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THE IMPACT OF BILINGUALISM AND AGING 
ON INHIBITORY CONTROL AND WORKING 

MEMORY

Johanna Dagort Billig1
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Resumo: Evidências de uma vantagem bilíngue em algumas funções 
executivas sugerem que o bilinguismo poderia atenuar o declínio destas 
habilidades cognitivas ao longo do envelhecimento. O presente estudo 
buscou investigar a in% uência do bilinguismo no desempenho de idosos 
(60-71 anos) e adultos (40-55 anos) em tarefas envolvendo dois compo-
nentes das funções executivas: controle inibitório e memória de trabalho. 
Os resultados encontrados revelam um efeito de idade em termos de con-
trole inibitório e memória de trabalho, mas não um efeito de experiência 
de linguagem. Entretanto, os participantes bilíngues foram ligeiramente 
mais rápidos que os monolíngües em todas as condições das tarefas de 
controle inibitório.

Palavras-chave: bilinguismo, envelhecimento, funções executivas, me-
mória de trabalho

INTRODUCTION

A considerable number of studies have investigated the e$ ects of 
early bilingualism beyond the language domain. Several pieces of 
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evidence from these studies suggest a bilingual advantage in terms 
of executive control across the lifespan (BIALYSTOK, CODD, 1997; 
BIALYSTOK, MARTIN, 2004; BIALYSTOK et al. 2004; CARLSON, 
MELTZOF, 2008; COSTA, HERNANDEZ, SEBASTIÁN-GALLÉS, 
2008). * e hypothesis is that the need to control attention  to two or 
more active language systems results in constant practice of attention-
al control for bilinguals/multilinguals, which would lead to enhanced 
levels of executive control in nonverbal tasks. 

According to Diamond (2006), executive control is a set of cognitive 
skills that includes: inhibitory control (ability to inhibit attention to ir-
relevant information), working memory (ability to hold information 
and manipulate it) and cognitive + exibility (ability to switch perspec-
tive, focus of attention, or response mappings). Diamond (2006) states 
that this set of cognitive skills is required to deal with novel tasks and 
situations involving the following demands: concentration, planning, 
problem solving, coordination, change, conscious choices among alter-
natives, or overriding a strong internal or external pull. 

Executive control is known to follow an inverted U-shaped trajec-
tory across the lifespan, with children and older adults showing poorer 
performance and being more in+ uenced by external pull than young 
adults. * e aging decline of executive control is worrying if we consider 
the growing number of older adults in the world population. In Bra-
zil, for instance, according to IBGE (2008), 62.4% of the elderly adults 
are responsible for their domiciles.  * erefore, poorer performances in 
terms of executive control can pose a serious threat to this population.

According to Greenwood and Parasuraman (2010), a< er focus-
ing on age-related cognitive decline for a long time, researchers now 
seem to show more interest in investigating environmental factors 
and behaviors that can ameliorate the course of cognitive and brain 
aging and mitigate the e$ ects of illnesses that produce dementia, for in-
stance. Higher levels of education, stimulating leisure and social activities 
have been related to decreased rates of cognitive decline (SCARMEAS, 
STERN, 2003; VALENZUELA, SACHDEV, 2006; STAFF et al., 2004). 
Recent studies have also related bilingualism to decreased rates of cog-
nitive decline (BIALYSTOK, CRAIK, FREEDMAN, 2007; KAVE et al., 
2008; CRAIK, BIALYSTOK, FREEDMAN, 2010).       
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Studies investigating the impact of lifelong bilingualism on older 
adults have reported the following = ndings: a bilingual advantage in 
terms of inhibitory control (BIALYSTOK et al., 2004; BIALYSTOK, 
CRAIK, RYAN, 2006); a better performance of bilinguals in a task 
involving higher demands of working memory (BIALYSTOK et  al., 
2004); an advantage in terms of inhibitory control limited to bal-
anced bilinguals (ZIED et al., 2004); a bilingual advantage in planning 
(CRAIK, BIALYSTOK, 2006); a poorer performance of bilinguals in a 
task of verbal memory (FERNANDES et al., 2007); evidence of bilin-
gualism as a form of cognitive reserve (BIALYSTOK, CRAIK, FREED-
MAN, 2007; KAVÉ et  al., 2008; CRAIK, BIALYSTOK, FREEDMAN, 
2010); evidence of a bilingual advantage in the recollection component 
of memory retrieval (WODNIECKA et al., 2010) and in the emotional 
version of  the Cahill test ( MARTINS, 2009). 

