future concepts both directed attention and motor responses to either right or left. In
other words, even though they did not process or produce the language, participants

represented time in space. However, this representation did not always match up with



the representation in language. In an experiment in which they investigated whether
individuals think about time as the way they speak, Casasanto and Jasmin (2012)
discovered that the spatial axes of metaphors and hand gestures of English-speaking
participants differed. When participants were instructed to use hand gestures
consciously, they displayed past and future events in the sagittal axis (front-back) as
used in language (e.g., the future is in front of us, the past is behind us), whereas in
spontaneous use, they used the transverse axis (left-right) more. This spontaneous use
can also be shown as evidence for the claim that the direction of writing is more
decisive than the linguistic expressions in time representation. Unlike the previously
mentioned findings, Bostan et al. (2016) discovered that the sagittal axis, along with
vertical axis gestures, was the most commonly used for spontaneous temporal gestures
in Turkish. This study demonstrates that the compatibility of gestures with writing

direction varies depending on the language.

Overall, studies using various tools that investigate spatio-temporal cognition mostly
revealed that individuals who write in horizontal axis represent time in the same axis

following writing direction.

1.2.3 The influence of L2 writing direction on spatial time representation

If writing direction, as a sociolinguistic convention, shapes temporal thought, then how
do bilinguals with two different direction represent time? Regarding this question,
several research examined whether bidirectional bilinguals have dual mental time line
(e.g., Boroditsky et al., 2011; Miles et al., 2011; Fuhrman et al., 2011). Taking bilingual
flexibility into consideration, Miles et al. (2011) conducted two experiments to see
whether Mandarin and English speakers can accommodate different representations.
They discovered that Mandaring-English bilinguals have two mental time lines in their
minds that lead to arranging time in both vertical and horizontal lines. The second
experiment interestingly demonstrated that the Eastern and Western context provided by
Jet Li and Brad Pit photographs influenced the tendency to represent time in vertical or

horizontal axis. Participants used a vertical axis in the Western context and a horizontal



axis in the Eastern context, demonstrating that the L2 effect might be context

dependent.

To investigate the determinants of the effect of language on time representation,
Boroditsky (2001) worked with Mandarin and English-speaking bilingual participants
taking two predictive factors into account: age of acquisition and exposure duration.
This study hypothesized that if learning a new language changes their way of thinking,
participants exposed to English at a younger age or exposed more, will think less in
Mandarin and thus less vertically. As expected, bilingual participants who learned
English at older age had more vertical biases, but no relation was found between their
biases and the duration of the English experience. Fuhrman et al. (2011) used a three-
dimensional time task which asks participants to press a key along three axes to
represent earlier or later time points. They aimed to examine Mandarin and English-
speaking participants of varying second language proficiency to measure the previous
language effect and the immediate language effect, and discovered that those with
higher Mandarin proficiency thought more vertically based on response times. At the
same time, it was discovered that the language used during the experiment shaped the
way of thinking. The following sub-factors, according to these studies, determine the
axis of thought (horizontal or vertical): level of proficiency in the second language, age
of learning the language, language of instruction, and cultural context. However, a
recent study on Mandarin and English speakers found that Mandarin-English bilinguals
had temporal thinking patterns similar to Mandarin monolinguals, regardless of whether
they were elementary or advanced L2 English speakers (Yang et al., 2022). In this
study, authors investigated the L2 effect on Mandarin English bilinguals using both
sagittal and vertical axis through pictures of temporal congruency categorization task.
While they replicated the studies showing that L1-Mandarin and L1-English speakers
think about time differently, they did not find an effect of L2 in reconstructing
representation of time. To sum up, while there is no consensus on the role of L2, the
research presented thus far demonstrates the impact of L1 writing direction in spatial

time representation.



Contrary to the aforementioned studies, there are studies claiming that language does
not have an effect on time orientation and cannot replicate the demonstrated effect
(Chen, 2007; January & Kako, 2007; Tse & Altarriba, 2008). For example, when Chen
(2007) replicated Boroditsky's (2001) work, he discovered that, contrary to what
Boroditsky claimed, Chinese speakers did not have a different time representation than
English speakers in two of the four studies. According to January and Kako (2007), the
findings were contradictory because, while one study shows that time flow is
determined by L1, another shows that time flow direction can be replaced with a new
language. Another criticism is that the arrangement of sequential events tasks in the
horizontal axis on request is not sufficient to demonstrate that the internal time
representation is structured, and we cannot conclude that the underlying mechanism is
language (January & Kako, 2007). To be able to interpret and provide clarity on
different claims and conflicting findings, different methodological approaches (both
different tasks and different bilingual participant groups) are required in this case. By
measuring time representation in different domains (spatial, pictorial, verbal) using
different bilingual groups, this study aims to shed light on the contradictory findings

regarding the effect of L1 and acquired second language on the perception of time flow.

1.3 Present Study

The aim of this thesis is to investigate the relationship between language writing
direction and time perception through second language acquisition. For this purpose,
answers are sought for three main research questions:

(1) Does time flow in the congruent direction with L1 writing direction?

(2) Does the acquisition of a second language written in a different direction compared
to L1 can change the perception of time flow direction?

(3) Whether the context of acquiring second language (academic purposes vs. society
language) influences which language direction predominates the bias for individuals
who are familiar with writing in both directions?

Previously, it was assumed that participants who were exposed to two conflicting
direction experiences before would acquire contradictory directional habits, and as a

result, lateral biases would be weaker, and this assumption was supported in different



cognitive domains (Roman et al., 2013; Berch et al., 1999, Dobel et al., 2007). We also
expected that directional time bias would become less strict for participants who learn a
second language written in a different direction on the same axis. In order to investigate
the research questions about the role of first and second language on spatial
representation of time, we compared three groups of bilinguals: (1) bilinguals (L1-
Turkish — L2-English) who had never been exposed to a different direction; (2)
bilinguals (L1-Turkish — L2-Arabic) whose L1 is written from left to right and second
language is written from right to left; and (3) bilinguals (L1-Arabic — L2-Turkish)
whose L1 is written from right to left and second language from left to right.

This thesis aimed to contribute to the literature and fill the gaps in several ways. We
aimed to examine whether the writing direction is a strong factor in the representation of
the time flow direction and whether this effect can be stretched with the second
language. Therefore, finding an effect of L2 would thus support the claim that the
writing direction has an effect on the spatial representation of time and that this effect
can be updated. This result would also be consistent with the claim that there is no time
flow direction originally (Huang & Tse, 2017), and factors such as linguistic expression
and writing direction give time representation a direction. Furthermore, because writing
direction concretizes the abstract concept of time, showing the effect of writing
direction on time representation would support Conceptual Metaphor Theory.

If the directional time bias congruent with L1 does not stretch in line with the L2
writing direction, it would be possible to conclude that the L1 is decisive and permanent
in the perception of time flow direction. If groups with different first languages would
not differ at all, the relationship between time flow and writing direction could be

questioned.

The thesis was designed to measure and distinguish space-time associations across three
major domains (spatial, pictorial, and verbal), allowing us to capture how time is
spatialized across three fields. The tasks were selected to correspond to three distinct
references (space, picture, word). The spatial pointing task is a free choice task that
participants are asked to choose a coordinate with no restrictions. Other two tasks
examine the time representation by measuring response time, through the meaning of

words (past/future) in written form or through the images. Participants do not process
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any language in the pictorial task, so the automatic spatial time representation can be
revealed at the level of non-linguistic cognition. Furthermore, by using reaction time
measurements, we can detect implicit bias differences within and between groups.

Another distinguishing feature of this thesis is that it will be the first time bilinguals
who learn the second language in different contexts, with different writing directions on
the same axis, will be compared (L1-Turkish — L2-Arabic and L1-Arabic — L2-Turkish).
Different contexts refer to the motivation (work, education, migration) and environment
(country, school/work environment) for learning a second language. In the literature,
majority of participants live in different regions and have no or as little exposure to the
written language in the other direction (De la Fuente et al. 2014; Fuhrman &
Boroditsky, 2010; Ishihara et al., 2008). Bilingual participants, who are relatively few in
the literature, do not have a second language written from right to left (Boroditsky,
2001; Maass & Russo, 2003; Roman et al., 2013; Yang et al., 2022). We can distinguish
the effect of second language by recruiting bilingual groups who speak the same pair of
languages in a different order. Moreover, Bergen and Chan Lau (2012) asserted that as a
result of numerous studies we can see that writing direction affects different spatial
representations of time, but we cannot directly attribute these differences to writing
direction. Different daily life practices and cultural elements of the studied languages
and populations may also influence these representations. In studies with participants
familiar with only one direction and one culture, which were mostly preferred in the
literature, it is not possible to achieve a language/writing direction effect that is
independent of the cultural effect of the country. The study is expected to contribute to
the literature by working with bidirectional bilingual groups that have previously
unstudied features, living in the same region with different first languages, and having
the habit in both directions (Right-Left, Left-Right). In this study, "bidirectional
bilingual™ groups speak two languages written in opposite directions, with L1 of one
bilingual group corresponding to L2 of the other. In this way, it will be possible to
compare the acquisition of both right-to-left and left-to-right languages simultaneously.
Findings are expected to strengthen theoretical implications. Acquiring second
languages in different contexts (for academic purposes or as a society language) will

also allow us to see how their impact varies.
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Based on our research questions, we tested three main hypotheses as following:

(TR-EN will refer to L1-Turkish — L2-English, TR-AR will refer to L1-Turkish — L2-

Arabic, AR-TR will refer to L1-Arabic — L2-Turkish group)

Hypotheses on time flow direction within different bilingual groups

1. L1-Turkish groups will tend to represent time from left to right in congruent with
their L1 writing direction. AR-TR group is expected to represent time in both
directions while being faster in L1 congruent trials. In the spatial pointing task L1

1.1. Turkish groups will represent time dominantly (more than 50%) from left to
right. Since the spatial pointing task determines only the dominant direction, a very
strong effect is expected to suppress the L1 bias only when the L2 writing direction
is the society language (AR-TR).

1.2. In the pictorial time flow task L1-Turkish groups (TR-EN, TR-AR) are expected
to be faster when representing the earlier stage with the left key and later stage with
the right key which is congruent with the their L1. AR-TR group is expected to be
faster in reverse mapping.

1.3. In the verbal time flow task, L1-Turkish groups (TR-EN, TR-AR) will be faster
when words related to the past are on the left or when the left key is used to express
the past. When future words are represented on the right side or responded with the
right key, the two groups will be faster than when they are represented on the left
side or responded with the left key. L1- Arabic speakers (AR-TR) will be faster in

reverse mappings.

Hypotheses on time flow direction across different bilingual groups

2. TR-AR speakers are expected to be less strict in representing time in one direction
than TR-EN speakers because they have exposure in both directions. Right to left
bias is expected to be seen strongly and mostly in the participants whose L1 is
Arabic (AR-TR).

2.1. There will be no significant difference in left to right time arrangement scores
between L1- Turkish groups in the spatial pointing task (TR-EN & TR-AR). AR-TR
group is expected to arrange time from right to left significantly more, and from left

to right significantly less than L1-Turkish groups.
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2.2. In the time flow task measured with pictures (pictorial time flow task), the
response time of the TR-AR participants will be faster than the TR-EN bilingual
participants when representing the earlier stage with the right key and later stage
with the left key which is incongruent with the their L1 but congruent with their L2
writing direction. In these trials, AR-TR bilingual participants will have the fastest
response time since there is no incompatibility with their L1 writing direction.

2.3. In the task that measures the time flow through words (verbal time flow task),
when words related to the past are on the right or when the right key is used to
express the past, the measured response time will be faster in those whose second
language is Arabic (TR-AR) than in those who did not expose to a right-to-left
direction (TR-EN). Likewise, when words related to the future are on the left or
when the future is represented by the left key, the response time will be the fastest
for AR-TR speakers and slowest for those not exposed to the Arabic language (TR-
EN).

2.4. In both of the time flow tasks, when incongruent trials of three groups are
compared in terms of RT, we expect AR-TR group to be faster than L1-Turkish —
L2-Arabic and TR-EN respectively. We expected this result due to higher exposure
of second writing direction for AR-TR.

