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Abstract 

A debated topic in the field of bilingualism is if there is an advantage for bilinguals in terms 

of executive functions (EF). EF include both basic and higher level cognitive processes 

such as inhibition, conflict speed, working memory, monitoring, task shifting, updating, 

working memory capacity, planning, flexibility, and reasoning. This study investigated 

whether there was an advantage in inhibition control for highly proficient Spanish-English 

late-bilingual adults, compared to Spanish-speaking monolingual adults in Bogotá, 

Colombia. The study utilized the Victoria version of the Stroop Task (Stroop, 1935) to 

measure the abilities of inhibitory control between the two groups (Spanish-English 

bilingual and Spanish monolingual adults), in addition to other measures to determine 

second language proficiency levels. A total of 21 monolingual and 20 bilingual participants 

between the ages of 18 to 40 took part in the study. Results showed that there was no 

significant difference between the bilingual participants and monolingual participants in 

terms of speed when performing the Stroop task. The implications of these results, the 

limitations of the study and recommended changes for future studies are discussed.  

Keywords: Bilingualism, Executive Functions, Inhibition Control, Stroop, Age of 

Acquisition, Language Proficiency, Code-Switching, Cognitive Control, Bilingual 

Advantage 
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Introduction 

 The purpose of this study is to contribute to the existing literature in the field of 

bilingualism by investigating a specific feature of the executive functions (inhibition control), 

in a setting that has not had similar studies conducted in the past. Colombia, as a country with 

a growing Spanish-English bilingual population, has not been a common destination for 

bilingualism studies. This context has further relevance due to the increasing number of 

private elementary and high schools that are promoting themselves as bilingual institutions, 

either by providing all instruction in the second language or by teaching half of the courses 

in the native language and the other half in the second language. For this reason, 

understanding the extent of differences between the cognitive processes of bilinguals and 

monolinguals is key for preparing appropriate teaching methodologies and curricula for a 

complex bilingual population. The current study seeks to explore the notion of Spanish-

English bilinguals having an advantage compared to monolinguals in terms of inhibition 

control, in an adult population of highly proficient late-bilinguals as evidenced through the 

Victoria version of the Stroop task in Bogotá, Colombia.   
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Chapter 1: Theoretical Framework 

The current research paper will begin by reviewing key concepts such as the 

executive functions and inhibition control, the bilingual cognitive advantage, the role that 

the age of acquisition plays in the bilingual context, and conflicting results, which have 

refuted the existence, or at least the prevalence of the bilingual advantage. The Stroop task, 

which was used in this research as a measure of inhibition control, will be reviewed as well 

as the Victoria Stroop task, which was the specific version of the task used in this research. 

Following the theoretical framework, the method, participants, tasks, and procedure are 

described. Finally, results are stated and discussed, conclusions are drawn, limitations are 

identified, and direction for future studies are proposed. 

1.1 Executive Functions & Inhibition Control 

Recently there has been a growing interest in investigating whether bilinguals have 

an advantage in executive functions (EF) when compared to monolinguals. EF are a set of 

general-purpose control mechanisms that regulate the dynamics of human cognition and 

action (Miyake & Friedman, 2012). More specifically, EF include both basic and higher 

level cognitive processes such as inhibition, conflict speed, working memory, monitoring, 

shifting, updating, working memory capacity, and reasoning (Von Bastian & Souza, 2016). 

EF are also used for a wide variety of processes including: planning for future events, 

adapting to new situations, supporting repetitive actions (such as motor functions, memory 

and language), and inhibiting irrelevant actions (Pennington & Ozonoff, 1996). Regarding 

language, the EF, which include memory, supporting repetitive actions, making 

adjustments for new situations, and inhibition control are all necessary for maintaining and 



INHIBITION CONTROL IN SPANISH-ENGLISH BILINGUAL ADULTS 7 

 

   

 

learning a new language. Coordinating two languages leads to a reorganization of neural 

networks, which are involved in EF processes (Paap, Johnson & Sawi, 2015).  

The importance of EF cannot be understated, because they are a key component in 

self-control and self-regulation ability, which are used daily in helping humans to, among 

other things, making strategic decisions to succeed in life (Mischel, Ayduk, Berman, Casey, 

Gotlib, Jonides, Kross, Teslovich, Wilson, Zayas & Shoda, 2011). Hypotheses have been 

developed which propose that bilinguals have EF advantages thanks, in part, to enhanced 

inhibition control, which results in greater mental flexibility while attempting to organize 

incoming conflicting information (García-Pentón, García, Costello, Duñabeitia & Carreiras, 

2016). 

It has been suggested that regardless of the linguistic situation in which a proficient 

bilingual speaker finds him/herself, both languages are activated during linguistic 

processing which creates conflict between the two languages and makes the entire process 

more cognitively demanding (Kroll, Dussias, Bogulski & Valdes-Kroff, 2012). The 

linguistic process is more effortful for bilinguals because of the need to utilize EF to 

resolve competition between the two languages (Bialystok, Poarch, Luo & Craik, 2014). 

For this reason, an inhibitory control system must be in place to avoid intrusions from the 

undesired language (Green, 1998; La Heij, 2005). Bilingual speakers who use both 

languages consistently in their daily lives have shown a propensity to perform tasks that 

involve code-switching more accurately and quickly (Beatty-Martínez & Dussias, 2017). 

Code-switching occurs when speakers mix their two known languages including single 

utterances and adapt words from one language for the purpose of using them in the context 

of another language. Because bilingual speakers are accustomed to frequently utilizing 
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different languages and preventing interference between the two, bilinguals may experience 

enhanced mental flexibility, which could give them an advantage over monolinguals who 

are not as accustomed to managing this kind of conflicting information (García-Pentón et 

al., 2016). A study in Singapore found that of their 8-year-old English-Chinese bilingual 

participants, those who were more proficient in their languages were also more efficient at 

code-switching than the less proficient participants. The authors went on to suggest that the 

advantages in EF (in this case code-switching) have been primarily observed in balanced 

bilinguals (those who manage both languages proficiently), and in bilinguals who have a 

more balanced daily use of both languages as well (Kang & Lust, 2017). 