Despite the aging of the world population and the accumulated 
evidence that cognitive decline can be modulated by environment 
factors, most of the studies found (Medline, Pubmed, PsyINFO, Por-
tal de Periódicos Capes) on bilingualism were carried out with chil-
dren or young adults.  * erefore, studies addressing the possibility of 
bilinguals’ enhanced levels of executive control throughout aging are 
important and necessary.

In order to contribute to this body of research, the present study at-
tempted to investigate the e$ ects of bilingualism and aging on inhibitory 
control and working memory. Two versions of the Simon Task and one 
version of the Stroop Test were used to assess the performance of older 
adults (60-71 years) as well as of younger adults (40-55 years). Our ques-
tion was whether the bilingual advantage in these two components of the 
executive control extended to a di$ erent population of adults. On the ba-
sis of previous results we expected to = nd a bilingual advantage in terms 
of inhibitory control and working memory.

MET HOD

Participants

Eighty-three healthy participants were assigned to four groups ac-
cording to their age (older/younger) and language experience (bilin-
gual/monolingual). * e older participants were between the ages of 60 
and 71. According to the World Health Organization (IBGE, 2000), in 
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developing countries, you are considered an older citizen at the age of 
60. * e younger ones were between the ages of 40 and 55. * e older 
bilingual group (OB) and the younger bilingual group (YB) were com-
posed respectively of twenty-one and twenty early Hunsrückisch/ Bra-
zilian Portuguese bilinguals. Twenty-one Brazilian Portuguese mono-
linguals composed the older monolingual group (OM) and twenty-one 
the younger group (YM). Monolinguals reported not being + uent in 
any other language. Bilinguals had learned  Hunsrückisch at home and 
Brazilian Portuguese at school at the age of 7, and used both languages 
continuously ever since. All participants were recruited from Santa 
Cruz do Sul and Arroio do Tigre, which are, respectively, a city and a 
small town in the south of Brazil. All of them attended school for no 
more than eight years and had no previous computer experience. Most 
of them were employed as maids, small farmers, bricklayers and ma-
chine operators. Only one bilingual and one monolingual participant 
were le< -handed. All participants had normal or corrected-to-normal 
vision. Each participant gave informed consent.    

Tasks

Language and health background questionnaire

* is questionnaire included questions on language acquisition and 
frequency and context of language use. It also collected information 
about medical history, and alcohol and drug history.
Mini Mental State Examination (MMSE)

* is is a widely used 30-point questionnaire to screen for cogni-
tive impairment. It provides measures of orientation to time and place, 
registration (immediate memory), attention and calculation, short-
term memory, basic motor skills, as well as language functioning. Par-
ticipants’ scores were interpreted to account for their level of education 
(Bertolucci et al., 1994).

Geriatric Depression Scale (GDS)

* is is a screening test for depressive symptoms in the elderly (YE-
SAVAGE et al., 1983). * e 30-item questionnaire may be answered yes 
or no. A score of 10 or 11 is the usual threshold to separate depressed 
from nondepressed patients. Participants who screened positive for de-
pression were le<  out of the sample.  
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Simon Arrows Task

