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Does the Bilingual Advantage extend to Trilingualism?

Abstract

This study examined whether the proposed bilingual advantage in inhibitory

control and working memory can be extended to a trilingual advantage, and assessed

any age-related effects on a continuum in young adults to older adults.  Trilinguals,

bilinguals and monolinguals’ performance on the Simon task and a numerical version

of the N-back task was compared. On the Simon task, there was no language group

difference  observed,  although  the  data  show  an  age-related  decline  in  inhibitory

control only in trilinguals, but not in bilinguals or monolinguals. No clear language

group differences were observed between trilinguals and bilinguals on the N-back

task,  however  an  overall  trilingual  and  bilingual  disadvantage,  compared  to

monolinguals, was observed. Together the results suggest that managing two or three

languages, compared to just one, may have a negative impact on inhibitory control

and working memory performance. Importantly, they highlight the need to control for

a  possible  confounding  effect  of  including  trilinguals/multilinguals  in  bilingual

cohorts  and  to  ensure  that  participants  in  monolingual  cohorts  speak  only  one

language.

Keywords:  Ageing,  bilingual  advantage,  inhibitory  control,  trilingualism,  working

memory
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Introduction

Bilinguals superior ability to inhibit irrelevant information has been observed

on  non-linguistic  interference  tasks  that  typically  involve  conflict  between  an

intended correct response and a irrelevant/misleading alternative, such as the Flanker

task (Costa, Hernández, & Sebastián-Gallés, 2008; Yang, Yang, & Lust, 2011; Tao,

Marzecová, Taft, Asanowicz, & Wodniecka, 2011; Engel de Abreu, 2011; Kapa &
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Colombo, 2013; Pelham & Abrams, 2014), the Simon task (Schroeder & Marian,

2012; Salvatierra & Rosselli, 2010; Martin-Rhee & Bialystok, 2008; Bialystok, Craik,

& Luk, 2004; Bialystok, Craik, & Ryan, 2006) and the Stroop task (Blumenfeld &

Marian,  2014;  Hernández,  Costa,  Fuentes,  Vivas,  &  Sebastián-Gallés, 2010;

Bialystok & dePape, 2009; Martin-Rhee & Bialystok, 2008).  According to Miyake

and colleagues’  theoretical  framework (Miyake & Friedman,  2012) inhibition  and

working memory may share underlying mechanisms, thus any effects of bilingualism

might  also  extend  to  working  memory.  Research  conducted  on  bilingualism  and

working memory performance further reported a bilingual advantage (Blom, Küntay,

Messer, Verhagen, & Leseman,  2014; Bialystok, Poarch, & Luo, 2014; Luo, Craik,

Moreno & Bialystok, 2013; Morales, Calvo, & Bialystok 2013).  

The general consensus is that bilingual language control – the experience of

focusing on the intended language whilst  avoiding intrusions from the unintended

language  –  is  the  underlying  cognitive  process  for  the  bilingual  advantage  in

executive  control  (Green  &  Abutalebi,  2013;  Abutalebi  &  Green,  2007).  The

underlying processes of bilingual language control are thought to include selecting

which language to speak and inhibiting words from the language not intended for use.

Additionally,  those  processes  are  believed  to  include  the  operation  of  monitoring

potential conflicts between the language in use and the unintended one; for example,
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monitoring  for  interferences  from  the  language  not  in  use,  as  well  as  switching

between languages (Green & Abutalebi, 2013; Abutalebi & Green, 2007). 

