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Abstract 

Evidence suggests that language processing in bilinguals is less left-lateralised than in 

monolinguals. We explored dual-task decrement (DTD) for mono-, bi-, and multilinguals in a 

verbal-motor dual-task paradigm. We expected monolinguals to show greater DTD than 

bilingual participants, who would show greater DTD than multilingual participants. Fifty 

right-handed participants (18 monolingual, 16 bilingual, 16 multilingual) completed verbal 

fluency and manual motor tasks in isolation and concurrently. Tasks were completed twice in 

isolation (left-handed, right-handed) and twice as dual-tasks (left-handed, right-handed); 

participants’ motor-executing hands served proxy for hemispheric activation. Results 

supported hypotheses. Completing dual-tasks incurred greater cost for manual motor tasks 

than for verbal fluency tasks. Negative cost of performing dual-tasks diminished as number 

of languages spoken increased; in fact, multilingual individuals demonstrated a dual-task 

advantage in both tasks when using the right hand, strongest in the verbal task. Dual-tasking 

had the greatest negative impact on verbal fluency of monolingual participants when the 

motor task was completed with the right hand; for bi- and multi-lingual participants, the 

greatest negative impact on verbal fluency was seen when the motor task was completed with 

the left hand. Results provide support for the bi-lateralisation of language function in bi- and 

multilingual individuals. 
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Introduction 

The experience of speaking more than one language has been shown to provide bilingual and 

multilingual individuals with enhanced linguistic capabilities (Bialystok, 2001; Bialystok, 

2017; Cenoz, 2013). These linguistic capabilities are subsequently associated with greater 

advantages in executive brain functions (Marian & Spivey, 2003). The present study 

examined the potential advantage which bi- and multilingual individuals may have over 

mono-lingual individuals in a dual-task paradigm assessing concurrent verbal fluency and 

manual motor response. Whilst previous research has demonstrated an advantage for 

bilingual individuals vs. monolinguals, less research has been conducted to explore any 

further advantage which may be found in multilingual individuals (those who fluently speak 

more than two languages). Furthermore, we required participants to carry out the manual 

motor component of the dual task twice, using each hand, as a proxy measure to explore 

possible neuroanatomical explanations (i.e., differential lateralisation) for such advantages. 

Bilingualism, cognitive abilities, and verbal fluency 

Executive functioning refers to the coordination of several complex cognitive 

processes and sub-processes (e.g., working memory, task-switching, inhibition, planning and 

execution), and takes place in the frontal cortex, predominantly (Alvarez & Emory, 2006; 

Elliott, 2003). Early evidence reported bilinguals to perform significantly better than 

monolinguals on various tests of cognitive ability and flexibility (e.g., Balkan, 1970; 

Cummins, 1978; Liedtke & Nelson, 1968; Peal & Lambert, 1962), however, more recently, 

cognitive advantages of bilingualism are extensively debated (see Antoniou, 2019). 

Advantages in these underlying cognitive abilities have been associated with an earlier age of 

language acquisition and greater language skill level (Birdsong, 2006); that is, the more 

proficient an individual is in the second language (L2), the better they should perform on 

cognitive tasks requiring executive functioning (Perani & Abutalebi, 2005; Stocco et al., 
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2014). 

A large body of research considers whether advantages stem from increased inhibitory 

control, improved selective attention, or a combination of both (see Bialystok et al., 2009; 

Bialystok, 2017 for detailed reviews). Despite the body of evidence suggesting that bilinguals 

benefit cognitively from knowledge of an additional language there are areas of processing, 

specifically linguistic processing, where it is suggested that they perform more poorly. 

Evidence from language production tasks, specifically tasks of verbal fluency, suggest that 

bilingual individuals consistently produce fewer words on a category-based verbal fluency 

task than monolingual counterparts (Bialystok et al., 2008a; Linck et al., 2009). Category-

based fluency tasks require participants to name as many exemplar words as they can for a 

single category; however, in letter-based verbal fluency tests, where participants must name 

as many exemplars as they can, beginning with a single letter (and omitting additional 

variants of the root word), studies have shown no difference between bi- and mono-lingual 

participants (e.g., Rosselli et al., 2000). Further studies have shown that bilinguals produce 

words later into the time-window given to complete the task (Luo et al., 2010; Sandoval et 

al., 2010). Indeed, studies where vocabulary size was controlled demonstrated a bilingual 

advantage in the letter-based verbal fluency task (Bialystok et al., 2008b; Luo et al., 2010), 

suggesting that letter fluency tasks are more reliant on executive functions than other tasks of 

verbal fluency. 