In order to measure inhibitory control, a modi= ed version of Si-
mon and Rudell’s (1967) task based on stimulus–response compat-
ibility e$ ects was used. Directional arrows were used as the stimuli 
and were presented on a 14-in. color monitor from an ACER laptop 
running E-Prime 1.2. Each trial began with a = xation cross (+) in the 
center of the screen, which remained visible for 800 ms and was fol-
lowed by a 250-ms blank interval. At the end of this interval, a red 
arrow appeared on the screen. Participants responded by pressing 
the “1” key (on the le< ) when they saw an arrow pointing to the le<  
and the “0” key (on the right) when they saw an arrow pointing to 
the right. * ese keys were labeled with stickers to avoid confusion 
and prevent participants from pressing the wrong keys. A set of eight 
practice trials preceded the control (24 trials) and the lateral (24 tri-
als) conditions. Participants had to complete all eight trials success-
fully to proceed to the experimental trials for each condition. In the 
control condition, the red arrow appeared in the middle of the screen. 
Within the lateral trials, half were congruent and half were incongru-
ent. * e incongruent trials were supposed to make higher demands in 
terms of inhibitory control. 

Simon Squares Task

* e experiment was presented on the same laptop computer used 
for the Simon Arrows Task. Each trial began with a = xation cross (+) 
in the center of the screen, which remained visible for 800ms and was 
followed by a 250-ms sound = le “ding.” * e stimulus appeared imme-
diately a< er the ding. In this version of the Simon Task, there were four 
di$ erent types of stimuli (a blue square, a yellow square, a green square 
and an orange square), which appeared in the center of the screen. * is 
condition would supposedly place greater demands on working memo-
ry, in terms of maintenance of information in an active state. * ere was 
no need for the participant to manipulate information; therefore, this 
was a maintenance only task. * ere were 48 experimental trials. Partici-
pants were instructed to press the “1” key when they saw a blue square, 
the “0” key when they saw a green square, the “1” key when they saw a 
yellow square, and the “0” key when they saw an orange square. A set of 
eight practice trials preceded the task.  

! e impact of bilingualism and aging...
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Stroop Test
Inhibitory control was also assessed by means of an adaptation of the 

Stroop color-naming test (STROOP, 1935). * e stimuli were the color 
names “pink” and “green” written in Portuguese (rosa, verde), printed 
in capital letters in 100-point Arial font, presented in the middle of the 
screen. Participants were instructed to press “1” when they saw a word 
in pink color font and to press “0” when they saw a word in green color 
font. Each trial began with a = xation cross (+) presented for 300 ms, 
followed by a 250-ms sound = le “ding.” * e stimulus appeared imme-
diately a< er the ding. * ere were 12 congruent trials in which the word 
and font color corresponded and 12 incongruent trials in which the 
word and font color did not correspond. * e incongruent trials were 
supposed to require a higher demand of inhibitory control. Before the 
experiment, a training phase of eight trials was administered. 

Procedure

Firstly, participants were contacted by phone in order to arrange an 
initial screening interview. * is contact was made by one member of 
their own community in order to make them feel more comfortable 
to receive the researchers.  No more than ten people refused to receive 
the researchers in their homes. A< er answering questions about their 
language exposure and use as well as their health state, the older par-
ticipants took MMSE and GDS. * ese were followed by the test session. 
* e order of the tasks was counterbalanced across participants. * e 
interview and the tests were all conducted in the participants’ homes 
by the same experimenters on the same equipment. Participants were 
tested individually and they typically completed all tasks within 1 hr. 
An informed consent was obtained from all participants. 

RESULTS

Categorical variables were described in terms of their absolute fre-
quency. * e Chi-square test was used to compare the categorical vari-
ables. Mean and standard deviation were used to describe the quan-
titative variables with symmetric distribution and compared among 
them using One-way ANOVA and the multiple comparisons by the 
Tukey test. When normality was not found, the data were compared by 
Kruskall-Wallis tests and Mann-Whitney tests.
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Background variables

A hundred and three people were interviewed. Nobody was exclud-
ed from the sample due to their scores in the GDS or MMSE. However, 
two people were excluded due to use of + uoxetine (antidepressant); 
one person due to alcoholism; three people due to previous cancer his-
tory and one person due to epilepsy history. Furthermore, eleven of the 
interviewed people were excluded from our sample because they had 
more than eight years of formal education. Mean scores and standard 
deviations for the background measures are reported in Table 1. Older 
participants were not di$ erent in age, male/female ratio, schooling or 
MMSE scores. Younger participants were also equivalent in age and 
representation of males and females. However, there was a signi= cant 
di$ erence in terms of schooling among the younger participants, with 
monolinguals having a higher schooling. 