However, the bilingual advantage has not been reliably observed. In terms of

inhibitory control, a bilingual advantage was for instance not (consistently) reported

in  Gathercole  et  al.  (2014),  Kirk,  Fiala,  Scott-Brown,  &  Kempe  (2014),  Mor,

Yitzhaki-Amsalem, & Prior (2014), Paap & Sawi (2014), Paap & Greenberg (2013),

Namazi & Thordardottir (2010) and Morton & Harper (2007), and in fact Paap &

Sawi  (2014)  and  Paap  & Greenberg  (2013)  reported  a  bilingual  disadvantage  in

inhibitory control in young adults.  In tasks tapping working memory no language

group  difference  was  observed  (Ratiu  &  Azuma,  2014;  Bonifacci,  Giombini,

Bellocchi, & Contento, 2011; Engel de Abreu, 2011; Namazi & Thordardottir, 2010;

Martin-Rhee  &  Bialystok,  2008).  This  has  led  to  scepticism  over  the  bilingual

advantage (e.g., De Bruin, Treccani, & Della Sala, 2014; Klein, 2015; Morton, 2015;

Paap, Hunter, & Sawi, 2015). 

  Amid the recent  challenges  in  the  “bilingual  advantage”  literature  several

studies have investigated whether the alleged advantage extends to trilingualism (see

Schroeder  &  Marian,  2016)  with  inconsistent  evidence.  Following  on  from  the

hypothesis  that  the  exercise  of  actively  speaking  two languages  makes  bilinguals

experts in inhibitory control and working memory it can be argued that the exercise of

actively speaking more languages, such as three, means higher expertise; that is, more
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inhibitory control and working memory. Supporting this is evidence to suggest that

among older adults, speaking three or more languages (compared to one) has a more

protective effect against developing dementia. For instance, Chertkow et al. (2010)

found no protective effect of bilingualism, apart from in an immigrant cohort,  but

found a significant protective effect of speaking three or more languages.  Also, a

lower risk of a mild cognitive impairment diagnosis has been observed in individuals

who spoke more than two languages, compared to bilinguals (Perquin et al., 2013).

However, this multilingualism protective effect is not always found in the dementia

literature (Alladi et  al.,  2013). Further support comes from Kavé,  Eyal,  Shorek &

Cohen-Mansfield (2008),  who observed better  cognitive  performance on the  Mini

Mental  State  Examination  (MMSE),  and  the  Short  Orientation  Memory

Concentration Test (OMCT) in multilinguals compared to trilinguals, and trilinguals

compared with bilinguals. As per the present study’s classification, Kavé et al. (2008)

classified  those  who  reported  speaking  four  or  more  languages  as  multilinguals.

General fluid intelligence has also been observed to be higher in older multilinguals,

compared  to  bilinguals,  after  controlling  for  childhood  intelligence  (Bak,  Nissan,

Allerhand, & Deary, 2014).  This needs further testing in older adults, in terms of

executive function, such as inhibition and working memory. 

It could also be the case - as speculated by Schroeder and Marian (2016) - that

although  trilinguals  have  a  larger  vocabulary  and  thus  more  competing  words  to
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inhibit/ignore  there  may  be  a  ceiling  effect  on  the  number  of  words  becoming

activated and subsequently requiring inhibition.  Support for this comes from Poarch

&  van  Hell  (2012)  who  examined  inhibitory  control  in  five-  to  eight-year-old

monolingual,  second language learners, bilinguals and trilinguals, using the Simon

task and a flanker arrow type task, and Poarch and Bialystok (2015), who examined

this  in  eight-to  11-year  olds  using  the  flanker  task.  Neither  study  observed  any

differences  between  bilinguals  and  trilinguals,  but  both  bilingual  and  trilingual

children  showed  enhanced  inhibitory  control  compared  to  monolinguals.  Further

supporting evidence comes from Paap, Johnson & Sawi (2014), who examined this in

young adults  by  pooling  data  from Paap & Greenberg  (2013)  and Paap  & Sawi

(2014),  whereby  Paap  &  Greenberg  (2013)  reported  a  bilingual  disadvantage  in

inhibitory control only in the Simon task, and Paap & Sawi (2014) in both inhibitory

control and in global RT. After pooling data from both papers, Paap et al.  (2014)

reported  no  evidence  of  a  bilingual  advantage  on  twelve  markers  of  executive

function, obtained from the Simon task, Flanker task and the antisaccade task.  They

did,  however,  report  a  bilingual  and  trilingual  disadvantage,  compared  to

monolinguals,  in  inhibitory  control  (Simon  effect),  but  the  groups  performed

similarly in terms of global RT.  The bilinguals and trilinguals did not differ on either

measure, and all groups showed similar global RT. Although the evidence in children

and  young  adults  is  contradictory  in  terms  of  the  direction  of  the  advantage,  it
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suggests that in children and young adults, there is no added benefit  of managing

three languages, as opposed to two.  