Hypotheses on the context of L2 learning (comparing TR-AR and AR-TR speakers)

3. Bidirectional bilinguals whose second language is the dominant (society) language
(AR-TR) are expected to be more influenced by the L2 writing direction than those
whose L1 is the society language and L2 is acquired for academic purposes (TR-
AR). In other words, L1 direction biases of L1-Arabic — L2-Turkish group will
reduce more than TR-AR group.

3.1. In spatial time representation task, the percentage of placements congruent with
L2 writing direction will be significantly higher in AR-TR than TR-AR speakers.
3.2. AR-TR speaking participants will have faster response times in trials incongruent

with their L1 in both tasks measured with pictures and words, compared to the TR-

AR group.
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2. METHOD

2.1 Participants

One hundred ninety-five adults aged between 18 to 41 participated in this study in
exchange for either course credit or payment. We used G-Power (Faul et al., 2007)
statistical power analysis in order determine the sufficient sample size. The optimal
sample size was computed as 180 (sixty participants for each group). Participants were
recruited in three groups as following:

(1) L1-Turkish speakers with no exposure to opposite writing direction (L1-
Turkish — L2-English) (N=67, Mage=21.48, SD=1.53),

(2) L1-Turkish speakers with the second language written in a different direction
(L1-Turkish — L2-Arabic) (N=63, Mage= 23.87, SD= 2.78),

(3) L1-Arabic speakers acquired the second language written in a different
direction (L1-Arabic — L2-Turkish) (N=65, Mage =23.19 , SD=3.64)

Descriptive data for each group is provided in the Table 2.1.

Table 2.1 Descriptive information for age and gender

Group N Mean SD Min Max Fel:lnuairek;?l\r/lce):;es
TR-EN 67 21.5 1.52 19 27 58/5

Age TR-AR 63 24.1 35 19 41 46/16
AR-TR 65 23.2 3.58 18 35 19/46

All participants completed a demographic and language background questionnaire.
Participants completed the questionnaire by listing all of the languages they have
learned (along with biographical information such as age of onset and countries lived
in) and rating their L2 proficiency on a scale of 1 to 10 (1 = very weak, 10 = excellent).
They reported their experiences with reading, writing, and speaking in particular. The
questionnaire also provided information for how much participants used different
factors (friendship communication, reading-writing, studying) while learning L2 (see
Table 2.2).
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Table 2.2 Descriptive statistics for L2 questionnaire

Mean SD Min Max

Gron TR AR TR TR AR TR TR AR TR TR AR TR

P AR TR EN AR TR EN AR TR EN AR TR EN
PPVT 117.67 12624 - 4486 4769 - 23 7 - 174 1711 -
Speaking proficiency  5.76 7.46 652 179 167 153 1 0 3 9 10 10
Understanding 6.83 838 748 159 14 126 2 3 5 9 10 10
proficiency
Reading proficiency 7.14 7.89 750 163 15 113 3 4 5 10 10 10
Age of  Onset (oo 1940 919 336 453 296 2 2 4 21 29 19
(learning L2)
fg)e of Onset Writing 15 45 1867 1115 416 415 341 5 5 5 22 29 19
féq; of Onset (reading 1g09 5047 1115 333 384 341 7 11 5 24 33 19
8‘;;"’;;'0“—6’“’05”‘3 716 235 1196 547 21 384 2 1 2 40 12 20
Duration_country 453 696 1587 1574 5516 5601 0 0 0 120 324 252
(month)
Duration_school/work 55 5, 9995 4078 362 2305 4917 0 0 0 168 84 180
(month)
Friendship 560 789 590 256 192 248 0 2 0 10 10 10
communication (use)
Reading-writing (use) 7.71 751  7.54 187 203 194 3 2 0 10 10 10
Studying (use) 7.78 8.02 771 212 24 163 1 1 3 10 10 10

Three participants were excluded from the study, either because their third language

writing direction differed from their L1 writing direction or because they reported that

their L1 is not the group's target language. We discarded the first data from additional

three participants who completed the experiment twice.

Since the tasks we used required computer skills which may affect response times and

accuracy percentages, we made sure that all participants had higher education (i.e.,

university) exposure. All participants were either university graduates or undergraduate

students.
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2.2 Materials

We used three different temporal representation tasks (spatial, pictorial, and verbal), as
well as a working memory test (Corsi Block Tapping) and a language proficiency test
(PPVT-1V).

2.2.1 Spatial pointing task

The task is adapted from the 3D pointing test applied by Fuhrman and Boroditsky
(2010). In this task, participants saw a circle shown in the middle of screen (see Figure
2.1) and they were asked to click to a point around that circle to answer questions that
they heard in their native languages (e.g., "if this is today, where would you locate
tomorrow?"). Then, their response coordinates in the x and y axes were coded. Similar
questions were asked in terms of different categories such as months and meals (e.g., if
this is September, where would you locate October). The questions consist of 12
temporal sequences (see Appendix A). In this study, the dependent variable was the
location side they choose for the forward and backward time concept, which is after
reported as a percentage of preference (left to right or right to left) . Since the effect of

writing direction is questioned, only the horizontal answers are considered.

Figure 2.1 Display of the screen in Spatial Pointing Task

2.2.2 Pictorial time flow task

The material consisted 18 triplets expressing a three-stage temporal sequence (e.g.,

youth, middle age, old age) with points ‘early’, ‘middle’, and ‘late’. All stimuli are
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provided in Appendix B. A sample stimuli and a representative response click is

displayed in Figure 2.2

Following Fuhrman and Boroditsky (2010), participants completed two test blocks of
72 trials. While left key represented “earlier” and right key represented “later” in one
block, other block had reversed mapping. The block order was counterbalanced for each
participant. All trials started with a fixation cross displayed for 500 msec and it was
replaced by an image. The first picture -displayed for 2 secs which always depicted the
middle point of one triplet, followed by the picture of the previous or next stage. Second
picture remained until participants responded. They were asked to respond with either
right or left key tagged as “earlier” or “later” in the instruction. First letter of these tags
remained in the screen during the block to remind the instruction. In each block, there
were 10 practice trials with feedback before the main experiment. The practice images
were different than the images used in main blocks. In this task, the dependent variable
was the reaction time of congruent and incongruent trials. While congruent trials for L1-
Turkish speakers (TR-AR, TR-EN) was when “earlier” and “later” is represented by left
and right key respectively, this block was incongruent for AR-TR speakers.

Note. First image followed by earlier stage

Figure 2.2 Examples of Stimuli Used in Pictorial Time Flow Task
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2.2.3 Verbal time flow task

Following Santiago et al. (2007), 48 words referring to past and future were used. The

48 words used by Santiago et al. (2007) were adapted to Turkish and Arabic by using

the word frequency dictionary of Tekcan and G6z (2005) and keeping the frequency and

number of syllables balanced between the past and future words (see the Table 2.3).

Table 2.3 Verbal Time Flow Task
Turkish Version (Translations in brackets)

Past

Future

gegmis (past )
once (before)
oncesinde (priorly)
din (yesterday)
onceki (previous)
gecen yil (last year)
onceden (beforehand)
evvelden (afore)
sagladilar (they provided)
gelebildim (1 was able to come)
ogrenebilirdik (we could learn)
yasadiniz (you lived)
uzaklastiniz (you went away)
istedi (he/she wanted)
yararlandim (I benefitted)
bagladilar (he/she started)
diistindiiniiz (you thought)
bagladim (I started)
sordular (they asked)
6grendin (you learned)
istedik (we wanted)
yararlandin (you benefitted)
olusturdun (you created)

surebildiler (they could drove)

gelecek (future)
sonra (after)
sonrasinda (thereafter)
yarin (tomorrow)
sonraki (next)
gelecek yil (next year)
sonradan (afterwards)
bilahare (later on)
saglayacak (he/she will provide)
verecegim (I will give)
siirebilecegiz (we can drive)
bulacagiz (we will find)
deneyeceksin (you will try)
cikacak (he/she will leave)
asacagim (I wil overcome)
baslayacak (he/she will start)
yasayacak (He will live)
kalacagim (I will stay)
soracak (he/she will ask)
surecek (will drive)
cikacagiz (we will leave)
asacaksin (you will overcome)
inanacaksin (you will believe)

ogrenecekler (they will learn)
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Arabic Version

Past Future
on L
Ja A
Juald Js Jualdl) a2
ol las
i o2
Al A Aaald dng
sl Sl
<@ J i
S g b
Jléti KV IR
sl O slaias
Cual X
C puaa eanlu
<l S
Caadic | awie L
e ghas Skl
Jh Jhas
L)) i
Cilad Jadin
el Ga
Liad KPrE
Litdle i

The task consists of 8 practice trials and 96 main trials which are presented in two
identical blocks with the exception of the response keys. The 48 words were divided
into two lists, each with an equal number of past and future related words. Each word
was displayed on the screen 4 cm to the right or 4 cm to the left of a fixation point in the
center. After seeing this point for 500 msec, participants read a word on the left or right
side of the screen, either past or future related. Participants were asked to determine
whether the 48 words displayed on the screen were from the past or the future.
Regardless of this request, the spatial location that the word is displayed (right-left) was

manipulated. Words that refer to the past or future were displayed on the left or right
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side of the screen, and participants were instructed to press two keys (f-j) with their left
or right hand to indicate whether the word was related to the past or future. The effect of
this manipulation in bilinguals was investigated because it has been observed that words
related to the past are evaluated faster when they appear on the left and/or are answered
with the left hand, and words related to the future are evaluated faster when they appear
on the right and/or are answered with the right hand (Santiago et al., 2007).

The effect of second languages acquired in different directions on spatial
representations of the past and future was to be investigated in three different groups
based on response time latencies on accurate trials. There were both congruent and
incongruent trials during the task. Congruent trials occur when past and future related
words appear in the direction congruent with the L1 (position congruency) or are
answered with the button in the congruent direction (key congruency). On the other
hand, incongruent trials occur when words related to the past and future appear
incompatible with the L1 of participants or are answered with the button in the

incompatible direction. The dependent variable in this task is RT latencies.

=l

Note. Incongruent position mappings of past word for L1-Turkish and L1-Arabic groups.

GELECEK  GECMIS

Note. Incongruent key mapping for L1-Turkish / Congruent key mapping for L1-Arabic (past with J, future with F)

] a

GEGMIS  GELECEK

Note. Congruent key mapping for L1-Turkish / Incongruent key mapping for L1-Arabic (past with F, future with J)

Figure 2.3 Examples of Stimuli Used in Pictorial Time Flow Task
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2.2.4 Corsi block-tapping task (Forward and Backward)

Corsi Block-Tapping (Corsi, 1973), a visuospatial short-term working memory task,
was used this task to control individual executive function differences between groups
because all tasks are spatially oriented. We included this measurement to make sure that
the groups did not differ in terms of general potential. In this task, the participant
attempts to imitate the sequence followed by the various colored blocks for a total of
nine steps (see Figure 2.4). The maximum number of moves that participant can follow
determines their final score. The EF is measured in two blocks of forward and backward
Corsi Block-Tapping Task. Participants first completed the forward version of the task.
They noticed a fixation cross on a gray background, followed by nine white squares.
They performed the task until they failed to follow the sequence three times after being
instructed to click on the blocks in the same sequence with red lights. After completing
this section, they proceeded to the backward version of the task, which is identical

except for the request to follow the squares in reverse order.

Figure 2.4 Corsi Block Tapping Task

2.2.5 Language measures and demographical information

Peabody Picture Vocabulary Test-1V (PPVT-1V)

PPVT-1V is a standardized picture vocabulary which is used to measure second
language proficiency (Dunn and Dunn, 2007). The test was modified for use on an
online platform (Pavlovia) by PsychoPy software (Peirce et al., 2019). Participants were
instructed to follow the steps on their own. In this test, participants hear a recorded word
that corresponds to one of four images displayed on the screen. They were told to press
the corresponding key to select the image that matches up to the word they heard (1,2,3,
or 4). The A form of the test was translated into Turkish to measure second language

proficiency, while the equivalent B form was translated into Arabic to control the
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Turkish participants' Arabic second language proficiency. Both languages were
translated using the translation-back translation method by native speakers of Turkish
and Arabic.