Simon Arrows Task

* e mean reaction times (RTs) and mean accuracy scores by age 
and language group for the control, congruent and incongruent trials 
are shown in Table 2. * e results for the control condition showed no 
e$ ect of language. Younger bilinguals and monolinguals were compa-
rable in terms of response time and accuracy as well as older bilinguals 
and monolinguals. Nonetheless, the older adults were slower (p= 0.001) 
and less accurate (p= 0.023) than the younger participants. 

Regarding the congruent condition, there were no signi= cant dif-
ferences between language groups in response time. Nevertheless, 
younger monolinguals were more accurate than younger bilinguals 
(p=0.024). An e$ ect of age was again found in terms of response time 
and accuracy. Younger participants were faster (p=0.006) and scored 
higher (p=0.038). 

! e impact of bilingualism and aging...
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* e main e$ ect of language group did not yield statistical signi= cance for 
the incongruent trials. However, older participants were slower (p=0.015). 
As anticipated, congruent trials were performed more rapidly (p= 0.001) 
and more accurate (p=0.001) than incongruent trials by all groups. 

* e RT di$ erence between congruent and incongruent stimuli (the 
Simon e$ ect) re+ ects the e[  ciency of inhibitory processes. * e mean 
Simon e$ ect was 92.9 ms (SD = 188.1 ms) for young monolinguals, 
19.5 ms (SD = 187.8 ms) for young bilinguals, 100.3(SD = 176.4 ms) for 
older monolinguals, and 57.8 (SD = 167.5) for older bilinguals. Despite 
large di$ erences in these values (Simon E$ ect), there was no signi= cant 
e$ ect of language. 

Simon Squares Task

Accuracy scores and RTs in the Simon Squares Task as a function 
of age and language group are presented in Table 3. * ere was no e$ ect 
of language, but there was a negative e$ ect of age. * ere was a speed 
(p=0.02) and an accuracy (p=0.006) advantage to the younger adults.
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Stroop Test

Performance on the Stroop Test is reported in Table 4. Response 
time to congruent trials showed no di$ erence between language groups 
or age groups. However, younger monolinguals (p=0.023) were more 
accurate than younger bilinguals.

* e scores of the incongruent trials showed no di$ erence between 
language groups or age groups. Consistent with expectations, the re-
sults revealed an e$ ect of congruency. Larger costs of time were associ-
ated with incongruent trials (p= 0.019).

* e Stroop e$ ect is the RT di$ erence between congruent and in-
congruent trials. As in the Simon Arrows Task, the magnitude of the 
di$ erence (Stroop E$ ect) was the same for monolinguals and bilinguals 
as well as for younger and older participants.

DISCUSSION

* e purpose of the present study was to explore the bilingual and 
aging e$ ects on inhibitory control and working memory. To do so, we 
assessed inhibitory control by means of a version of the Simon Task and 
a version of the Stroop Test, and working memory by means of another 
version of the Simon Task. 

As expected, our results showed an age-related decrement. In the 
Simon Arrows Task, older participants were slower in congruent and 
incongruent trials. * ey were also less accurate in congruent trials. In 
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the Simon Squares Task, older participants performed less well than 
their younger counterparts. Similar e$ ects have been reported previ-
ously (BIALYSTOK et al., 2004), therefore, our results may be taken 
as con= rmation that our participants were representative of their re-
spective age groups. 

On the other hand, there were no signi= cant age di$ erences in the 
Stroop Test. * is may be attributed to the fact that our sample had received 
no more than eight years of formal education. * at is, low-schooling can 
be associated with low reading time and, therefore, the linguistic stimuli 
could not have worked as an e$ ective source of con+ ict as expected. 