The  existing  limited  evidence,  looking  at  children  and  young  adults,  is

contradictory.  It would be informative to examine this further in adults and look at

any age-related effects. Previous research comparing bilinguals and monolinguals and

age-related effects suggests that a bilingual advantage, compared to monolingualism,

increases with age and that language group differences are more likely to be seen in

older adults than young adults (Bialystok et al.,  2014; Schroeder & Marian, 2012;

Salvatierra  & Rosselli,  2010;  Bialystok  et  al.,  2004).  Whether  the  same  trend  is

observed  in  trilinguals  is  intriguing.  The  aforementioned  studies  (except  for

Schroeder & Marian (2012), who only looked at older adults) assigned participants to

predetermined  age  groups.  Given  that  the  trajectory  of  the  ageing  process  on

cognitive  function  is  heterogeneous  and  complex  (e.g.,  Hartshorne  and  Germine,

2015; Salthouse, 2009), it would prove useful to examine age on a continuum, as this

can provide a clearer picture of any age-related effects. 

The present  study investigated  the effects  of trilingualism,  bilingualism and

monolingualism on performance on a Simon task and an N-back task. As inhibitory

control  and  working  memory  have  been  argued  to  share  common  underlying

mechanisms (e.g., Miyake and Friedman, 2012), it seems logical to assess working

memory  too.  It  was  aimed  to  carefully  control  the  language  groups  using  strict
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criteria; monolinguals were not functionally fluent  (able to hold a conversation) in

any other language except their first language; bilinguals only spoke two languages

on a daily basis; and trilinguals spoke three languages on a daily basis. 

As  previous  research  into  age-related  effects  of  bilingualism  on  inhibitory

control  and  working  memory  (e.g.,  Bialystok  et  al.,  2014,  2004;  Salvatierra  &

Rosselli,  2010) indicates that the differences between monolinguals and bilinguals

increase with age, to the advantage of bilinguals, it is important to examine this in

trilinguals.  Age was examined on a continuum (from young to older adults) rather

than in predetermined age groups.

Method

The data reported are drawn from two experiments. Experiment 1 compared

trilinguals,  bilinguals  and  monolinguals  on  the  Simon  task,  and  Experiment  2

compared the same language groups on a sequential-number version of the N-back

task.  All participants in both studies, who came from various cultural and language

backgrounds, had normal or corrected to normal vision, and over 65s did not have an

existing diagnosis of cognitive impairments or difficulties.  Bilinguals were included

if  they  spoke  two languages  on  a  daily  basis  and  trilinguals  if  they  spoke  three

languages on a daily basis.  Ethics approval was obtained from the Humanities, Social
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Sciences and Health Studies Research Ethics Panel, at the University of Bradford and

all participants provided informed consent.

Characteristics of participants

          For Experiment 1 a total of 132 (95 females and 37 males) monolinguals (n =

40), bilinguals (n = 58) and trilinguals (n = 34) were recruited.  Overall, participants

age  ranged  from  18  to  70  years  (M  =  29.86  years,  SD  =  13.80  years).  All

monolinguals had English as their first language and were not functionally fluent in

any other language. Most bilinguals had English as their second language and various

languages as their first language.  Four had English as their first language. Trilinguals

had  various  languages  as  a  first  language,  as  a  second  language  and  as  a  third

language. 