Dual-task paradigms and the speech motor network  

A dual-task paradigm requires two tasks to be carried out concurrently and can be 

used to examine the attentional demands that one task may have on another (Pashler, 2000); 

for example, the effects of completing concurrent motor tasks on verbal fluency (e.g., 

Pashler, 1990). Dual-task paradigms assume that central processing resources must be 

divided between two tasks being completed at the same time, due to a limited processing 
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capacity (Kahneman, 1973). Performance exhibited on cognitive tasks may depend on the 

demands imposed by the primary task; performance on the secondary task may be reflective 

of the individuals’ remaining processing capacity (Abernethy, 1988). The dual-task 

paradigm, specifically the verbal-manual interference task, has been shown to require 

hemispheric involvement as evidenced by reduced motor performance (Dromey & Shim, 

2008; Hellige & Kee, 1990; Kinsbourne & Hicks, 1983). The subsequent decline in dual-task 

performance in comparison to single task performance was referred to as the dual-task 

decrement, dual-task effect, or performance decrement (Della Salla et al., 1995; Hiscock, 

1982; McDowell et al., 1997; Hodgson et al., 2019). 

There is evidence to suggest that the neuroanatomical control of both fine motor 

movements and speech production are linked, and seated within the left hemisphere 

(Vingerhoets et al., 2013). This suggestion aligns with models of speech perception which 

assert that speech production is controlled by a dorsal stream critical for auditory-motor 

integration (e.g., Hickok & Poeppel, 2000). Dual-task paradigms have been used to examine 

the lateralisation of speech production (see Medland et al., 2002) and more recently used in 

conjunction with functional transcranial Doppler sonography (fTCD) to consider the concept 

of overlapping neural networks for speech production and motor movement, particularly hand 

movements (Hodgson et al., 2019). Hodgson et al. found that whilst both motor performance 

and speech were impaired in a dual-task paradigm, speech performance was more markedly 

affected. These authors argue that it is the common aspect of sequential processing relied 

upon by speech and fine motor movement which drives the activation of the left hemisphere 

during these activities (Flowers & Hudson, 2013). 

Bilingual individuals have consistently been found to have advantages in challenging 

cognitive tasks, such as a dual-task condition. Previous research has examined the benefits of 

language experience on performance in dual task paradigms (see Green & Vaid 1986 for an 
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early discussion). Bialystok (2011), for instance, found that bilingual children performed 

better than monolingual children when making perceptual judgements of visual or auditory 

stimuli. WhilstKornisch et al. (2016) explored the relationship between stuttering and 

bilingualism via a visual hemifield paradigm. They demonstrated a left visual field | right 

hemisphere advantage across bi- and mono-lingual participant groups for the processing of 

visual stimuli. However, both bilinguals who stutter and bilinguals who did not stutter 

showed better performance (faster reaction times, fewer errors) than monolinguals, 

suggesting that bilingualism might offset deficits in executive functioning. Kornisch et al. 

(2017) utilised a digital finger-tapping task, performed concurrently with two linguistic tasks, 

to explore hemispheric processing. Tapping ‘handedness’ was alternated across trials. 

Kornisch et al. (2017) found no differences between bilinguals who stutter and bilinguals 

who did not stutter in any measures. Bilinguals who stutter showed less dual-task decrement 

than monolinguals who stutter during simultaneous verbal counting + finger tapping (right 

hand). Based on their findings, Kornisch et al. argued that bilingualism could compensate for 

deficits in executive function found in people who stutter. Thus, bilinguals’ advantageous 

performance in dual-task paradigms may be reflective of cognitive reserve, where the 

additional processing associated with greater language proficiency leads to brain networks 

with greater processing capacity (Stern, 2005; Tucker & Stern, 2011). Kornisch et al.’s key 

findings are limited to verbal counting (automatisms), rather than a lexical-semantic task. 

Furthermore, their sample was limited to bilingual German (L1) and English (L2) 

participants. We revisit the performance of mono-, bi-, and multilingual participants in a 

dual-task paradigm (i.e., concurrent verbal + motor tasks), with an entirely neurotypical 

sample. 

Language lateralisation and multilingual processing 

Behavioural studies using dual-task paradigms consistently report left-lateralisation of 
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speech (e.g., Medland et al., 2002). One early model (Kinsbourne & Hicks, 1978), based on 

right-handed individuals, suggests that performance on simultaneous tasks varies inversely to 

the functional distance between the activation of different cerebral networks. Therefore, 

where language is left-lateralised, concurrent motor activity will cause greater interference 

with the right than left hand. More recent models, taking advantage of advances in 

neuroimaging, are still focused on anatomical proximity, and overlapping activation of brain 

areas implicated in speech and motor tasks. For example, Hickok and Poeppel (2000; see also 

2004; 2007; Hickok, 2012) propose a dorsal stream, crucial for speech development which 

supports integration between auditory and motor representations of speech, likely to be 

strongly left-lateralised. Taken in conjunction with evidence from Hodgson and colleagues 

(Hodgson & Hudson, 2018; Hodgson et al., 2019), this research demonstrates the 

predominant left-lateralisation of speech production. 