Regarding the language experience e$ ect, we failed to observe a bi-
lingual advantage. Given the results from previous studies (BIALYSTOK 
et al.,2004, 2006), we expected that bilingualism would be associated 
with smaller con+ ict e$ ects and smaller costs of working memory (BIA-
LYSTOK et al., 2004). Bilinguals and monolinguals performed similarly 
in the working memory task. * is results are at odds with those from 
Bialystok and collaborators (2004), but consistent with the results from 
Bialystok and collaborators (2008). * e latter study reported a similar 
performance of monolinguals and bilinguals in two types of working 
memory tasks (Corsi blocks and Self-ordered pointing).   

With regard to inhibitory control, the con+ ict produced by incon-
gruent trials was not signi= cantly smaller for bilinguals. Bilinguals and 
monolinguals did not di$ er from each other, but there was a slight 
trend for the bilinguals to be faster in incongruent trials as well as in 
congruent trials, especially among older adults. * is pattern of result 
was also reported by previous studies (SALVATIERRA, 2007; COSTA 
et al., 2008; PINTO, 2009). Costa and collaborators (2009) believe that 
this speed advantage also present in congruent trials may be an evi-
dence of e[  ciency of the con+ ict monitoring system. 

As pointed out by Costa and collaborators (2009), a growing body 
of research has used two types of evidence as an index of a bilingual 
advantage: a smaller con+ ict e$ ect for bilinguals and an overall speed 
advantage for bilinguals in con+ ict resolution tasks. According to them, 
smaller con+ ict e$ ects can be a sign of processes recruited in suppress-
ing interference, but a speed advantage that spreads even to congru-
ent trials may be a sign of a bilingual advantage in the e[  ciency of 
the con+ ict monitoring system. In order to explore the conditions that 
lead to a bilingual advantage, the researchers manipulated the involve-

Johanna D. Billig e Ana Paula Scholl

Organon, Porto Alegre, no 51, julho-dezembro, 2011, p. 39-52



49

ment of the monitoring system by the percentage of congruent and in-
congruent trials in an ANT task. * ey hypothesized that monitoring 
demands were supposed to be higher in the tasks in which trials were 
more evenly distributed. * e results showed that bilinguals had a bet-
ter performance in tasks involving higher demands on the monitoring 
system, but had a similar performance to monolinguals on the tasks 
involving lower demands.     

In our tasks, the congruent and incongruent trials were evenly dis-
tributed (50/50), that is, the involvement of the monitoring system was 
high. * erefore, the slight trend for the bilinguals to be faster even in 
the presence of congruent stimuli can be interpreted as an enhanced 
ability to monitor attention. 

* e lack of a signi= cant e$ ect of language experience can be at-
tributable to a false negative, since we only had twenty participants in 
each group. Another way of considering the discrepancies in results 
between our study and previous studies (BIALYSTOK et al., 2004; 
COSTA, HERNANDEZ, SEBASTIÁN-GALLÉS, 2008) is to attribute 
the bilingual advantage to interactions between bilingualism and other 
variables, such as type of bilingualism, participants’ age and education-
al level. Our sample di$ ered considerably from most of the samples of 
previous studies. Our participants did not receive formal education on 
Hunsrückisch, they could only read and write in Portuguese. * ey had 
up to eight years of formal education and none or almost none expe-
rience with computers. Besides that, the age of our older participants 
ranged from 60 to 71. In developing countries, you are considered in 
older citizen at the age of 65. According to Salvatierra (2007), the analy-
ses by decades done by Bialystok and collaborators (2004) suggest that 
a bilingual advantage may be not apparent until the seventh decade of 
life. * erefore, the trend of a bilingual advantage in the performance of 
the Simon Arrows Task may become more pronounced as years pass.    

In conclusion, our data suggest that aging leads to a decline in the 
e[  ciency of inhibitory control and working memory. With regard to 
language experience, we believe that further studies are still necessary 
to investigate the exact components of executive control that are in+ u-
enced by a bilingual language experience. Besides that, we believe that 
future work should also focus on the interaction of bilingualism with 
other variables. Not only bilingualism, but also other environmental 
factors may in+ uence the executive control throughout the lifespan.

! e impact of bilingualism and aging...
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