            For Experiment 2 the same participants took part, including 10 more

participants (eight monolinguals and two bilinguals) with a total of 142 participants

(102 females and 40 males), ranging in age from 18 to 79 years (M = 32.96, SD =

17.49), divided into three groups of monolinguals (n = 48), bilinguals (n = 60) and

trilinguals (n = 34).  As in Experiment 1, all  monolinguals  had English as their  first

language and were functionally fluent only in English, the majority of bilinguals had

English as their second language (four had English as their first language) and various
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languages  as their  first  language,  and trilinguals  had various  languages  as  a  first,

second and third language.

Measures

Background  Questionnaire.  For  both  experiments,  participants  completed  a

background  questionnaire,  which  included  demographic  information,  physical  and

mental activity and language use.  Participants in each language group were also asked

which languages they spoke and age of L2 acquisition.  Furthermore, they provided self-

rated proficiency in L1 and L2 on a 5-point scale (1 = very poor to 5 = very good) and

language use per  day in  percentages  (L1,  L2 and L3 (trilinguals))  which  totalled

100%.  

Simon task (Experiment 1). In this task, participants viewed red or blue squares

in the left or right visual field on a computer screen.  They were instructed to fixate

on a central cross (“+”) which was present at the beginning of each trial (duration

1000 milliseconds)  after  which it  vanished,  followed by a 250 ms blank interval.

After this, a blue or a red square appeared for 250 milliseconds. Participants were

instructed to press the left key (the X key) each time a red square appeared and the

right key (the . key) when a blue square appeared. On congruent trials the red square

was presented on the left and blue on the right, and on incongruent trials, the red

square appeared on the right and blue on the left.    There were 40 congruent trials

and 40 incongruent trials (80 trials in total), which were presented randomly.  There
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were eight practice trials.  It should be noted that between group differences have

been previously observed on the Simon task, including as few trials as 28 (Bialystok

et al., 2004, Experiment 1).  The dependent variables investigated here were (i) the

Simon effect  (the difference in response time between incongruent  and congruent

trials) and (ii) global reaction time (RT) on both congruent and incongruent trials.

N-back task (Experiment 2). Participants performed a computerised sequential-

number version of the N-back task (Gevins and Cutillo, 1993), where digits from 1 to

9  were  presented  randomly  at  the  centre  of  the  screen,  one  at  a  time.  To  our

knowledge, this type of N-back task has not been used before in bilingual/trilingual

research.  A practice trial preceded each condition and in each of the conditions a total

of 90 numbers was presented.  Each condition was divided into three blocks of 30

numbers.   A  brief  break  was  taken  between  blocks  (circa  one  minute)  and  an

approximately  two  to  three  minute  break  was  taken  between  conditions.  Stimulus

duration was 500 milliseconds, with an inter-stimulus interval of 3000 milliseconds.

For the 1-back condition, each number was compared with the previously presented

number to determine whether it was the same number (match) or not (non-match).  For

the  2-back  condition,  each  number  was  compared  with  the  number  presented  two

numbers back.  Approximately 30% of the numbers were match numbers and 70%

non-match in both conditions.  Participants were instructed to press a green key for

match stimuli and a red key for non-match stimuli with their dominant hand, and to
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keep their fingers placed on the keys throughout the experiment.  The N-back task is

thought to capture the core of working memory, by placing great demands on the key

processes  associated  with  working  memory,  namely  on-line  monitoring,  and

continually updating and manipulation of information. The reaction time and error rate

differences between 0-back and 1-back, 1-back and 2-back trials and so on, are thought

to reflect  the cost of managing the increased demands on updating (Jonides et  al.,

1997;  Owen  et  al.,  2005).   The  dependent  variables  under  investigation  were  the

following RT measures: (i) 1-back match, (ii) 1-back non-match, (iii) 2-back match,

(iv) 2-back non-match, (v) N-back effect match and (vi) N-back effect non-match. To

clarify (v) and (vi) are calculated as 2-back minus 1-back and are thought to reflect

increasing load on working memory.  

