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Abstract

This study investigated the influence of language context on creative thinking, mental imagery
vividness and the use of representational hand gestures among Turkish-English bilinguals.
Participants solved verbal divergent and convergent thinking tasks in both their native (L1) and
second languages (L2) and self-reported theirmental imagery vividness during each task. Results
revealed that participants were more creative and experienced more vivid mental imagery in L1
compared to L2. Surprisingly, L2 proficiency was not associated with L2 imagery. Gestures in L1
had a positive association, while gestures in L2 had a negative association with divergent
thinking. Higher gesture rates were related to lower convergent thinking performance in both
languages, especially when imagery vividness was high. These findings suggest that creativity
and mental imagery vividness might depend on the language context. The role of gestures for
verbal creativity might also differ according to the language used.

Highlights

• We examined language context (L1–L2) in creativity, imagery vividness, and gestures.
• Verbal creativity scores were higher in one’s L1 compared to their L2.
• Vividness of mental imagery was higher during L1 rather than L2 creative thinking.
• Representational gestures had opposing effects on L1 versus L2 divergent thinking.
• Gestures were negatively related to convergent thinking when vividness was high.

1. Introduction

In today’s highly globalized world, many professionals work in their second language (L2). As
many fields rely on creative thinking skills and problem-solving (e.g., science, engineering, arts
and humanities), the need to understand the potential effects of using a foreign language on
creativity becomes highly relevant (Nothelfer & Nothelfer, 2020). This study investigates how
creative thinking differs between one’s second (L2) and first languages (L1). Although creativity is
linked to the ‘bilingual advantage’ (Hommel et al., 2011; Lange et al., 2020; Rabia & Alattawna,
2022), little research examines creativity in a second language. Research also shows that lower L2
proficiency leads to reduced L2 imagery vividness (Blazhenkova et al., 2023; Hayakawa &Keysar,
2018). As imagery is important for creative thinking (e.g., Abraham, 2016; Friedlander et al.,
2024; Le Boutillier & Marks, 2003), creativity in L2 might also be diminished compared to L1. If
that is the case, another goal of the present study is to investigate whether hand gestures would
benefit L2 creativity by activating and amplifying mental images as some of the gesture
frameworks suggest (e.g., the Gesture-for-Conceptualization Hypothesis by Kita et al., 2017).
We will examine whether these processes occur in the same manner for verbal divergent and
verbal convergent thinking. Divergent thinking is measured by the ability to generate a great
number of original, flexible and elaborate ideas. Convergent thinking is gauged by having an
insight into a problem or finding the best possible solution (Guilford, 1950; Mednick, 1962).

1.1. Bilingualism and creativity

Research on how creativity is expressed in a second language is scant. The association between
bilingualism and creativity is based on the hotly debated notion of enhanced executive func-
tioning in bilinguals, manifested also in creative thinking (e.g., Kharkhurin, 2011, 2017; Lee &
Kim, 2010). Another possible mechanism behind the creative thinking advantage of bilinguals is
their enriched conceptual knowledge (Kharkhurin, 2017; Van Dijk et al., 2018), which leads
bilinguals to discover different and complex affordances. For example, drinking/having teamight
evoke different images in English and Turkish. While for an English person, the action of
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drinking/having tea would most probably evoke the image of a
porcelain cup filled with tea, for a Turkish person, the elicited image
would be of a little tulip-shaped glass. Then, the concepts would
also differ in their affordances, such as holding the cup of tea from
its handle with your thumb and index finger and holding the glass
of tea with your whole hand. Thus, an English-Turkish bilingual
would discover and invent different andmore complex affordances.

Another case of enriched conceptual knowledge in bilinguals
might stem from cross-linguistic polysemy. Polysemy is defined as
the quality of a word to havemultiple relatedmeanings (Maciejewski
et al., 2023). For example, the word bank in English can refer either to
a financial institution/building or the land alongside a river. More-
over, the word bank in Turkish means “a bench,” which makes it a
cross-linguistic polysemy. It is derived from the Italian word banca,
which also means “a bench.” Such instances of cross-linguistic
polysemy can activate different concepts and uses of objects in
bilingual speakers and benefit their creative thinking. For example,
higher polysemy in English was linked to more creative design ideas
in English-speaking graduate students (Georgiev & Taura, 2014).

How enriched and interconnected the conceptual knowledge of
a bilingual is might also depend on various internal and external
factors, such as individuals’ proficiency level in their second lan-
guage (Hommel et al., 2011; Kharkhurin, 2007, 2008), multicultural
experiences (Fürst & Grin, 2017; 2021) or code-switching practices
(Kharkhurin & Wei, 2014). For example, Hommel et al. (2011)
showed a high-proficient bilingual advantage for convergent think-
ing but a low-proficient bilingual advantage for fluency in divergent
thinking. However, a closer examination of the study reveals that
the groups were only tested in their L1, which differed across groups
(Dutch and German). Therefore, the results could be contaminated
by the different stimuli used in each language.

To reachmore generalizable conclusions, creativity also needs to
be tested in L2. For example, Vaid et al. (2015) tested English-
Spanish bilinguals on convergent thinking in both languages.
According to participants’ self-reports, their language proficiency
was high and equal in both languages. Results showed that prior
informal translational experience (language brokering) had a facili-
tative effect on convergent thinking performance, particularly for
Spanish. However, whether Spanish was L1 or L2, and whether the
exposure order influenced results, remains unclear. The authors
reported that brokers’ (those who had prior translational experi-
ence) Spanish proficiency was higher than that of non-brokers’,
which might have affected the results.

Recently, computational network analyses were used to study the
relationship between bilingualism and creativity (e.g., Fernández-
Fontecha&Kenett, 2022; Lange et al., 2020). Lange et al. (2020), who
used semantic networks and Bayesian analysis, did not find an
association between bilingualism and creativity or semantic net-
work and creativity. They tested L1-English L2-Spanish bilinguals,
L1-Spanish L2-English bilinguals and English monolinguals on ver-
bal divergent thinking inEnglish.One drawbackof the studywas that
bilingualism was treated as a categorical variable based on a cut-off
proficiency score on the Language Experience and Proficiency Ques-
tionnaire (LEAP-Q; Marian et al., 2007). Another limitation is that
they only measured creativity and semantic networks in English but
not in Spanish, even though Spanish was the native language of a
great proportion of the participants. Semantic networks were meas-
ured by a semantic fluency task also conducted in English only.
Unlike Lange et al. (2020), Fernández-Fontecha & Kenett (2022)
found an association between bilingual adolescents’ semantic mem-
ory structure and their creativity performance using semantic net-
work analyses. They divided adolescents into two groups of low and

high creativity according to their verbal and figural creativity scores
obtained from the PIC-J creativity battery (Artola et al., 2008), which
is based on the Torrance Test of Creative Thinking (Torrance, 1990)
and Guilford’s Alternate Uses Test (Guilford, 1967). Different from
low creative individuals, highly creative individuals’ L1 semantic
memory structure was similar to their L2 memory structure. More-
over, highly creative individuals were more fluent in both languages
compared to less creative individuals.