However, contrasting evidence suggests variability in lateralisation, particularly in 

relation to handedness. Demonstrations of left hemisphere language lateralisation in left-

handed individuals are not as clear or compelling, suggesting that left-handers tend to be less 

language-lateralised (or potentially right-lateralised) than their right-handed counterparts 

(Knecht et al., 2000). A review of neuroimaging studies demonstrated the importance of right 

hemisphere contributions in language processing (Bernal & Ardila, 2014). Using fMRI, the 

right hemisphere was shown to play a key role in semantic word generation (Chiarello et al., 

2006). Knecht et al. (2000) estimated right hemisphere language dominance in 27% of strong 

left-handers. Using functional transcranial Doppler sonography, they tested a sample of 

healthy individuals participating in a word-generation task and reported the likelihood of 

right hemisphere language dominance to increase with the degree of left-handedness. 

Studies of language laterality have consistently found differences in hemispheric 

activation when tasks are performed in another language (i.e., not a participant’s native 
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tongue). Using a dual-task paradigm involving finger-tapping and interpretation/paraphrasing 

Green et al. (1990) found bilinguals to be bilateralised in tasks of interpretation. DeLuca et al. 

(2019) conducted a review and found that neural organisation was shaped by the combined 

effects of both the duration and extent of (multiple) language use. In a meta-analysis Hull and 

Vaid (2006) found that adult cerebral language lateralisation reflects early learning of two 

languages with early bilinguals demonstrating bilateral hemispheric involvement in language 

tasks. Whilst Hull and Vaid (2007) suggested that the right hemisphere is differentially 

involved depending on language. These authors found that proficient bilinguals who learned 

their L2 in infancy (i.e., before the age of 5 years) showed greater bilateral representation of 

that second language than those who acquired L2 later. However, the convergence hypothesis 

(Green, 2003) predicts that as linguistic proficiency increases, the neuroanatomical substrates 

underpinning both L1 and L2 assimilate (n.b., this hypothesis does not explicitly attend to the 

issue of lateralisation, per se). Gurunandan et al. (2020) showed that for bilinguals 

performing production tasks, left lateralisation was evidenced for each language; however, in 

receptive tasks, participants’ L1 and L2 languages were found to lateralise to opposing 

hemispheres, and this effect increased with participants’ language proficiency. 

Bishop et al. (2021) used fTCD to test their hypothesis that lateralisation is equivalent 

for first and second languages in proficient bilinguals. They conducted two studies – Study 1 

involved French-English and German-English bilinguals, and the second involved Japanese-

English bilinguals. In the first study, participants (typically young adults, right-handed, and 

highly proficient in their non-native English language) completed a cued word generation 

task (similar to Knecht et al., 1998) and consisted of 23 trials. Participants were instructed to 

silently generate their responses. The overwhelming majority of participants (92%) showed 

left-lateralisation for L1 (8% right), and L2 (88% left, 12% right), and laterality indices were 

highly similar across languages (Bishop et al., 2021). There was no evidence for an age of 
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acquisition effect on laterality indices in L2 (Bishop et al., 2021). 

Study 2 – conducted independently by different lead researchers than Study 1 – 

involved typically slightly older participants with wider range of proficiency scores in the 

non-native English language tasks than the first study. The word generation task in Bishop et 

al.’s (2021) second study was based on that of Gutierrez-Sigut et al. (2015) and demanded 

either phonological or semantic generations. Participants had 17 seconds in which to generate 

their responses overtly (out loud), in contrast to the task in Study 1. Data from Study 2 

indicated greater bilateralisation than in Study 1. Phonological generation data suggested 

72% left- and 28% bi-laterality in L1 and 76% left- and 20% and bi-laterality in L2 (with 4% 

right-laterality). Semantic generation data showed a similar pattern – 72% left- and 28% bi-

laterality in L1 and 64% left- and 32% bi-laterality in L2 (with 4% right-laterality). 

Consistently, across both studies, Bishop et al. (2021) found no effect of age of acquisition on 

laterality indices, neither through tests of association nor through tests of difference between 

those with early and late L2 Age of acquisition. 

Pillai et al. (2003) found significant right hemisphere activation in phonological tasks 

in a non-native language. Calabrese et al. (2001) showed right hemispheric prefrontal 

activation during a word-fluency paradigm in a second language. The additional recruitment 

of right hemisphere regions for speech in bi- and multilingual individuals suggests that 

interference between speech and hand motor movement areas within the bilingual brain may 

be more diffuse than for monolingual individuals.  