Results by Task

Simon Task.  Mean response latencies (RTs) and mean accuracy scores were

calculated for each participant, and only scores for correct responses were used in the

analysis.  Outliers  of  more  than  two SDs from the  mean were  excluded from the

analysis (less than 5%).  The data were submitted to a multivariate GLM, with Simon

effect RT and global RT as dependent variables with language group (monolinguals,

bilinguals, trilinguals) as a fixed factor and age as a covariate.  Education was also

entered  in  the  model  to  control socioeconomic  status  (Emmorey,  Luk,  Pyers,  &
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Bialystok, 2009; Bialystok et al., 2008). To investigate any age effects, an interaction

term of language group x age was also included in the model.  Accuracy did not differ

across  groups  [monolinguals  (mean  =  92.74  %),  bilinguals  (mean  =  90.80  %),

trilinguals (92.03 %)]. 

           Main Effect of Language Group. The multivariate GLM analysis revealed no

main effect of education on the Simon effect RT or global RT. However, there was a

main effect of language group on the global RT, F (2,125). = 3.73, p <.05, although

pairwise  comparisons  failed  to  find  significance  between  each  individual  language

group.   The  main  effect  of  language  group  on  the  Simon  effect  did  not  reach

significance (N.S.), see Figure 1.  

+++++ Figure 1 HERE +++++

               The multivariate GLM also revealed a strong main effect of age on both the

Simon effect (F (1,125). = 5.54, p = .02) and global RT (F (1,125). = 15.64, p <.001),

where  participants  showed an  increased  magnitude  of  the  Simon effect  and were

slower with age.  This is an unsurprising result as a number of studies have shown

that RTs on the Simon effect increase with age (Van der Lubbe & Verleger, 2002;

Bialystok et al., 2004; Salvatierra & Rosselli, 2010).
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              Language group x age interaction. As stated previously, language group x

age interaction was submitted to the model and an interesting pattern emerged. The

magnitude  of  the  Simon  effect  seemed  to  be  differentially  affected  by  age,  and

language  group.  See  Figure  2.  The  multivariate  GLM  analysis  revealed  this

interaction (language x age) to be both significant for the Simon effect with F (2,125).

= 3.83,  p < .03, and for the global  RT, with (F (2, 125).  = 4.47, p < .02).   The

parameter estimates revealed that for the Simon effect a significant linear relationship

with age was seen only for the trilingual group.  This indicates that the ability to

inhibit irrelevant information remained stable with age in monolinguals and bilinguals

but decreased in trilinguals.  See Table 1 and Figure 2.  Regarding the significant

language  x  age  interaction  for  the  global  RT,  parameter  estimates  show a  linear

relationship with age for monolinguals and trilinguals whereby both groups show a

significant increase in RTs with increasing age.  No significant linear relationship was

seen for bilinguals. See Table 1 and Figure 2.

+++++ Table 1 HERE +++++

+++++++ Figure 2 HERE +++++++
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N-back Task. By definition, the first number of each block for the 1-back and

first two numbers of each block for the 2-back were non-match so the responses to

these  stimuli  were  not  included  in  the  analysis.  RTs  longer  than  two  standard

deviations from the mean were removed for each participant (less than 5%). RTs and

accuracy scores (ACC) for successful matches and non-matches were only used in the

analysis.   The data were submitted to a multivariate  general linear model (GLM),

with match and non-match N-back effect RT, 1-back match and non-match RT and 2-

back  match  and  non-match  RT  as  dependent  variables  with  language  group

(monolinguals, bilinguals, trilinguals) as a fixed factor and age and years of education

as covariates.  To examine any age effects, an interaction term of language group x

age was also included in the model.  The language group x age interaction was non-

significant and was therefore taken out of the model.

           There was  a decline in accuracy with increased task difficulty across the

language groups [1-back (mean = 92.75 %), 2-back (mean = 89.09 %), t (141). =

5.61, p <.001], but accuracy did not significantly differ between the language groups,

except  one measure (N-back effect (non-match)), whereby trilinguals N-back effect

(non-match) was significantly larger (p < .04) than of bilinguals.

