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ABSTRACT 

Most models of word production converge on the assumption that selecting a specific word to 
name is a competitive process. Monolingual speakers experience lexical competi tion in their 
spokcn language (i.e., withi n-language compcti tion), but bilingual speakers who constantly 
juggle two sets of lexical items face within- and between-language competition. lt has been 
argued that one of the reasons bilingual speakers perform poorly in linguistic tasks compared to 
monolinguals is the interference from the non-target language. However, this constanl juggling of 
two languages has also been proposed to lead to better executive control abilities in bilinguals. 
The aim of this research was to determine the relationship between increased lexical competition 
as induced by semant ic context manipu lation in thc blocked-cyclic picture naming paradigm, and 
executive control processes in bilingual and monolingual speakers. We implemented the blocked· 
cyclic picture naming paradigm to induce increased lexical competition and employed indepen· 
dent executive control tasks to lmderstand its role in reducing increased lexical competition. We 
also computed delta plots - size of interference effects as a function of naming latencies - to 
invcstigatc thc type of inhibition involvcd in thc blocked-cyclic picture naming paradigm. In this 
paradigm, objects to be named were presented in close succession, either from the same semantic 
categories (homogeneous: elephant, lion, deer, tiger, and cat) or different ones (heterogeneous: 
pear, shoes, lips, saw, and deer). Naming latencies are longer in the homogeneous context due to 
the heightened activation of compelitors, and the difference in latencies between the homoge
neous and heterogeneous contexts is referred to as semantic contexl effect. The participants were 
25 young, healthy Bengali-English bilinguals and 25 healthy, age-, gender- and education· 
matched English monolinguals. All participants performed a blocked-cyclic naming task in En· 
glish as well as three independent executive control tasks, tapping into their inhibitory control 
(Stroop task), mental·set shifting (colour·shape switch task), and working memory (backward 
digit span task). The key grQup differences were as follows: bilinguals showed lcss semantic 
context effect and more semantic facil itation on the first presentation cycle, applied more se
lectivc inhibition in both blockcd-cyclic picture naming and Stroop tasks as mcasured by delta 
plots, showed better inhibitory control (Stroop task) and shifting abi lities, but showed compa
rable working memory span. The correlation findings for both groups were as follows: slope of the 
stowest delta segment corre lated with the magnitude of the semantic context effect in the 
blocked-cyclic naming task, no correlation between the slope and interference effect in the Stroop 
task, no correlation between slope of the two tasks, and no correlations between the semantic 
context effect with any of the measures derived from the independent executive control tasks. 
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1. Introduction 

This is the first study to estaiblish that bilinguals are less affected by semantic context manipu
lation and show a reduced in terference effect for the longest naming latencies, compared to 
monolinguals. lt also illustrates that even in a challenging linguistic task that heightens lexical 
competition, bilinguals performed better than monolinguals. This challenges the notion that bi
linguals are d isadvantaged compared to monolinguals in li nguistic tasks, and we conclude that 
this study provides evidence for the advantage of bilingualism in linguistic tasks where executive 
control demands are higher. 

Psycholinguistic models of word production incorporate, among other things, the following representation levels: a preverbal, a 
conceptual, and a lexical level (e.g., Caramazza, 1997; Dell, Schwartz, Martin, Saffran, & Gagnon, 1997; Levelt, Roelofs, & Meyer, 
1999). Irrespective of the differences between the models in terms of levels and mechanisms of retrieval, all models converge on the 
assumption that, during lexical-semantic encoding, several conceptually related lexical entries are activated and a process is under
taken to select the most activated entry. For example, if the target is dog, items such as cat, fish and horse will also compete for selection. 
This situation is typical of monolingual speakers, who face lexical competition in their spoken language (i.e., within-language 
competition). In contrast, speakers of two languages - bilinguals - mu.st resolve the lexical competition from their target language 
while also preventing interference from the non-target language, since research has shown that: both languages are always active 
(Dijkstra, Grainger, & Van Heuven, 1999; Kroll, Bobb, & Wodniecka, 2006; Thierry & Wu, 2007). Bilinguals are constantly juggling 
both within- and between-language competition (Lee & Williams, 2001; Starreveld, De Groot, Rossmark, & Van Hell, 2014). Thus, 
increased lexical competition is a default condition for bilinguals, and some researchers have argued that this leads to an executive 
control advantage (Bialystok, 2009; Struys, Wournans, Nour, Kepinska, & Van den Noort, 2019; for a review see Van den Noort et al., 
2019; see Kousaie & Phillips, 2012; Nichols, Wild, Stojanoski, Battista, & Owen, 2020; Paap & Greenberg, 2013; Paap et al., 2014 for 
contrasting evidence). 
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Fig. 1. ßlocked-cycl ic naming design with five items per category. Horizontal row signifies the homogeneous set and the vertical column signifies 
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Research has suggested that executive control mechanisms - especially inhibitory control - help to resolve this lexical competition 
(Crowther & Martin, 2014; Shao, Roelofs, Martin, & Meyer, 2015). The current literature is unclear regarding the effect of increased 
lexical competition on bilingual and monolingual speakers, as weil as its relationship to executive control processes. This is an 
interesting puzzle worth solving, as these two populations have been shown to differ in their use of executive control and are 
differentially affected by lexical competition (Bilaystok, 2009; Lee & Williams, 2001; Prior & MacWhinney, 2010; Paap & Sawi, 2014; 
Patra, Bose, & Marinis, 2020a). Picture naming experiments using manipulations of the semantic context have been proven to be a 
powerfl!l tool for investigating lexical competition (Abdel Rahman & Melinger, 2007; Belke, 2008; Belke, Brysbaert, Meyer, & Ghy
selinck, 2005 a; Damian & Als, 2005; Kroll & Stewart, 1994). Therefore, keeping these two threads of findings in mind - that is, 
differences in lexical competition and differences in executive control abilities between monolinguals and bilinguals - the central goal 
of the present research was to investigate the interaction of lexical competition and executive control in these two populations. We 
implemented the blocked-cyclic picture naming paradigm to determine the relationship between increased lexical competition as 
induced by semantic context manipulation, and executive control processes in bilingual and monolingual speakers. To our knowledge, 
this is the first study to implement this paradigm in order to comparatively investigate the interaction of lexical competition and 
executive control in healthy bilingual and monolingual speakers. 

Picture naming experiments using manipulations of the semantic naming context typically show that repeated access to the same 
semantic catego1y induces substantial semantic interference. This interference is thought to arise during the selection of a target entty 
from among coactivated semantically related lexical entt·ies. This is as:sumed to be more difficult when many semantically related 
lexical entries are named in close succession than when unrelated lexical entries are named (Belke, Meyer, & Damian, 2005 b; Belke & 

Stielow, 2013; Damian, Vigliocco, & Levelt, 2001). 
The blocked-cyclic picture naming paradigm is a sin1ple but robust way of manipulating the semantic context: by changing the 

semantic activation and increasing lexical competition. lt has been successfully implemented in healthy as weil as neurologically 
impaired populations (e.g., Boersma & Weenink, 2015; Damian et al., 2001; Schnur, Schwartz, Brecher, & Hodgson, 2006). In the 
blocked context manipulation, participants name lists of objects from the same semantic category (homogeneous context, e.g., duck, 
fish, horse, mouse, cat) or from different semantic categories (heterogeneous context, e.g., duck, palm, sock, grapes, saw, see Fig. 1). 
Usually, a small set of objects is presented in a sequence of stimulus cydes, with each cycle featuring all members of the set once in 
varying orders (homogeneous sets, e.g., cycle 1: duck, fish, horse, mouse, car; eycle 2: mouse, duck, fish, cat, horse; cycle 3: cat, mouse, 
duck, horse, fish; cycle 4: horse, cat, mouse, fish, duck; eycle 5: fish, horse, cat, duck, mouse; heterogeneous sets, e.g., cycle 1: duck, beard, 
vest, pear, lock; cycle 2: beard, vest, lock, duck, pear; cycle 3: vest, lock, pear, beard, duck; cycle 4: lock, pear, duck, vest, beard; cycle 5: pear, 
duck, beard, lock, vest). 