The Current Study 

The current study examined dual-task interference, using isolated and concurrent 

verbal fluency and manual motor tasks, with monolingual, bilingual, and multilingual 

participants. By asking participants to complete a verbal and manual motor task concurrently 

we can consider two types of dual-task decrement simultaneously to consider whether a 
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trade-off naturally occurs where a primary task is not highlighted (e.g., Navon, 1990). We 

chose to divide individuals who were fluent in other languages into two groups: those who 

could speak a single additional language and those who can speak more than one additional 

language. In this way we aimed to test any additional benefits of increased language 

capability. For example, multilingual participants may have an increased (global) vocabulary 

which would in turn improve their performance on the verbal fluency task (Bialystok et al., 

2008b; Luo et al., 2010). As the dual-task paradigm involves components of inhibition and 

selective attention it was expected that multilingual participants would perform better on 

concurrent tasks than bilingual participants, who in turn would perform better than 

monolingual participants. In line with previous research highlighting the proximity of neural 

networks for speech production and fine motor control (Hodgson et al., 2019), it was 

expected that monolingual participants would be more clearly impaired in concurrent tasks 

when performing motor activity right-handed, as opposed to left-handed. However, the 

expected pattern of effects for individuals with more-extensive language ability is less clear. 

As evidence suggests that cerebral networks for language processing in bi- and multilingual 

participants may be more diffusely organised, including additional recruitment of areas 

within the right hemisphere, the pattern of interference demonstrated by these participants on 

the dual-task may differ. We predicted that reduced reliance on solely left hemisphere areas 

for speech and language in bi- and multilingual participants may lead to  reduced interference 

on concurrent tasks, regardless of the hand executing the task. 

Method 

Participants 

Fifty right-handed adults (32 females, Mage = 22.06 years, SD = 3.98 years; aged 18-

38 years old), educated to undergraduate level, and reporting no history of speech or language 

disorders, participated voluntarily. Eighteen participants were monolingual (9 males, 9 
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females; Mage = 22.17 years, SD = 3.99 years; 18-34 years), sixteen were bilingual (5 males, 

11 females; Mage = 22.44 years, SD = 4.97 years; 19-38 years), and sixteen were multilingual 

(4 males, 12 females; Mage = 21.56 years, SD = 2.92 years; 18-30 years). All participants were 

native English speakers. Additional languages for bilingual and multilingual participants can 

be seen in Table 1. 

Table 1. Participant language abilities by groups 

Group L1 (Native) L2 L3 L4 L5 

Monolingual English (n=18) -- -- -- -- 

Bilingual English (n=16) French (n=4) -- -- -- 

  Gujarati (n=4) -- -- -- 

  Hindi (n=3) -- -- -- 

  Pahari (n=2) -- -- -- 

  Bengali (n=1) -- -- -- 

  Tamil (n=1) -- -- -- 

  Urdu (n=1) -- -- -- 

Multilingual English (n=16) Urdu (n=5) Hindi (n=4) French (n=1) Spanish (n=1) 

  French (n=3) Urdu (n=4) German (n=1) Swedish (n=1) 

  Punjabi (n=3) Nepali (n=3) Greek (n=1) -- 

  Greek (n=2) French (n=2) Hindi (n=1) -- 

  Hindi (n=2) Pahari (n=2) -- -- 

  Twi (n=1) Spanish (n=1) -- -- 

 

Design and Materials 

The Controlled Oral Word Association Test (COWAT; Benton & Hamsher, 1976), a 

subtest of the Multilingual Aphasia Examination, was used to assess verbal fluency via a 

word generation task. This widely-used test of phonemic verbal fluency was used due to the 

increased challenge involved in the lexical search of phonetic words as opposed to 

semantically-based words. . All participants completed this task in English (L1) under three 
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conditions: in isolation, with concurrent right hand motor activity and with concurrent left 

hand motor activity. The COWAT has previously been demonstrated to have strong interrater 

reliability (e.g., Abwender et al., 2001; Troyer et al., 1997) and modest test-retest reliability 

(e.g., Ross et al., 2007). See Procedure section for details of the administration of this test. 