Main effect of language group. The Multivariate GLM RT analysis revealed a

main effect of education on 1-back non-match, (F (1,137) = 4.75, p < .04), and a trend

on 1-back match (p = .06) and a main effect of language group on 1-back match (F
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(2,137) = 4.05, p < .02), 1-back non-match (F (2,137).  = 5.95, p = .003),  2-back

match (F (2,137) = 7.06, p = .001), 2-back non-match (F (2,137) = 4.75, p = .01), and

marginally  on  N-back  effect  match,  (F  (2,137).  =  2.96,  p  =  .055).    Pairwise

comparisons show that monolinguals responded significantly faster than trilinguals to

1-back match (p < .02), faster than bilinguals (p = .02) and trilinguals (p = .005) to 1-

back  non-match,  marginally  faster  than  bilinguals  (p  =  .076)  and  faster  than

trilinguals (p = .001) to 2-back match, faster than bilinguals (p < .03) and trilinguals

(p  <.03)  to  2-back  non-match  and  showed  a  smaller  N-back  effect  (match)  than

trilinguals  (p  <  .05).  See  Figures  3  and  4. The  only  measure  that  did  not  reach

significance regarding language group was the N-back effect non-match.  

+++++++ Figure 3 HERE ++++++

++++++ Figure 4 HERE ++++++++

Age effects

                The multivariate GLM analysis also revealed a main effect of age on all six

measures (all = p <.001).  Parameter estimates revealed a positive linear and highly

significant  relationship  between  age  and  all  six  measures.  This  confirms  age  as
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significant predictor of RT performance, with a stronger relationship with age as load

increases.  See Table 2.  However, as stated above the interaction between language

group and age was non-significant, indicating that age affected all groups similarly.

++++++ Table 2 HERE ++++++++

Discussion

This  study examined  whether  the  bilingual  advantage  would  extend to  and

become more enhanced in trilinguals compared to bilinguals. This was investigated

using the Simon task, a well-known task in the bilingual advantage literature, and a

complex numerical version of the N-back task.  To our knowledge, this particular

version of the N-back task had not been used before to compare working memory

performance  in  bilinguals  or  trilinguals.  A  secondary  aim  was  to  explore  how

language group performance is affected by age, by looking at overall change across

age  rather  than  comparing  predetermined  age  groups,  a  method  often  adopted  in
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previous studies,  such as Bialystok et al. (2014, 2004) and Salvatierra and Rosselli

(2010).

The bilinguals and trilinguals recruited for this study had balanced proficiency

in L1 and L2 but various languages as their first, second and third, and came from

different cultural backgrounds, but all lived in Bradford. Thus, they are representative

of many bilinguals  and trilinguals in the world,  and therefore it  was important  to

address the hypothesised trilingual advantage in this population. Some had used more

than one language all their lives, whilst others only for a short period of time. An

advantage  in  inhibitory  control  has  been  reported  in  adult  L2  language  learners,

compared to monolinguals (Linck, Hoshino, & Kroll, 2008), so having a wide range

of AoA was not predicted to be disadvantageous for the bilinguals and trilinguals

recruited for this study. Unsurprisingly, residing in a country where English is the

official language, bilinguals used their L2 (English) more than their L1 on a daily

basis and trilinguals, which for most had English as their L3, used L3 the most on a

daily basis, although this did not always reach significance. 

In terms of inhibitory control,  the data  shows that there was no measurable

difference  between  monolinguals,  bilinguals  and  trilinguals  on  the  Simon  effect.

Importantly  this  was  not  predicted  by  language  acquisition  or  language  use.

However, the data suggest that the Simon effect was affected by age in trilinguals

only. That is, whilst monolinguals and bilinguals’ performance remained unchanged
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with increasing age there was an age-related decline in trilinguals. Importantly, this

was  not  predicted  by  either  language  acquisition  or  language  use.  These  results

suggest that monolingualism and bilingualism, but not trilingualism, attenuate age-

related decline in inhibitory control. In terms of bilingualism, this is not in line with

Bialystok  et  al.  (2014,  2004),  Salvatierra  and  Rosselli  (2010)  or  Schroeder  and

Marian  (2012),  who  found  only  bilingualism  to  attenuate  age-related  decline  in

inhibitory control, but not monolingualism. However, it is partly consistent with Paap

et  al.  (2014),  who found a trilingual  disadvantage  compared to  monolinguals  and

bilinguals.