The relationship between bilingualism and creativity is rather
complex, and the findings on this link are mixed. Aiming for a
single correct answer or expecting one study to correct all the flaws
would be quite a reductionistic approach. Researchers use different
definitions and measurements of creativity and bilingualism, treat
them as categorical variables using cut-off points or do not control
for the language of testing (L1, L2, L3, etc.). We should rather aim
for a multifactor approach to bilingual experiences that considers
the missing ‘slices of Swiss cheese’ in the bilingual package
(Bialystok, 2021). What has been less studied and might serve as
an important missing piece in the package is whether creativity is
expressed differently in L1 and L2. The phenomenon called “the
foreign language effect”might help us understand those differences.

1.2. The foreign language effect and creativity

The foreign language effect is used to suggest that thinking in a
foreign language reduces decision biases as it leads to a greater
emotional distance than speaking or thinking in a native language
(e.g., Caldwell-Harris, 2014; Dylman & Bjärtå, 2018; Harris et al.,
2003; Pavlenko, 2005). Earlier work demonstrated potential foreign
language effects on decision-making (e.g., Costa et al., 2014; Keysar
et al., 2012) and moral dilemmas (Corey et al., 2017; Hayakawa
et al., 2017). The mechanisms behind the foreign language effect
remain debated. As decisions in L2 have been identified as more
logical, less emotional and more utilitarian, some researchers
explain it as a shift from the intuitive Path 1 to the more deliberate
Path 2 (Caldwell-Harris & Ayçiçeği-Dinn, 2009; Dewaele, 2010;
Pavlenko, 2005). This suggests that Path 1 is more emotional, and
Path 2 is more rational. Emotions were also linked to creative
performance. For example, De Dreu et al. (2008) showed that
creativity, measured by fluency and originality in verbally generat-
ing creative ideas, can be enhanced both by experiencing positive
(happy, elated) and negative (angry, fearful) emotions. If thinking
in L1 is more intuitive and emotional, then increased L1 creative
performance would be expected.

Higher creativity in L2 can also be anticipated. Research shows
that moving individuals away from traditional or established ways
of thinking, as thinking in L1 is, increases their creative ideas (e.g.,
Gocłowska et al., 2012; Sassenberg & Moskowitz, 2005). Indeed,
Stephan (2017) showed that participants were more creative in
designing t-shirt outlines and drawing an alien character for a story
when they were in a foreign language context than in their native
language context. However, a recent large-scale (430 participants)
international experiment with participants from France, Germany
and the U.S. did not find a general foreign language effect on
creativity (Nothelfer & Nothelfer, 2020). The task in this study
was also nonverbal. In particular, the participants had to design a
real-effort creative product, which was later evaluated with the
consensual assessment technique (CAT; Amabile, 1982). In this
technique, each product was rated by six raters on a 9-point
creativity scale, quality of the technical execution and aesthetic
appeal. The foreign language effect on creativity might also depend
on how vivid mental imagery is in L1 compared to L2.
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1.3. Mental imagery and creativity

Theoretical frameworks such as the creative cognition approach
(The Geneplore Model, Finke et al., 1992; Smith et al., 1995) have
emphasized the role of nonverbal representations, such as mental
imagery, in the creative process. According to this model, two basic
processes are involved in creative imagery. Generative processes are
used in the construction of pre-inventive structures (e.g., memory
retrieval and association, mental synthesis and mental transform-
ation). Exploratory processes are used to examine and interpret the
pre-inventive structures (e.g., conceptual interpretation, functional
inference and hypothesis testing). There is a cycle of generative
and exploratory processes until the final form is achieved. This
approach is mostly valid for visual creativity as it emphasizes the
role of image generation in creating structures and objects. For
example, when people are engaged in creative problem-solving or
imagination, they might close their eyes or look away to an empty
part of the environment to engage with their internal cognitive
world (Salvi & Bowden, 2016).

Mental imagery vividness, more specifically, refers to the clarity
and detail of evoked images. This ability is considered a crucial
source of creative inspiration (Abraham, 2016; Friedlander et al.,
2024). Earlier findings showed a consistent association between
self-reported imagery vividness and divergent thinking perform-
ance (Le Boutillier & Marks, 2003). People with hyperphantasia
(extremely vivid, “photographic” imagery) often pursue creative
professions, while those with aphantasia (absence of mental
imagery) are more represented in fields like computing or math-
ematics (Zeman et al., 2020). Hyperphantasia is also linked to
synesthesia (cross-sensory experiences), which itself is associated
with higher creativity, openness to experience and vivid imagery
(Chun & Hupe, 2015).

1.4. Mental imagery in a second language

The importance of imagery in language, in general, is highlighted
mainly by the Dual Coding Theory (DCT; Paivio, 1969), which
suggests that two modality-specific systems get activated for all
types of cognition. These two systems are a nonverbal system
comprising imagens (sensorimotor imagery) and a verbal one
comprising logogens (linguistic symbols). The two systems are
independent but interconnected and can be used separately or
together, depending on the task at hand. Bilingual individuals have
separate logogen systems for their different languages. However,
those systems are also interconnected not only directly but also
through a common imagen system (Jared et al., 2012). If L2 is
acquired later in life, imagery in L2 might be weaker because of
weaker connections between L2 logogens and the shared imagens.

A recent upsurge in research on imagery provided evidence for
weaker imagery in L2 (Blazhenkova et al., 2023; Dorfman et al.,
2025; Hayakawa & Keysar, 2018; Jansson & Dylman, 2021;
Montero-Melis et al., 2020; Oshima & Morishima, 2023). Two
of these studies found that imagery was less vivid in L2 compared
to L1 across its different modalities, such as visual (object and
spatial) and auditory, and the proficiency level of individuals
might explain this effect (Blazhenkova et al., 2023; Hayakawa &
Keysar, 2018). Montero-Melis et al. (2020) critiqued Hayakawa
and Keysar (2018), pointing out their methodological weaknesses,
such as subjective imagery measures and inadequate comprehen-
sion control measures. Nevertheless, Blazhenkova et al. (2023)
ruled out some of those flaws by emphasizing evidence showing
that subjective imagery reports correlate with performance tests
when the tests measure the corresponding type of imagery, like

object versus spatial imagery (e.g., for a review, see McAvinue &
Robertson, 2007).

Reduced mental imagery in L2 might be one of the mechanisms
behind the foreign language effect. For example, reduced mental
imagery in L2 has accounted for the foreign language effects
previously observed in moral dilemmas (Dorfman et al., 2025;
Hayakawa & Keysar, 2018; Oshima &Morishima, 2023). Another
study indicated that instructing participants to use their mental
imagery while solving moral dilemmas increased deontological
(emotional) choices (Oshima &Morishima, 2023). More recently,
Dorfman et al. (2025) proposed an empirico-theoretical frame-
work highlighting the impact of L2 proficiency onmental imagery
vividness during reading moral dilemmas. The framework was also
based on a finding by Birba et al. (2020) suggesting that greater L2
proficiency leads to a stronger coupling of motor brain networks
during L2 reading. This implies more consolidated embodied simu-
lations in L2 that are similar to L1 text processing. Krasny and
Sadoski (2008) found that as bilinguals progress in their ability to
read in their L2, ratings of imagery and affective responses become
closer to those reported to reading the same text in L1. This highlights
the role of language proficiency in imagery and affect (see also
Jansson and Dylman, 2021) for differentiation of emotionality and
vividness in L1 and L2 autobiographical memories).