Inhibitory control allows an individual the ability to perform a prolonged activity 

without succumbing to unwanted distractions (Diamond, 2006). On a broader scale, 

inhibition plays a role in general cognition, emotional adjustment, withstanding harmful 

impulses, and may be connected to educational and professional achievement (Schmeichel 

& Baumeister, 2004; Tangney, Baumeister & Boone, 2004). Inhibition is necessary during 

language switching because bilingual speakers must select the target language and inhibit 

the other, non-desired language depending on the context in which the speaker finds 

him/herself. In an extensive review of control processes and language switching in previous 

word naming experiments (e.g., Jin, Zhang & Li, 2014; Macizo, Bajo & Paolieri, 2012; 

Peeters, Runnqvist, Bertrand & Grainger, 2014; Bobb & Wodniecka, 2013), Declerck & 

Philipp (2015) concluded that if a bilingual speaker is able to successfully switch from one 

language to another, while avoiding undesired intrusions from the non-target language, then 

the speaker has a high level of inhibitory control. High levels of inhibitory control in 

bilingual children and young adults appear to lend advantages in selective attention to 
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problems, inhibition of attention to misleading information, and the ability to quickly 

switch between competing alternatives. Additionally, it has been postulated that such 

inhibitory control in bilinguals appears to last a lifetime (Bialystok, Craik, Klein, & 

Viswanathan, 2004). An experiment from 2014 further investigated the topic of inhibition 

control, in which all bilingual participants obtained better results than their monolingual 

counterparts, while the group of older adults showed the most convincing advantage, 

especially in the Stroop task (Bialystok, Poarch, Luo, Craik, 2014). This experiment will be 

further described in the Stroop Task section. 

1.2 The Bilingual Advantage  

Several studies have shown a clear advantage for bilinguals over monolinguals in 

terms of EF and cognitive control. Bilingual advantages in EF are not a foregone 

conclusion (as will be demonstrated further on), rather, the advantages depend on the 

characteristics of the participants and features of the tasks implemented in the experiment 

(Bialystok, et al., 2014). Cognitive control is a crucial human capability, which allows us to 

respond to the environment presented before us in a goal-relevant way. The ability to 

selectively focus on the relevant goal dimensions in our environment is important for both 

our adaptive and flexible behavior (Kalanthroff, Davelaar, Henik, Goldfarb & Usher, 

2017), and while the capacity for cognitive control varies significantly across individuals 

(Miyake, Friedman, Emerson, Witzki, Howerter & Wagner, 2000), cognitive control 

advantages have been shown via an individual's inhibition control across various age 

groups for bilinguals (Costa, Hernandez, Costa-Faidella & Galles, 2009; Bialystok, 1999; 

Carlson & Meltzoff 2008; Costa, Hernández y Sebastián-Gallés, 2008; Martin-Rhee & 

Bialystok, 2008). Other authors have also demonstrated bilinguals’ ability to ignore 
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distractors in various tests more efficiently than monolinguals (Costa et al., 2008). 

Proficient bilinguals are accustomed to continuously managing two languages 

simultaneously. Among bilinguals, two common indicators in measuring one’s proficiency 

is the age of acquisition (AoA) and the amount of second language (L2) usage. AoA and L2 

usage could be key components in the perceived bilingual advantage, leading to better 

performances in both speed and accuracy of bilinguals’ cognitive responses. (Costa, La 

Heij & Navarrete, 2006; Costa, Santesteban, & Ivanova, 2006; Finkbeiner, Almeida, 

Janssen & Caramazza, 2006; Finkbeiner, Gollan & Caramazza, 2006; Green, 1998; La 

Heij, 2005; Meuter & Allport, 1999; Philipp, Gade & Koch, 2007).  

Studies using functional magnetic resonance imaging (fMRI) to demonstrate the 

effects of the Flanker task have shown that bilinguals have an overlap of activity in the left 

inferior frontal gyrus (LIFG) compared to monolinguals who showed no significant overlap 

(Coderre, Smith, Van Hueven & Horwitz, 2016).  This overlap is a visual representation of 

how bilinguals must manage interference during both the production of language and 

during the comprehension process. Yang, Hartanto & Yang (2016) found that the 

interactional context of bilinguals in terms of conversational exchanges is critical for 

predicting bilingual advantages in EF. Because bilinguals are always managing two 

languages at the same time to some extent (even in seemingly monolingual contexts), it is 

reasonable to consider that the executive control mechanisms are constantly in need of 

inhibition control. More extensive daily use of specific brain structures in bilinguals such as 

the LIFG, may enhance the functionality of the brain such that it becomes an all-inclusive 

system of processing for both language and general executive control due to the 

interdependencies of both language and cognitive control (Garbin, Sanjuan, Forn, 
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Bustamente, Rodriguez-Pujadas, Belloch, Hernandez, Costa & Avila, 2010). The frequency 

of language use and switching between two specific languages could potentially involve 

more brain functions, and therefore would be a more demanding task for the EF to manage. 

As Diamond (2012) succinctly wrote, ‘‘the more we use executive control, the more we 

develop it.’’ The more the EF are activated, the higher the demand, and with heightened EF 

demand comes greater functional brain overlap (Coderre et al., 2016). If an individual has a 

large amount of brain overlap in multiple functions, it is possible, although not proven, that 

the brain would be able to act more efficiently given that multiple regions would be 

activated together instead of being assigned certain tasks to specified regions 

independently. It remains unclear which specific EF mechanisms are enhanced by the 

bilingual experience. Because of this, investigation in the field of bilingualism has 

increased in the past decades (Valian, 2015). 

1.3 The Age of Acquisition (AoA) 

One of the key components of the bilingual experience is the Age of Acquisition 

(AoA) of a L2. Researchers have been unable to come to a conclusion on how age at the 

time of L2 learning affects the eventual proficiency level of the learner, despite over 50 

years of investigation (Major, 2014). Since Lenneberg’s (1967) Critical Period Hypothesis, 

the role that age plays in L2 acquisition has garnered increasing interest. The Hypothesis 

proposes that humans are predisposed to acquire language in the early years of life, and that 

this predisposition is diminished at the onset of puberty around the age of twelve 

(Lenneberg, 1967). Since the Hypothesis has been proposed, the relationship between age 

and language has been shown as complex and varying for each individual. There are 

dynamic interactions for each L2 learner that exist among cognitive, oral, and contextual 
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variables. These variables help to explain why there is so much variety in learning 

outcomes depending upon the learner. Therefore, researchers should consider all variables 

together in a study instead of looking at them in an isolated way (Segalowitz & Freed, 

2004).  