In healthy speakers, naming latencies are consistently longer and accuracy is lower in homogeneous compared to heterogeneous 
contexts (Boersma & Weenink, 2015; Belke & Stielow, 2013; Damian et al., 2001). This effect is called semantic context effect or 
semantic blocking effect and has been linked to the heightened activation of competitors in the homogeneous context (Boersma & 

Weenink, 2015; Schnur et al., 2006). The semantic context effect typically develops from the second presentation cycle onwards and 
does not increase thereafter (Boersma & Weenink, 2015; See Belke & Stielow, 2013 for a review). The magnitude of the semantic 
context effect has been found to be long-lasting - that is, the semantic context effect survives the manipulation of time between tt"ials 
(Schnur et al., 2006) as weil as the addition of filler trials (Damian & Als, 2005). Belke and Stielow (2013) conducted a power analysis 
to examine the cumulative semantic interference in a group of healthy adults, using a blocked-cyclic naming design with 17 sets of data 
collected from previous cyclic naming experiments. They found an absence of cumulative semantic interference when the first cycle 
was excluded from the analysis. According to the authors, after the first cycle, participants could bias the level of activation to make the 
task easier and thus memorise the task set - especially in the heterogeneous context. 

Interestingly, several studies have also shown either semantic facilitation (better performance in the homogeneous context 
compared to the heterogeneous context) or no semantic context effect in cycle one depending on the order of presentation (Abdel 
Rahman & Melinger, 2007; see Belke, 2017 for a review). Abdel Rahman and Melinger (2007) tested German monolingual speakers 
and found semantic facilitation rather than interference in the first p1·esentation cycle. Naming was slower in the heterogeneous 
condition compared to the homogeneous condition in the first presentation cycle; however, semantic context effect was present for the 
rest of the cycles. In a review article, Belke (2017) investigated the semantic facilitation effect in the first cycle by reviewing 18 
blocked-cyclic nan1ing experiments. She concluded that a minor cltange in the experimental design could lead to the presence or 
absence of the semantic facilitation effect in the first presentation cycle. In seven out of the 10 blocked-cyclic nan1ing experiments, in 
which the context lists were presented in a blocked manner (homogenous-homogeneous-homogeneous-homogeneous-heter
ogeneous-heterogeneous-heterogeneous-heterogeneous), there was an effect of semantic facilitation. However, when the context lists 
were presented in an alternating order (homogenous-heterogeneous-homogenous-heterogeneous-homogenous-heterogeneous-h
omogenous-heterogeneous), the semantic focilitation effect disappeared. The reason behind the presence of the sen1antic facilitation 
effect in the first condition is assumed to be stt·ategically driven. Participants can prepare themselves in the blocked design due to the 
nature of the design, and therefore use their executive contt·ol to facilitate the processing of semantic items in the homogeneous 
context. At present, there are no studies comparing bilingual and monolingual speakers on the strategic use of their executive control 
mech:misms in a blocked-cyclic naming paradign1 where context lists ai·e presented in a blocked manner. 

Studies involving the blocked-cyclic naming task have employed within-task manipulation of executive control as weil as inde
pendent measures of executive control to shed light into the relationship between the magnitude of the semantic context effects and 
executive contt·ol. In such a within-task manipulation of executive contt·ol, Belke (2008) tested 20 undergraduate German monolingual 
speakers to investigate the relationship between semantic context effects (i.e., RT difference between homogeneous and heterogeneous 
contexts) and working memo1y load. In the no-load condition, participants were tested only on the blocked-cyclic picture naming task 
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and in the load condition, blocked-cyclic picture naming task was combined with a digit retention task. The author found that the 
semantic context effect was !arger in the working memory load condition compared to the no-load condition. Results were interpreted 
tobe in line with the biased-selection account oflexical access, which predicts lexical-semantic encoding during picture naming can be 
biased by not only in a bottom-up fashion but also by modulating the capacity of the executive control mechanisms. 

Crowther and Martin (2014) attempted to establish the relationship 'between semantic context and executive control measures by 
employing independent executive control tasks tapping inhibitory cont rol (verbal Stroop measuring response-distractor inhibition; 
recent negatives measming proactive interference) and working memo1y (word span) in 41 younger and 42 older monolingual English 
speakers. In addition to reaffirming established effects of semantic context - semantic facilitation in the first presentation cycle and no 
cumulative semantic interference after cycle two - they found significant relationships between context effects and executive control 
measures. Specifically, individuals with better working memory showed reduction in cumulative increase of nan1ing latency across 
trials in both the homogeneous and heterogeneous contexts. Larger effects in the Stroop task were related to greater interference 
(longer naming latency) across cycles in the hornogeneous context. However, !arger interference effects in the recent negative task 
were associated with faster naming latency in the heterogeneous context. The authors attributed the differences in correlation (i.e., 
sernantic interference in the homogeneous context and Stroop effect, and sernantic facilitation in the heterogenous context and recent 
negative task) to the separate mechanism activated in the homogeneous context (semantic inte1ference) and heterogenous context 
(semantic facilitation) during a blocked-cyclic nanling task. 

The above two studies investigated the role of executive control in semantic context effects by either rnanipulating the executive 
control load within-task (Belke, 2008) or by ernploying independent rneasures of executive control (Crowther & Martin, 2014). In a 
more recent study, Shao et al. (2015) examined the relationship between semantic context effects and executive control in a group of 
25 healthy young Dutch monolingual speakers by investigating the type of inhibition (i.e., selective inhibition, described below) that is 
involved in attenuating the semantic context effects in the blocked-cyclic naming task. In addition, the authors also tested participants 
on an independent measure of inhibitory conn·ol (i.e., sn·oop task). Selective inhibition is a type of inhibition that helps to lower the 
activation of the competitors when selecting a target response. Selective inhibition takes time to build up and has been shown to be 
more pronounced on slower than on faster responses (Ridderinkhof, 2002; Roelofs, Piai, & Garrido Rodriguez, 2011; Shao, Meyer, & 
Roelofs, 2013). To characterize the dynamics of selective inhibition, delta plots were performed on both the blocked-cyclic naming task 
and the sn·oop task. Delta plots were constructed in the following way: a) rank-ordered RTs for each condition (homogeneous and 
heterogenous for blocked-cyclic narning; incongrnent and congruent for the Stroop) were divided into quintiles (20% bins), b) size of 
the interference or delta (differences in RT between the two conditions) was calculated for each quintile. Delta slope for each suc
cessive quintile x and y were calculated according to the following formula (De Jong, Llang, & Lauber, 1994; Ridderinkhof, 2002): 

1 
e (x ) = delta(quintile y) - delta (quintile x ) 

s op ,y average (quintile y) - average (quimile x ) 

According to the selective inhibition literature (De Jong et al., 1994; Ridderinkhof, 2002), individuals with greater selective in
hibition abilities show reduced interference effect and such relationship is more pronounced at the slowest segment of the delta slope 
(e.g., quintile 4 to 5). Therefore, the slopes of the slowest delta segment have been shown to provide an indication of one's inhibition 
ability. Shao et al. (2015) predicted a positive correlation between the slope of the slowest delta segment of each task and the 
magnitude of the interference (semantic context effect in the blocked-cyclic naming and Stroop difference in the Stroop task). The 
authors found a significant correlation between the slope of the slowest delta segment and the magnitude of the semantic context 
effects, that is, individuals with a steeper delta slope (i.e., poorer selective inhibition) showed !arger semantic context effects. The 
authors neither found any significant correlation between the slope of the stowest delta segn1ent and the rnagnitude of the Stroop 
effect, nor did they find any relationship between the slope of slowest delta segment across tasks. They concluded that the Stroop task 
did not represent the selective inhibition it was widely believed to. This study was the first study to employ the delta plot technique in a 
blocked-cyclic picture naming task involving healthy monolingual adults and provided evidence that greater selective inhibition leads 
to reduced semantic context effects. 