Imagery in L2 can be weaker because of weaker connections
between L2 logogens and the shared imagens as proposed in the
Dual Coding Theory. Can gestures, which are known to activate
and maintain visuospatial imagery (Hostetter & Alibali, 2008;
Kamermans et al., 2019; Wesp et al., 2001), act as reinforcers of
the connection between L2 verbal representations and imagery?

1.5. Can gestures compensate for low imagery in L2 and
enhance creative thinking?

The format of mental imagery has long been a topic of debate, with
some camps arguing that mental images are picture-like represen-
tations (Kosslyn, 1982, 1994; Kosslyn et al., 2006), while others
support a descriptive approach, where mental images rely on an
abstract, language-like format (Pylyshyn, 1979, 1981, 2002). Over
the years, a new approach, embodied cognition, emerged, where the
interdependence of perception, action and cognition is emphasized
(Palmiero et al., 2019). Therefore, hand gestures, as part of the
embodiment of thought and imagery, might also be essential for
the formation and vividness of mental imagery.

Co-speech hand gestures are produced spontaneously when we
speak and are closely synchronized with speech content (Bergmann
et al., 2011; McNeill, 1992). Iconic (e.g., making a circular move-
ment with the index finger or the whole hand to represent the wheel
of a car) and metaphoric gestures (e.g., making an upward move-
ment with the hand to represent promotion or increase in prices),
are often classified as representational gestures (Kita et al., 2017;
Krauss, 1998) and will be the focus of the current article.

As gestures activate mental images, they should be beneficial for
visual/figural creativity irrespective of the language. Prior research
suggests that gestures support spatial reasoning and word retrieval
(Atit et al., 2015; So et al., 2012), which may explain why bilinguals
gesture more in both languages compared to monolinguals
(Nicoladis, 2007). As verbal skills in L2 are expected to be lower
compared to L1, we would also expect people to use gestures to aid
verbal creativity in L2. However, individual cognitive differences
should be considered when hypothesizing that gestures would
boost creativity through amplifying imagery vividness. Compre-
hending and producing gestures depend on one’s spatial skills, and
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young adults may use gesture-as-a-compensation-tool not only for
lower verbal but also for lower spatial skills (for a review, see Özer &
Göksun, 2020).

Since we execute gestures in the immediate space around us,
being aware of how to use that space successfully helps us produce
the right gestures to benefit both verbal and nonverbal problem-
solving tasks. To support that, Hyusein and Göksun (2023) showed
that high mental imagery skills (i.e., the ability to generate, main-
tain, and manipulate images in the eye’s mind) were required for
gestures to aid verbal convergent creative thinking in one’s native
language. That study did not measure whether vividness of imagery
played a role in that relationship. Regarding verbal divergent think-
ing, both studies with children and adults in L1 showed that
encouraging people to use gestures also increased the number
and the quality of creative ideas (Hyusein & Göksun, 2024b; Kirk
& Lewis, 2017). Mental imagery skills did not affect that relation-
ship, at least in adults (Hyusein & Göksun, 2024b), however,
vividness has not been tested.

For gestures to enhance vividness in L2 and consequentially L2
creativity, L2 proficiency might play an important role. For
example, Zvaigzne et al. (2019) found an interesting relationship
between children’s L2 proficiency and iconic gesture use. Children
with intermediate L2 proficiency gestured less compared to those
with high and low proficiency on a cartoon description task in L2.
The gestures of the low-proficiency group, whose descriptions were
also less precise compared to the other children, used their gestures
either to facilitate lexical access or to supplement their verbal
message. The authors also commented that the high-proficiency
groupmight have found the description task easy, which freed their
cognitive resources for the execution of gestures. The proficiency
level of the intermediate group was just enough for producing as
accurate cartoon descriptions as the high-proficiency group but had
no resources left to gesture. A recent study with young adults
(Arslan et al., 2024) corroborated this finding, showing that higher
L2 proficiency was also associated with a higher representational
gesture rate but also a higher disfluency rate in L2. This was against
the hypothesis that gestures compensate for weak language skills,
but gestures might be signals of disfluent speech that needs correc-
tion, especially for those who have high L2 proficiency. Young
adults used more representational gestures in their L2 (however,
proficiency was not controlled for) to express emotional informa-
tion, which also intensified subsequent emotional ratings (Özder
et al., 2023). As we have already emphasized the link between
imagery vividness and emotionality in L2, the study of Özder
et al. (2023) provides further evidence that representational
gestures might enhance L2 creativity through the activation of
emotions.

1.6. The present study

The present study aims to investigate if creativity (verbal conver-
gent and divergent thinking) is expressed differently in L1
(Turkish) and L2 (English). We expect L1 creativity to be higher
due to higher verbal skills in L1 in general. As imagery plays an
important role in creative thinking, we will also examine the role of
the vividness of imagery in creative performance in L1 and L2.
Decreased vividness of imagery in L2 is also explained by decreased
proficiency (e.g., Blazhenkova et al., 2023). We expect higher
imagery vividness in L1 to be another reason for higher L1 creativ-
ity. Additionally, we will examine the role of hand gestures in
creative thinking in L1 and L2. As hand gestures activate and
maintain visuospatial imagery and intensify emotions, we expect
spontaneous representational gestures in L2 to strengthen the

verbal-imagery representations route (based on the Dual Coding
Theory). This will also help activate creative imagery and verbal
creativity in L2.

In sum, we expect higher L2 proficiency along with a higher
representational gesture use rate to lead to higher vividness of
imagery in L2 creativity, which might positively affect L2 creativity.
Even though speaking and learning a second language can enhance
divergent thinking (Ghonsooly & Showqi, 2012), previous studies
generally assessed creativity in a participant’s first language. Pro-
viding evidence of whether the favorable effects of bilingualism on
creativity are transmitted to L2 as well could be a valuable reference
point for bilingual people when they engage in creative problem-
solving. This study is also unique because it will investigate some
overlooked factors that might affect bilingual creativity, namely
vividness of mental imagery and hand gestures. Both are important
for the bilingual creativity literature because they can provide
information on ways to stimulate creativity in L2, such as by encour-
aging the use of hand gestures, which can promote vivid imagery and
lead to enhanced creative output.

2. Method

2.1. Participants

By using the G*power software (Faul et al., 2009) for repeated
measures within factors analysis of variance (ANOVA), and by
setting the alpha level as 0.05, the effect size as (np2) 0.25 and
the power as 0.80, we determined that we need a sample of 34 par-
ticipants. A total of 40 Turkish-English bilingual (L1-Turkish,
L2-English) speakers (20 females) participated in the study. They
completed both language conditions one week apart, with a coun-
terbalanced order. Four participants did not attend the second
session. Therefore, there were 36 participants (18 females) who
attended both sessions (Turkish and English). Participants were
undergraduate and graduate students fromKoçUniversity between
the ages of 18 and 28 (Mage = 21.8, SD = 2.43). Participants received
either course credit or monetary compensation. The study was
approved by Koç University’s Institutional Review Board commit-
tee with the approval number 2023.022.IRB3.006. We obtained
participants’ informed consent before the study.