Two benchmark studies by Krashen, Long & Scarcella (1979, 1982) found that 

adults are superior to children in how fast they acquire their L2 in regard to syntax and 

semantics and that older children learn these linguistic elements faster than younger 

children do as well. While the initial rate of acquisition may favor adults or older children, 

the ultimate level of language attainment, or the level at which a speaker reaches near 

native-like proficiency favors children rather than adults (Felix, 1985). Because adults and 

older children already have a solid knowledge base of their first language (L1), their 

processes of learning a L2 will be inevitably different from that of younger children. One 

model that explains how the differences in language acquisition come about was proposed 

in Felix’s Competition Model (1994), which states that children learn via a Language-

Specific Cognitive System while adults approach learning a L2 via a Problem-Solving 

Cognitive system, which competes and creates interference with the Language-Specific 

Cognitive System (Dong & Ren, 2013). Based on this model, adults and children use 

different cognitive systems and would then experience differences in brain organization as 

a result. Some factors to consider in L2 acquisition and age are the two languages that are 

interacting with one another and cognitive aging. The success of acquiring a L2 has been 

shown to depend on the linguistic distance between L1 and L2 structures (Best & Tyler, 

2007; Flege, 2003). Cognitive aging also affects one’s ability to learn a L2 (Birdsong, 

2006; Hakuta, Bialystok & Wiley, 2003). In terms of attrition due to age, the probability, 



INHIBITION CONTROL IN SPANISH-ENGLISH BILINGUAL ADULTS 13 

 

   

 

speed, and depth of one’s L1 attrition may be affected by the age at which attrition begins, 

with the degree of L2 dominance being affected accordingly (Kopke & Schmid, 2004). 

Age not only influences learning a L2, but also performance in cognitive tasks that 

measure inhibition, which has been demonstrated in various empirical studies. One study 

that was conducted in Portugal to determine whether the inhibition control of 290 healthy 

adults between the ages of 25-80 and 32 adults with Alzheimer’s disease was affected by a 

variety of factors, with age being one of them. To measure inhibition control, the 

researchers applied the Stroop task and found, from the healthy adults, that, “It (was) from 

44 years (of age) that the performance in the scores decreased because it (was) affected by 

age and especially in relation to attention and EF” (Soares, 2009). The Stroop task is a 

reaction time task which is often used to demonstrate automatic processing versus visual 

control (Stroop, 1935). Further details of the task will be discussed in the Stroop task 

section, as it is also the task implemented in the current study. Regarding naming speed in 

tasks, which is an area associated with the ability to measure the decline of EF due to age, 

similar effects have been observed for both bilinguals and monolinguals (Birdsong, 2014). 

Cognitive processes in the brain could begin to decrease in brain volume starting as soon as 

20 years of age (Birdsong, 2006). Older participants, between the ages of 60-80, 

demonstrated a decline in their ability to complete the Stroop task without importance to 

whether the participants were bilingual or monolingual (Bialystok, 2009). Another study in 

Canada sought to discover if 88 experienced Japanese learners of English with a relatively 

high AoA (16-40) could be predictive of L2 oral proficiency (Saito, 2015). They found that 

both young and older adult learners of English are equally subject to age effects both before 

and after puberty. The author’s final comments recommended that future studies related to 



INHIBITION CONTROL IN SPANISH-ENGLISH BILINGUAL ADULTS 14 

 

   

 

language acquisition and age should measure the bilingual participant’s proficiency in 

language via different standardized tests such as the TOEFL, iBT, IELTS, etc. (Saito, 

2015).  

For the purposes of the current study, the participants were classified as late learners. 

Late learners of a L2 are often considered to be between the ages of 12 to 20 and beyond at 

the time of acquisition (Abrahamsson & Hyltenstam, 2009; Abrahamsson, 2012; DeKeyser, 

2010). Among studies comparing bilinguals and monolinguals, few have examined older 

age groups who are physically, mentally, and emotionally healthy, and even fewer have 

examined the difference between a monolingual group and a bilingual group who acquired 

their L2 after the age of 15. The demographic characteristics of the current study (to be 

further discussed in the Participants section) of the bilingual group were selected based on 

this apparent lack of coverage by previous research. 

1.4 Bilingualism & Conflicting Results 

Most research regarding cognitive differences between monolinguals and bilinguals 

to this point has been devoted to ‘‘classical’’ bilingualism: a simultaneous or early 

consecutive childhood acquisition and balanced command of two or more languages 

(Baker, 2011). The AoA is one of many factors that influences one’s ability to become 

competent in a L2 and it remains unclear to what extent bilingual advantages can also be 

detected in individuals who acquire their L2 in late childhood or adulthood (Vega-Mendoza 

et al., 2014). Early bilinguals may develop different language networks from those of late 

bilinguals or monolinguals, specifically by connecting more areas of the executive control 

network (Hernandez, 2009). The supposed assimilation of these executive control network 

areas would, then, theoretically provide early bilinguals with better cognitive abilities than 
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late bilinguals due to more inter-connectivity across various networks. This has not been 

completely proven nor disproven from previous bilingualism studies, although, varying 

AoA have produced conflicting results. Some have only found advantages in early-

acquisition bilinguals (Luk, De Sa & Bialystock, 2011) while others have shown 

advantages in late-acquisition bilinguals as well (Bak, Nissan, Allerhand & Deary, 2014; 

Pelham & Abrams, 2014; Tao, Taft, Asanowicz & Wodniecka, 2011). One possible reason 

for this, as Yang, Hartanto, Andree & Yang (2016) identify, is that AoA is not a 

specifically defined characteristic, and therefore could have defined in different ways in 

various studies. They clarify that, depending on the author, AoA could refer to the onset of 

active bilingualism (Luk, et al., 2011), the age of immersion in the L2 environment (Tao, et 

al., 2011), the age of L2 production (Kapa & Colombo, 2013), the age of first exposure to 

L2 (Kalia, Wilbourn, & Ghio, 2014), and the age of L2 fluency (Pelham & Abrams, 2014). 