From the existing literature, it appears that there is a relationship between semantic context effects and executive control processes 
- at least in monolingual speakers (e.g. , Belke, 2008; Crowther & Martin, 2014; Shao et al., 2015). To date, no published research has 
compare<l semantic context effects in monolingual vs. bilingual speakers or explore<l their relationship with executive control pro
cesses. Specifically, no study has compared how bilingual and monolingual speakers differ in their ability to employ selective inhi
bition to reduce semantic context effects in a blocked-cyclic naming task. Determining this relationship is topical, as there is a raging 
debate in the literature about the superiority of executive conn·ol abilities in bilingual speakers, especially inhibito1y control and its 
effects on other cognitive tasks (e.g., Bilaystok, 2009, Patra et al., 2020a; Prior & MacWhinney, 2010; however, see Paap & Greenberg, 
2013; Paap & Sawi, 2014, Paap et al., 2014). The present study tackles these unresolved issues in the literature. 

1.1. The current study, research questions and predictions 

The aim of this study was to esta blish and compare semantic context effects in bilingual and monolingual speakers, and to 
determine if these effects are modulated by their executive conn·ol processes. Using a blocked-cyclic naming task, we compared the 
performance of 25 young, healthy Bengali-English bilinguals and 25 age-, gender- and education-matched healthy English mono
linguals. Bengali (also known as Bangla) is an Indo-European language spoken in South Asia by people from Bangladesh, Eastem States 
of India, and Bengali diasporic communities across the world. Although Bengali is currently ranked as the seventh most spoken 
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language in the world, with more than 265 million people speaking Bengali as their first or second language and using it in their day-to
day communication, psycholinguistic research on Bengali remains limited. As such, this study also adds to research on bilingual 
speakers of non-European languages, which is much needed in the cunent literature. 

To examine the relationship between the executive control ( especially inhibitory control) and semantic context effects, we consider 
both within-task and independent measures of executive control. To identify the within-task involvement of executive control, we 
conducted delta plots (as discussed in the previous section) for both the blocked-cyclic naming task and Stroop task, which would 
establish the role of selective inhibition in these two tasks and how two grnups differ based on these measures. In addition, participants 
were also tested with independent measures of executive control. We utilised Miyake et al. ·s. (2000) framework for conceptualising the 
three domains of executive control. We tested inhibito1y control (measured by Stroop task, Scott & Wilshire, 2010), mental set-shifting 
(measmed by the colour-shape switch task, Prior & MacWhinney, 2010), and working memory (measured by backward digital span, 
Wechsler, 1997). The specific research questions and predictions read as follows: 

1. Is the semantic context effect (i.e. , RT difference between homogenous and heterogeneous context) smaller in bilinguals compared 
to monolinguals? Does the semantic context effect change between the groups as a function of number of cycles (i.e., context effects 
on first cycle; context effects including all cycles vs. excluding cycle 1)? 

Increased lexical competition is a default condition for bilingual speakers, as they must constantly j uggle between two sets oflexical 
items to prevent the interference from the non-target language during word production (Lee & Williams, 2001; Starreveld et al., 2014). 
In a blocked-cyclic naming task, semantic activation is increased by the repeated presentation of a small set of semantically related 
items. Therefore, we predict that bilinguals will be better at suppressing the interference generated by increased semantic activation, 
since their lexical system is attuned to lexically competitive situations. Executive control abilities have been shown to be linked to 
performance in semantic blocking. Therefore, if om bilingual speakers show better executive control abilities on the independent 
executive control measures and better selective inhibition based on the delta plot analysis compared to monolinguals, then we would 
expect bilinguals to perfonn better in the blocked-cyclic naming task compared to monolinguals. 

Based on the literature, we also predict that both bilingual and monolingual participants in our study will show non-cumulative 
semantic interference from cycle two onwards - that is, no growth in semantic interference over cycles. Based on the review article 
from Belke (2017), we expect our monolingual speakers not to show any semantic facilitation in the first presentation cycle, as the 
present study uses an alternating blocked-cyclic naming design (homogeneous-heterogeneous-homogeneous-heterogeneous and so 
on). However, if executive conn·ol helps to facilitate the processing of the semantic items in the first presentation cycle in the ho
mogeneous context, bilingual speakers may show semantic facilitation even in the alternating design (given bilingual speakers' better 
performance on the independent measures of executive control). 

2. Is there a relationship between the magnitude of semantic context effects and executive control processes in bilingual and 
monolingual speakers? 

For the inhibitory control, we derived our predictions based on the Shao et al.' (2015) study. We expect individuals with better 
selective inhibition (as measured by slope of the slowest delta segment) to demonstrate smaller semantic context effects. lf the types of 
inhibition are different between the blocked-cyclic naming and the Stroop task, we do not predict to find a relationship between them. 
For working memory, we interpolate our hypothesis from Belke"s (2008) study. We expect individuals with better working memory to 
show reduced semantic context effects. However, we would like to point to a fundamental difference between the present study and 
Belke's study. In Belke's study, working memory load was manipulated while participants perfonned the blocked-cyclic naming task, 
whereas in our study participants perfonned the working memory task separately. For the mental-set shifting variable, we do not have 
any a priori prediction as this is the first study to examine such a relationship. This is the first study to establish a relationship between 
executive control abilities and magnitude of semantic context effects from the blocked-cyclic naming design for bilingual speakers. 
Although our sample size is in line with the literature that have investigated the relationship between semantic blocking effects and 
executive functions (Belke, 2008; Crowther & Martin, 2014; Shao et al., 2015), we acknowledge that correlational analysis based on a 
san1ple size of 25 could be considered underpowered and interpretation needs tobe approached with caution (see Blysbaert, 2019 for a 
review). 

2. Me thods 

2.1. Participants 

Twenty-five Bengali-English bilingual healthy adults (M = 32.84, SD = 4.78) and 25 English monolingual healthy adults (M = 30.4, 
SD = 8.2) participated in this study. Participants reported themselves to be right-handed with normal or corrected vision, no histo1y of 
hearing impairment, and 110 history of neurological illness. To measure their non-verbal IQ, they were administered the Raven's 
standard progressive matrices plus version {SPM Plus, Raven, 2008). To measure their English verbal abilities, they were administered 
two standardised language tests: The Oxford Placement Test (OPT, Oxford University Press and Cambridge ESOL, 2001), a language 
proficiency test, and the British Picture Vocabulary Scale III (BPVS-III; Dunn & Dunn, 2009), a receptive vocabula1y test. The groups 
were similar in age (Bilingual: M = 32.84, SD = 4.78; Monolingual: M = 30.4, SD = 8.2; t{48) = 1.3, p = .21), gender distribution 
{Bilinguals: 11females,14 males; Monolinguals: 12 females, 13 males;,i2(1) = 0.08,p = .78), years of education {Bilingual: M = 18.1, 
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SD = 1.6; Monolingual: M = 17.1, SD = 1.2; U = 311.5,p = .98), and non-verbal IQ (Bilingual: M = 43.5, SD = 3.8; Monolingual: M = 
43, SD = 5.4; U = 275.5, p = .47). They were also similar in English language proficiency (OPT, Bilingual: M = 53.1, SD = 3.4; 
Monolingual: M = 54.1, SD = 3.4; U = 251.5, p = .23) and receptive vocabulary (BPVS-Ill, Bilingual: M = 157.8, SD = 4.8; Mono
lingual: M = 159.8, SD = 4.6; U = 269.5, p = .40). The BPVS-III is normed with monolinguals. To address whether the two groups 
scored within monolingual nonns, we calculated the standard scores for both groups. These showed that both groups scored within 
monolingual nonns (Bilingual: M = 106, SD = 7; Monolingual: M = 109, SD = 8). Taken together with the results from the OPT that 
show no difference between the groups in their English language proficiency, the results from the language tasks demonstrate that the 
bilingual group was performing at an advanced level and within monolingual nonns. These participants took part in a !arger study on 
language production, and further demographic details have been reported in Patra et al., 2020a. 