Demographic-Linguistic Form

The form requests demographic information as well as language background
information such as their gender and age, the context in which they acquired the second
language, the age of acquisition, the duration of exposure to the second language in
various areas such as reading, writing, and speaking, and their proficiency levels in a
third language. While the first two groups (L1-Turkish) provided L2-English and L2-
Arabic language information, the L1-Arabic group filled out the form for both Turkish
and English as a second language because both languages are written from left to right

(see Appendix D).

2.3 Procedure

The same experiment was completed by all participants, who were given instructions in
their native language. They were asked to perform various online tasks that implicitly
measure their perception of time. The experiment was implemented in PsychoPy
software (Peirce et al., 2019). Participants were informed that the experiment is about
the relationship between language and thought and there were no correct or incorrect
answers. All tasks were completed in three steps using three different links.

In the first session, they completed the four different tasks in the designated order: (1)

spatial pointing task, (2) pictorial time flow task, (3) verbal time flow task.

To begin, we asked them to complete the "spatial pointing task™ in order to investigate
the dominant time direction bias in bilingual participants. The first task was then
followed by two others in order to measure the representation of past/early and
future/late via reaction time, which is one of the essential tools used in the implicit
evaluation of the time flow direction. The first of these tasks, named as the "pictorial
time flow task,” measured time representation over sequential pictures, while the

second, named as the "verbal time flow task™, measured time flow direction over words
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with past and future meanings. In the first session, time perception and EF tasks were

completed. This session lasted about 30-40 minutes.

In the second session, which lasted about 20 minutes, they performed the PPVT-1V,
which assesses participants' second language proficiency. The Arabic version of the
PPVT-IV was given to participants whose second language is Arabic (L1-Turkish — L2-
Arabic), and the Turkish version was administered to participants whose second
language is Turkish (L1-Arabic — L2-Turkish).

Finally, all participants completed a language background questionnaire about the

languages they have been exposed to, the age of acquisition, years of education, country

of residence, and proficiency.
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3. RESULTS

Results are presented in two sections. The first section includes descriptive information
and preliminary analyses which compares the three groups’ working memory, L2
proficiency and age. And the second section covers analysis of the three main tasks
(spatial, visual, verbal) comparing three groups: TR-EN, TR-AR and AR-TR. We
included subsections of the accuracy analyses for both the verbal and visual tasks in
addition to the main analyses with reaction latencies. In these tasks, we conducted two
different ANOVAs since the congruency categories were different for L1-Arabic
speakers and L1-Turkish speakers. We categorized each condition as congruent or

incongruent for each group after comparing the conditions with mixed ANOVA:s.

3.1 Descriptive Statistics

There were 67 males (35%) and 123 females (65% ) among all participants who
reported their gender. Thirty-two TR-AR speakers reported that Arabic is their second
language, while 27 reported that Arabic is their third language. Turkish was reported as
the second language for 43 AR-TR speakers, while it was the third language of 18
participants. Descriptive statistics for all measurements are provided in Table 3.1.
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Table 3.1 Descriptive Statistics for all tasks/measures

Mean SD Min Max

Grow TR TR AR TR TR AR TR TR AR TR TR AR

P EN AR TR EN AR TR EN AR TR EN AR TR
Corsi_F 623 679 6.86 167 146  1.40 1 1 4 90 9.0 9.0
Corsi_B 533 6.16 577 180 165 2.05 1 1 1 90 9.0 9.0
Spatial Pointing Task
Left to right 086 086 051 013 018 033 05 00 00 10 1.0 1.0
(pointing)
Right to left 014 015 049 013 018 033 00 00 00 05 10 1.0
(pointing)
Pictorial Time Task
(RF’T'§t°r'a'—C°”gr“e”t 136 127 144 032 035 035 07 06 07 20 21 24
(RPT")“O”a'—'“CO”Qr”e”t 147 144 152 034 041 0.39 08 07 08 23 25 24
Verbal Time Task
Past-Left-Left (RT) 104 098  1.09 015 019 022 08 06 0.7 15 15 16
Past-Left-Right 106 101  1.07 016 017 0.19 08 07 07 14 15 15
Past-Right-Left 106 097 1.07 016 016 0.19 08 07 07 15 14 15
Past-Right-Right 106 099 1.06 019 018 0.19 07 07 07 16 14 15
(RFT“)t”re'LEﬁ'Leﬁ 104 098 096 018 016 018 07 07 06 14 14 14
(RFT“)t“re'LEﬁ'R'ght 103 095 098 015 015 017 08 07 07 14 14 14
(RFT“)t“re'R'ght'Leﬁ 103 097 098 018 016 017 07 06 06 16 14 14
(RFT“)t”re'R'ght'R'ght 098 091 095 015 017 017 07 06 06 14 15 13
Key_congruent(RT) 102 096 1.02 014 016 0.17 08 07 07 14 14 14
Key_incongruent
(RT) 105 099 1.02 016 015 0.17 07 07 07 15 13 14
Position_congruent
(RT) 103 097 101 014 015 0.5 08 07 07 13 14 14
Position_congruent
(RT) 105 097 1.02 014 015 0.16 08 07 07 14 14 14
Overall RTs
Pictorial_overal_ RT 142 135 148 029 034 032 08 07 08 21 21 21
Verbal_overall RT  1.04 099  1.03 016 018 017 07 07 08 17 17 17

Note. The conditions in the verbal time flow tasks named in the following order : Meaning-Position-Key (e.g. Past-Left-Right)

25



3.1.1 Preliminary analysis

The comparison between the three groups revealed a significant age difference [F(2,
192) =12.7, p < .001, n% = 0.117)], Corsi forward test difference [F(2, 190) = 3.42, p =
.035, n% = 0.035)] and Corsi backward test difference [F(2, 192) = 3.31, p = .039, n% =
0.033)]. TR-EN group (M =21.49 , SD = 1.52) was significantly younger than TR-AR
group (M = 24.11, SD = 3.49) t(192) = -4.97, p <.001 and AR-TR group (M = 23.16,
SD =3.58) t(192) = -3.21, p = .005.

There was a significant difference in Corsi forward scores between TR-EN group (M =
6.22, SD = 1.70) and AR-TR group (M = 6.86, SD = 1.40) t(190) = -2.39, p = .053.
Corsi backward scores were significantly lower in TR-EN speakers (M = 5.32, SD =
1.80) than TR-AR speakers (M = 6.15, SD = 1.65) t(192) = -2.57, p = .033.

Since the TR-EN group does not speak any language in different direction, PPVVT scores
and L2 background information were only compared for TR-AR and AR-TR groups.
The two groups did not significantly differ in PPVT scores [t(114) = -0.99, p = .32] and
in the duration of months spent in L2 speaking school/work environment [t(120) = 0.62,
p = .53)]. There was a significant difference between these two bidirectional bilinguals
in their self-reports for age of onset (L2), L2 exposure duration, the duration of stay in
the country where their L2 is dominant language, and L2 proficiency (reading,
understanding and speaking). TR-AR group (M = 15.5, SD = 3.36) started to learn their
L2 earlier than AR-TR group (M = 18.0, SD = 4.53) t(118) = -3.45, p < .001. TR-AR
group reports revealed that they were exposed to their L2 for more years (M = 7.16, SD
= 5.47) than AR-TR group (M = 2.35, SD = 2.10) t(117) = 6.35, p <.001. TR-AR group
(M = 4.53, SD = 15.74) reported that they stayed less months in a country that speaks
their L2 less than AR-TR group (M = 69.90, SD = 55.16) t(122) = -8.74, p < .001. TR-
AR group reported that they are less proficient in L2 reading (M = 7.14, SD = 1.63) than
AR-TR group (M = 7.98, SD = 1.50) t(118) = -2.96, p = .004. Similarly, the reports
revealed that L1-Turkish group was significantly more proficient in L2 speaking (M =
5.76, SD = 1.79) and understanding (M = 6,83, SD = 1.59) than L1-Arabic group in
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speaking (M = 7.46, SD = 1.67) and understanding (M = 8.38, SD = 1.40) [speaking:
t(118) = 5.36, p < .001; understanding: t(118) = 5.65, p <.001].

3.2 Spatial Pointing Task

One hundred ninety-five people (NTr -en= 67, NTr - AR = 63, Nar - TR = 65) participated
to this task. They responded to the 24 questions (e.g., if this is today, where would you
locate yesterday?) by clicking anywhere around the circle. We measured the coordinates
of the responses. Responses that fell on the green circle which represents the first
sentence in the middle of the screen were omitted. Responses of 33 participants in total
(17%) were discarded due to high error on the task (clicking to the circle in the middle
more than half of the trials) implying that they did not comprehend the task. From the
remaining participant responses, eleven participants were also discarded (based on their

response coordinates) because they clicked to the same point throughout the task.

For the analysis, since we were interested in writing direction differences, we only
focused on the responses that fell on the horizontal axis. We created a composite score
from two responses for earlier and later time as one item that represents whether time is
perceived to flow right to left or left to right. We calculated the sum of responses when
the past was pointed to the left and the future was pointed to the right to create the left
to right arrangement score. The sum of reverse mappings provided the score for right to
left arrangement. Dividing these composite scores by the number of valid trials
(placements that the participant did not click to the reference circle) for each participant
provided us the proportion of left to right or right to left arrangements in percentage. For
example, if a participant pointed past on the left side 10 times and future on the right
side 5 times, his composite score for left to right arrangement was 15. Dividing this
score by his 20 valid trials (out of 24), provided us the percentage of left to right
arrangement (15/20). To provide descriptive information, percentages for future and
past words were also calculated separately (See Table 3.2). These percentages reflect
the number of times participants represented the future and past on either the right or
left sides of the screen. “Future on left” corresponds to the number of trials in which the

future is located on the left in proportion to the number of valid trials of future
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condition. For example, if a participant placed future on the left on nine out of the ten

valid trials, then the score for representing future on left is nine divided by ten (0.9).

Table 3.2 Mean, SD and min max values for percentage time arrangement score

Mean SD Min Max

TR TR AR TR TR AR TR TR AR TR TR AR

EN AR TR EN AR TR EN AR TR EN AR TR
Future on Left 0.12 013 047 013 017 0.36 0.0 0.0 0.0 0.5 0.9 1.0
Future on Right 0.88 0.88 0.53 013 017 0.36 0.5 0.1 0.0 1.0 1.0 1.0
Past on Right 0.15 017 051 017 022 033 0.0 0.0 0.0 0.7 1.0 1.0
Past on Left 0.85 0.84 0.49 017 022 033 0.3 0.0 0.0 1.0 1.0 1.0
Right-to-Left 0.14 015 0.49 013 018 0.33 0.0 0.0 0.0 0.5 1.0 1.0
Left-to-Right 0.86 086 051 0.13 018 0.33 0.5 0.0 0.0 1.0 1.0 1.0

There was an effect of writing direction in transverse axis as depicted in Figure 3.1. In
the horizontal axis, TR-EN speakers placed earlier event to the left of the point and later
event to the right of the point (laid time out from left to right) 86% of the time
(SE=0.02). TR-AR speakers did so 86% of the time (SE=0.02) and AR-TR speakers did
so 51% of the time (SE=0.06). We compared three groups’ proportions of left to right
responses by one way ANOVA which showed that the difference of three groups was
significant F(2, 148) = 38.8, p < .001, n? = 0.34. Post hoc comparisons of left-right
arrangement and group interaction using the Bonferroni correction indicated that there
was a significant difference between TR-EN and AR-TR groups (t(148) = -8.13, p<
.001) and similarly between TR-AR and AR-TR groups t(148) = -7.72, p < .001. AR-
TR group (M = 0.51, SD = 0.33) laid time out from left to right significantly less than
TR-EN group (M = 0.86 , SD = 0.13) and from TR-AR group (M = 0.86, SD = 0.18).
When we added Corsi scores as a covariate in a one-way ANCOVA, there was still a
significant difference between groups F(2, 145) = 40.78, p < .001, n? = 0.36. And
similarly, Post hoc comparisons of left-right arrangement indicated that there was a
significant difference between TR-EN and AR-TR groups (t(148) = -8.39, p<.001) and
similarly between TR-AR and AR-TR groups t(148) = -7.71, p < .001. AR-TR group
laid time out from left to right significantly less than TR-EN group and from TR-AR
group . The covariate, Corsi scores, was significantly related to left to right arrangement
percentage F(2, 145) =5.12, p =.025, n% = 0.34.
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Figure 3.1 Percentage time arrangements scores across groups

3.3 Pictorial Time Flow Task

The same 195 people (NTr-en = 67, NTr-ArR = 63, Nar-Tr = 65) participated in this task
right after the spatial pointing task. As the first step, the accuracy for each participant
was calculated. Following Fuhrman and Boroditsky (2010), responses were considered
only for participants who has accuracy rate more than 75%. The accuracy below 75%
was considered as high error rate- Therefore, responses of seventeen participants (3.6%)
were discarded (TR-EN:14, TR-AR:4, AR-TR:5). Average accuracy rate for the
remaining 178 participants was 93%. Only accurate trials were included in the analysis.
Reaction times were calculated for both of the conditions (left key is designated as
earlier or later). We also discarded the top and bottom 2% of reaction times of all
correct responses (3.81%) from the analysis and included only the responses between
2%-98%. In this way, we eliminated trial-based outliers. Lastly, responses of six
participants (TR-EN:1, TR-AR:2, AR-TR:3) were discarded following Fuhrman et al.
(2011) since their overall RT means were still exceptionally away (2SD) from the

language group mean.