Because studies in bilingual advantages should be conducted under specific bilingual 

experiences, the differences in categorization of such terminology has led to (and could 

lead to) conflicting results due to methodological inconsistencies in classification of AoA in 

the studies’ participants. 

 It should be noted that in some cases these conflicting results lacked a purely 

monolingual group for comparison, used a variety of languages across tasks, or did not 

delve into the frequency of language use in the participant’s daily lives (Von Bastian & 

Souza, 2016). In addition to recorded negative results, it is possible that if there is a 

bilingual advantage in the EF, it is minimal and has been over-represented by recent 

studies.  
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Paap, et al., (2015) indicates that previous psychological surveys have shown a high 

number of case studies that did not confirm the proposed hypothesis and, as a result, were 

not subsequently published. One example found that out of 104 abstracts presented at 

conferences regarding the topic of bilingual advantages, only 52 were later published. Of 

these 52 published articles regarding bilingual advantages, 68% favored the bilingual 

advantages while 29% clearly challenged the hypothesis, and the remaining percentages 

represented mixed results (De Bruin, Treccani & Della Sala, 2015). On a larger scale, of 

2,000 research psychologists, 48% of them admitted to previously submitting studies only 

if they yielded the desired results (John, Loewenstein & Prelee, 2012). Non-reported 

studies have skewed the general perception of how prevalent the bilingual advantage 

realistically is. This is a phenomenon that can only be challenged by conducting more 

similar experiments to either confirm the bilingual advantage or to further question if it 

exists. Paap, et al., (2015) provided several reasons why previous experiments that alleged 

a bilingual advantage should be taken at face value, either because of small sample sizes or 

because data was manipulated to demonstrate favorable results. They do not, however, 

completely dismiss the idea that a bilingual advantage in terms of the EF could exist, 

stating that, “bilingual advantages accrue only in very specific circumstances that pair the 

right set of bilingual experiences with the resonating set of EF measures (Paap et al., 

2015).”  

Evidence of such bilingual advantages have been demonstrated in some cases. 

Pelham & Abrams (2011) conducted an experiment with a total of ninety (n = 90) 

participants who were divided into groups according to their proficiency and AoA (30 

monolinguals, 30 early Spanish-English bilinguals, and 30 late English-Spanish bilinguals), 
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and found that EF advantages were present in bilinguals regardless of the AoA. Differences 

were identified based on proficiency levels in the L2 and usage rates of both languages, 

indicating that these measures could be more significant when searching for the bilingual 

advantage when compared to only investigating the relationship between AoA and the 

bilingual advantage. 

1.5 The Stroop Task  

With some of the ideal demographic components for conducting an experiment 

between bilingual and monolingual populations identified, the next step was to select an 

appropriate task that is used to measure inhibition control. J.R. Stroop’s task has been 

utilized for measuring (selective) attention, cognitive flexibility, inhibition & interference, 

speed of processing information in the EF, and other neurophysiological functions (Stroop, 

1935). The original task consisted of three different stimuli: naming words of colors in 

blank ink, naming words of colors in a contrasting/incongruent ink color and naming the 

colors of filled in squares. Stroop noticed that the contrasting words of colors in different 

color tints took the longest for the participants to respond to. He explained this 

phenomenon by stating that interference is created from the automation of reading 

semantically, therefore one must employ inhibition to combat the automated process. 

Since the original task’s first implementations, many variations have been 

developed. For the purposes of this study, a classic color-word version was employed 

(Kornblum et al., 1990). The current study’s version of the Stroop task, the Victoria Stroop 

task consists of three conditions: the dot (control), the congruent, and the incongruent. The 

task instructs participants to identify the ink color in which words are printed. In the dot 

condition, there are circles that are filled in and the participant must identify the color. In 
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the congruent condition, words of colors are written, and the colors match the words. 

Alternatively, in the incongruent condition, the word and the color do not match. 

For example, the word YELLOW printed in the color blue would mean that the 

indicator for blue would be the correct response. The contrasting written word and printed 

color creates interference, which has come to be known as the Stroop Effect. The Stroop 

Effect occurs when the relevant dimension of color naming interacts with the irrelevant one 

of word reading, which produces overlapping and incongruent responses (Khng & Lee, 

2014). This Effect was identified by Costa, et al., (2006) as possibly the most often cited 

evidence of co-activation of the two lexicons and the resulting interference between the two 

as a cross-language Stroop Effect in bilingual contexts. The Stroop Effect is typically 

measured by the difference in mean response time (RT) between the incongruent and 

congruent conditions. The majority of results have shown that this effect demonstrates that 

people often have difficulty ignoring the temptation to read instead of focusing on color 

identification (Eidels, Algom &Williams, 2014). When comparing this to the congruent 

condition of the task, (in which the word RED is printed in the color red), the incongruent 

condition typically takes participants longer to respond. The additional time that is taken in 

the incongruent condition compared to the congruent condition is referred to as Stroop 

Interference (Bugg, Jacoby & Toth, 2008). Participants also typically commit more 

intrusions in the incongruent condition of the task than the congruent. Intrusions occur 

when participants incorrectly indicate the written word instead of the printed ink color (for 

example, they select the response for the written word YELLOW when the printed ink 

color of blue should have been selected).  
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The interference effects, which could explain the reason for the intrusions, are often 

attributed to the process of reading being more practiced than color-naming (Khng & Lee, 

2014). Despite the instructions stating that the participants must focus solely on the colors, 

task-irrelevant information is also processed which creates an interference conflict 

(Kalanthroff, et al., 2017). Participants who are able to correctly respond in the incongruent 

condition can do so because they are capable of selectively inhibiting the automatic reading 

mechanism and instead focus on the less common task of identifying colors out loud (De 

Jong, Liang & Lauber, 1994). The inhibition control and Stroop effect are measured by 

examining both the differences in the speed of responses (latency) and accuracy of 

responses between the congruent and incongruent conditions of the task. 