A Grooved Pegboard Test (Matthews & Kløve, 1964), similar to the Purdue Pegboard 

Test (Tiffin, 1968), was used to assess motor skill performance as a manipulative motor 

dexterity test requiring visual-motor coordination. It consisted of 25 round peg holes, in a 5 × 

5 array, on a square wooden board. The corresponding metal pegs were held by a groove in 

the upper part of the pegboard. The participant’s task was to place the pegs into the holes 

with their right or left hand depending on the condition under examination. The maximum 

score on this test was 25 per trial (participants completed the pegboard task once per hand in 

isolation, and once per hand under dual-task conditions). Participants were given a time limit 

of 60 seconds per trial to align with the test of verbal fluency. Participants completed this task 

under 4 conditions: in isolation with their right hand, in isolation with their left hand, 

concurrently with the verbal fluency task (right hand and left hand). The order of tasks within 

and across language groups was carefully counterbalanced – for details, please see our 

Procedure section. The Grooved Pegboard Test has been previously found to have good test-

retest reliability (e.g., Ruff & Parker, 1993). 

A revised short-form of the Edinburgh Handedness Inventory (EHI; Veale, 2014) was 

used to determine participants' right/left hand-dominance. The original full-form of the EHI 

(Oldfield, 1971) assessed 10 everyday activities; the short-form inventory consisted of only 4 

of those 10 activities (writing, throwing, toothbrush & spoon handling), which have 

previously shown a high reliability, factor determinacy and correlation with scores on the 

original inventory (Veale, 2014). As a self-report measure, participants were required to 

indicate their hand preference on a five-point scale ranging from 'Always Right' to 'Always 
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Left', a strong preference to either hand is scored as two points whilst a week preference is 

scored as one. The following formula is then used to calculate laterality quotient: LQ = [(R – 

L)/(R+L) x 100]. The calculation of a laterality quotient classified participants as being either 

left, mixed or right-handed; a score of 100 would indicate a full right-hand dominance. A 

strong right-hand dominance was required in order to take part in the study. The mean score 

for participants in the current study was 92.75 (SD = 9.81), confirming that all participants 

had a strong right-hand dominance. The short form of the EHI has been found to have very 

good reliability and factor score determinacy (e.g., Veale, 2014). 

Procedure 

Full ethical approval, in line with the standards of the British Psychological Society 

(2018), was obtained from the Psychology Department ethics committee of the University of 

Bedfordshire. All participants completed the revised short-form of the EHI (Veale, 2014). 

After displaying a laterality score indicating strong right-hand dominance, participants self-

listed languages they were fluent in, in order of dominance; the number of languages listed 

determined participant’s language ability classification of monolingual, bilingual or 

multilingual. Each participant took part in a total of three conditions. As an act of 

counterbalancing, half of each language ability group completed the manual motor task in 

isolation first, followed by verbal fluency in isolation, and then both simultaneously. The 

other half of each language group completed the verbal fluency task in isolation first, 

followed by the manual motor task and then both simultaneously. All participants were 

presented with verbal instructions (in English) and examples of the required tasks prior to 

completing each of the experimental conditions. The total number of correct responses were 

noted during tests of verbal fluency. 

Verbal fluency 
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As per the COWAT (Benton & Hamsher, 1976), participants were instructed to vocalise as 

many words as possible beginning with a given letter, as fast as possible, excluding proper 

nouns. Participants were given a time limit of 60 seconds. The total number of correct 

responses were noted during the test and later validated through voice recordings. The letter 

'C’ was given to participants during the isolated condition, followed by letters 'L' and 'F' 

during the simultaneous conditions. Any proper nouns and repeated root words with added 

pre-fixes and suffixes were not included in the total word count score. 

Manual motor task performance 

Each participant completed the motor task in isolation, initially with their dominant (right) 

hand, followed by their non-dominant (left) hand. They were presented with the pegboard 

and metal pegs and were shown how to place the pegs in the holes. Participants were 

instructed to place only one item at a time, as fast as possible, using only one hand. If an item 

were to be dropped, the participant was instructed to disregard it and continue. Participants 

then repeated this procedure whilst simultaneously performing the verbal fluency task. 

Data Analysis 

Following the work of Hodgson et al. (2019), we calculated a dual-task decrement 

(DTD) to determine the extent of interference across conditions. This was calculated for each 

outcome measure – verbal fluency (VF) and manual motor task (MMT) – as per Hodgson et 

al. (p.1105): 

 

DTD Quotient = [(dual-task score – single-task score) / single task score] × 100 

 

Negative DTD scores = poorer dual-task performance relative to single-task, positive DTD 

scores = better dual-task performance relative to single-task; the greater the distance of the 
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DTD from zero, the greater the discrepancy between dual- and single-task performances. 

The independent and interactive effects of number of languages spoken, task 

outcome, and executing hand, we used the ‘lme4’ package in R (Bates et al., 2015; R 

Development Core Team, 2016; http://www.r-project.org). Optimal random effect structures 

were identified using forward model selection (see Barr et al., 2013; Matuschek et al., 2017). 