To compare the effect of writing direction on representation of time, we performed
3x2x2 mixed ANOVA (Language group x Block order x Key Mapping) while language
group and block order (whether the block that they see first designated the right key for

earlier or later stage) were between subjects independent variables, key mapping
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(whether the right key represents earlier or later stage) was within subject variable (see

Table 3.3 and Figure 3.2).

In addition to this analysis, in order to examine the group differences between congruent

and incongruent trials, we conducted 3x2 mixed ANOVA (Language group X

Congruency). While “left is earlier” block was congruent for L1-Turkish groups, the

mean RT in this condition was treated as incongruent score of the L1-Arabic — L2-

Turkish group (see Figure 3.3).

Table 3.3 Descriptive statistics for reaction times in each condition (pictorial time flow

task)
Mean SD Min Max
TR TR AR TR TR AR TR TR AR TR TR AR
EN AR TR EN AR TR EN AR TR EN AR TR
Right is earlier 147 144 1.44 0.34 041 0.35 08 07 07 23 25 24
Left is earlier 136 127 152 0.32 0.35 0.39 07 06 0.8 20 21 24

1.8
1.6

[y

Mean RT (sec)

TR-EN TR-AR
Language Group

m Left is earlier m Right is earlier

14
12
0.8
0.6
0.4
0.2

0

AR-TR

Figure 3.2 Mean latency (RT) in each key mapping across groups
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Figure 3.3 Mean latency (RT) for congruent and incongruent trials

3.3.1 Effects of writing direction on reaction times

In line with the predictions, there was a significant Language group x Key Mapping
interaction: F(2, 160) = 5.86, p = .003, n% = 0.068 (see Figure 3.4). And post hoc
comparisons revealed that TR-AR speakers (M = 1.27, SD = 0.35) responded
significantly faster than AR-TR speakers (M = 1.52, SD = 0.39) when “later” is
represented with the right key which is congruent with writing direction of Turkish but
incongruent with Arabic t(160) = -3.051, p = .040. None of the other comparisons were

significant after Bonferroni correction (all ps >.05).

3 . Group
E ‘ * < AR-TR
- 14 TR-AR
8 TR-EN
=

Right-earlier Left-earlier

KM

Figure 3.4 Key Mapping x Group interaction
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There was also an interaction effect of key mapping and block order F(1,160) = 21.87, p
<.001, n% = 0.120. Participants that were asked in the first block to represent “earlier”
with right key, responded significantly slower in “right is earlier” condition regardless
of language group (M =1.49 , SD = 0.37) relative to “left is earlier” condition (M = 1.32
, SD = 0.34) t(160) = 4.96, p < .001. None of the other comparisons were significant
after Bonferroni correction (all ps >.05). Results indicated a marginally significant
language group, key mapping x block order interaction F(2, 160) = 2.97, p = .054, n% =
0.036.

There was no significant effect of language group F(2,160) = 1.83, p = .16, n% = 0.022
and block order F (1, 160) = 0.139, p = .071, n? = 0.001. There was main effect of key
mapping F (1, 160) = 4.44, p < .037, n% = 0.027. When “later” was represented with the
right key and “earlier” was represented with the left key (M = 1.39, SD = 0.37), the
overall reaction times were faster relative to the opposite key mapping regardless of
language group (M = 1.44, SD =0.37) t(160) = 2.11, p = .037.

When Corsi scores were added as a covariate in a 3x2x2 mixed ANCOVA analysis, key
mapping was no longer significant, F (1, 157) = 1.23, p = .268, n% = 0.008. Key
mapping x block order interaction F(1,157) = 20.72, p < .001, n% = 0.117 and key
mapping x language group interaction were still significant F(2, 157) = 6.39, p = .002,
N = 0.075. Furthermore, language group x key mapping x block order interaction was
still marginally significant F(2, 157) = 2.96, p = .055, n% = 0.036. The interaction
between key mapping and Corsi scores was not significant F(1, 157) = 2.44, p = .121,
n% = 0.015.

3.3.2 Analysis of congruency

According to results of 3x2x2 mixed ANOVA (Language Group x Block Order x
Congruency) there was a main effect of key mapping congruency F(1,160) = 14.92, p <
.001, % = 0.085 revealing that congruent trials (M = 1.36, SD = 0.35) were responded
significantly faster than incongruent trials (M = 1.48, SD = 0.38). There was no main
effect of language group F(2,163) = 2.25, p = .109, n% = 0.027. Additionally,
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congruency X block order x language group interaction was significant F(2,160) =
13.621, p < .001, n% = 0.145. Bonferroni post hoc comparisons revealed that when they
first see the block that represents left key as earlier AR-TR group was faster in
congruent trials than incongruent trials t(160) = -3.59, p = .029. When the participants
see firstly the block that represents right key as earlier, TR-AR group was faster in

congruent trials than incongruent trials t(160) = -5.76, p < .001.

When Corsi scores were added as a covariate in 3x2x2 mixed ANCOVA analysis, the
main effect of key mapping lost its significance F(1,157) = 0.59, p = .441, n?* = 0.004.
Congruency x block order x language group interaction was still significant F(2,157) =
12.818, p < .001, n? = 0.140. Bonferroni post hoc comparisons revealed that when they
first see the block that represents left key as earlier AR-TR group was faster in
congruent trials than incongruent trials t(157) = -3.57, p = .031. When they see firstly
the block that represents right key as earlier, TR-AR group was faster in congruent trials
than incongruent trials t(157) = -5.49, p < .001.

3.3.3 Analysis of accuracy

Overall accuracy rate was 93% after outliers were discarded. To test if the RT
differences stem from speed accuracy trade-off, we followed Fuhrman and Boroditsky
(2010) and run error rate analysis. We did not find a significant language group x key

mapping interaction in terms of accuracy rates, F(2,160) = 0.60, p = .48, n% = 0.009.

3.4 Verbal Time Flow Task

Reaction time on correct trials was recorded and analyzed by mixed ANOVA with
3x2x2x2 Group (TR-EN, TR-AR or AR-TR) x Meaning (past or future) x Position (left
or right screen position) x Key (left or right) design.

In addition to this analysis, since we have different L1 groups, we performed a separate
3x2 mixed ANOVAs (Language group X Key congruency and Language group X
Position congruency) to be able to compare groups for congruent and incongruent trials

(RT). Congruency of trials was determined based on the groups’ L1 writing direction.
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Congruent key score, for example, was calculated in L1-Turkish groups as the mean
RTs of the trials when past words were responded with the left key and future words
with the right key. Lastly, we run accuracy analysis to see if congruency affects
accuracy and if our data has Simon-type effects (Simon and Rudell, 1967) assuming that
when response and stimuli are on the same side, individuals respond faster and more

accurate.

3.4.1 Analysis of RT latency

First of all, we calculated the accuracy rates for all participants. We only considered
responses of participants who has accuracy rate more than 75% in total. Out of correct
trials, we considered reaction times below 0.25 and above 2.5 sec as outliers following
Santiago et al. (2007). In total, 4.84% trials were outliers and discarded from reaction
time analyses. Reaction times were calculated for eight conditions of meaning, position,
key mapping separately. In addition, we calculated latencies for congruent and
incongruent trials for both response key and screen position. While congruent and
incongruent conditions were the same in the first two groups, they were calculated for
L1-Arabic speakers in reverse mapping. For example, congruent key mapping for L1-
Turkish speakers was when past word is responded with left key and future word is
responded with right key while it was when past word is responded with the right key
and future word with the left key for AR-TR group. And congruent position score was
calculated in L1-Turkish groups as the mean RTs of the trials when past words were
displayed on the left side of the screen and future words displayed on the right. The
reverse mapping was congruent for L1-Arabic speakers. After all calculations were
made, the overall mean RT and SD of the task were determined on a group basis. And
the responses of the five participants 2.85% (two from the TR-EN group, two from the
TR-AR group and one from the AR-TR group) who were 2SD away from the group
mean were discarded following Fuhrman and Boroditsky (2011). The reaction time

means are reported for each condition in Table 3.4.
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Table 3.4 Mean Latency (RT) and Percent Errors (%Error) per Condition

Screen Position

Left Right
Past Future Past Future
Key RT %Error RT %Error RT %Error RT %Error

TR Left 1.04 0.07 1.04 0.14 1.06 0.09 1.03 0.14
EN Right 1.06 0.12 1.03 0.11 1.06 0.10 0.98 0.09
TR Left 0.98 0.05 0.98 0.08 0.97 0.08 0.97 0.08
AR Right 1.01 0.09 0.95 0.08 0.99 0.09 0.91 0.06
AR Left 1.09 0.11 0.96 0.07 1.06 0.13 0.98 0.08
TR Right 1.07 0.12 0.98 0.09 1.05 0.12 0.95 0.08

The analysis of latency demonstrated that there was main effect of language group on
overall reaction times F(2,171) = 3.27, p = .041, n% = 0.037. Post hoc comparisons
revealed that TR-AR group (M = 0.97 , SD = 0.18) was significantly faster than TR-EN
group (M =1.04 , SD = 0.16). Meaning, position and key also had main effects on
overall RTs [Meaning: F(1,171) = 97.93, p < .001, n? = 0.364; Position: F(1,171) =
13.58, p < .001, n% = 0.074; Key: F(1,171) = 5.52, p = .02, n% = 0.032]. Post hoc
comparisons revealed that future words (M = 0.98, SD = 0.16) were responded
significantly faster than past words (M = 1.04 , SD = 0.18) t(171) = -9.90, p < .001.
Participants also responded faster when the word is displayed on the right of the screen
(M =1.00, SD = 0.17) than when it is on the left of the screen (M = 1.02 , SD = 0.17)
t(171) = -3.69, p < .001. Furthermore, participants responded significantly faster when
they responded with the right key (M = 1.00 , SD = 0.17) instead of the left key (M =
1.01, SD = 0.18) t(171) = -2.35, p = .02. There was a significant interaction between
meaning and language group [F(2, 171) = 14.32, p <.001, n? = 0.143]. Although there
were no significant between group differences after Bonferroni test, all groups were
significantly faster when the word is related to future relative to past words (see Table
3.5).
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However, when Corsi scores were added as a covariate in 3x2x2x2 mixed ANCOVA
analysis, language group F(2,169) = 2.73, p = .068, n?% = 0.031, position F(1,169) =
1.25, p <.266, n?p = 0.007 and key F(1,169) = 1.04, p = .31, n% = 0.006 were no longer
significant. There was still main effect of meaning F(1,169) = 4.80, p = .030, n% =

0.028 in overall RTs. Future words (M = 0.98, SD = 0.16) were responded significantly
faster than past words (M = 1.04 , SD = 0.18) t(169) = -9.79, p < .001. Meaning X
language group interaction was still significant F(2, 169) = 14.30, p <.001, n?% = 0.145.