Bialystok makes the distinction that the Stroop task is a difficult one, to explain that 

simpler tasks that have been used to measure EF, such as the Flanker or Switching task, do 

not always produce favorable results which demonstrate an EF advantage for bilinguals. In 

the study (Bialystok et al., 2014), 130 participants performed the Stroop task. The paper 

version of Stroop task that was utilized had three conditions and each condition consisted of 

100 trials each. The authors identify that the paper version, while convenient for older 

adults, is less precise than versions on the computer. Bilinguals in both age groups showed 

less interference than monolinguals with a greater benefit for older adults.  The younger 

bilinguals self-reported a mean AoA of 5.02 years while the older bilinguals reported a 

mean AoA of 8.04 years. The current study aims to have a bilingual group with a much 

higher AoA. The authors justified their task selection by saying that, “tasks that involve 

slower and more effortful processing (in this case the Stroop task) are more likely to show 

group differences, in this case, bilingual advantages (Bialystok et al., 2014).” They 
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concluded that older bilinguals performed the interference condition faster than older 

monolinguals, and bilinguals in both age groups experienced less interference than 

monolinguals. 

Other authors have also described the Stroop task as difficult because it involves a 

wide range of EF in addition to attentional components (MacLeod & MacDonald, 2000). 

The distinction of using complex tasks to demonstrate the proposed advantage for 

bilinguals is important because better performance of the EF should facilitate heightened 

execution of more complex tasks and, therefore, demonstrate the difference of how 

bilinguals process conflicting information compared to monolinguals. It has been 

hypothesized that the Stroop task incurs a high demand on executive control through 

inhibition and switching between languages which is a common occurrence associated with 

bilingualism (Green, 1998). In simpler terms, the Stroop task has been referenced as 

measuring “Language Conflict” due to the incongruent pairing of the words and the colors 

in which they are printed (Ye & Zhou, 2009). On the other hand, Paap, et al., (2015) 

identified that in nonverbal tasks (such as in the current study), the interference score or 

measure of inhibitory control was only shown as having a significant bilingual advantage in 

13 of 64 tests (.203). These conflicting results would seem to suggest that further 

investigation into the topic of bilingual advantages in inhibitory control is necessary. 

One example of an implementation of the Stroop task that is relevant for the current 

study comes from Bialystok, Craik & Luk (2008), who used the Stroop task in trials with 

both younger and older bilinguals and monolinguals. Switching costs, measured by 

response times, between congruent and incongruent conditions were lower in both bilingual 

groups compared to the monolingual group who were all similar in age. One 
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implementation of the Victoria Stroop Task (VST) in Iran found that the task is a reliable 

measure for bilingual participants and that age is a factor of performance (the 16-17-year-

old group outperformed the younger groups), while the gender of the participants was not 

identified as an indicative factor in the performance of the task (Malek, Hekmati & Amiri, 

2013).  

Another study in Brazil of 119 children also concluded that older children (9-10-

year-olds) performed at a higher level than their younger counterparts (7-year-olds) 

(Charchat-Fichman, 2009). This seems to indicate that as one ages, and cognitive abilities 

further develop, the completion of the task is more easily and accurately achieved. On the 

other side of the age spectrum, a French study implemented the task with 107 participants 

between the ages of 50-95. The older participants performed the task more slowly and 

committed more errors than the younger participants (Moroni & Bayard, 2009). Similarly, a 

Canadian study reported results similar to the previous study when utilizing the VST in 

English with 272 participants between the ages of 18-94 (Troyer et al., 2006), which could 

indicate that regardless of the language used, cognitive decline affects one's ability in terms 

of inhibition control. Tse & Altarriba (2012) conducted the Stroop task with 110 

participants who had a mean age of 19.28 and found that the lower the participants AoA of 

the L2, the better their performance regarding Stroop Interference. Similar results were 

produced by Yow & Li (2015), who utilized 3 tasks including the Stroop task with 72 

participants who had a mean age of 20.93. Furthermore, the VST was implemented with 

Chinese-English bilinguals and English monolinguals but no tangible results were reported 

(Lee & Chan, 2010). Because language interactions, ages, versions of the Stroop task itself, 

proficiency in the L2, among other factors vary so much between bilingual populations, it is 
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a reasonable assumption that different combinations of the aforementioned variables could 

produce different results in the task. The Stroop task was recently implemented in 

Colombia (Rodriguez Barreto, Pulido & Pineda Roa, 2016) and it was concluded that it is 

suitable for different Colombian age groups providing that the participants do not have any 

pathological problems. 

1.6 The Victoria Stroop Task (VST) 

When considering which version of the Stroop task to implement, there is not a 

widely accepted answer as to which is the best. Scientifically, there is no recognized 

standard version of the task, and as such, researchers must select which versions to use 

based on a variety of factors, including (but not limited to) the population, setting, and time 

available for carrying out the experiment (Homack & Riccio, 2004). The current study 

implemented the Victoria Stroop Task (VST) that has been utilized in many settings, age 

groups, and language combinations thanks to its duplication in various languages and its 

availability in both a physical and electronic form. The VST (Regard, 1981), akin to the 

standard Stroop task, is used for measuring selective attention, inhibition control, and most 

commonly, for analyzing executive brain functions (Malek, et al., 2013). The VST is 

especially suitable for participants who lead busy lives thanks to its relatively quick 

implementation and it should not generate as much fatigue as other versions of the Stroop 

task (Bayard, Erkes & Moroni, 2011).  

In addition to the age and education factors which affect the ability of participants to 

complete the Stroop task (Mitrushina, 2005; Strauss, 2006), participant’s performance of 

the Stroop task also differs for those who have any prior physical, mental (Lansbergen, 

2007), or emotional (Frings, 2010) health conditions. Participants who were previously 
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diagnosed as being clinically depressed had slower reaction times when performing the 

Stroop task than participants who did not report any mental or emotional problems (Frings, 

2010). A study in Chile (Conca Binfa & González, 2004) utilized the VST successfully and 

found that there were significant differences in the participants’ performance of the task 

due to socio-economic status and education level. In addition to the participant’s education 

level, it was also demonstrated in one of the four studies examined by Von Bastian & 

Souza (2016), that the education level of the participants’ parents yielded a better cognitive 

performance at higher educational levels. Another example from South America in which 

the VST was altered into Spanish was implemented in an Ecuadorian study among 81 

participants and no relationship between the genders of the participants and their 

performances was identified, although the VST was confirmed as being a suitable measure 

for measuring inhibition control among Spanish-speaking participants (Ramos-Galarza, 

2017). Demographic factors were considered in the current study via the administration of a 

questionnaire and language profile survey (to be further discussed in the Tasks section).  