Bilingual pmticipants were recruited from the local Bengali community ( e.g., Bengali Cultural Society of Reading). Bilinguals were 
immigrants who have lived in the UK, ranging from 1 to 15 years of age (M = 7.48, SD = 3.58). They spoke Bengali and English 
fluently, with minimal or no knowledge of any other language. Monolingual participants were recruited from the university student 
population (received course credit for participation) or the local community. Monolingual participants used only English in their day
to-day communication. Participants provided written consent and their participation was voluntary. The University of Reading 
Research Ethics Committee approved the experimental procedures (Ethical approval code: 2014/ 060/ AB). 

2.2. Measures of bilingualism 

Bilingual paiticipants were characterised according to the following vai·iables: language acquisition history (Muiioz, Marquardt, & 

Copeland, 1999), language of instmction during education (Muiioz et al., 1999), language proficiency (Muiioz et al., 1999), language 
usage (Muiioz et al., 1999), language dominance (Dunn & Tree, 2009), and language switching habits (Rodriguez-Fomells, Krämer, 
Lorenzo-Seva, Festman, & Münte, 2012). lnterested readers can access the questionnaires used in this study in the Supplementary 
material section (Appendix Sl) of Patra et al., 2020a. Individuallevel data on bilingualism variables can be accessed in the data re
posito1y (Patra, Bose, & Mai"inis, 2019; https://doi.org/10.17864/1947.207). Bilingual participants did not show any significant 
difference between Bengali and English on the language of instmction dm"ing education (c(24) = - 0.6, p = .53), subjective language 
proficiency ratings (speaking: c(24) = - 0.1, p = .91; comprehension: c(24) = 0.7, p = .50; reading: c(24) = - 0.3,p = .80; wiiting: c(24) 
= -1.6, p = .13) and language dominance (c(24) = - 0.9, p = .37). This indicated balanced bilingualism in these domains. As the 
bilingual paiticipai1ts were immigrants from a Bengali-speaking state (West Bengal) in India, exposme to Bengali during childhood was 
greater than exposure to English. This was confirmed by their language acquisition history, which showed greater input of Bengali than 
English (c(24) = 14.9, p < .001). On the other hand, living in the UK for several years resulted in the current language usage being 
predominantly English (c(24) = - 14.2, p < .001) and more prone to switching from Bengali to English in day-to-day communication (t 
(24) = - 2.3, p = .03). For detailed scores on the bilingualism variables, please see Table 3 in Patra et al., 2020a. 

In summary, bilingual participants were sequential (acquired Bengali first and leamt English when they started schooling) but were 
using English more in their daily life at the time of testing. Having said this, bilingual participants were balanced in tenns of language 
of instruction during education, self-rated language proficiency, and dominance. 

2.3. Executive control measures 

All participants completed three executive control tasks - inhibitory control (Stroop task, Scott & Wilshire, 2010), mental-set 
shifting (colour-shape switch task, Prior & MacWhinney, 2010), and working memo1y (backward digit span, Weschler, 1997). We 
provide brief details about these tasks below (see Patra et nl., 2020a for further detail). 

Stroop task. The computerised Stroop task used in this study was adapted from Scott and Wilshire (2010). Participants were 
assessed under two conditions, neutral and incongruent. In the neutral condition, participants named a series of 50 colour rectangles, 
andin the incongruent condition, a series of colour words were presented with a different font colour (e.g., RED word in green font 
colour). Participants were asked to name the font colour (e.g., green) of the colour word (e.g., RED). All verbal responses were digitally 
recorded and RT was measured for the two trial types (Stroop incongruent and Stroop neutral). Dependent variables were Stroop 
difference and percentage Stroop ratio. Stroop ratio was measured to account for ilie overall slowness in response speed (Faroqi-Shah, 
Sampson, Pranger, & Baughman, 2018; Patra et al., 2020a). Larger Stroop difference and percentage Stroop ratio meant tl1at par
ticipants had poorer inhibitory control. 

Stroop Difference = RT1NCONCRUENT TRIAL - RTNEUTRAL TRIAL 

Percentaae Stroo ratio = [RT1NCONCRUENf TRIAL - RTNEUTRAL TRIAL] „ 100 
b p RT M"{),YClttlVff nw + RT Nflf1'1W m.v 

2 

In addition to tl1e above two variables, we also measured the slope of tl1e slowest delta segment by conducting delta plot analysis as 
explained in the Introduction. Especially, for each participant, we sorted the naming RTs for each condition in ascending order and for 
each condition rank-ordered RTs were divided into five RT quintiles of equal size. Magnitude of the interference (or delta) was 
computed for each quintile by subtracting tl1e quintile ave.rage in tl1e neutral condition from tl1e corresponding q uintile average in tl1e 
incongruent condition. Slope of tl1e slowest delta segment (quintile 4 to 5) was calculated witl1 the following formula: 
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slope (stowest delta segment) 
delta(quintile 5) - delta (quintile 4) 

average (quintile 5) - average (quintile 4) 

Colour-shape switch task. Mental-set shifting was measured by using a colour-shape switch task adapted from Prior and Mac
Whinney (2010). Based on a cue (colour cue or shape cue), participants had to judge the colour (red or green) or shape of the target 
(circle or triangle). There were two types of trials: switch and non-switch. In the switch trials, participants had to switch between 
judging the colour and shape of the target, whereas in the non-switch trials, participants either named the colour or the shape of the 
target. There were in total 72 switch trials and 72 non-switch h·ials. RT was meastu-ed for the two ttial types. Dependent variables were 
switch cost for RT and percentage switch cost ratio. Greater switch cost and percentage switch cost ratio indicate poorer mental-set 
shifting abilities. 

Switch CostRr = RT sw1rCJ1 TRJAL - RTNoN- swrrcH TRIAL 

. . [RTswrrcH TRJA t - RT NON-swn·cH 1'RTAL] * 
Percenrnge sw1tch cost ratio = R1'nynru t«tAI + Klß- oorcu 

7
&

41 
l OO 

2 

Backward digit span task. Working memory was assessed using the subtest from the Wechsler Memory Scale (WMS 3, Wechsler, 
1997). Participants were verbally presented with a sequence of digits (two to nine) in ascending order and were asked to repeat the 
sequence in reverse order. Dependent variable was the total number of lists reported correctly. 