Post hoc comparisons revealed that all groups were significantly faster when the word

has future meaning rather than past meaning (all ps < 0.05).

Table 3.5 Post Hoc Comparisons - Meaning x Language Group

Meaning Group Meaning Group '[\)/Ii(;]?enrence SE df t Poonferroni
Past AR-TR Past TR-AR 0.08 0.03 171 2.855 0.072
Past TR-EN 0.02 0.03 171 0.549  1.000
Future AR-TR 0.10 0.01 171 9.946 <.001
Past TR-AR Past TR-EN  -0.07 0.03 171 -2.31  0.333
Future TR-AR 0.03 0.01 171 3.488 0.009
Past TR-EN Future TR-EN 0.04 0.01 171 3.598 0.006
Future AR-TR Future TR-AR 0.01 0.03 171 0.55 1.000
Future TR-EN  -0.05 0.03 171 -1.85  0.998
TR-AR Future TR-EN -0.06 0.03 171 -2.44  0.236

Indicating a Simon type effect (Simon and Rudell, 1967), screen position x key

interaction was significant F(1,171) = 10.27, p = .002, n? = 0.057. Participants were

faster when the screen position and correct response key position overlaps on the right

side of the screen (See Table 3.6).
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Table 3.6 Post Hoc Comparisons - Position x Key

Comparison
. . Mean
position  key position  key Difference SE df t Poonferroni
Left left - Left right  -0.00135 0.00573 171 0 235 1.000
- Right left 0.00342 0.00544 171  0.629 1.000
- Right right  0.02507 0.00566 171  4.430 <.001
right - Right left 0.00477 0.00617 171 0.774 1.000
- Right right  0.02642 0.00538 171  4.912 <.001
Right left - Right right ~ 0.02165 0.00549 171  3.942 <.001

The Meaning x Position x Language group interaction was also significant F(2, 171) =

3.77 p = .025, n% = 0.042. However, post hoc comparisons revealed that reaction time

for past words and future words did not differ depending on whether they were on the

left or right side of the screen in any of the groups (all ps = 1.00). TR-EN group

responded faster when the right side displays future word rather than past word t(169) =

-4.40, p = .001. There were no other significant RT differences between groups in any

relevant meaning position interactions (all ps >.05). After including Corsi scores as a

covariate, 3x2x2x2 ANCOVA results revealed that Meaning x position x language

group interaction was still significant.

Mean RT (sec)

1.15 *
1.1

o *
1.05
0.95
0.9
0.85
0.8

past future past future past future past future past future past future

*

[y

Left Right Left Right Left Right

AR-TR TR-AR TR-EN
Language Group

Figure 3.5 Meaning x Position x Language group interaction
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3.4.2 Analysis of congruency

We conducted two mixed 3 x 2 ANOVASs to examine how groups differed in congruent
and incongruent trials which were determined based on L1 writing direction. According
to results of the first 3 x 2 ANOVA with group (TR-EN/TR-AR/AR-TR) and key
congruency (congruent/incongruent) factors, there was main effect of key congruency
F(1,171) = 4.00, p = .047, n% = 0.023 revealing that when past and future words
responded with the congruent key (M = 0.998, SD = 0.16) the reaction time was faster
than when past/future words responded with the incongruent key (M = 1.018 , SD =
0.16). After including Corsi scores as covariate, 3x2 ANCOVA results revealed that key
congruency was no longer significant, F(1,169) = 3.31, p =.072, n% = 0.019.

The results of the second 3 x 2 ANOVA with language group (TR-EN/TR-AR/AR-TR)
and screen position congruency (congruent/incongruent) factors, there was main effect
of screen position congruency F(1,171) = 4.00, p = .047, n% = 0.023 revealing that
when past and future words displayed on the congruent side of the screen (M = 1.00, SD
= 0.15) the reaction time was faster than when past/future words displayed on the
incongruent side (M = 1.01, SD = 0.15). When we included Corsi scores as covariate,
3x2 ANCOVA results revealed that position congruency was no longer significant
F(1,169) = 0.002, p = .097, n? = 0.000.

The direction of main effects was in line with our hypotheses by revealing that
congruent trials were faster than incongruent trials by 20 msec with respect to response
key dimension and, by 11 msec with respect to screen position dimension.

The key congruency x language group interaction F(2, 171) = 0.63 p = .53, n% = 0.007
and screen position congruency x language group interaction F(2, 171) =1.27 p = .28,
n% = 0.015 was not significant. There was main effect of language group on overall
reaction times F(2, 171) = 3.27 p = .041, n* = 0.037. Both of the analyses revealed that
TR-AR group (M = 0.97, SD = 0.14) was significantly faster than TR-EN group (M =
1.04, SD = 0.13) t(171) = -2.45, p = .046 (see Figure 3.6). When Corsi scores were
added as a covariate in the 3x2 ANCOVA, the effect of language group was no longer
significant, F(2, 169) = 3.27 p = .068, n?p = 0.031.
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Figure 3.6 Mean latency (RT) for congruent and incongruent trials as function of key

and screen position.

3.4.3 Analysis of accuracy

We performed an additional accuracy analysis. The analysis of 3x2x2x2 (language
group x meaning x key x position) mixed ANOVA on accuracy showed that there was
main effect of language group F(2,171) = 4.53, p = .012, n% = 0.05. Overall accuracy of
L1-Turkish — L2-Arabic was significantly higher (M = 0.93 , SD = 0.06) than L1-
Turkish — L2-English (M =0.89, SD = 0.07) t(171) = 2.87, p = .014.

There was a significant effect of Position x Key interaction F (1,171) = 15.75, p < .001,
n% = 0.084, Position x Meaning interaction F (1,171) = 7.34, p < .007, n?% = 0.041, Key
X Meaning interaction F(1, 171) = 11.33, p < .001, n% = 0.062.

The post hoc comparisons of Position x Key interaction on accuracy revealed a Simon
type effect. When the word was displayed on the left side, participants were more
accurate if the respond with the left key (M = 0.91 , SD = 0.07) in comparison to right
key (M = 0.90 , SD =0.07) t(171) = 3.21, p = .009. Post hoc comparisons of Key x
Meaning interaction revealed that participants were more accurate when the past word is
responded with left key (M = 0.91 , SD = 0.08 ) instead of right key (M = 0.89 , SD =
0.08) t(171) = 3.42, p = .005. Along the line of left to right writing direction,
participants evaluated future (M = 0.91 , SD = 0.07) truer than past (M = 0.89 , SD =
0.08) when they respond with right key t(171) = 3.36, p =.006.
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There was an interaction effect of Key x Meaning x Language group F(2, 171) =7.99, p

< .001, n% = 0.086. Significant within and between groups differences are listed in

Table 3.7.

Table 3.7 Post Hoc Comparisons - meaning x key x language group (accuracy)

Meaning Key Group Meaning  Key Group I'\D/Iii?erlence SE df t Poonferroni
Past left AR-TR past left TR-AR -0.056 0.013 171 -4.147 0.004
past left TR-EN -0.039 0.014 171 -2.846 0.328
past right AR-TR -0.003 0.009 171 -0.331 1.000
future left AR-TR -0.045 0.011 171 -4.195 0.003
TR-AR past left TR-EN 0.017 0.013 171 1.259 1.000
past right TR-AR 0.023 0.009 171 2.696 0.509
future left TR-AR 0.015 0.010 171 1.507 1.000
TR-EN past right TR-EN 0.032 0.009 171 3.609 0.027
future left TR-EN 0.058 0.011 171 5.510 <.001
right AR-TR past right TR-AR -0.030 0.016 171 -1.918 1.000
past right TR-EN -0.004 0.016 171 -0.246 1.000
future right AR-TR -0.030 0.011 171 -2.802 0.374
TR-AR past right TR-EN 0.026 0.015 171 1.675 1.000
future right TR-AR -0.016 0.010 171 -1.577 1.000
TR-EN future right TR-EN -0.015 0.011 171 -1.423 1.000
Future left AR-TR future left TR-AR 0.004 0.015 171 0.274 1.000
future left TR-EN 0.064 0.015 171 4.198 0.003
future right AR-TR 0.012 0.010 171 1.159 1.000
TR-AR future left TR-EN 0.060 0.015 171 4.013 0.006
future right TR-AR -0.008 0.010 171 -0.833 1.000
TR-EN future right TR-EN -0.041 0.010 171 -4.020 0.006
right  AR-TR future right TR-AR -0.016 0.012 171 -1.339 1.000
future right TR-EN 0.011 0.012 171 0.897 1.000
TR-AR future right TR-EN 0.027 0.012 171 2.261 1.000

The analysis of 3x2 (language group x key congruency) analysis showed that there was

main effect of key congruency F(1,171) = 20.12, p < .001, n% = 0.105 revealing that

participants responded more accurately when the key was congruent with their L1 (M =
0.93, SD= 0.06), than incongruent condition (M = 0.92, SD = 0.08) regardless of group.

Furthermore, key congruency X language group interaction was significant F(1,171) =

3.74, p < .026, n* = 0.042. Post hoc Bonferroni comparisons revealed that in conditions

congruent with right to left direction, AR-TR speakers’ accuracy rate (M = 0.91, SD =
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0.06) was significantly higher than TR-EN (M = 0.88, SD = 0.09). The only significant
within group difference was observed in TR-EN group, revealing more accurate
answers when the response key is congruent with their L1 (M = 0.91, SD = 0.06)
compared to incongruent condition (M = 0.87, SD = 0.09). Lastly, in incongruent trials,
TR-AR group (M =0.92, SD = 0.07) performed better than TR-EN group (M = 0.87, SD
=0.09) as depicted in Figure 3.7.

The analysis of 3x2 (language group x position congruency) analysis revealed that there
was no main effect of position congruency (p >.05). There was main effect of group
showing that overall accuracy of TR-AR (M = 0.93 , SD = 0.06) was significantly
higher than TR-EN (M = 0.89 , SD = 0.07) similar to key congruency analysis t(171) =
2.87, p =.014. There was an interaction effect of position congruency x language group
F(1,171) = 4.09, p = .018, n?p = 0.046. However Post hoc Bonferroni comparisons did
not reveal a significant difference in incongruent trials between groups (all ps < .05).
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Figure 3.7 Mean accuracy rates for congruent and incongruent trials as function of key

and screen position
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4. DISCUSSION

We investigated the effect of L1 and L2 writing direction across three bilingual groups
(TR-EN. TR-AR, AR-TR). For this purpose we asked 1) if the there is a bias parallel to
L1 writing direction in L1-Turkish and L1-Arabic speakers, (2) if learning another
language written in a different direction changes the perception of time direction, and if
it does, (3) which language dominates the directional bias for participants who are
familiar with writing in both directions In the third question, we sought to determine
whether learning a second language for various motives would have a
different implications on how one perceives time. In the spatial pointing task, we
examined participants' preferences for pointing earlier and later time-points to the left or
right of the reference point. In the following two tasks, we used reaction time
measurements to test automatic activation of specific representations in L1 and L2
direction during temporal judgment. With this method, we aimed to distinguish and
compare temporal representation biases that were congruent with L1 and L2 writing
direction. While pictorial time flow task used three stages of images to examine RT
differences between congruent and incongruent trials, verbal time flow task used past
and future related words. These three tasks (spatial, pictorial, verbal) were chosen to see

whether temporal judgments differ across domains.

Regarding our first research question, our results replicated previous studies showing
that mental time-line follows writing direction. Secondly, we found that L2 had a
significant effect on time perception in the first task for AR-TR group but not in the
other tasks. Third, congruency results revealed that the L1 writing direction dominated
the mental timeline, with congruent tasks being responded faster than incongruent trials

in overall reaction times.

We had three main hypotheses and specific sub-hypotheses for each task. We mainly
assumed that (1) all groups will dominantly represent time congruent with their L1, (2)
language groups will differ in terms of time representation in mappings that are
incongruent with their L1 (which is congruent with their L2 for TR-AR and AR-TR
groups), with the AR-TR group having higher tendency to represent time in incongruent
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direction compared to TR-AR and TR-EN respectively, (3) bidirectional bilinguals
whose second language is the dominant (society) language (AR-TR) are expected to be
influenced more by the L2 writing direction than those whose L1 is the society language

and L2 is acquired for academic purposes (TR-AR).