The data  here suggest  that  including trilinguals  in a  bilingual  sample could

have skewed data  from previous  studies.  This  is  important  considering  that  some

studies have not controlled for trilinguals or multilinguals in their “bilingual” group

as strictly as the present study (e.g., Coderre and van Heuven, 2014; Alladi et al.,

2014;  Paap  and  Sawi,  2014;  Paap  and  Greenberg,  2013)  and in the  light  of

inconsistent  findings  in  this  field.  Thus,  the  possible  confounding  effect  of  the

presence of trilinguals or multilinguals in a “bilingual” cohort must be considered in

future  studies.  The  fact  that  some researchers  report  that  their  “bilingual”  cohort

included multilinguals suggests that this may be a problem in the literature. The data

from the present study indicates that, at least in terms of inhibitory control, under

some circumstances  trilinguals  and bilinguals’  performance  differs.  This  calls  for
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more careful language group allocations, whereby bilinguals, trilinguals, quadringuals

and so forth are separated. 

In  terms  of  working  memory,  the  results  clearly  revealed  a  bilingual  and

trilingual  disadvantage,  compared  to  monolinguals.   Although  the  data  indicate  a

gradual decrease in performance with increasing number of languages, the difference

between bilinguals and trilinguals did not yield significance. This was not predicted

by language acquisition, and not by language use in trilinguals. However, language

use predicted two of the non-match N-back measures (2-back and N-back effect),

indicating worse performance with a more dominant use of one language. It is not

clear why language use predicted only the aforementioned measures, and in bilinguals

only, but this may indicate that only under complex conditions language use matters. 

The working memory results suggest that managing two or three languages,

compared to just one, can have a negative impact on working memory, as was seen

with inhibitory control, contrasting with earlier findings of the advantageous effect of

bilingualism on working memory (Bialystok et  al.,  2014).  In children,  a bilingual

advantage was observed in two types of working memory tasks; a visuospatial task

and a Simon task with added working memory manipulation (Morales et al., 2013).  It

is  noteworthy,  however,  that  some  studies  did  not  find  any  group  differences

(between  monolingual  and  bilingual  children)  on  various  working  memory  tasks

(Namazi & Thordardottir, 2010; Engel de Abreu, 2011; Engel de Abreu et al., 2012).
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The bilingual and trilingual disadvantage reported here does, however, fit with recent

evidence by Paap et al. (2014), who reported a bilingual and trilingual disadvantage,

compared to monolinguals, in the Simon task (greater Simon effect). 

            Individuals  with chronic tinnitus  have been observed to have weaker

inhibitory control compared to healthy controls (Heeren et al., 2014).  The finding of

Heeren et al. (2014) indicates that individuals with tinnitus do not develop enhanced

inhibitory  control,  even  after  extensive  practice  of  inhibiting/ignoring  phantom

sounds for around 11 years on average, suggesting attention overload on the cognitive

system.      Although the way bilingualism and tinnitus affect the cognitive system is

not entirely comparable – and like bilingualism, tinnitus is a complex phenomenon

(The British Tinnitus Association, 2015) – it can be argued that these phenomena are

analogous up to a certain extent, as both groups are thought to experience extensive

practice in inhibiting/ignoring irrelevant  information.  Thus, there is the possibility

that  managing  two languages,  compared  to  only one,  presents  attention  overload,

making  it  more  challenging  for  bilinguals  to  complete  executive  function  tasks.