As can be seen in Table 1, there were significant differences between the two groups in inhibitory control (percentage Stroop ratio), 
and mental-set shifting (percentage switch cost ratio), but no difference in working memo1y (backward digit span). Bilinguals showed 
better inhibitory control and mental-set shifting abilities compared to monolinguals. In the Stroop task and the colour-shape switch 
task, bilinguals performed in lower ranges (e.g., Stroop ratio, Bilinguals: Min 5, Max 39; Monolinguals: Min 13, Max47.4) compared to 
the monolinguals (see Table 1). Lower range in the ratio score indicates better executive control ability. On the delta plot analysis of 
Stroop task, there was a significant difference between the two groups. Bilinguals showed facilitation (better performance in the 
incongruent condition compared to tlie control condition) ratlier than interference for tlie slow responses as observed by tlie slope of 
the stowest delta segment (see Table 1 and upper panel of Fig. 3). 

2.4. Blocked-cyclic picrure naming task 

2.4.1. Materials 
The materials consisted of 25 black-and-white line-drawings, includling five pictures from five different semantic categories (an

imals, body parts, clothing, fmits and vegetables, and tools). The inlages were selected from various sources, including the Phila
delphia Naming Test database (PNT; Roach, Schwartz, Martin, Grewal, & Brecher, 1996), the International Picture-Naming Project 
database (IPNP; Szekely et al., 2004), the Bank ofStandardised Stimuli database (BOSS; Brodeur, Dionne-Dostie, Montreuil, & Lepage, 
2010), the picture database given by Snodgrass and Vanderwart (1980), and intemet resources. The average log word-fom1 frequency 

Table 1 
Means (M), Minimum (Min), Maximum (Max) and Standard Oeviations (SO) va lues, and stat istica l results of executive control measures. 

Measures Bilingual Mono lingual 

M Min Max SD M Min 

Stroop task" 
Percentage Stroop rnl io (%)" 23 5 39 8 31 13 
St roop di f'ference (RT)' 170 49 318 64 195 104 
Stroop incongnicnt (RT) 836 560 1141 164 743 563 
Stroop neutral (RT) 666 411 934 146 548 424 
Slope of lhe slowest delta segmem - 0.03 - t.6 1.6 0.65 0.37 -.41 
Colour-shape switch taskd 
Percentage switch cost ratio (%)' 20 4 44 11 27 6 
Switch cost (RTJ' 242 48 655 154 252 49 
Switch trial (RT) 1331 736 1921 281 1036 716 
Non-switch trial (RT) 1089 646 1723 242 783 565 
Digit span test8 
Backward digit span 6.1 4 7 5.6 4 

• Stroop task adapted from Scoll & Wilshire, 2010. 

b Percentage Stroop ratio (%): smaller Percentage Stroop ratio indicates beller inhibitory control. 
c Stroop difference = lncongment trial mean RT - Neutra! trial mean RT. 
d Adapted from Prior & MacWhinney, 2010. 

Max 

47 
358 
1141 
934 
0.97 

53 
499 
1473 
1078 

7 

• t>ercentage switch cost ratio(%): smaller t>ercentage switch cost ratio indicates better shifting ability. 
r Switch cost (RT) = Switch trial mean RT - Non-switch trial mean RT. 
g Digit span test (W<'chslc-r, 1997). 
11 M~nn-Whitney U test. 
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SD Statistical results 

10 !(48) = -2.9, p = .005 
63 1(48) = -1.4,p = .17 
145 !(48) = 2.1,p = .04 
136 1(48) = 2.9,p = .oos 
0.37 !(48) = -2.7,p = .01 

12 !(48) = -2.1, p = .04 
130 cf = 289.5, p = .65 
127 ri' = 111, p < .001 
203 1(48) = 5.6, p < .001 

0.9 cf = 226, p = .08 



in the CELEX database was 1.38/ million (SD = 0.50) and the average age of acquisition was 4.60 years (SD = 1.18; Kuperman, 
Stadthagen-Gonzalez, & Brysbaert, 2012). All picture names we.re monosyllabic except for two (banana had three syllables and onion 
had two syllables). The objects from the semantic categories were combined to create five homogeneous sets and five heterogeneous 
sets (see Fig. 1). 

The heterogeneous sets contained one item from each semantic category and were semantically unrelated. The picture names in a 
set were also unrelated in terms of phonological structure - that is, each word in a set had different initial phonemes and there were no 
Bengali-English cognates. 

2.4.2. Design 

Context (homogeneous and heterogeneous) and presentation cycles (five levels) varied across subjects. From the five homogeneous 
sets and five heterogeneous set, ten lists of trials were created, each including five presentation cycles (25 trials). Each presentation 
cycle had five successive trials where each item was shown once. The last item of a cycle was never the same as the first of the next 
cycle, to avoid any repetition. The task was divided into two blocks with each test block consisting of 125 trials, including either two 
homogeneous and three heterogeneous sets or three homogeneous and two heterogeneous sets. Homogeneous and heterogeneous sets 
were presented in an alternating order (Homogeneous-Heterogeneous-Homogeneous-Heterogeneous-Homogeneous or Heterogenous
Homogeneous-Heterogenous-Homogeneous-Heterogenous) - that is, no two consecutive sets were from the san1e context. 

2.4.3. Procedures 

Picture naming responses were elicited in English. Participants were familiarised with the pictures and their names at the beginning 
of the test to avoid any errors due to unfanüliar items and/ or use of different names for the same item (Crowther & Martin, 2014; Shao 
et al., 2015). Following the fanüliarisation, participants were shown the picture stimuli one at a time on a computer screen using the 
E-Prime software. Each trial started with a fixation cross for 250 ms, then a blank screen for 100 ms, followed by the target stimuli 
which was accompanied by a short beep sound of 150 ms. The target stimuli remained on the screen for 2000 ms. Following the target 
stimuli, a blank screen appeared for 500 ms, before then beginning a new trial. Participants were asked to respond verbally using a bare 
noun (e.g. banana) and no feedback was given. Responses were voice r ecorded using a digital voice recorder and were transcribed 
later. 

2.4.4. Scoring 

RT for coITect naming responses were calculated after excluding enors such as naming the inconect target word (e.g., key for lock), 
hesitation (e.g., umm yes that is a lock), and no response. The onset of each response was labelled manually to obtain greater accuracy 
and the RTwas measured from the onset of the beep to the onset of the naming response using the PRAAT (Boersma & Weenink, 2015). 
The dependent variables were RT in the homogeneous and heterogeneous context (to determine the semantic context effect) across the 
five cycles and slope of slowest delta segment as measured by delta piot analysis. Delta plots were conducted following the same 
procedure as in the Stroop task. 

3. Statistical analysis 

Data from 2.36% of the experimental trials (295 trials out of 12500 total trials) were excluded due to incorrect response (28 trials, 
bilinguals: 19 trials, monolinguals: 9 trials) or to the presence of outliers (± 2.5*SD for each condition for each participant, 267 trials, 
bilinguals: 164, monolinguals: 103). RTs were calculated for each participant, for each cycle, andin each context. For each group, the 
semantic context effect was calculated twice, separately: one included all the presentation cycles while the other excluded cycle 1. The 
context effect was the difference in mean RT between the homogeneous context and the heterogeneous context. 

RTs for the correct responses were submitted to an analysis of variance (AN OVA), where the Context (homogeneous, heteroge
neous) and presentation Cycles (five) were within-participants factors, and Group (bilingual, monolingual) was the between
participants factor. Another similar ANOVA was performed, excluding cycle 1, to investigate the cumulative semantic interference. 
Further, to determine if there was any facilitation in cycle 1, an ANOVA was conducted where Context was the within-participants 
factor and Group the between-participants factor. To compare the slope of stowest delta segn1ent between groups, an independent 
sample r-test was conducted. Tukey's post hoc tests were applied for significant interaction effects at p~ 0.05. To examine the rela
tionship between the executive control measures and semantic context effects, we conducted two kinds of coITelation. First, correlation 
was conducted based on the delta plot analysis. Within-task Pearson's coITelations were performed for blocked-cyclic naming (be
tween slope of the slowest delta segment and semantic context effects) and Stroop task (slope of slowest delta segment and Stroop 
interfere.nce: Stroop ratio and Stroop difference). Between-task Pearson's correlations were performed between slope of the slowest 
delta segment obtained from blocked-cyclic naming task with the slope of the slowest delta segn1ent obtained from the Stroop task. 