4.1 Spatial Pointing Task

The first hypothesis predicted that, in this task, L1-Turkish groups would represent time
from left to right, in accordance with their L1 writing direction. And secondly, we did
not expect a difference between the TR-EN and TR-AR groups because the task
explicitly requests a certain time arrangement decision, which requires a very strong L2
effect to be changed. L1 bias was expected to be reshaped only when the L2 writing
direction is the society language (AR-TR). Results supported our hypothesis with TR-
EN and TR-AR groups preferring to represent time left to right (86%) while AR-TR
group’s right to left and left to right arrangement percentages did not significantly differ
(51% left to right, 49% right to left). Supporting our third hypothesis, AR-TR group’s
time arrangement in incongruent direction (left to right) was significantly higher than
TR-EN and TR-AR groups’ incongruent time arrangement (right to left). We found the

same results when we included Corsi scores as a covariate in the analysis.

4.2 Pictorial Time Flow Task

According to first hypothesis, L1-Turkish groups (TR-EN, TR-AR) were expected to be
faster when representing the earlier stage with the left key and later stage with the right
key which is congruent with the their L1. And AR-TR group was expected to be faster
in reverse mapping. And second hypothesis assumed that response time of the TR-AR
participants were expected to be faster than the TR-EN bilingual participants in trials
that are incongruent with their L1, but congruent with their L2 writing direction. In
these trials, AR-TR bilingual participants were expected to be fastest since there is no
incompatibility with their L1 writing direction. Supporting the first hypotheses, results
revealed that congruent trials were responded faster than incongruent trials regardless of

language group. Furthermore, when the first block represented left key as earlier AR-TR
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group was faster in congruent trials than incongruent trials. And in the other block
order, which firstly represented right key as earlier, TR-AR group was faster in
congruent trials than incongruent trials. Secondly, TR-AR group was faster than AR-TR
group in the condition congruent with Turkish writing direction. However there were no
incongruent RT differences between groups. Regarding the third hypothesis assuming
that AR-TR group would be faster than TR-AR group in incongruent trials, we could
not find any significant difference. However, the mean difference RTs (msec) between
congruent and incongruent trials revealed an expected pattern: The mean difference of
between congruent and incongruent trials for TR-EN group was higher than TR-AR and
AR-TR respectively. This pattern indicates to a better adaptation to the incongruent
condition in bidirectional bilinguals (AR-TR and TR-AR respectively) compared to
unidirectional TR-EN group.

When Corsi scores were added as a covariate in the analysis, congruency lost its main

effect. Language group X block order x congruency interaction was still significant.

4.3 Verbal Time Flow Task

The first hypothesis assumed that L1-Turkish groups (TR-EN, TR-AR) would be faster
when past words were displayed on the left side or responded with left key, as well as
when future words were displayed on the right side or responded with right key,
compared to reverse mappings. And in the reverse mappings, L1- Arabic speakers were
expected to be faster than the two groups. In other words, when the condition was
congruent with their L1, either in terms of key or screen position, language groups were
expected to be faster. Secondly, when meaning matches with key or screen position in
the congruent direction, TR-AR group was expected to be faster than TR-EN because
they have no exposure to a right-to-left direction, and AR-TR group was expected to be
faster in these mappings which are congruent with their L1. Thirdly, in both incongruent
key mappings and incongruent position mappings, AR-TR group was expected to be
faster than TR-AR. Supporting the first hypothesis, participants were faster when the
words were displayed in congruent position and when they responded with congruent

key, regardless of group. Also, TR-EN group was faster when future, instead of past,
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was displayed on the right screen which is congruent with their L1. Second and third
hypotheses was not supported since we could not find any significant post hoc
comparisons between groups. However, the pattern of the mean differences between
congruent and incongruent trials was in expected direction with higher difference in
AR-TR in comparison to TR-EN. The comparison of mean differences between two
directions could refer to our second hypothesis, which predicts that bidirectional
bilinguals will be less strict in unidirectional time bias. When Corsi scores were added
as a covariate in the analysis, key congruency, position congruency, and language group

lost their main effects.

Although we did not have any hypothesis based on accuracy, accuracy rates in key
congruency revealed that only responses of TR-EN group significantly differed
depending on the key congruency. When the condition was congruent with L1 in terms
of response key, they were significantly more accurate than the incongruent condition.
However, the key congruency did not influence accuracy rate of bidirectional bilinguals
(TR-AR, AR-TR). This result might refer to dual representation of time in bidirectional
bilinguals. Furthermore, when the conditions were congruent with right to left direction,
response accuracy of AR-TR was significantly higher than TR-EN, and TR-AR group
performed better than TR-EN in incongruent trials, which could support the second

hypothesis.

4.4 General Discussion

Overall, the results showed that L1 writing direction is an important factor in spatio -
temporal representation, and individuals use space to represent time in accordance with
the Conceptual Metaphor Theory (Lakoff & Johnson, 1980). L1-Turkish speakers (TR-
EN and TR-AR) showed a bias to represent time from left to right in spatial pointing
task. Findings regarding pictorial and verbal time flow task demonstrated that congruent
trials were responded faster than incongruent trials regardless of language group in all
congruency tasks. Pictorial verbal task also revealed that TR-AR group was faster than
AR-TR group in the condition congruent with Turkish writing direction. Moreover,

congruency analysis of pictorial task showed that TR-AR and AR-TR groups were
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faster in congruent trials than incongruent trials. These findings supported our first
hypothesis as well as previous findings showing that mental timeline follows L1 writing
direction (e.g., Fuhrman and Boroditsky, 2010; Weger & Pratt, 2008) by confirming
that people with different L1 writing directions think about time differently, which is

also consistent with Whorf's linguistic relativity hypothesis (1956).

Supporting our second hypothesis regarding the L2 influence on bidirectional habits, the
results of the pointing task showed that L1-Arabic speakers (AR-TR) arranged time
from left to right as much as they do from right to left. This finding suggests that
acquired writing habits can influence spatial representation of time in the opposite
direction as it was demonstrated previously through Mandarin English speakers (e.g.,
Boroditsky et al., 2011; Miles et al., 2011; Fuhrman et al., 2011). In a broader sense,
this would support the view that learning L2 can affect bilingual cognition (Bassetti and
Cook, 2011). However, we were unable to support the view that learning a second
language may reshape habitual thought in the following RT tasks, similar to recent
research by Mandarin-English bilinguals which found that Mandarin-English speakers
did not reconstruct their temporal cognition compared to Mandarin monolinguals (Yang
etal., 2022).

Our third hypothesis was partially supported by the performance of TR-AR and AR-TR
group in spatial pointing task. We assumed that the context of L2 acquisition would lead
to a difference in habitual temporal thought between two groups (TR-AR, AR-TR). AR-
TR group who learned L2 in society preferred to arrange time in an incongruent
direction more than TR-AR bilinguals who learned L2 for academic purposes. That
could be explained by the context of acquisition and frequency of habitual experience.
Reading-writing is used not only in the classroom; in our daily lives, we pay attention
also to graphs and signboards on the streets, which influence our tendencies. In
comparison to the AR-TR group (M = 69.53 month), the TR-AR group mostly learned
Arabic for academic purposes and did not spend much time in a country where Arabic is
the dominant language (M = 4.53 month). Furthermore, while TR-AR speakers did not
report proficiency in any other language written from right to left, 92% of AR-TR

bilinguals reported that their English proficiency was higher than 1 (very weak) out of
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10, indicating that they were at least exposed to English in addition to Turkish (M =
5.89, SD = 2.73). In this regard, we can say that the AR-TR group is exposed to left to
right direction in many contexts, which distinguishes the AR-TR and TR-AR groups in
terms of L2 influence. Although we did not manipulate the immediate language and all
instructions were given in their L1, the performance of the AR-TR group may have
been influenced also by the direction of computer settings (e.g., experiment link,
keyboard). The influence of L2 on AR-TR and TR-AR groups did not differ
significantly in the following two tasks; and this could indicate that, while AR-TR
bilinguals acquired a new direction of arranging time as depicted in the spatial pointing

task, this may not influence implicit reactions to the same extent.

Considering the criticisms of Bergen and Chan Lau (2012), who claim that the findings
of studies revealing differences between two groups living in different cultures cannot
be attributed directly to writing direction, we have recruited three groups all living in
the same country and exposed to the same environment. In this way, we aimed to
differentiate the effect of L2 regardless of culture. L1-Turkish groups (TR-EN, TR-AR)
did not show any significant difference between each other in three tasks. This would be
explained by three ways; (1) L2 writing direction did not have an influence on spatio-
temporal thought, (2) it was not enough to shape cognition in the absence of cultural
context or (3) participants were not proficient enough in L2 to that extend to shape their

preferences.

Participants in the verbal time flow task were influenced by spatial characteristics of the
task, despite the fact that it was irrelevant to their instructed goals. When a word was
displayed on the right side, participants responded faster regardless of the meaning.
Moreover, they responded faster when the screen position and response key position
overlaps on the right side of the screen. Although this could be explained by Simon type
effect (Simon and Rudell, 1967) which assumes a faster response or greater accuracy
when response coordinate and stimuli are on the same side compared to opposite side,
this overlap did not reach significance when they both were on the left side. This finding
was in line with the Gorbunova and Falikman's (2019) finding, showing that we

comprehend words on the right side faster. Similarly, there was a significant effect of
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key position, indicating an independent preference for the right key (J) over the left key
(F). Given that the vast majority of people are right-handed, this was an expected result.
Briefly, the Simon effect, right-hand bias and visuospatial attention bias may explain
why participants tended to be faster when the word is displayed on the right and
responded to with the right hand as a replication to previous findings (e.g., Ouellet et al.,
2010). However, when Corsi scores were added as a covariate in the analysis, key

position, screen position and the interaction between them lost their effects.

Another noteworthy effect in the verbal task is the significant tendency to respond faster
when the meaning refers to future rather than past. This trend was most noticeable in the
AR-TR group, which could be explained by syntactic differences between the two
languages. In Arabic, while the first letter indicates the future meaning, the last letter
refers to the past meaning. The 48 words in the original study (Santiago et al., 2007)
were in Spanish language which refers to the temporal meaning in the middle of the
word. However, although Turkish words do not have a distinct setting like Arabic,
future words were still responded faster than past words. This difference across three
groups might be speculatively explained with the finding of Addis and Schacter (2008)
revealing that individuals associate more specific details with past event representation
rather than future event representation. Therefore, it might have taken time to process
the past words with more details compared to future words. Therefore, it might take
time to process the past words with more details compared to future words. This
tendency may also be related to the Temporal Doppler effect, which causes the
perception of the future being closer than the past (Caruso et al., 2013). Caruso et al.
(2013) attribute this effect to a subjective experience of time movement in which the
future comes towards, and past goes away. In this case, individuals in our study may

have processed the future faster as a result of feeling closer.

4.5 Limitations and Future Directions

This study has several limitations. Firstly, although we only recruited university
students or graduates, academic performance levels of three groups were different.

Verbal time flow task revealed a main effect of language group in both reaction times
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and accuracy ratings showing that TR-AR group was significantly faster and more
accurate than TR-EN regardless of condition. Furthermore, TR-AR group had
significantly higher scores in Corsi backward test than TR-EN group indicating a better
EF performance. This could be because we reached out to TR-AR participants mostly
through two institutions that teach Arabic to successful students with high academic
standing. Another possible explanation is that, while the TR-AR group participated in
the study in exchange for payment, the TR-EN group participated in exchange for

credit.