Fixed effects were tested using likelihood-ratio tests comparing full and reduced models (e.g., 

Ingram & Hand, 2020). The ‘simr’ package (Green et al., 2022) was used to estimate the 

power of models. Our main model was adequately powered for detecting fixed effects in 

isolation and as part of two-way interactions (power ≥.90). Given the challenges associated 

with post-hoc power analyses, the three-way interaction was considered via sensitivity 

analysis, following the work of, for example, Perugini et al. (2018) and Lakens (2021). With 

an α=.05, a conservative estimate of power at .80, and a sample size of 50, a sensitivity 

analysis in G*Power 3.1.9.2 suggested that we could legitimately detect a three-way 

interaction effect down to a value of f = 0.995. The ‘MuMIn’ package (Bartoń, 2022) was 

used to calculate pseudo-R2 (R2
c) for mixed effects models (Nakagawa et al., 2017) as a proxy 

of effect size – this was then manually converted into Cohen’s f (Cohen, 1988). For 

interactions involving the number of languages spoken, the ‘interactions package’ (Long, 

2021) was used to perform follow-up Johnson-Neyman analyses (Taylor et al., 2022). The 

‘phia’ package (De Rosario-Martinez, 2015) was used to calculate follow-up comparisons for 

the task × executing hand interaction. 

Results 

Our models included random intercepts by-participants. Additional intercepts and / or 

slopes either failed to improve these models or resulted in convergence issues. Descriptive 

statistics based on DTD scores are presented in Table 2. Please note, that although our 

analyses included number of languages spoken as a continuous integer variable, for 

http://www.r-project.org/
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convenience, descriptive statistics are presented by-groups. Raw descriptive statistics and 

figures representing these can be seen in the Supplementary Material A. 

Table 2: Descriptive Statistics – Dual-Task Decrement 

     95% CI 

Task Group Hand Mean SE Lower Upper 

Verbal Fluency Monolingual Left 3.28 5.24 -7.28 13.83 

  Right -28.28 6.41 -41.17 -15.39 

 Bilingual Left -4.31 5.56 -15.50 6.88 

  Right 23.92 6.79 10.26 37.59 

 Multilingual Left -7.32 5.56 -18.51 3.87 

  Right 63.28 6.79 49.61 76.94 

Manual Motor Monolingual Left -1.29 1.38 -4.06 1.49 

  Right -21.22 1.31 -23.75 -18.47 

 Bilingual Left -3.06 1.46 -6.00 -0.11 

  Right -3.45 1.39 -6.25 -0.65 

 Multilingual Left -14.49 1.46 -17.44 -11.55 

  Right -3.00 1.39 -5.80 -0.20 

Note. CI = Confidence Interval. SE  = Standard Error. Monolingual n=18; Bilingual n=16; 

Multilingual n=16 

 

There was a significant three-way interaction between, task, executing hand, and 

number of languages spoken [χ2(1)=29.87, p<.001; R2
c=.662; Cohen’s f = 1.283]; see Figure 

1. 

Figure 1. Three-way interaction with 95% confidence intervals for slopes. 
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Follow-up analysis revealed that motor DTD was influenced by number of languages 

spoken when the motor component of the dual-task was executed with either the left hand 

(t=-2.30, p=.02; Cohen’s d=0.38) or the right hand (t=2.80, p=.01; Cohen’s d=0.10). Verbal 

DTD was not influenced by number of languages spoken when the motor task was executed 

with the left hand (t=-1.36, p=.17); however, verbal DTD was significantly affected by the 

number of languages spoken when the motor component was executed by the right hand 

(t=13.90, p<.01; Cohen’s d=5.43). 

The three-way interaction was considered in terms of the effect of executing hand (as 

a proxy of hemispheric activity). Considering verbal DTD, the effect of motor component 

executing hand was significant regardless of how many languages were spoken, but the 
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pattern of this effect differed. For monolinguals, verbal DTD was more-negatively impacted 

when the motor task was executed with the right hand (t=-4.49, p<.01; Cohen’s d=1.82). For 

bilinguals, verbal DTD was more-negatively impacted when the motor task was executed 

with the left hand (t=5.82, p<.01; Cohen’s d=1.18). For those speaking three or more 

languages, verbal DTD was more-negatively impacted when the motor task was executed 

with the left hand (t=12.67, p<.01; Cohen’s d=3.20). In contrast, the pattern of effects of 

motor DTD was somewhat different. The effect of task executing hand on motor DTD was 

significant for monolinguals – motor DTD was more-negatively impacted when the motor 

task was executed with the right hand (t=-3.68, p<.01; Cohen’s d=4.20). However, there was 

no significant effect of executing hand on motor DTD for bilingual participants (t=-1.16, 

p=.25) nor multilinguals (t=1.92, p=.06). 