Second, we examined the relationship between the independent executive control variables and the semantic context effect (all 

cycles and excluding cycle 1). Pearson's correlations (between percentage Stroop ratio and semantic context effect) and Spearman's 
correlations (between the other two executive control variables and semantic context effect) were performed. All cotTelations were 
performed separately for each group. Given our moderate sample size for each group, we interpretation our results with caution (see 
B1ysbaert, 2019 for a review). Given the nascency of this literature and previous studies that have employed correlational measures 
with blocked cyclic naming and executive measures have been in the range of 20-41 participants (Belke, 2008; Crowther & Martin, 
2014; Shao et al., 2015), we report our findings. Moreover, bilingual participants in this study belongs to unreported language and are 
weil characterized, which we believe adds to the strength of this research. 
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4. Resul ts 

The mean and standard deviation values for the blocked-cyclic naming variables for Groups (Bilinguals; Monolingual) and Context 
(Homogeneous; Heterogeneous) across the five cycles, averaged across participants, are presented in Table 2 (standard deviation 
reflects between-subject variation). Table 2 also contains the results of the statistical tests with all cycles included and cycle 1 excluded 
as weil as the results from the slope of stowest delta segment. Findings from the delta plot correlation analyses are presented in Table 3. 
Findings for Group differences are presented first, followed by the findings on the correlation analysis. Fig. 2 shows the RT in each 
context across the five presentation cycles (upper panel) and differences in RT between the two contexts (collapsing across all cycles, 
left lower panel; collapsing across cycle 2-5, right lower panel) for both groups. Fig. 3 shows the delta plot across the two groups for 
Stroop task (upper panel of Fig. 3) and blocked-cyclic naming task (lower panel of Fig. 3). Fig. 4 represents the significant correlation 
findings. Individual participants' item level RT for the naming task and the Stroop task, along with demographic variables and means 
from other executive measures are available in the University of Reading data reposito1y (https:/ / doi.org/ 10.17864/ 1947 .251; Patra, 
Bose, & Marinis, 2020b). 

4.1. Group differences in blocked-cyclic naming performcmce 

4.1.1. Semantic context effect (cycles 1- 5) 

The ANOVA revealed no Group differences in RT - that is, bilinguals (M = 629.8, SD = 86.5) overall took a similar length of time to 
name pictures when compared to monolinguals (M = 595.9, SD = 86.5, p = .17). There was a main effect of Context - that is, items 
were named slower in the homogeneous context (M = 626.2, SD = 87.7) compared to the heterogeneous context (M = 599.5, SD = 

87.4). Two-way interactions were observed for Group X Context and Context X Cycle (see following section for explanation of this 
interaction). Pair-wise comparisons for the Group x Context interaction revealed a significant effect of Context for both groups (p = 
.001 for bilinguals; p < .001 for monolinguals). However, monolingu als showed a significantly greater semantic context effect 
compared to bilinguals (Monolinguals: mean difference between contexts = 38.1 msec; Bilinguals: mean difference between contexts 
= 15.3 msec; t(48) = 3.67, p = .001; see left lower panel of Fig. 2) . 

4.1.2. Semantic context effect (cycles 2-5) 
To investigate the cumulative semantic interference observed in the previous analysis (significant Context-by-Cycle), we excluded 

cycle 1 from the analysis. As expected, Gontext x Gycle interaction was no longer observed. However, the Group x Gontext interaction 
was still present. Pair-wise comparisons on the Group x Context interaction revealed a significant effect of Context for both groups, 

Table 2 
Means (M), StandMd Oeviations (SO), and the Statistical Resu lts of the Oependent Variables (Context, Cycles) for RT (msec) for all cycles, cycle 1 
excluclecl, ancl cycle 1 only. 

2 
3 
4 

5 

Cycles 

All cycles 
Cycle 1 excluded 

Statistical analysis 

Croup 

Context 

Cycle 

Group X Contex1 

Group X Cycle 

Conrext X Cycle 

Group X Con1ex1 X Cycle 

Slope of lhe slowest delta segment 
(4'h to 5th Quintile) 

Bilingual (N = 25) 

Homogeneous Heterogeneous 

M SD M SD 

673 77 699 67 
630 87 604 70 
628 85 604 86 

629 90 598 90 
626 98 606 99 
637 87 622 87 

616 85 603 86 

All cycles 

F(l,48)= 1.9, p= .17, 'lp 2= .04 

F(l,48)= 71.6, p<.001, ,,, 2= 

.60 

F(4,192)=83,p<.001, „, 2= .63 

F(l,48)= 13.1, p =.001, „, 2 = 

.21 

F(4,192)= .23, p:.92, 'lp 2= .005 

F(4,192)=21.6, p<.001 , „, 2= 

.3 1 

F( 1,192);;,69, p;;,60, "· 2„ .01 

Bilingual (N = 25) 

M SD 

-0.12 0.58 

Mean difference Homogeneous 
(Hom-Het) 

M SD 

-26 656 129 
26 613 97 
24 600 74 

31 602 85 
20 603 89 
15 615 87 
13 581 85 

Cycle 1 excluded 

F(l, 48)=2, p=.16, q, 2= .04 

F(l,48)= 120.1, p<.001, 'I, 2= .71 

1'(3,]44)=.5, p = .65, 1/p 2 = .01 

F(l ,4S:)=l0.l, p =.003, „, 2= .17 

9 

F(3, 144)= .54, p:.65, .,. 2= .01 

F(3,144)= .33, p= .80, •/p 2= .007 

f(3,111)• .57, p- .64, "· 2- .01 

Monolingual (N= 25) 

M SD 

0.15 0.31 

Monolingual (N= 25) 

Heterogeneous Mean difference 

M 

651 
563 
559 
557 
554 
577 

558 

SD 
(Hom-Het) 

122 5 
89 50 
91 41 

91 45 

89 49 
87 38 
86 23 

Cycle 1 only 

F(l,48)= 1.3, p= .27, q, 2= .03 

F(l,48)= 4, p = .05, q, 2= .08 

F(l,48)= 9.5, p = .003, 'I, 2= .17 

Statistical analysis 

t(48) = -2.8, p = .04, d = .6 



Table 3 
Correlation coefficients within task (Blocked cyclic naming: slope of the slowest delta segment and semantic blocking effecl; Stroop task: slope of the 
slowest delta segment and the Stroop effect) and between task (slope of the slowest delta segment for the blocked-cyclic naming and slope of slowest 
delta segment for the Stroop) 

Within-task correlation 

Bilingual (N = 25) 

Semantic context effect 

Stroop ratio 

Stroop di fference 

Monolingual (N = 25) 

Semantic context effect 

Stroop ratio 

Stroop difference 

ßetween-task correlation 

Stroop task 

Slope of the slowest delta seg:mem 

Slope of the slowest delta segrnent 

rs • Pearson's correlation coefficient; * p$.05 

rs 
p 
rs 
p 
rs 
p 

rs 
p 
rs 
p 
rs 
p 

rs 
p 

Blocked-eyclic naming 

Slope of the slowest delta segment 

0.47 
0.02• 

0.43 
0.03* 

Blocked cyclic naming task 

Slope of slowes1 delta segment 

Bilingual (N = 25) 

-0.13 
0.52 

Monolingual (N = 25) 

0.08 
0.67 

Stroop 

Slope of IJ1e slowest deha segrnent 

0.34 
0.10 
0.27 
0.20 

0.23 
0.26 
0.30 
0.14 

with monolinguals (Mean difference = 46.3 msec) showing a significantly greater semantic context effect compared to bilinguals 
(Mean difference = 25.5 msec; t( 48) = 3.28, p = .002; see right lower panel of Fig. 2). 