Participants’ age of starting to learn L2-English ranged from 1 to
18 years (Mage = 9.30, SD = 3.55). All participants indicated that
they had an L2 experience in a family, a country, or a school
environment where English was frequently spoken. Their English
proficiency (a cumulative score for understanding, speaking and
reading) averaged 22 out of 30 (Mscore = 21.9, SD = 3.56), which
indicated high English proficiency.

2.2. Materials

2.2.1. Alternative Uses Task (AUT)
This is a test of verbal divergent thinking where participants were
instructed to come up with as many possible creative uses of an
everyday object as they could in 3minutes. They were also explicitly
encouraged to be creative and told by the experimenter that the
more creative the uses are, the better it would be. We used four
objects (newspaper, pencil, shoe, towel) in total – two for each
condition, in a counterbalanced order. Scoring was based on four
components:

2.2.2. Fluency
The total number of ideas/responses given by the participant. Each
response received 1 point.
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2.2.3. Originality
Each response was compared to the total number of all participant
responses. Responses that were given by 5% of the group were
counted as unusual (1 point), and responses given by 1% of them
were counted as unique (2 points).

2.2.4. Flexibility
Flexibility was measured by the number of different categories the
participant’s responses belonged to. Each unique category received
1 point. If a response belonged to a category that was previously
assigned to another response for that specific object, it would
receive a score of 0.

2.2.5. Elaboration
Elaboration was measured by the amount of details in the
responses, e.g., “a boat” received 0 points, whereas “as a boat, by
putting toys in it, in a pool” received 2 points (1 point for an
explanation of ‘putting toys in it’ and another one for further detail
about ‘in a pool’).

Two trained assistants transcribed and coded the AUT
responses. Interrater reliability was calculated for fluency, flexibility
and elaboration for 20% of the data. Interrater intra-class correl-
ation coefficients (ICC) indicated almost perfect agreement for all
three measures, ICCfluency = .999, 95% CI [.998, 1.000], p < .001;
ICCflexibility = .926, 95%CI [.854, .963], p< .001; ICCelaboration = .888,
95% CI [.785, .944], p < .001. As the originality score was calculated
according to a standardized procedure, there was no need to assess
interrater reliability for it.

2.2.6. Remote Associates Test (RAT)
This is a measure of verbal convergent thinking. In this task,
participants are presented with three unrelated words (e.g., cottage,
Swiss, cake) and are asked to come up with a fourth word that is a
common associate of those three words (cheese). We used 10 triads
in each condition. The words were presented on a white screen and
were read out loud by the experimenter. Participants had 30 seconds
per triad to come up with a relevant answer. Scoring was based on
the number of correct responses with each correct response scored
as 1. Participants could get amaximum total score of 10. The stimuli
for the Turkish condition were based on Hyusein and Göksun
(2023). The stimuli of the English version were selected based on
solution rates from Sio et al. (2021) so that triads in both conditions
would be of comparable difficulty.

2.2.7. Vividness of Mental Imagery
Vividness of mental imagery during verbal divergent and conver-
gent thinking was measured with the question, “While doing this
task, you may have had some imagery experiences evoked. Please
rate by advancing the line in the scale below, the clarity and distinct-
ness with which you were able to generate images while solving this
task” on a scale of 0–100 after each trial of theAUTand theRAT.The
question was adapted from the Read & Imagine Task developed by
Blazhenkova et al. (2023). Separate vividness of imagery scores were
calculated for AUT and RAT by estimating the average of vividness
scores for all trials during the respective task.

2.2.8. The Language Experience and Proficiency Questionnaire
(LEAP-Q)
LEAP-Q is one of the most widely used language history question-
naires that assesses L2 speaking, reading and writing proficiency,
age of acquisition/starting age of learning a language, percentage of
L2 usage and exposure in daily life. We decided to use the LEAP-Q

as self-reported proficiency was found to be highly correlated with
general language performance (e.g., Estremera & Torres, 2014;
Marian & Fausey, 2006).

2.3. Procedure

Participants signed up for the first in-person testing sessions
through the university’s subject pool. They were randomly assigned
either to a Turkish or an English first session. Their second testing
session was scheduled for one week later and was conducted in the
other language (e.g., if their first session was in Turkish, the second
one was in English, and vice versa). Both sessions took place in a
laboratory roomwhere the experimenter (either the first author or a
trained assistant) was present with the participant throughout the
testing.

On the first day, participants completed the consent form in
Turkish, the AUT and the RAT in a counterbalanced order either in
Turkish or English and the LEAP-Q in Turkish. On their second
day, they completed the AUT and the RAT in the other language
and the MIT in Turkish. After each AUT or RAT trial, they also
answered the vividness of mental imagery questions in the respect-
ive language. All trials and instructions of the AUT, the RAT and
theMIT were presented on a computer screen and read out loud by
the experimenter. The consent form, the vividness questions and
the LEAP-Q were filled in by the participant through Qualtrics.
Answers to the AUT and the RAT were given orally and were video
recorded for gesture and creativity coding. At the end of the second
session, participants were debriefed, awarded course credits or cash
compensation and thanked for their participation.

2.4. Gesture coding

Speech and gestures for the AUT were transcribed and coded in
Microsoft Excel by two trained research assistants. The first author
checked the gesture coding and resolved any ambiguities pointed
out by the assistant. McNeill-type co-speech gestures, i.e., iconic,
deictic, metaphoric and beat gestures, were coded (McNeill, 1992).
Palm-revealing and emblem gestures were coded in an ‘other
gestures’ category. All gesture types were mutually exclusive from
each other. Iconic andmetaphoric gestures were combined in a new
category called representational gestures. Interrater reliability was
calculated for 20% of the data, which was coded by both assistants.
There was a substantial agreement for identifying gesture types (κ =
.732, p < .001) and excellent agreement for categorizing gesture
frequency across trials (ICC = .964, 95% CI [.949, .982], p < .001)
between the two coders. Gesture frequency rate was calculated for
each gesture type by dividing the number of gestures produced by
the number of words spoken in each trial. We used gesture fre-
quency rate and not the sheer number of gestures produced because
as speech increases, so does the number of gestures produced.
Calculating a gesture rate is beneficial for controlling individual
differences in speech production (So et al., 2009). To test our
hypotheses, we only included representational gesture frequency
in the analyses.

All data are available on the Open Science Framework: https://
osf.io/4paf2/?view_only=9ad2d853d04946da943bcfd19af1a2c1

3. Results

Descriptive statistics (i.e., mean, standard deviation, minimum and
maximum) of the AUT, RAT, vividness of mental imagery and
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representational gesture frequency rates during the Turkish and
English conditions are shown in Table 1.

Statistical analyses (repeated measure analysis of covariances
[AN(C)OVAs]) were carried out with the aov() and lm() functions
in R (R Core Team, 2013). The summary() and eta_squared()
functions were used to obtain F-statistics, p-values, and effect size.
The ggplot() function was used to visualize the results. For our post-
hoc analysis, we used the cor.test() function for bivariate correl-
ations and the emmeans() and contrast() functions for pairwise
comparisons. All continuous variables were normalized with the
scale() function before running the repeated measure analyses.