Similarly, it could be argued that as trilinguals have more languages to inhibit/ignore

compared to bilinguals, they may experience an even heavier attention overload, and

consequently find it even more challenging to complete executive function tasks than

bilinguals.  This  could  explain  the  present  trilingual  and  bilingual  disadvantage

findings presented here, and those  by Paap & Greenberg (2013) and Paap & Sawi
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(2014).  Thus, there is the possibility that with increasing number of languages one

speaks the heavier  the attention overload.  Hence,  the more languages  spoken, the

more challenging it is to complete executive function tasks. This could partly explain

the Simon effect finding presented here and those by Paap & Greenberg (2013) and

Paap  &  Sawi  (2014).  However,  our  results  also  suggest  that  this  might  be

manipulated by age as only trilinguals’  performance on the Simon effect declined

with age, whereas that of bilinguals’ remained stable. Perhaps the attention overload

only has its effect with the third language, and with age.  Whether this is the case, and

at what exact age is unclear and should be explored in future studies.

 It could be argued that since the bilinguals and trilinguals in this study had

various  languages  this  could  have  influenced  the  results.  This  has  indeed  been

conjectured (e.g.,  Hilchey and Klein,  2011). Support for this  argument  may come

from studies by Paap and Greenberg (2013) and Paap and Sawi (2014), who recruited

young bilinguals  with various  L1 languages,  and either  found no difference  or  a

bilingual disadvantage in the Simon task, which may, in turn, be explained by various

L1 languages. However, at least two studies which employed bilinguals from various

cultural  and  language  backgrounds  found  a  bilingual  advantage  (Bialystok  et  al.,

2014; Luo et al., 2013).
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            Future work should extend the investigation of trilingualism and inhibitory

control/working memory to quadrilinguals, quintilinguals and so forth. Furthermore,

other  functions  that  have  been  associated  with  bilingual  advantage,  such  as  task

switching, episodic memory and creativity are also important to address in trilinguals.

Conclusion

By investigating age on a continuum rather than comparing predetermined age groups

a complex relationship among the language groups was observed, whereby trilinguals

showed a weakened inhibitory control performance with increasing age whereas all

three  language  groups  demonstrated  similar  effects  of  age  in  working  memory

performance.    Moreover, these results were not confounded by L2 acquisition, but in

terms of working memory some effects of language use were observed. Importantly,

the  results  presented  here  raise  questions  about  the  prominence  of  the  bilingual

“advantage”,  how bilinguals  are defined and allocated to groups,  and suggests that

trilingualism  (and  bilingualism)  can  in  some  cases  have  a  negative  impact  on

inhibitory control and working memory, when compared to monolingualism.  Perhaps

this finding is because of an overload of attention which requires inhibitory processing;

further study is required.
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Figure legends
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Figure 1. Mean reaction times (adjusted means) and standard errors for global RT

and Simon effect measures by language group.

Figure 2. Scatter plots  of the interaction between language group x age for (a) the

Simon effect and (b) the global RT.

Figure 3. Mean reaction times (adjusted means) and standard errors for 1-back and 2-

back measures (match and non-match) by language group.

Figure 4. Mean reaction times (adjusted means) and standard errors for the N-back 

effects (match and non-match) by language group.

Table  1. Summary of the parameter  estimates from the multivariate  GLM for the

language  x  age  interactions.   Significance  stars  demonstrate  linear  relationships

between age and language group.  

Age x

Monolinguals

Age x Bilinguals Age x Trilinguals

SE Global

RT

SE Global

RT

SE Global

RT
B -.32 3.61 .63 .19 1.35 2.60
Standard

Error

.33 .76 .36 .84 .52 1.19
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t -.96 4.73** 1.72 .23 2.61* 2.19*
  SE = Simon effect, * = p < .05, ** = p < .001

Table 2. Summary of the parameter estimates from the multivariate GLM for the effects of age on the n-back

RT measures.  Significance stars demonstrate linear relationships between age and score.  

N-back

effect

match

N-back

effect

non-

match

1-back

match

1-back

non-

match

2-back

match

2-back

non-

match

B 3.13 4.78 2.85 2.87 5.98 7.65
Standard

Error

0.86 0.97 0.63 0.65 1.04 1.20

t 3.64** 4.91** 4.50** 4.44** 5.77** 6.37**
** = p < .001
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