1.7 Research Question & Hypothesis: 

Considering what has been presented thus far in previous sections, there have been 

arguments made both for and against the bilingual EF advantage and, more specifically, an 

advantage in inhibition control. Much of the previous research that has been cited comes 

from Europe, North America, or Asia, with few attempts at duplications in other parts of 

the world. Specifically referring to the current study, Colombia has not been represented, to 

the author’s knowledge, as a location for inhibition control studies in bilingualism and for 

this reason, the following research question is proposed: What is the difference in inhibition 

control between highly-proficient late-bilingual adults and monolingual adults as evidenced 
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through the Victoria Stroop task in Bogotá, Colombia? Is this difference in accordance with 

what has been demonstrated in other similar experiments, which have shown a bilingual 

advantage, or will the debated bilingual advantage be further questioned based on the 

results of this study? 

The hypothesis of this study is that depending on the number of languages managed 

by the participants (either Spanish-English bilingual or Spanish monolingual) the amount of 

inhibition required will be modulated, and therefore, depending on how brain signals 

interact with each other during the task, either participant group could be faster in their 

responses. On one hand, the highly proficient late-bilinguals could be faster than 

monolinguals when reading the colors of the printed words instead of the written words 

themselves due to their heightened ability of inhibition control and consistent need for 

code-switching, which could improve their ability to inhibit unwanted distractors thanks to 

using this mechanism more often than monolinguals. On the other hand, monolinguals may 

experience less interference in general because of only being proficient in one language 

when performing the Stroop task compared to bilinguals who are having to inhibit two 

languages (even if the task is only presented in one language at a time), which may indicate 

that they are able to respond more quickly. 
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Chapter 2: Method 

The present study is quantitative quasi-experimental due to its systematic way of 

investigating specific phenomena (cognitive advantage in bilingualism) while considering 

the factors and relationships which affect the reliability of the phenomena. The variables 

were measurable and quantifiable in numbers and were utilized with the intention of 

explaining and confirming (or disproving) the proposed hypothesis (Leedy, 1993). The 

utilized instruments consisted of a general questionnaire, a language questionnaire, and the 

Victoria variation of the Stroop task, which had its instructions adjusted into the Spanish 

language accordingly because of the setting in which the research is taking place (Bogotá, 

Colombia). 

2.1 Participants 

To avoid the criticisms of some of the previously mentioned studies regarding the 

number of participants, the current study originally included 41 (n = 41) participants who 

only spoke two languages (Spanish and English) and a bilingual group, which required a 

consistent daily use of their L2. The total number of participants (n = 41) was considered 

appropriate based on the previous critique of studies provided by Paap, et al. (2015), in 

which the authors noted that bilingual advantages principally occurred when the sample 

size was less than 30 participants. The first group of participants consisted of Spanish-

English bilingual teachers of English who were between the ages of 18-40 (n = 21; 12 

males and 9 females; mean (M) age of 29.33 and standard deviation (SD) of 29). They were 

all native Spanish speakers, who acquired English as their L2 after the age of 15, were 

teaching English on a regular basis at the time of the study and were in possession of an 

international certification of English proficiency (i.e. TOEFL, IELTS, etc.). 
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The second group of participants (n = 21; 9 males and 12 females; M age of 27.29 and 

SD of 15.49) consisted of monolingual adults who were between the ages of 18-40 and had 

a shared native language of Spanish. Further demographic information can be seen below in 

Figures 1 & 2. 
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Chapter 3: Tasks 

3.1 Questionnaire (Annex 2) 

To address the varying demographic factors that can affect performance of the VST, 

the questionnaire included questions regarding the participants' physical, psychological, and 

mental health in addition to questions regarding the education levels of their parents (see 

Annex 2 for specific questions). This data was used to determine how these factors 

contributed to the participants' performance of the VST and was used to attempt to draw 

further correlations between the education level of the parents of the participant’s and their 

ability to perform the task. 

3.2 Bilingual Language Profile (Annex 3) 

The Bilingual Language Profile (BLP) is a questionnaire developed by the 

University of Austin, which has a built-in formula that calculates language dominance 

(Birdsong, Gertken & Amengual, 2012). The BLP comes in many different language 

variations. For the purpose of this experiment, the Spanish-English version was used to 

ensure that the bilingual participants acquired English as a L2 after the age of 15 and that 

the monolingual participants were truly monolingual without any self-perceived knowledge 

of English as a L2. The participants were asked to respond to a number of questions in the 

following categories: general demographic information, linguistic history between the two 

languages, language use of both languages, competencies in both languages, and attitudes 

towards both languages. Larger numbers in each category indicated more language 

exposure, greater language use, higher language proficiency, and a more positive attitude 

towards the languages in question, respectively. All categories were then aggregated to 
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produce one mean score for each language. From the two mean scores, dominance scores 

are automatically generated to provide an idea of the self-perceived difference in language 

proficiency between the native language and L2. The greater the dominance score was, the 

greater was the participant's perception of their own proficiency in their native language 

over the L2. 

3.3 Victoria Stroop Task (VST) & Psychology Experiment Building Language (PEBL) 

(Annex 4) 

The VST, as an adapted version of the original Stroop task, consisted of three parts. 