3.1. Vividness of mental imagery and creativity in L1 and L2

Repeated measure ANOVAs revealed a main effect of condition on
both divergent, F(1,35) = 15.01, p < .001, η2 = .07, and convergent
thinking, F(1,35) = 220.9, p < .001, η2 = .64. Post-hoc pairwise
comparisons using the Bonferroni correction indicated that AUT
scores in the Turkish condition (M= 71.7, SE=27.2)were significantly
higher than those in the English condition (M = 57.3, SE = 24.6),
t (35) = �3.87, p < .001; and RAT scores were similarly significant –
respectively for Turkish (M = 6.4, SE = 1.7), and English (M =1.5,
SE = 1.5), t (35) =�14.86, p < .001. There was also a main effect of
language on vividness of mental imagery for both during divergent,
F(1,35) = 7.08, p = .01, η2 = .17, and convergent thinking, F(1,35) =
46.67, p < .001, η2 = .57. Post-hoc pairwise comparisons indicated
that vividness of mental imagery during divergent thinking in the
Turkish condition (M = 70.9, SE = 20.1) was significantly higher
than in the English condition (M = 61.3, SE = 23.8), t (35) =�2.66,
p = .01. Vividness of mental imagery during convergent thinking in
the Turkish condition (M = 55.0, SE = 20.1) was also significantly
higher than in the English condition (M = 31.6, SE = 16.3), t(35) =
�6.83, p < .001.

Pearson’s correlational analysis indicated that L2 proficiency
was only positively and moderately correlated with AUT and RAT
scores in English, r(36) = 0.329, p = .04, and r(36) = 0.358, p = .03,
respectively, but not with the vividness of mental imagery in English.

3.2. Effects of vividness ofmental imagery and L2 proficiency on
L1 and L2 creativity

To investigate the effects of imagery vividness and L2 proficiency on
creative thinking in L1 and L2, we carried out repeated measure
ANCOVAs by adding mental imagery vividness scores during diver-
gent (AUT) and convergent (RAT) thinking and L2 proficiency as
covariates.

Results for divergent thinking indicated that there were main
effects of language, F(1,30) = 20.7, p < .001, η2 = .41, vividness of
imagery, F(1,30) = 11.8, p = .002, η2 = .28 and L2 English proficiency,
F(1,32) = 6.8, p = .01, η2 = .18. There were no significant two- or
three-way interactions, ps > .05. Post-hoc pairwise comparisons
using the Bonferroni correction indicated that AUT scores in the
Turkish condition (M= 71.7, SE = 27.2) were still significantly higher
than those in the English condition (M = 57.3, SE = 24.6), t (30) =
�2.96 p = .006. Pearson correlation analysis revealed a statistically
significant strong positive correlation between divergent thinking
scores and vividness ofmental imagery for both languages combined,
r(74) = 0.655, p < .001, and a statistically significant weak positive
correlation between divergent thinking scores and L2 English profi-
ciency for both languages combined, r(74) = 0.273, p = .02.

Results for convergent thinking indicated that only the main
effect of language was significant, F(1,30) = 209.3, p < .001, η2 = .64.
There were no effects of vividness of mental imagery or L2 profi-
ciency, and no interactions, ps > .05. Post-hoc pairwise compari-
sons using the Bonferroni correction indicated that RAT scores in
the Turkish condition (M = 71.7, SE = 27.2) were still significantly
higher than those in the English condition (M = 57.3, SE = 24.6),
t (30) =�7.75 p < .001, even when controlling for effects of imagery
vividness and L2 proficiency.

These results indicated that both divergent and convergent think-
ing scores and vividness ofmental imagerywere higher in L1Turkish
compared to L2 English. L2 proficiency and task-specific vividness of
mental imagery (i.e., during divergent or convergent thinking) were
positively associated with divergent, but not convergent thinking, in
both L1 and L2 (see Figures 1 and 2).

3.3. Effects of representational gestures, vividness of imagery
and L2 proficiency on L1 and L2 creativity

We investigated the effects of representational gesture use in add-
ition to imagery vividness and L2 proficiency on L1 and L2 diver-
gent and convergent thinking.

First, we conducted paired-sample t-tests to see whether there
were differences in representational gesture use between divergent
and convergent thinking tasks in each language. There were no
differences in gesture rates during the AUT and the RAT in the L1
Turkish, t(37) = 1.75, p = .09, and in the L2 English conditions,
t(37) = �1.05, p = .30. Therefore, overall representational gesture
rates between the two tasks in each language did not differ.

Next, we tested whether representational gesture use for each
task differed between the two languages. Repeated measures
ANOVA indicated a main effect of language on representational

Table 1. Mean (M), standard deviation (SD), minimum (Min.), and maximum (Max.) values of the Alternative Uses Task (AUT), Remote Associates Test (RAT),
vividness of mental imagery ratings during AUT and RAT, and representational gesture frequency rates during AUT and RAT across conditions (Turkish and English)

Conditions

Turkish (L1) English (L2)

M SD Min. Max. M SD Min. Max.

AUT score 71.7 27.2 24 127 57.3 24.6 19 103

RAT score 6.4 1.7 2 10 1.5 1.5 0 5

AUT vividness 70.9 20.1 31 100 61.3 23.8 10 100

RAT vividness 55.0 20.1 12.6 94.5 31.6 16.3 0.9 76.0

AUT representational gesture frequency 0.08 0.04 0.01 0.17 0.08 0.04 0.01 0.18

RAT representational gesture frequency 0 0.01 0 0.02 0.01 0.02 0 0.09
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gesture use during convergent thinking, F(1,35) = 9.6, p = .004, η2 =
.21. Post-hoc comparisons using Tukey’s honestly significant dif-
ference (HSD) test with adjusted p-values showed that participants
gestured significantlymore during the L2 English session compared
to the L1 Turkish session (M difference = 0.510, SE = 0.147, t(35) =
3.471, 95% CI [0.218, 0.802], p < .001). We did not find an effect of
language on representational gestures during divergent thinking F
(1,35) = 0.001, p = .981, η2 = .00, (see Figure 3).

Then, we carried out repeated measures ANCOVA to test
whether L2 proficiency, vividness of imagery and representational
gesture use during convergent thinking affected RAT scores over
and above language condition (L1 versus L2). There was a signifi-
cant three-way interaction among representational gestures, vivid-
ness of mental imagery and L2 proficiency, F(1,22) = 4.6, p = .04,
η2 = .17. As all three predictor variables were continuous, we used
linear regression to explore the nature of the relationship and
compute simple slopes. There was a significant two-way interaction
between representational gesture frequency and imagery vividness
b = �0.28, SE = 0.13, t(68) = �2.197, p = 0.03, indicating that the
relationship between gesture frequency and RAT scores depended
on the level of imagery vividness (see Table 2). Simple slope analysis

revealed that the slopes of representational gestures for mean and
high (+1SD) imagery vividness were significant, b = �0.35, SE =
0.10, t(68) =�3.53, p= .001 and b=�0.63, SE= 0.19, t(68) =�3.28,
p = .002, respectively (see Figure 4). Thus, the relationship between
representational gestures during convergent thinking and RAT
scores becomes more negative as imagery vividness during conver-
gent thinking increases.