Secondly, while all participants in the AR-TR group comprehended the formal Arabic
we used, they reported that it would be preferable to have instructions in their regional
dialects known as "ammiya" to make the task easier. Although we simplified the
instructions following the pilot study, future studies may prefer to use specific dialects
and recruit participants from specific ethnic backgrounds. Thirdly, due to Covid-19
restrictions, we conducted the study online. Although PsychoPy provides precise
measurements, conducting the experiment in a lab setting would minimize distracting
factors. Furthermore, due to the possibility that RTs may vary depending on the
computer systems that participants used, this may pose a limitation in terms of
interpreting RTs. Additionally, we did not gather data on right-handedness, which
would have been more beneficial to ask and control in our study which has right and left
dimensions. We may also include the general limitation of cross-cultural verbal tasks in
addition to syntax differences. The 48 total past and future words in the third task were
matched for word frequency and syllable count in Turkish, but there were variations
between items and languages. The frequencies could not been matched in Arabic since

we lacked an Arabic frequency dictionary.

Finally, we did not manipulate the immediate effect of language for bidirectional
bilinguals, future research may compare reaction times in different language conditions
to investigate the flexibility of dual mental time-lines. Considering that even the
ethnicity of actors in stimuli shapes the direction bias of representing time (Miles et al.,
2011), we expect immediate language context to activate L2 representation and help to

reveal the dual representations more clearly.
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5. CONCLUSION

Based on the findings, we can conclude that various aspects of linguistic and cultural
context, such as visual and bidirectional experiences, and the context of L2 acquisition,
can potentially influence space-time mappings. By comparing two bidirectional
bilinguals living in the same country, this study highlighted the critical role of
acquisition context on L2 influence. This design eliminated the limitations of cultural
differences as well as language distance effect between two language groups. While we
partially replicated studies showing that L1-writing direction shapes temporal
representation, and the effect of L2 in the first task, our results in the second and third
tasks did not support the view that L2 acquisition reconstructs habitual thought. We can
conclude that, even if L2 has an effect on time representation, it may not appear
independent of other factors, requiring further investigation. The role of L2 writing
systems in cognition should be investigated further in different populations using

various measurements.

50



REFERENCES

Addis, D. R., & Schacter, D. L. (2008). Effects of detail and temporal distance of past
and future events on the engagement of a common neural network. Hippocampus 18,
227-237. doi: 10.1002/hipo.20405

Athanasopoulos, P. (2009). Cognitive representation of colour in bilinguals: The case of
Greek blues. Bilingualism: Language and Cognition, 12(1), 83-95.
doi:10.1017/S136672890800388X

Bassetti, B., & Cook, V. (2011). Relating language and cognition: The second language
user. In Language and Bilingual Cognition (1st ed., pp. 143-190). Taylor & Francis.

Berch, D. B., Foley, E. J., Hill, R. J., & Ryan, P. M. (1999). "Extracting parity and
magnitude from Arabic numerals: Developmental changes in number processing and
mental representation", Journal of Experimental Child Psychology, 74, 286-308.

Bergen, B. K., & Chan Lau, T. T. (2012). "Writing direction affects how people map
space onto time". Frontiers in psychology, 3, 109.

Boroditsky, L. (2001). "Does language shape thought? English and Mandarin speakers'
conceptions of time". Cognitive Psychology, 43, 1-22.

Boroditsky, L. (2011). How languages construct time. In: Dehaene, S., Brannon, E.
(Eds.), Space, Time and Number in the Brain: Searching for the Foundations of
Mathematical Thought. Elsevier/Academic Press, Burlington, MA, pp. 333-341.

Boroditsky, L., Fuhrman, O., & McCormick, K. (2011). Do English and Mandarin
speakers  think about time differently?.  Cognition, 118(1), 123-129.
https://doi.org/10.1016/j.cognition.2010.09.010

Bostan, 1., Bériitecene, A., Ozcan, O., & Goksun, T. (2016).Temporal expressions in
speech and gesture. In Papafragou,A., Grodner, D., Mirman, D., & Trueswell, J.C.
(Eds.).Proceedings of the 38th Annual Conference of the Cognitive Science Society (pp.
1871-1876). Austin, TX: Cognitive Science Society.

Cai, Z. G., Connell, L., & Holler, J. (2013). Time does not flow without language:
spatial distance affects temporal duration regardless of movement or direction.
Psychonomic bulletin & review, 20(5), 973-980. https://doi.org/10.3758/s13423-013-
0414-3

Caruso, E. M., Van Boven, L., Chin, M., & Ward, A. (2013). The Temporal Doppler
Effect: When the Future Feels Closer Than the Past. Psychological Science, 24(4), 530—
536

Casasanto, D., Boroditsky, L., Phillips, W., Greene, J. Goswami, S., & Bocanegra-
Thiel, S. (2004). How deep are effects of language on thought? Time estimation in

51


https://doi.org/10.1016/j.cognition.2010.09.010
https://doi.org/10.3758/s13423-013-0414-3
https://doi.org/10.3758/s13423-013-0414-3

speakers of English, Indonesian, Greek, and Spanish. Proc. Annual Meeting Cognitive
Science Society, 26.

Casasanto, D., & Jasmin, K. (2012). The hands of time: Temporal gestures in English
speakers. Cognitive Linguistics, 23(4), 643—-674.

Casasanto, D., & Bottini, R. (2014). Mirror reading can reverse the flow of time.
Journal of  experimental psychology. General, 143(2), 473-479.
https://doi.org/10.1037/a0033297

Chan, T. T., & Bergen, B. K. (2005). “Proceedings of the 27th Annual Conference of
the Cognitive Science Society.” in Writing Direction Influences Spatial Cognition. eds.
B. Bara, L. Barsalou, and M. Bucciarelli (Mahwah, NJ: Lawrence Erlbaum Associates),
July 21-23, 2005, 412-417.

Chen, J. Y. (2007). Do Chinese and English speakers think about time differently?
Failure of replicating Boroditsky (2001). Cognition, 104, 427-436.

Chen, J.-Y., & O’Seaghdha, P. G. (2013). Do Mandarin and English speakers think
about time differently? Review of existing evidence and some new data. Journal of
Chinese Linguistics, 41, 338-358.

Corsi, P. M. (1973). Human memory and the medial temporal region of the
brain. Dissertation Abstracts International, 34(2-B), 891.

De la Fuente, J., Santiago, J., Roman, A., Dumitrache, C., & Casasanto, D. (2014).
When You Think About It, Your Past Is in Front of You: How Culture Shapes Spatial
Conceptions of Time. Psychological Science, 25(9), 1682—1690.

Dobel, C., Diesendruck, G., & Bolte, J. (2007). How writing system and age influence
spatial representations of actions: A developmental, cross-linguistic study.
Psychological Science, 18(6), 487—491.

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible
statistical power analysis program for the social, behavioral, and biomedical sciences.
Behavior Research Methods, 39, 175-191.

Fuhrman, O., & Boroditsky, L. (2007). Mental time-lines follow writing direction:
Comparing English and Hebrew speakers. In Proceedings of the 29th Annual
Conference of the Cognitive Science Society.

Fuhrman, O., & Boroditsky, L. (2010). Cross-cultural differences in mental
representations of time: evidence from an implicit nonlinguistic task. Cognitive science,
34(8), 1430-1451.

Fuhrman, O., McCormick, K., Chen, E., Jiang, H., Shu, D., Mao, S. and Boroditsky, L.
(2011), How Linguistic and Cultural Forces Shape Conceptions of Time: English and
Mandarin Time in 3D. Cognitive Science, 35, 1305-1328.

Gorbunova, E. S., & Falikman, M. V. (2019). Visual Search for Letters in the Right

52


https://doi.org/10.1037/a0033297

Versus Left Visual Hemifields. Advances in cognitive psychology, 15(2), 75-88.
https://doi.org/10.5709/acp-0258-5

Gibbs, R. W., Costa Lima, P.L., & Francozo, E. (2004). Metaphor is grounded in
embodied experience. Journal of Pragmatics. 36. 1189-1210.

Huang, Y., Tse, CS. (2017). Linguistic Relativity in Conceptual Metaphors. In: Ardila,
A., Cieslicka, A., Heredia, R., Rosselli, M. (eds) Psychology of Bilingualism. The
Bilingual Mind and Brain Book Series. Springer, Cham.

Ishihara, M., Keller, P. E., Rossetti, Y., & Prinz, W. (2008). Horizontal spatial
representations of time: evidence for the STEARC effect. Cortex; a journal devoted to
the study of the nervous system and behavior, 44(4), 454-461.

January, D., & Kako, E. (2007). Re-evaluating evidence for the linguistic relativity
hypothesis: Response to Boroditsky (2001). Cognition, 104, 417-426.

Lakoff, G., & Johnson, M. (1980). Johnson Metaphors We Live by. Chicago:
University of Chicago Press.

Maass, A., & Russo, A. (2003). Directional bias in the mental representation of spatial
events. Psychological Science, 14,296-301.

Miles, L. K., Betka, E., Pendry, L. F., & Macrae, C. N. (2010). Mapping Temporal
Constructs: Actions Reveal that Time is a Place. Quarterly Journal of Experimental
Psychology, 63(11),2113-2119.

Miles, L. K., Tan, L., Noble, G. D., Lumsden, J., & Macrae, C. N. (2011). Can a mind
have two time lines? Exploring space-time mapping in Mandarin and English
speakers. Psychonomic bulletin & review, 18(3), 598—604.

Nuiez, R., Cooperrider, K., Doan, D., & Wassmann, J. (2012). Contours of time:

Topographic construals of past, present, and future in the Yupno Valley of Papua New
Guinea. Cognition, 124(1), 25-35.

Nunez, R. E. & Sweetser, E. (2006), With the Future Behind Them: Convergent
Evidence From Aymara Language and Gesture in the Crosslinguistic Comparison of
Spatial Construals of Time. Cognitive Science, 30, 401-450.

Ouellet, M., Santiago, J., Funes, M. J., & Lupiaiez, J. (2010). Thinking about the future
moves attention to the right. Journal of experimental psychology. Human perception
and performance, 36(1), 17-24.

Ouellet, M., Santiago, J., Israeli Z., & Gabay, S. (2010). Is the future the right time?
Experimental Psychology, 57(4),308-314.

Pavlenko, A. (2002). Emotions and the body in English and Russian. Pragmatics and
Cognition, 10 (1/2),201-236.

Pavlenko A. (2011) Thinking and Speaking in Two Languages. Clevedon: Multilingual

53


https://doi.org/10.5709/acp-0258-5

Matters.

Pitt, B., & Casasanto, D. (2020). The correlations in experience principle: How culture

shapes concepts of time and number. Journal of experimental psychology. General,
149(6), 1048-1070.

Roman, A., & Fathi, A. & Santiago, J. (2013). Spatial biases in understanding
descriptions of static scenes: The role of reading and writing direction. Memory &
Cognition, 41.

Santiago, J., Lupiafiez, J., Pérez, E., & Funes, M. (2007). Time also flies from left to
right. Psychon. Bull. Rev. 14,512-516.

Simon, J. R., & Rudell, A. P. (1967). Auditory S-R compatibility: The effect of an
irrelevant cue on information processing. Journal of Applied Psychology, 51,300-304.

Tekcan, A. 1., & Goz, 1. (2005). Tiirkce kelime normlari [Turkish Word norms].1stanbul,
Turkey: Bogazici Universitesi Yayinevi.

Tse, C.-S., & Altarriba, J. (2008). Evidence against linguistic relativity in Chinese and
English: A case study of spatial and temporal metaphors. Journal of Cognition and
Culture, 8(3-4), 335-357.

Tversky, B., Kugelmass, S., & Winter, A. (1991). Crosscultural and developmental
trends in graphic productions. Cognitive Psychology, 23, 515-557.

Weger, U. W., & Pratt, J. (2008). Time flies like an arrow: Space-time compatibility
effects suggest the use of a mental timeline. Psychonomic Bulletin & Review, 15(2),
426-430.

Whorf, B. L. (1956). Language thought and reality. Cambridge, MA: MIT Press.

Wolff, P., & Holmes, K. J. (2011). Linguistic relativity. Wiley Interdisciplinary
Reviews: Cognitive Science, 2, 253-265.

Yang, W., Gu, Y., Fang, Y., & Sun, Y. (2022). Mental Representations of Time in
English ~ Monolinguals, = Mandarin =~ Monolinguals, and  Mandarin-English
Bilinguals. Frontiers in psychology, 13, 791197.
https://doi.org/10.3389/fpsyg.2022.791197

Zhang, L., & Ding, C. (2003). Comparative study of temporal metaphor in English and
Chinese. Foreign Languages and Their Teaching, 174(9), 31-34.