The first was the control stage in which the participant indicated the color of the filled in 

dots. The next stage was the congruent condition in which the written words matched the 

ink color. The final stage was the incongruent condition in which the written words were in 

a different ink color than their names (for example, as previously mentioned, the word 

BLUE was printed in the ink color red). The first two screens were instructions. On the 

second screen, the participant could take a moment to familiarize themselves to which 

numbers (1-4) on the keyboard corresponded with which color (red, green, blue & yellow, 

in a randomized order). The third screen was the filled in dot condition and is intended for 

the participants to practice pushing the correct buttons. If a participant indicated an 

incorrect response, the program generated a white square, prompting the participant to try 

again until he/she had answered correctly to continue. The fourth screen provided further 

instructions and was followed by the congruent condition. Finally, the sixth screen 

provided the final instructions for the incongruent condition and the participant was 

prompted when they had finished the final condition. 
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The VST was administered via the software Psychology Experiment Building 

Language (PEBL), which is an open-access “software system for designing and running 

psychological experiments.” The task was pre-loaded and only the instructions were altered 

in both languages to provide further clarity to the participants in the first two instruction 

prompts. PEBL, as software, is widely used. For example, in 2012 there were 50 

publications that had cited PEBL and it had been downloaded over 20,300 times (Mueller 

& Piper, 2014). This software automatically stored all data from each participant into both 

excel and text files and provided a master excel file which stored all the participants’ basic 

data together. A recent study (Rincón, 2016) from the Pontificia Universidad Javeriana in 

Bogotá, Colombia used the same software and VST, with the only exception being that 

they did not change any of the instructions into Spanish for clarity. They carried out the 

experiment with 107 participants ranging in age from 17-23 and found that it was an 

accurate way of running the VST due to the software’s automatic system of precise data 

collection and organization. 
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Chapter 4: Experimental Procedures 

This Master’s thesis was approved by the Ethics Committee in the Education 

Department at the Universidad de Los Andes. All participants agreed to take part in the 

study and signed a consent form. This experiment was conducted with one participant at a 

time in a room without any visual or auditory distractions. Each participant was first 

instructed to read and sign the consent form. The general questionnaire was then 

administered in a physical copy and given to the participants. Next, the BLP was completed 

by the participants on a Google spreadsheet form on the computer with written instructions 

provided in the event that any questions arose. The proficiency levels of the bilingual 

participants were then confirmed by cross-checking their BLP English mean scores with 

their English international proficiency certificates, to ensure that all participants were at 

least equal to level B2 in English proficiency, based on the definition provided by the 

Common European Framework of Reference for Languages (Council of Europe, 2011). 

4.1 Full-Scale Experiment - Participants 

Twenty-one (n = 21) bilinguals and twenty-one (n = 21) monolingual participants 

completed all the previously mentioned tasks. One monolingual participant was classified 

as an outlier after running a Z-score analysis of all participants, yielding a result of z = 3.65 

from a raw response time (RT) of 1,145ms in the incongruent condition of the task and 

subsequently removed. The remaining Z-score analysis did not generate any other scores 

either below -3.0 nor above 3.0 and were thus deemed valid. Therefore, the final number of 

monolingual participants in the following data analysis is twenty (n = 20) without any 

change to the number of bilingual participants (n = 21). 
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4.2 Victoria Stroop Task (VST) 

The computer version of the VST was then administered under supervision of the 

researcher. Participants were instructed to take their time and to only advance onto each 

condition of the VST after confirming that they had read and understood the instructions. 

The task included three experimental conditions: the dot, which was used as the control 

condition, the congruent, in which the printed color matched the words, and the 

incongruent, in which the words and colors did not match. The participants progressed 

through each of the three conditions by indicating on the number pad either 1,2,3 or 4 

according to the prompted color. The color and number associations changed for each 

participant, so that for one participant the combination could be 1=red. 2=blue, 3=yellow, 

4=green and for another participant it could be 1=yellow, 2=blue, 3=green, 4=red, and so 

forth. The Spanish-monolingual group completed the VST in only Spanish, while the 

bilingual group completed the VST in both Spanish and English. The Spanish and English 

VSTs for the bilingual group were completely separate and were not mixed between 

individual conditions of each task. The order of the language used in the VST for the 

bilingual group was counterbalanced. 
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Chapter 5: Results 

5.1 Pilot 

Before the full-scale experiment was carried out, a pilot was completed with 5 bilingual 

participants and 5 monolingual participants. This process helped to identify where the 

instructions were lacking in clarity and reinforced that all instructions needed to be read to 

future participants, otherwise some participants tended to skip ahead too quickly without 

reading. Another key instruction was added, which was the indication of which hand should 

be used (dominant) so that all participants were conducting the experiment in the same way 

to avoid motor response differences that could affect the results of the experiment.  

The instructions were then subsequently made clearer in an effort to avoid outliers and 

provide a better overall picture of whether bilinguals have an advantage (or a different 

advantage within the bilingual group depending on the language implemented).  

5.2 Full Scale Experiment – Demographic & Stroop Task Results 

The bilingual and monolingual group’s performance of the BLP were compared to 

ensure that all participants self-identified in the correct participant group. The bilingual 

group’s dominance score from the BLP (M = 58.13, SD = 26.74), was closer to 0, 

indicating a more balanced bilingual language profile than the dominance score of the 

monolingual group (M = 154.47, SD = 15.49), as demonstrated in Tables 1 and 2. Of the 21 

bilingual participants, 2 participants identified themselves as being balanced bilingually 

with dominance scores near zero (≤ 20 and ≥ −20). The remaining participants all identified 

themselves as being Spanish dominant with a score greater than 20. The monolingual 

participants, on the other hand, all identified themselves as being Spanish dominant.  
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The bilingual participants’ various standardized English exams confirmed that all 

participants were proficient, with 12 participants being classified as a C1 level and the 

remaining 9 being classified as a B2 level per the guidelines of the Common European 

Framework of Reference for Languages (Council of Europe, 2011). A cross analysis of the 

BLP along with the bilingual’s English exams validated that all participants were proficient 

in the L2 both in their perception of their own abilities as well as in a standardized language 

assessment.
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Table 1 

Bilingual participants’ demographic information, BLP scores & English international exam proficiency scores 