We also conducted repeated measures ANCOVA for divergent
thinking to test whether representational gesture use during diver-
gent thinking affected AUT scores over and above language con-
dition (L1 versus L2), L2 proficiency, and vividness of imagery
during divergent thinking. We found a significant two-way inter-
action between language condition and representational gestures,
F(1,22) = 4.97, p = .04, η2 = .18 (see Figure 5). The main effect of
imagery vividness also persisted, F(1,22) = 13.55, p = .001, η2 = .38.
Post-hoc simple slopes analysis indicated that neither the slope for
the English language condition (b =�0.11, SE = 0.15, t(90) =�0.71,
p= 0.48) nor the slope for the Turkish condition (b= 0.06, SE= 0.17,
t(90) = 0.38, p = 0.71) was significant. This suggests that the
frequency of representational gestures does not significantly
predict divergent thinking scores either in L1 or in L2. However,

Figure 1. (A) Relationship betweenMental Imagery Vividness ratings during the Alternative Uses Task (AUT) and AUT Total Scores in English (ENG) and Turkish (TR). (B) Relationship
between Mental Imagery Vividness ratings during the Remote Associates Test (RAT) and RAT Total Scores in English (ENG) and Turkish (TR).
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the significant interaction effect observed in the ANCOVA sug-
gests that the relationship between representational gestures and
divergent thinking may differ between the languages, though the
effect is not strong enough to be significant within each language
condition individually.

4. Discussion

The present study investigated whether creative thinking and viv-
idness of mental imagery differed in one’s native language
(L1) versus second language (L2). We tested the hypothesis that a
higher rate of representational gestures and higher proficiency in L2

were associated with higher mental imagery vividness. We expected
representational gestures, L2 proficiency andmental imagery vividness
to contribute to L2 creativity. Creativity was measured by verbal
divergent and convergent thinking tasks. This study is novel in differ-
entiating L1 and L2 creative thinking and examining the role of
imagery vividness and gestures across both languages.

People were more creative and experienced more vivid mental
imagery in L1 than L2. The hypothesis that higher L2 proficiency,
along with a higher representational gesture use, would lead to
higher L2 vividness of imagery and L2 creativity was not supported.
Higher representational gesture use in L2 was negatively associated
with L2 divergent thinking. We found a similar pattern for

Figure 2. (A) Relationship between L2 English Proficiency and Alternative Uses Task (AUT) Total Scores in English (ENG) and Turkish (TR). (B) Relationship between L2 English
Proficiency and Remote Associates Test (RAT) Total Scores in English (ENG) and Turkish (TR).
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convergent thinking irrespective of the language (L1 or L2),
i.e., higher representational gesture use was related to lower con-
vergent thinking, particularly when imagery was more vivid.
Finally, L2 proficiency did not affect these interactions (see
Figure 6 for a summary of the main findings).

4.1. Language, imagery vividness and gestures in L1 and L2
creativity

Our first hypothesis that people are overall more creative, both in
divergent and convergent thinking, and their imagery is more vivid
in L1 than in L2, was confirmed. This was expected, given that

creativity was assessed through verbal tasks (AUT and RAT), and
participants’ proficiency in their L1 (Turkish) was likely higher than
in their L2 (English). Participants were sequential bilinguals who
acquired L2 English after L1 Turkish. Their mean age of L2 exposure
and acquisition was around the age of nine. Although sequential
bilinguals are usually more proficient in their L1 than L2, the
literature shows mixed outcomes. For instance, Kaushanskaya et al.
(2011) observed contrasting effects depending on language pairings.
English (L1) – Spanish (L2) bilinguals who acquired Spanish later
exhibited better L1 vocabulary and reading fluency, whereas English
(L1) – Mandarin (L2) bilinguals showed the opposite trend. These
findings were attributed to cross-linguistic transfer effects, particu-
larly those involving writing system characteristics. Given the lin-
guistic similarity between Turkish and English (both alphabetic
languages), the bilinguals in our study are more comparable to the
English-Spanish group in Kaushanskaya et al.’s study. Our findings
thus provide additional support for the idea that L2 acquisition,when
the writing systems are congruent, may coincide with enhanced L1
verbal performance, at least in tasks involving creative thinking.
Although L1 proficiency was not directly measured, all participants
were Turkish native speakers, residing in Türkiye, and acquired
English later. Therefore, they have high L1 proficiency. Factors like
immigration or heritage speaker status, which may lead to L1 attri-
tion or L2 dominance (e.g., Austin et al., 2019), were not relevant to
our sample.

The hypothesis that imagery is more vivid in L1 compared to L2
aligns with previous findings (Blazhenkova et al., 2023; Dorfman
et al., 2025; Hayakawa & Keysar, 2018; Jansson & Dylman, 2021;
Montero-Melis et al., 2020;Oshima&Morishima, 2023).However, it
was not related to L2 proficiency, as emphasized by earlier studies
(Blazhenkova et al., 2023; Hayakawa & Keysar, 2018). Interestingly,
in a recent qualitative study on team creativity in a foreign language
(Loderer et al., 2024), participants reported that reduced proficiency

Figure 3. Raincloud plots of scaled representational gesture frequency during the Alternative Uses Task and the Remote Associates Test by language condition (L1: Turkish, L2:
English). Each plot displays the distribution density, individual data points, and box plots. Black diamonds represent group means. Asterisks indicate statistically significant
differences between conditions.

Table 2. Regression coefficients for a post-hoc regression model testing the
effects of representational gestures and imagery vividness during convergent
thinking and L2 proficiency on convergent thinking scores

Predictor B SE t p

Intercept �0.022 0.089 �0.242 0.809

RAT representational gesture
frequency (scaled)

�0.355 0.100 �3.539 < .001***

RAT vividness (scaled) 0.515 0.093 5.532 < .001***

English proficiency (scaled) 0.103 0.090 1.145 0.256

RAT gesture frequency × RAT vividness �0.276 0.125 �2.197 0.031*

RAT gesture frequency × English
proficiency

0.090 0.110 0.817 0.417

RAT vividness × English proficiency �0.144 0.091 �1.575 0.12

RAT gesture frequency × RAT vividness
× English proficiency

0.067 0.131 0.509 0.612

*p < .05, **p < .01, ***p < .001
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Figure 4. Interaction of Representational Gesture Frequency and Vividness of Mental Imagery on Remote Associates Test (RAT) Scores. (A) This plot illustrates the simple slopes of
RAT Representational Gesture Frequency (scaled) at three levels of RAT Vividness (scaled):�1 SD, the‚mean, and +1 SD, for L1 and L2 combined. Specifically, when RAT Vividness is
+1 SD, the slope is steepest and most negative, indicating a stronger negative relationship between gesture frequency and RAT scores. Conversely, at �1 SD of RAT Vividness, the
slope is less steep and not significant. The slopes for mean and +1SD vividness are significant. (B) This plot illustrates the simple slopes of RAT Representational Gesture Frequency
(scaled) at three levels of RAT Vividness (scaled) for L1 (Turkish). None of the slopes are significant. (C) This plot illustrates the simple slopes of RAT Representational Gesture
Frequency (scaled) at three levels of RAT Vividness (scaled) for L2 (English). None of the slopes are significant.
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in L2 triggered amore visual thought process that inspired creativity.
As these were self-reported personal experiences with creativity, a
more controlled experimental setting might be required to test those
insights. Nevertheless, we found neither a positive nor a negative
association between proficiency and imagery vividness. This could be
due to the higher L2 proficiency of our sample (a mean proficiency
score of 22 out of 30). For example, Hayakawa and Keysar (2018)
found that the effect of language was most pronounced for lower
proficiency participants. Moreover, language proficiency moderated
the effects on imagery for the auditory andmotor modalities but not
the visual modality.