54



APPENDIX A

Questions used in Experiment 1 (Turkish)

1. Burasi bugiin. Diinii nerede gosterirsin? Yarini1 nerede gosterirsin?

2. Buras1 bugiinler. Uzun zaman 6ncesini nereye koyarsin? Gelecegi nereye koyarsin?
3.Burasi bu hafta. Gegen haftay1 nereye koyarsin? Gelecek haftay1 nereye koyarsin?

4. Buras1 bu yaz. Ilkbahar1 nereye koyarsin? Sonbahari nereye koyarsin?

5. Burasi giin ortasi. Sabah1 nereye koyarsin? Aksami nereye koyarsin?

6. Buras1 sen uyurkenki zaman. Yataga gittigin zamani nereye koyarsin? Uykudan
uyandigin zamani nereye koyarsin?

7. Burasi Carsamba. Saliy1 nereye koyarsin? Persembeyi nereye koyarsin?

8. Burasi su anki yasin. Bebekken neredeydin?

Yaslandiginda nerede olacaksin?

9. Burasi bu ay. Gegen ay1 nereye koyarsin? Gelecek ay1 nereye koyarsin?

10. Buras1 bu y1l. Gegen y1l1 nereye koyarsin? Oniimiizdeki yili nereye koyarsm?

11. Buras1 6glen. Giin dogumunu nereye koyarsin? Giin batimini nereye koyarsin?

12. Burast gece yarisi. Giin kararmasini nereye koyarsin? Giin dogmasini nereye
koyarsm?

Questions used in Experiment 1 (English translation)

1. This here is today. Where would you put yesterday? Where would you put tomorrow?
2. This here is nowadays. Where would you put long ago? Where would you put the
future?

3. This here is this week. Where would you put last week? Where would you put next
week?

4. This here is summer (or this season). Where would you put spring (or previous
season)?

Where would you put autumn (or next season)?

5. This here is midday. Where would you put morning? Where would you put evening?
6. This here is when you are sleeping. Where would you put it when you are just going
to bed? Where would you put when you wake up from sleeping?

7. This here is Wednesday. Where would you put Tuesday? Where would you put
Thursday?

8. This here is the age you are now. Where would you put it when you were a baby?
Where would you put it when you will be very old?

9. This here is this month. Where would you put last month? Where would you put next
month?

10. This here is this year. Where would you put last year? Where would you next year?
11. This here is noon. Where would you put sunrise? Where would you put sunset?

12. This here is middle of the night. Where would you put dusk? Where would you put
dawn?
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APPENDIX B

Example of materials used in pictorial time flow task
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APPENDIX C

Verbal Time Flow Task (Translations in brackets)

Past

Future

gegmis (past )

once (before)

oncesinde (priorly)

din (yesterday)

onceki (previous)

gecen yil (last year)

onceden (beforehand)
evvelden (afore)

sagladilar (they provided)
gelebildim (I was able to come)
ogrenebilirdik (we could learn)
yasadimiz (you lived)
uzaklastiniz (you went away)
istedi (he/she wanted)
yararlandim (I benefitted)
basladilar (he/she started)
diisiindiiniiz (you thought)
basladim (I started)

sordular (they asked)
ogrendin (you learned)

istedik (we wanted)
yararlandin (you benefitted)
olusturdun (you created)
surebildiler (they could drove)

gelecek (future)

sonra (after)

sonrasinda (thereafter)

yarin (tomorrow)

sonraki (next)

gelecek yil (next year)
sonradan (afterwards)
bilahare (later on)

saglayacak (he/she will provide)
verecegim (I will give)
siirebilecegiz (we can drive)
bulacagiz (we will find)
deneyeceksin (you will try)
cikacak (he/she will leave)
asacagim (I wil overcome)
baslayacak (he/she will start)
yasayacak (He will live)
kalacagim (I will stay)
soracak (he/she will ask)
strecek (will drive)

cikacagiz (we will leave)
asacaksin (you will overcome)
inanacaksin (you will believe)
ogrenecekler (they will learn)
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Verbal Time Flow Task (Arabic version)

Past

Future

ke
Jé
Juald Js
ol

414

Al 4
s
s
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APPENDIX D

Questions of L2 Background Form

(1) Liitfen bildiginiz dilleri BILGI SEVIYENIZE gére, siral1 bir sekilde yaziniz.

(2) Liitfen, bildiginiz dilleri OGRENME SIRASINA gore, (anadil basta olmak iizere)
siralt bir sekilde yaziniz.

(3) Arapca/Tiirkge/Ingilizce kaginc1 diliniz?

(4) Kag yasinda Arapca 6grenmeye basladiniz?

(5) Kag yasinda Arapga okumaya basladiniz?

(6) Arapga'y1 kag yasinda akici olarak okumaya basladiniz

(7) Toplam kag yildir Arapga 6greniyorsunuz?

(8) Bu dilin (Arapga) konusuldugu ailede gegen siire ( .. ay / ..yil

(9) Arapga dilinin konusuldugu tilkede gegen siire (...ay /...y1l)

(10) Arapea dilinin konusuldugu okul/is yerinde gecen siire (...ay /...y1l)

(11) Liitfen, Arapca KONUSMA yeterliliginizi 1’den 10’a dogru degerlendiriniz

(12) Litfen, Arapca ANLAMA yeterliliginizi 1°’den 10°a dogru degerlendiriniz

(13) Liitfen, Arapga OKUMA yeterliliginizi 1’den 10’a dogru degerlendiriniz

(14) Arkadasglarla iletisimin bu dili (Arapca) Ogrenirken sizi ne kadar etkiledigini
I’den 10’a dogru degerlendiriniz

(15) Okuma yazmanin bu dili (Arapca) 6grenirken sizi ne kadar etkiledigini 1’den
10’a dogru degerlendiriniz

(16) Bireysel ¢alismanin bu dili (Arapca) 6grenirken sizi ne kadar etkiledigini 1’den
10’a dogru degerlendiriniz

@17 Televizyon izlemenin bu dili (Arapga) Ogrenirken sizi ne kadar etkiledigini
1’den 10’a dogru degerlendiriniz

(18) Litfen bu dili (Arapga) 6grenirken arkadaglarla iletisimi ne derece kullandiginizi
Seciniz

(129) Liitfen bu dili (Arapga) 6grenirken okuma yazmayi ne derece kullandiginizi
Seciniz

(20) Litfen bu dili (Arapca) Ogrenirken kurs/bireysel calismaylr ne derece
kulland1gimiz1 se¢iniz
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Questions of L2 Background Form (Arabic version)

Lo i) 5 sinnal 188 5 a3l L5 3 bl LS sy (V)

(5! oﬂue‘\l‘w‘)@%w}uﬁ;#ﬂhwﬂ Gl LS a5 (Y)

Pl a3 Sl (gAY Clallly 45 )lie 4,8 5l Aall ol e casi 5 2 e (1)

S 5l Aall alaty iy Lavie @l yae IS oS (£)

Sl Aoy 36 a5 LS iy Lavie &l jae (IS oS (0)

A8y 48 5l Aadll 361 8 5 Cuaay iy Ladie &l yae (IS oS (1)

S il Aadl el (3 jaianl A oS (V)

(R o/ el L) S ) Aol s Alile ae S S5l (e oS (A)

(i /e ) Jendl S sl daadlall 8 OIS (o A il Aallly a8 4l (o3 i gl) 20 ()
(R /e ) TS o Al il aly (b S il g oS (V1)

O+ ) Oe) DSl Aalily Conaill 8 Slie i dn )3 a0 (V)
(\~L;\\L}A)%S)J\‘\J\ﬂﬁ@tﬂﬁ;hi&;)iﬁ;ﬂ@f(\\')

(V0 Y o) LS Aalll e Jall 8 BieliS da p3 il a3y (1Y)

O v ) 0e) Sl Aall las o pliaal) ae Joal 5l Al (520 8 iy yai anili () £)
(Vv N o) 4S5l Al ales o L1 A0S 5 56 Al dpan (san (8 iy yad anili o (10)

(O v ) Oe) A il Al aled IO A0 D Hall dpan s2e b el oS a0 (V1)

O v MY o) 4S5l Al alad vie LAk saalie dpaal (saa 8 el jal anli a0 (VY)

O+ ) o) Led el oLl dleliaal ae 408 5l dallly clians Hlaie paad o 0 (VA)

(O 0 Y o) S il Al elalas oL AU 5 e 5l el jlaa Haie 3aa3 a2 (V9)

(V0 Y Ge) S il ARl alas Jal (e g pas sl lilad i ga 8l laga Hlate aaad oa s (Y1)
aan o) S Al aled g ) Lgd il 1) il 5l elansl JS31 (YY)

94 Jalasy) Al alety iy Ladie & yae (IS SS (YY)

9 Jalas ) Al LS 5 50 A culay Ladie o jee (IS S (YY)

48Dy 4, jalasy) AxllL Caaail) iy Lavie &l jae IS oS (Y£)

94 Jalas Y ARl 3ol all 5 UKl cudl Laie & jae IS oS (Y0)

92 Jalasy) Aal) clalas (3 jaial 4w oS (Y7)

(B L/ el L) T e ARl Ciaats Alile. ae S Sl (40 oS (YY)

(i /e ) Jeall OS5l Aaalad) G (IS ) 4 Dalad) ARl Gaanil) 8 aipuad (531 i 511 2as (YA)
(R /e 1) ) (o L) sl ol (b 8 2l e oS (T9)

(OVr ) Oe) Al Al Caoail) 8 @lieliS Aa )3 ansii oo (V0)

(V0 ) Om) AaaladV) Axllly el ) (8 BipliS A )3 i (> 0 (7))

O YY) ) AV Al LUl elie S da )0 ani (o 0 (YY)

($e2iing (Al il da gl ¢ 50 g La) fclial iliall da gl Jaglads g8 (S (Y8
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Questions of L2 Background Form (English translation)

(1) Please list the languages you know in order of proficiency level.

(2) Please list all the languages you know in order of acquisition (native language first)
(3) Arabic/Turkish/English?

(4) Age when you start learning Arabic/Turkish

(5) Age when you start reading Arabic/Turkish

(6) Age when you start reading Arabic/ Turkish fluently

(7) How many years have you been learning Arabic/Turkish in total?

(8) Time spent in the family where this language is spoken (.. month / ..year

(9) Time spent in the country where this language is spoken (...month /...year)

(10) Time spent at school/workplace where this language is spoken (...months/...years)
(11) Please rate your Arabic/Turkish speaking proficiency from 1 to 10

(12) Please rate your proficiency in comprehension of Arabic/Turkish from 1 to 10

(13) Please rate your Arabic/Turkish reading proficiency from 1 to 10

(14) Rate from 1 to 10 how much communication with friends contributed to you while
learning this language

(15) Rate from 1 to 10 how much reading-writing contributed to you while learning this
language

(16) Rate on a scale of 1 to 10 how self-study has contributed to you in learning this
language

(17) Rate from 1 to 10 how much watching television contributed to you while learning
this language

(18) Please select how much did you use communication with friends while learning
this language

(19) Please select how much did you use reading-writing while learning this language
(20) Please choose how much did you use the course/individual study while learning
this language
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Additional questions for L1-Arabic — L2-Turkish speakers

(1) Mention the names of the institutions where you received Turkish language lessons
if any.

(2) How old were you when you started learning English?

(3) How old were you when you started reading and writing in English?

(4) How old were you when you started speaking English fluently?

(5) How old were you when you mastered writing and reading in English?

(6) How many years did it take you to learn English?

(7) How long have you been with an English-speaking family? (...month/...year).

(8) Determine the time you spent speaking English if it was at the university or the
workplace (...month/...year).

(9) How long have you been in a country whose primary language is English?
(...month/...year).

(10) Please rate your English speaking proficiency score (from 1 to 10).

(11) Please rate your English reading proficiency score (1-10).

(12) Please rate your English writing proficiency score (from 1 to 10).

(13) Please rate your English proficiency score in general (from 1 to 10).

(14) How is your keyboard layout? (What kind of keyboard are you using?).
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