A summary of significant two-way interactions and individual fixed effects involving 

task, executing hand, and number of languages can be found in Supplementary Material B. 

Discussion 

The present study explored dual-task performance of participants who were either 

monolingual, bilingual, or multilingual, for isolated and concurrent verbal fluency (VF) and 

manual motor tasks (MMT). Our results show that the negative cost of dual-task performance 

was greater for the manual motor task than for the verbal fluency task we can assume that all 

participants have naturally treated the verbal task as the primary, trading-off performance in 

the manual motor task as a result. We have also found that the detrimental effects of 

performing dual tasks lessened as the number of languages spoken increased. That is, those 

able to speak more languages demonstrated a performance advantage in the motor component 

of the dual-task with both hands, and in the verbal component when completed with the right 

hand.   
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For monolingual participants verbal fluency DTD was more negatively impacted 

when the motor task was carried out with the right hand, whilst for bilingual and multilingual 

groups demonstrated a greater negative impact when the task was carried out with the left 

hand. 

The overall effect of executing hand also differed between groups. Monolingual 

participants demonstrated greatest negative cost when carrying out the motor component with 

their right hand, whilst for bilingual and multilingual participants the negative cost associated 

with dual-tasking was least when the motor task was carried out with the right hand.  

The present results from participants who were monolingual further support previous 

suggestions that verbal performance is more markedly impaired than motor performance in 

dual-task paradigms (Hodgson et al., 2019). However, the negative cost of dual-tasking on 

verbal performance diminished as the number of languages spoken increased, and both 

participants who were bilingual and multilingual demonstrated an advantage in measures of 

verbal fluency when using their right hand. Theories of cognitive reserve (Tucker & Stern, 

2011) may provide an explanation for the different pattern in dual-task performance seen in 

these groups. That is, through practice of multiple languages, participants who speak multiple 

languages may have developed additional cognitive resources which reduce sensitivity to 

interference and allow for greater flexibility consequently leading to the observation of less 

detriment in dual tasks. This has been suggested in previous research which assessed 

concurrent verbal and manual motor activity (Kornisch et al., 2017). Our finding that the 

negative cost on verbal performance caused by dual-tasking diminished as the number of 

languages spoken increased, and, in fact, that multilingual participant demonstrated an 

advantage, may align further with this explanation; developing abilities in multiple languages 

may have led to the development of additional cognitive reserve. However, previously 

reported cognitive benefits of bilingualism (for a review see Bialystok et al., 2012) are now 
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strongly debated (see Antoniou, 2019) and recent research suggests such advantages are not 

as robust as previously claimed (von Bastian et al., 2016). 

Results also support older models of language lateralisation in showing a classic 

pattern of more pronounced dual-task decrement (Hiscock, 1982) for the monolingual 

participants. Kinsbourne and Hicks (1978) proposed the ‘functional distance hypothesis’ 

(FDH), also referred to as the cerebral space model, which suggests that the performance on 

simultaneous tasks varies inversely to the functional distance between the activation of 

different cerebral networks. Kinsbourne and Hicks predict greater interference when a dual 

task involves speech and the right-hand, rather than speech and the left-hand. We may then 

postulate that participants with less left-lateralised language, for example bilinguals (as 

demonstrated by Bishop et al., 2021, Study 2) would be less affected when performing 

concurrent motor activity with the right hand. 

The FDH may be useful for explaining the differential interference levels observed in 

dual-task paradigms, however the application of this theory to speech performance has not 

previously yielded strong supporting results (e.g., Dromey & Shim, 2008). Yet, the older 

model does align with more recent discussions of potential interference in overlapping neural 

networks of speech production and motor movement within the left hemisphere (Hodgson et 

al., 2019). In turn, this supports a model of speech perception where speech production is 

controlled by a stream integrating both auditory and motor function (Hickok & Poeppel, 

2000). Our pattern of results can then be explained thus: as completing the tasks with the 

right hand is most taxing on the left hemisphere, with respect to the manual motor task it 

stands to reason that greater DTD would be seen in participants more reliant on this 

hemisphere. Bishop et al.’s (2021) results suggest a greater incidence of bi-lateral or right 

lateralised activity in bilingual participants. In turn, we have laid out results that demonstrate 

that those who speak multiple languages may demonstrate less interference, and some 
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advantage, in right-handed concurrent tasks and more interference in left-handed concurrent 

tasks. It is possible that multilingual participants show less DTD with their right hand 

because they are recruiting additional neural resources for language, within the right 

hemisphere, aligning with early neuropsychological evidence that removing competition for 

processing mechanisms can have a beneficial effect on processing efficiency (Holtzman & 

Gazzaniga, 1985). As a result, they are then more impaired with the left hand as they engage 

brain areas which they have come to rely on for language. 