Last, people gestured more during L2 than during L1 conver-
gent thinking. Representational gesture rates during L1 and L2
divergent thinking were comparable. The reason why people
gestured significantly more during L2 convergent thinking could
be related to task difficulty. The RAT (measuring convergent
thinking) is considerably more difficult than the AUT (measur-
ing divergent thinking) as it requires one to look for a single
correct answer in a very limited amount of time (compare
30 seconds in the RAT to 3 minutes on the AUT). Previous
research shows that people use more representational gestures
in L2 when they have difficulty expressing abstract notions, such
as emotions ormetaphorical sentences (Akbuğa &Göksun, under
review; Özder et al., 2023). In this study, participants might have
also used more gestures during L2 compared to L1 RAT because
of increased task difficulty compared to the AUT. However,
increased gesture rate in L2 did not lead to higher vividness of
imagery or enhanced L2 RAT performance, which will be further
discussed in the next sections.

4.2. Representational gestures and vividness ofmental imagery
during L1 and L2 divergent thinking

Vividness of mental imagery during divergent thinking and L2
proficiency were positively associated with divergent thinking
scores irrespective of the language condition. However, when we
controlled for the effects of representational gestures, we found a
significant two-way interaction between language condition and
gestures. Even though the simple slopes of gestures were not
significant, there was a tendency for representational gestures in
L1 to be positively associated with divergent thinking. In contrast,
representational gesture use in L2 was negatively associated with
divergent thinking. That is, gestures played different roles in L1 and
L2 divergent thinking. Interestingly, the main effect of imagery
vividness on divergent thinking persisted, while the effect of L2
proficiency did not. These results demonstrate that when we con-
trol for representational gesture use, the effect of L2 proficiency on
divergent thinking vanishes, but the effect of imagery vividness
persists. Therefore, imagery, along with gestures, might be a more
determining factor for divergent thinking success compared to L2
proficiency both in L1 and in L2.

This finding conflicts with Arslan et al. (2024), who found an
association between L2 proficiency and representational gesture
rates. This could be due to differences in the tasks used. While
Arslan et al. (2024) used cartoon narratives that could be related to
episodic memory, the creativity tasks we used might depend on
semantic memory. The role of semantic memory in creativity stems
from a theory that the farther one moves through the semantic
memory space of a concept, the more novel and creative one’s ideas

Figure 5. The plot depicts the interaction effect between language condition (English versus Turkish) and representational gesture use during the Alternative Uses Task (AUT) on
predicted AUT scores. Shaded areas indicate 95% confidence intervals.
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become (Kenett, 2023). More creative individuals are believed to
have more associative links in their semantic memory and, thus,
make faster creative connections (Beaty et al., 2023; Kenett &
Austerweil, 2016; Luchini et al., 2023). As bilingual semantic mem-
ory is believed to be language-independent (Bartolotti & Marian,
2013; Lopez, 2020; Shook & Marian, 2012), L2 proficiency might
not have affected gesture use in our tasks. However, recalling
general knowledge in bilinguals depended on the language in which
the question was asked (Marian &Kaushanskaya, 2007). Moreover,
vividness of imagery, even though not interactingwith gestures, was
more influential for the divergent thinking tasks. The way we
measured proficiency in this study also differed from Arslan et al.
(2024). We used self-reports of L2 proficiency, while they used a
standardized placement test. However, note that another recent
study using cartoon narratives for gesture elicitation, and which
measured L2 proficiency by certified evaluators, failed to find a
relationship between semantic (iconic) gesture production and L2
proficiency (Lopez-Ozieblo, 2024). Further research is required to
elucidate the factors affecting the relationship between L2 profi-
ciency and gestures.

Before controlling for the effects of representational gestures, L2
proficiency was a significant predictor of divergent thinking scores
not only in L2 but also in L1. This intriguing finding suggests a link
between general divergent thinking ability and foreign language
proficiency. The direction of causality, however, remains open to

debate. According to Sternberg (2002), mastering a new language
requires “successful intelligence,” which entails the ability to cope
with novelty. Novelty, along with tolerance for ambiguity, is central
to creativity (Albert, 2006). Participants with higher divergent
thinking skills in our sample would be better equipped to devise
novel, effective strategies for learning a second language, leading to
higher L2 proficiency. Empirical support for this association comes
from earlier studies showing positive correlations between the
Torrance Test of Creative Thinking scores and L2 performance
(Albert & Kormos, 2004; Ottó & Otto, 1998). More recent research
also confirms this relationship (e.g., Fernández-Fontecha, 2021; Li
& Wei, 2025; Wu & Qin, 2025). Conversely, higher L2 proficiency
might enhance divergent thinking, perhaps due to factors such as
enriched conceptual knowledge (Kharkhurin, 2017) or increased
exposure to multicultural experiences (Fürst & Grin, 2017, 2021).
Supporting this view, a recent neuroimaging study found that L2
proficiency was positively associated with creativity scores on the
AUT and a chain-free association task performed in L1 (Yang et al.,
2025). The neuroimaging data further indicated amore efficient use
of brain resources, evidenced by decreased cortical activation in
regions associated with creative cognition, among more proficient
bilinguals. These findings point to functional anatomical differ-
ences in creative processing based on L2 proficiency. Future
research could examine whether individual differences in hand
gesture use further modulate activation in these brain regions.

Figure 6. A conceptual diagram summarizing the main findings of the study: (A) Participants were more creative and experienced more vivid mental imagery in L1 than in L2.
(B) Gestures in L1 had a positive while gestures in L2 had a negative association with divergent thinking. Higher gesture rates were associated with lower convergent thinking
performance in both languages, especially when imagery vividness was high.
Note: L2 proficiency was not associated with creativity or mental imagery vividness.
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The persisting effect of imagery vividness on AUT performance
is consistent with earlier findings, demonstrating an association
between self-reported imagery vividness and divergent thinking
performance (Le Boutillier & Marks, 2003). Moreover, it might
support the qualitative reports of Loderer et al. (2024), where
people reported that reduced proficiency in L2 triggered a more
visual thought process that inspired creativity. Namely, the
assumption that language might be redundant for creativity in
the presence of (vivid) imagery. This is also in line with the notion
that semantic memory is language-independent (Bartolotti &Mar-
ian, 2013; López, 2020; Shook & Marian, 2012), and as the role of
semantic memory for creativity has long been emphasized (Beaty
et al., 2023), our finding supports the important role of imagery for
divergent thinking.