4.1.3. Semantic facilitation (cycle 1) 
In terms of facilitation in cycle 1, there was no main effect of Group (Bilingual: M = 685. 9, SD = 101.4; Monolingual M = 653.7, SD 

= 101.4) - that is, both groups overall took a similar length of time on cycle 1 (see Table 2). However, there was a significant effect of 
Context and Group x Context interaction. Semantic facilitation was observed in cycle 1, nanling was faster in the homogeneous context 
(M = 664.8, SD = 106) compru;ed to the heterogeneous context (M = 674.8, SD = 100), Paired-wise comparisons revealed that bi· 
linguals showed significant facilitation in the homogeneous context over the heterogeneous context (Mean difference = - 25.4 msec, p 
= .001), whilst monolinguals did not show any facilitation (Mean diffeirence = 5.4 msec, p = .45; see first cycle in the upper panel of 
Fig. 2). 

4. 1. 4. Slope of ehe slowest delta segment 
Fig. 3 represents the delta plots showing the differences in RT between conditions (i.e, delta) as a function of quintile. As can be seen 

from the lower panel of Fig. 3, the groups performed differently in the slowest delta segment (quintile 4 to 5). Statistical results showed 
a significant difference between the groups on the slope of slowest delta segment where bilinguals showed semantic facilitation (M = 
- 0.12, SD = 0.58), whilst monolinguals showed semantic interference (M = 0.15, SD = 0.31). 

4.2. Blocked-cyclic naming perfonnance and executive control measures 

Table 3 represents the correlation coefficients based on the delta plot analysis. For within-task correlation, we found significant 
correlation between semantic context effect and slope ofthe slowest delta segment for both groups (see Fig. 4). Individuals with poorer 
selective inhibition (steeper slope) showed !arger semantic context effects. However, such within-task correlations were not significant 
for the Stroop task suggestive of different kind of inhibition at play in the Stroop task. For between-task correlations, we did not 
observe any significant coITelations between the slope of slowest delta segment of the blocked-cyclic nanling task and the slope of 
slowest delta segment of the Stroop task, in both groups. 

For the correlation between the semantic context effects (i.e., context effects all cycles, context effect excluding cycle 1) and 
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Fig. 2. Upper pancl: Mean RT by contcxt (homogcncous and hctcrogcneous) for cach group (bilingual and monolingual) for cach presentation 
cycle. Lower panel: Mcan RT by context (homogencous and heterogeneous) for each group (bilingual and monolingual) averaged across all the 
presentation cycles (left panel) and cycle 2-5 (right panel). The error bar represents standard error of the means. 

independent executive control variables (Stroop ratio, switch cost ratio, digit span backward), we did not obse1ve any significant 
correlations for either group. As explained in Section 3, group size was moderate to interpret the null results. In addition, previous 
research has shown that reliability of difference scores is low (Hedge, Powell, & Summer 2018), which could lead to non-significant 
findings when correlating difference scores (e.g., Stroop difference and semantic context effect). Therefore, we do not discuss the null 
findings related to between-task correlations further and provide the results in the Appendix for future researchers interested in data 
mining or meta-analyses. 

5. Discussion 

The aim of this research was to determine the relationship between increased lexical competition as induced by semantic context 
manipulation through a blocked-cyclic picture naming paradigm, and executive control processes for bilingual and monolingual 
speakers. We achieved this by comparing semantic context effects between a group of balanced sequential Bengali-English adult bi
linguals and age-, gender-, education-, non-verbal IQ- and vocabulruy-matched monolinguals. The key findings from this research 
demonstrate that compared to monolinguals, bilinguals showed smaller semantic context effects (i.e., less affected by lexically 
competitive condition, homogeneous context), more semantic facilitation on the first presentation cycles, and better inhibitory control 
and shifting abilities, but cornparable working merno1y span. We also found individuals with better se!ective inhibition (as indexecl by 
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Lower panel: Deltaplots showing the condition (homogenous and heterogeneous) differences (deltas) as a function of quintile (1-5) in the blocked
cydic naming task. 
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blocked-cyclic nanling task for each group; rs represents Pearson"s correlation coefficient; *p :5 .05. 
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slope of slowest delta segment) showed smaller semantic context effects but such relationship was not observed in the Stroop task. The 
summary of findings is presented in Table 4. In the following paragraphs, we discuss these findings in the context of the current 
literature, but we also delve into possible extensions of this line of wolfk, in the aim of resolving outstanding issues in this exciting 
literature. 

The strong and significant semantic context effects (i.e., longer RTs in homogeneous context than in heterogeneous context) and the 
stable non-cumulative nature of this semantic interference after cycle 2 (i.e., Jack of growth in semantic interference) corroborate 
research by other groups (Abdel Rahman & Melinger, 2007; Boersma & Weenink, 2015; Damian & Als, 2005; Navarrete, Dei Prato, 
Peressotti, & Mahon, 2014; Shao et al., 2015). This illustrates that irrespective of the type of participants, the homogeneous context 
was more lexically demanding than the heterogeneous context. In a computational model ofword production (WEAVER++), Roelofs 
(2018) demonstrated that the results from the computational model could account for the non-cumulative nature of semantic inter
ference in the blocked-cyclic naming task by increasing the magnitude of the executive control or by implementing a sn·ategic bias in 
the model. The stable and non-cumulative nature of semantic interference observed in the present study provides further support to the 
assertion that in the blocked-cyclic naming paradigm, executive control mechanisms bias the lexical selection (Belke & Stielow, 2013; 
Roelofs, 2018). 

A novel aim of this research was to detern1ine semantic context effects in vocabulary-matched bilinguals and monolinguals. We 
found that bilinguals demonsn·ated smaller semantic context effects compared to monolinguals - that is, they were less affected by 
increased lexical competition as induced by blocked-cyclic naming. To the best of our knowledge, this is the first study to report this 
novel finding between well-matched healthy bilinguals and monolinguals. As proposed in the intt·oduction, the bilinguals' lexical 
system is highly competitive by default, as they must constantly juggle within- and between-language competitions. Therefore, in the 
homogeneous context of the blocked-cyclic naming, they were more attuned to coping with increased lexical competition, thus 
resulting in less semantic interference. However, prior to asserting the conclusion of a bilingual advantage, it is prudent to focus our 
attention to some of the findings in this research that may lead to an alternative interpretation, namely that there is a bilingual 
disadvantage. Bilinguals were overall slower in the executive control measures (Stroop neutral trials, Stroop incongruent trials, switch 
trials, non-switch trials, all ps < .05) and blocked-cyclic naming {though it did not reach significance, p = .17) despite being matched 
with the monolingual group on background measures. Therefore, we do consider the alternative possibility that bilinguals were less 
able to profit from the easier heterogeneous condition due to having interference from the non-target language. However, bilinguals 
performed better in the executive control meastU"es when contt·olled for overall speed as observed by ratio scores (Stt·oop ratio and 
switch cost ratio). Similarly, observations fom1 the delta plot measures from both the Stroop and the blocked-cyclic nan1ing task 
indicate better selective inhibition abilities (which is most prominent for slower responses) for bilinguals. This is the first study to 
compare bilinguals and monolinguals on delta plot measures on the Stroop and the blocked-cyclic naming task and provide evidence of 
bilingual advantage over monolinguals. Further support for bettei· performance of bilinguals in the blocked-cyclic naming task is 
revealed from the observation that bilinguals showed significant semantic facilitation on the first presentation cycle. For these reasons, 
we believe that there is stronger evidence for a bilingualism advantage than for a disadvantage. 