As the present study is unable to discriminate the locus of neural activity during the 

dual tasks this result could also be accounted for by an integrated approach which suggests 

motor control would be facilitated by the proximity of speech and language areas of the brain. 

(Murphy & Peters, 1994). Spatially-separated regions of Broca’s area have been found to be 

activated by both L1 and L2 (Kim et al., 1997), whilst a variation in activation of Broca’s and 

Wernicke’s areas have shown to increase with age of acquisition of L2 (Bloch et al., 2009). 

Multilingual participants who learned three languages successively rather than concurrently 

have displayed increased grey matter volume in language-associated cortical areas in both 

hemispheres (Kaiser et al., 2015). Consequently, in participants who learn L2, L3, and so on, 

later in life, the additional development of Broca’s area leads to greater proximity of these 

areas to right hand motor areas which may, in turn, have facilitated performance (Murphy & 

Peters, 1994). However, this explanation can only account for facilitation of performance on 

right hand motor tasks seen in participants who were bi- and multilingual, and not for the 

poorer performance of participants who were multilingual with the left hand. 

Whilst our results may suggest that the proximity of speech and motor brain regions 

underlies dual-task interference, there is also evidence for an advantage in verbal DTD based 

on number of languages spoken. As age of acquisition and skill level are indicators of 

advantages in cognitive abilities (Birdsong, 2006) and proficiency in L2 relates to 
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performance on cognitive tasks (Perani & Abutalebi, 2005; Stocco et al., 2014). Bilingual 

language experience has been proposed to have a direct contribution on the brain’s induced 

neuroplasticity, affecting the proportion of white matter structural changes, specifically 

within left-hemisphere brain regions (Khul et al., 2016), offering a comprehensive 

neurological explanation on the association of dual-task performance and bilingualism. 

Linguistic distance (or dissimilarity in semantics or phonology) has also been 

proposed as a possible contributing factor (e.g., Wichmann et al., 2010) and may relate to 

advantages in executive function (Gollan et al., 2011), although evidence has been presented 

against this (see Sörman et al., 2019). Languages belonging to the same family, or those that 

exhibit greater semantic or phonetic overlap, may result in greater demands in the cognitive 

control system as opposed to linguistically distanced languages which could result in a lower 

degree of interference (Gollan et al., 2011; see also McMahon & McMahon, 2005). Several 

bi- and multilingual participants in the current study have L2 and L3 that would be classified 

as linguistically distant from their English L1, with a strong representation of Indo-Aryan 

languages (characterised by acoustic complexity). Zatorre et al. (2002) showed evidence of 

cortical asymmetries when processing auditory temporal (left) versus spectral (right) 

resolution. Speech comprehension has been proposed to engage left anterior temporal 

pathways (Scott et al., 2000). Acoustically-complex L2 or L3 languages that are 

linguistically-distant from L1 may result in differential involvement of the right hemisphere. 

Further research offering greater statistical power on both sample size and more extensive 

investigation of linguistic distance variation level would be necessary to evaluate this 

proposal. 

The current study would potentially have benefited from quantifying the language 

abilities of the bi- and multilingual participants. Such task would undoubtedly require a great 

deal of effort, and ‘decolonization’ of assessment measures (Motha, 2020) to accommodate 

https://www.frontiersin.org/articles/10.3389/fpsyg.2019.00269/full#B47
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the diversity of global languages (also, clearer differentiation between dialects and 

languages). Moving forward, detailed assessment of language abilities and more-challenging 

tasks will help establish the extent to which participants who are multilingual have 

advantages in dual-task processing and executive functions. The COWAT may not represent 

the best test of verbal fluency for this research since the removal of proper nouns and 

repeated root words masks the total number of words generated, and could affect the motor 

DTD, an alternative test of verbal fluency should be considered. The study is limited in that 

verbal fluency is only tested in L1 and minimal data was collected on language history from 

bi- and multilingual participants. Further information such as age of acquisition, proficiency 

and type of language could be more systematically considered to provide a richer 

understanding of dual task interference in participants with differing language abilities. The 

current data set also does not allow us to consider the effects of task order on our results, 

order effects may have led to a reduction in the negative cost associated with dual-tasking in 

some conditions. Future research could also use fTCD to assess speech lateralisation 

following Hodgson et al. (2019). 

In summary, participants with differing language abilities (monolingual, bilingual, or 

multilingual) demonstrated different patterns of dual-task interference when concurrently 

completing tasks of verbal fluency and manual motor control. These results provide support 

for the bi-lateralisation of language function in individuals able to speak more than one 

language. The separation of participants into groups of additional language ability, and the 

observation that those with greater language ability were less impaired on dual-tasks will 

further add to the literature in this area. 
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