In addition to imagery vividness, we also found an effect of
representational gestures for divergent thinking, but unlike the
ubiquitous positive association with imagery, the effects of gestures
for divergent thinking differed across the language conditions.
There was a tendency for gestures to be positively associated with
L1 divergent thinking while they were negatively associated with L2
divergent thinking. These trends might tell us that one could be
using their gestures in L1 to illustrate their ideas (e.g., for commu-
nicative purposes or to visually illustrate/emphasize their ideas),
but also their gestures might help them activate those ideas. It is
difficult to infer causality from associative relationships. More
gesturing in L2 was linked to lower divergent thinking scores.
One interpretation is that people used their gestures to illustrate
what they could not express in their L2 speech, but that did not help
them find the right words or ideas. Gestures might have comple-
mented their speech in L2 but could not facilitate it. Another
interpretation is that if people had gestured about the conventional
uses of the prompt objects (e.g., reading a newspaper), that might
have fixated them on similar uses, restricting their ability to see the
prompts from different perspectives (e.g., making a bracelet out of a
newspaper or a hat). Hyusein and Göksun (2024b) also suggested a
similar fixation effect. Iconic gestures were associated with less
flexible ideas in L1. Whether the effect in the current study was
driven by the flexibility of ideas rather than the fluency, originality,
and elaboration of responses and what people tended to gesture
about should be a path for further investigation.

4.3. Representational gestures and vividness ofmental imagery
during L1 and L2 convergent thinking

Interestingly, even though at first, we detected a significant three-
way interaction among gestures, vividness of imagery and L2
proficiency, post-hoc analyses revealed that only the two-way
interaction between gestures and vividness was significant. One
explanation of this finding is that even though the study had enough
statistical power to detect a three-way interaction as per the power
analysis we conducted to determine the sample size, the post-hoc
analysis might have reduced its power due to the multiple com-
parisons and adjustments required. On the other hand, this finding
corroborates our results on the effects of imagery vividness and L2
proficiency in divergent thinking, namely that the effect of vivid-
ness persevered after controlling for the effects of representational
gestures, while the effect of L2 proficiency vanished. Hence, L2
proficiency was not a determinant either for divergent or conver-
gent thinking. Future studies could recruit a more diverse L2
proficiency sample to test if proficiency moderates gesture and
imagery effects on creativity.

In the present study, the relation between representational
gestures and convergent thinking depended on how vivid imagery
was during convergent thinking. Higher vividness, along with
higher representational gesture use, was related to lower convergent
thinking scores irrespective of the language condition. Even though
we did not find an effect of language condition, the separate
interaction plots for L1 and L2 (see Figure 4B,C) and greater L2
gesture use suggest that this effect of imagery and gestures might be
specifically true for L2 convergent thinking. While high imagery
vividness could be beneficial for divergent thinking, it might hurt
convergent thinking and, together with gestures, lead to a fixation
effect similar to gestures in L2 divergent thinking. Another inter-
pretation of this interaction could be that people who knew the
answers to the convergent thinking triads did not feel the need to
gesture or use their imagery. They might have reached the answers
through a faster linguistic path rather than activating imagistic
routes. Supporting this, earlier work showed that analytic solutions
to remote associate problems led to relatively more incorrect solu-
tions than responses elicited by insight (Salvi et al., 2016).

The finding that representational gestures, especially when one
experiences higher imagery vividness during convergent thinking,
are in a negative association with RAT scores might seem contra-
dictory to Hyusein and Göksun (2023), who found a positive
association between representational gestures and RAT scores for
people with high mental imagery skills. However, Hyusein and
Göksun (2023) measured mental imagery skills, which were related
to the generation, maintenance andmanipulation of mental images
rather than their vividness. This dissociation implies that mental
imagery skills and vividness of self-reported mental imagery might
be different concepts and should not be used interchangeably. Such
a discrepancy in imagery measurement was also highlighted by
Blazhenkova et al. (2023), who found that L1- L2 vividness disparity
depended on the way vividness was measured.

4.4. Implications and future directions

The current study contributed to the literature on gestures, creativ-
ity and bilingualism by providing new insights into how and why
bilingual people might use their hands to think creatively in their
native and second language. This is the first study to investigate
such effects and the findings expand gesture and creativity frame-
works. In particular, we suggest that gestures have a different
impact on creative processes when used in L1 versus L2. However,
the exact role of gestures should be further investigated. For
example, we can study the semantic meaning each gesture conveys
to find out whether people express further information that is not
expressed in speech with their hands. If their gestures only contain
information already provided in speech, this would be evidence of
creative fixation. Moreover, we can encourage or restrict people’s
gestures in L2 and test whether the effects of spontaneous gestures
differ.

Another contribution of the current study is the finding that
vividness of imagery or L2 proficiency alone might not be a reason
for the foreign language effect. The interaction of imagery with
hand gestures, in addition to L2 proficiency losing its impact on
creativity once we include gestures into the equation, shows that
language is indeed multimodal, and gestures are an essential part of
it. By studying the semantic information carried by gestures as a
next step, we can find out whether gestures complement creative
ideas and whether we should consider both speech and hand
gestures when evaluating those ideas.
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One drawback of this study could be how vividness of imagery
during creative thinking was measured. We used self-ratings after
each AUT and RAT trial, but this could imply a bidirectional rela-
tionship. In particular, people who felt and were more creative might
have rated their imagery asmore vivid, or people who could not come
up withmany ideas on theAUT or could not find the right answer on
the RAT might have rated their imagery as less vivid. A future study
can try to manipulate vividness by instructing a group of people to
imagine the stimuli very carefully, similar to Oshima and Morishima
(2023), or as vividly as they can, and then compare their performance
to another group that is not given such an instruction. Thesemeasures
can provide a more direct manipulation of imagery vividness.

5. Conclusion

The current study examined differences in creative thinking, men-
tal imagery vividness and representational hand gestures between
one’s native (L1) and second (L2) languages. Results showed higher
creativity and more vivid mental imagery in L1 compared to L2.
Contrary to the hypothesis, higher L2 proficiency, along with
increased use of representational gestures and higher imagery
vividness in L2, did not enhance L2 creativity. Notably, higher
representational gesture rates in L1 were linked to higher divergent
thinking, while higher gesture rates in L2 were linked to lower
divergent thinking. This means that gestures either help L1 but
hurt L2 divergent thinking or that better divergent thinkers gesture
more in their L1 and poorer divergent thinkers gesture more in their
L2. Further research is needed to clarify this distinction. Vividness of
mental imagery and L2 proficiency did not affect the interaction
between bilingual divergent thinking and representational hand
gestures. Vividness, however, did impact the association between
convergent thinking and gestures, irrespective of the language con-
text or individuals’ L2 proficiency level. Higher gesture rates during
convergent thinking were associated with lower convergent thinking
performance in both languages, especially when imagery was vivid,
which might imply a creative fixation effect.

This study underscores the complex interplay among bilingual-
ism, gestures and creative processes. Our findings suggest that
gestures have a varied impact on creative thinking in L1 versus
L2 and highlight the need for further research on the semantic
content of gestures and their role in creative processes.
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