Despite meeting the predictions that bilinguals will be less affected by semantic context effects, the question remains: why were 

Table 4 
Summary of the results from the present study 

Variables What it mcasurcs Findings and Significance 

Blocked-cyclic nruning task 

Semantic context effect Semantic 
interference 

Semantic facilit"tion on cycle 1 Semantic 
facili1 arion 

Slope of the slowcst delta Selective 
segment 

Executive control measu.res 

Stroop ratio 
Slope of 1J1e slowesl deha 

segmenr in Stroop 
Swilch cosl rntio 

Backward digit span 

inhibition 

lnterference 
Selecl ive 
lnhibilion 
Mental sei
shifting 
Working memory 

Bilinguals showed lesser semantic context effect and greater semantic facilitation (cyclel ). In addition, the 
delta plol 001alysis revealed greaterselective inhibition for the slower responses for bllinguals cornpared 10 

lnonolinguals. The findings ind ica1e greater recn1it111en1 of executive control in the bloc.ked-cyc.lic muning 
rask for bilinguals. 

Bilinguals showed significantly better inhibitory control and memal.set shifting abilities compared to 
monolinguals. Oella plo1 analysis revealed grealer inhi bi1ory abili1ies for 1he slower responses for 
bilinguals compared 10 monolinguals. These findings are consis1ent wich rhe findings fro1111he blocked
cydic naming 1ask 

Relationship between selective inhibition and interference for within and between tasks 

Slopc of thc stowest delta segmcnt and magnitudc of 
the semantic con1ex1 effecr 

Slope of rhe slowest delta segmenr and magnitude of 
the Stroop effect 

Slope of tlie slowest delta segn1ent from the blocked. 
cyclic nanüng task ooid the Stroop task 

Sinlilar to Shao et al. (2015), for both groups wc found that individuals with greatcr selective inhibition as 
deno1ed by shallower delta slopes showed lesser semantic context effecr in blocked-cyclic naming. 
Parricipants' selective inhibirion ability was unrelared to rlie Stroop effect, and between-rask correlation 
was non-significam (suggestive of t11e type of inhibition is differem in t11e blocked-cyclic naming task 
versus Stroop task). 
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they less affected? lt has been suggested that executive control plays an important role in reducing the semantic interference in a 
blocked-cyclic naming task (Belke, 2008; Crowther & Martin, 2014; Shao et al., 2015). Specifically, inhibitory control and working 
memory have been proposed to be the primaiy attributing factors involved in reducing semantic interference. In the monolingual 
literature, individuals with better inhibito1y control demonstrated smaller semantic context effects (Crowther & Martin, 2014; Shao 
et al., 2015), and semantic context effects increased when participants performed the blocked-cyclic naming task with a concurrent 
working memory load (Belke, 2008). Recall that the bilingual participants in this study demonstrated significantly better inhibitory 
control (see Table 1). Better inhibito1y control could then be a potential reason for bilinguals being less affected in the homogenous 
condition. The possibility that executive control might have played a role in the semantic context effects is further corroborated by the 
findings of semantic facilitation on the first cycle in bilinguals and delta plot analysis. 

Semantic facilitation on the first presentation cycle has been attributed to strategic facilitation or better executive control abilities 
(Belke, 2017; Roelofs, 2018). As discussed in the Introduction, Belke (2017) reviewed studies with monolingual participants on two 
types of blocked-cyclic naming tasks, namely altemating (i.e., hom, het; homo, het; homo, het) and blocked (i.e., hom, hom, hom; het, 
het, het) design. Monolingual participants did not show semantic facilitation on the altemating design, which aligns with the findings 
from our monolingual group. However, Belke found tlrnt when homogeneous and heterogeneous sets were presented in blocks, 
monolingual participants developed awareness of the semantic categ01y and used a strategy to perform better in the homogeneous 
context compared to the heterogeneous context on the first presentation cycle. Bilingual participants of the present study behaved 
similarly to the monolinguals on the blocked design - that is, even on the altemating design, bilinguals could bias the selection of items 
in the homogeneous context on the first presentation cycle. Therefore, the semantic facilitation in the first presentation cycle of the 
blocked-cyclic naming task as weil as better perfom1ance in the executive control measures provide converging evidence of a bilingual 
advantage in executive control. 

The results of the correlational analyses between the magnitude of tlte semantic context effects and the slope of the slowest delta 
segment showed a significant correlation for both groups but such results were not observed for the Stroop task. Further, we did not 
observe any significant correlations between the slope ofthe stowest delta segment ofthe blocked-cyclic naming task and the slope of 
the slowest delta segment of the Stroop. Our results corroborate with the findings from Shao et al.'s study involving monolingual 
pai·ticipants. Shao et al. attributed the lack of a correlation between Stroop effects and semantic context effects to the differences in the 
nature of inhibition between these two tasks. According to Shao et al., the type of inhibition (selective inhibition) which helps to reduce 
semantic context effects in the blocked-cyclic naming task may not be triggered by the Stroop task (which require inhibiting the visual 
distractor). This study is the first study to show the relationship between selective inhibition and semantic context effects in a bilingual 
population in a blocked-cyclic naming task. 

6. Conclusions, limitation and future directions 

This is the first study to establish that bilinguals are less affected by sernantic context manipulation compared to monolinguals. This 
is an important finding because it illustrates that even in a challenging linguistic task that heightens lexical competition, bilinguals 
perform better than monolinguals. This challenges the notion in the Jiteratw·e that bilinguals are disadvantaged to monolinguals in 
linguistic tasks. We propose that when participant groups are matched for relevant demographic variables (e.g., vocabulaiy, age, non
verbal IQ), bilinguals perform on a par with monolinguals. In addition, bilinguals were able to use a better strategy in tlle lexically 
competitive condition (e.g., first cycle of homogeneous condition), which enabled tllem to derive facilitation during naming. We 
conclude that tllis study provided evidence for a bilingual advantage in a linguistic task where executive control demands were higher. 
Future research should explore tlle relationship between semantic intel"ference and executive control across different types of pop
ulations (e.g., bilinguals with different levels of proficiency, bilinguals witll neurogenic disorder), spanning a wide range of executive 
control measures and using different blocked-cyclic naming paradigms (altemating vs. blocked), to test if our findings will hold true in 
a wide range of populations and subject to different manipulations. 
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Appendix 

Correlation Coefficients amongst the Executive Control Measures and the Blocked Cyclic Naming Variables 

Executive control measures Semancic blocking variables 

Context effect Ccntext effect Slope Slope 
(all cycles) (excluding cyclel) (all cycles) (excluding cyclel) 

Bilingual (N = 25) 
Scroop ratio rs' -.08 -.08 •. os .05 

p .69 .69 .79 .80 
Swilch COSI (RT) rs2 .. 02 .. 08 . . 30 .. 01 

p .93 .68 .15 .95 
Digit span backward rs2 .19 .08 .15 .OS 

p .35 .69 .49 .82 
Monolingual (N = 25) 
Scroop ratio rs' .25 .23 · .14 -.06 

p .21 .26 .51 .75 
Switch COSI (RT) rs2 .. 03 .04 . . 12 . . 28 

p .88 .83 .58 .18 
Digit span backward rs2 ·.17 ·.09 .27 .17 

p .43 .64 .19 .42 

1 • Pearson's correlation coefficient; 2 • Spearman's correlation coefficient * p~.05 
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