ID Age Sex Born 
Home 

Language 
AoA Education 

English 

Proficiency 

Spanish 

Proficiency 
Dominance 

Education - 

Mother 

Education - 

Father 

Language 

Proficiency 

Test 

Language 

Proficiency Test 

Score 

b1 35 m Colombia Spanish 20+ Masters 97 195 98 Some University University TOEIC 985 = C1 

b2 29 m Colombia Spanish 28 University 104,97 176,53 71,56 Some University Some University MET 104 = B2 

b3 35 f Colombia Spanish 17 University 124,49 181,07 56,58 High School High School IELTS 7.5 = C1 

b4 25 f Colombia Spanish 23 Masters 78,27 175,53 97,26 University Masters TOEFL 110 = C1 

b5 31 f Colombia Spanish 20+ University 97,61 181,62 84,01 High School High School IELTS 6.5 = B2 

b6 34 m Colombia Spanish 17 Masters 119,14 168,63 49,49 Some University NA IELTS 7.5 = C1 

b7 37 m Colombia Spanish 20+ University 110,69 166,27 55,58 High School High School EFSET 93% = C1 

b8 35 m Colombia Spanish 17 Masters 105,88 189,24 83,37 High School High School EFSET 94% = C1 

b9 30 f Colombia Spanish 20+ University 127,04 163,54 36,5 Primary School Primary School MET 125 = B2 

b10 31 m Colombia Spanish 20+ Masters 132,94 126,31 6,12 Masters Masters IELTS 7.5 = C1 

b11 24 m Colombia Spanish 16 University 116,78 152,01 35,23 High School Primary School IELTS 6.5 = B2 

b12 25 f Colombia Spanish 16 University 115,78 165,63 49,85 University Some University MET 115 = B2 

b13 21 m Colombia Spanish 16 University 106,06 171,44 65,38 High School NA EFSET 93% = C1 

b14 23 f Colombia Spanish 19 University 100,98 152,1 51,12 Some University Some University IELTS 6.5 = B2 

b15 25 m Colombia Spanish 20+ University 116,5 159,55 43,04 Some University University MET 146 = C1 

b16 24 f Colombia Spanish 15 University 141,66 141,11 0,55 Some University Some University TOEIC 935 = B2 

b17 32 m Colombia Spanish 17 University 117,41 159,82 42,41 Some University NA IELTS 7.5 = C1 

b18 36 m Colombia Spanish 20+ University 101,61 184,88 83,27 High School Masters TOEIC 950 = C1 

b19 27 m Colombia Spanish 20+ University 99,34 181,61 82,27 High School High School TOEFL 105 = C1 

b20 29 f Colombia Spanish 18 University 85,9 155,83 69,92 University University TOEFL 95 = B2 

b21 28 f Venezuela Spanish 15 Masters 116,32 174,26 57,94 University Some University TOEFL 98 = B2 

M: 29.33        16.5   110 168 58.13         

SD: 4.82           15.11 16.51 26.74         
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Table 2 

Monolingual participants’ demographic information and BLP scores 

ID Age Sex Born 

Home 

Language Education E Proficiency S Proficiency Dominance 

Education - 

Mother 

Education - 

Father 

m1 25 m Colombia Spanish University 48,76 202,78 154,02 

Some 

University Some University 

m2 20 f Colombia Spanish University 39,14 194,24 155,1 High School High School 

m3 30 m Colombia Spanish University 33,14 203,41 170,27 High School Some University 

m4 21 m Colombia Spanish High School 17,25 186,61 169,36 High School High School 

m5 37 f Colombia Spanish 

Some 

University 48,94 211,67 162,73 Primary School Primary School 

m6 26 f Colombia Spanish University 44,13 194,24 150,11 High School High School 

m7 24 m Colombia Spanish 

Some 

University 58,66 204,23 145,57 High School High School 

m8 32 m Colombia Spanish University 25,42 187,98 162,55 High School High School 

m9 37 f Colombia Spanish University 25,88 197,06 171,18 Primary School Primary School 

m10 20 f Colombia Spanish 

Some 

University 49,03 204,32 155,29 High School High School 

m11 20 m Colombia Spanish 

Some 

University 51,67 186,7 135,04 High School Some University 

m12 25 f Colombia Spanish University 39,68 180,98 141,3 High School High School 

m13 28 f Colombia Spanish 

Some 

University 19,25 185,52 166,27 Primary School High School 

m14 25 f Colombia Spanish 

Some 

University 8,08 198,51 190,43 High School High School 

m15 31 f Colombia Spanish University 32,23 189,79 157,56 High School High School 

m16 20 f Colombia Spanish University 78 192,6 114,6 

Some 

University High School 

m17 24 f Colombia Spanish University 55,3 198,51 143,21 High School High School 

m18 38 m Colombia Spanish University 53,57 202,05 148,48 Primary School Primary School 

m19 24 m Colombia Spanish University 43,58 194,79 151,2 High School High School 

m20 34 m Colombia Spanish University 52,66 199,78 147,12 High School Some University 

m21 32 f Colombia Spanish University 54,93 207,5 152,56 High School High School 

M: 27.29         41.87 196.35 154.47     

SD: 5.99         16.45 8.09 15.49     
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The experimental Stroop task measured the participant’s ability to respond as quickly as 

possible to the inputs presented before them. The inputs were divided into three conditions, the 

dot, the congruent, and the incongruent. As previously explained, the dot condition displayed 

filled in colored dots and the participants were prompted to select the number key that 

corresponded with each color. The congruent condition displayed words of colors that matched 

the color in which they were written, once again prompting the participant to select the number 

key that corresponded with each word/color. Finally, the incongruent condition presented the 

participants with written words of colors that did not match the color in which they were printed, 

and participants were instructed to indicate the numbered response for the color of the printed 

word rather that the word itself. 

5.3 General Performance Measure 

 The general performance measure of the Stroop task (Figure 1) displayed the RT in the 

congruent and incongruent experimental conditions of the Stroop task in Spanish for both groups. 

It demonstrated that the bilingual participants were slower in both the congruent condition (M = 

383.57 ms, SD = 111.80) and the incongruent condition (M = 450.52, ms, SD = 187.6) while the 

average RTs for the monolingual participants were faster in the congruent (M = 321.60, SD = 

72.28) and incongruent (M = 384.1, SD = 111.8) conditions respectively. A repeated measures 

ANOVA was performed on the RTs for both groups of participants to test the hypothesis. A 

2x2x2 Repeated Measures ANOVA was completed in which group (monolingual, bilingual), 

language (Spanish, English), and experimental condition (congruent, incongruent) were the 

factors.  The analysis of variance yielded a significant effect between the experimental conditions 

of the task F(1, 40) = 11.64, p < .002, indicating better performance on the congruent than the 

incongruent condition of the task. On the other hand, the analysis of variance performed between 
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the two groups of participants F(1, 40) = .01, p = .91 did not indicate any statistical significance, 

suggesting that the performance was similar for both groups. A post-hoc measure t-test was done 

to explore the main effect of the Stroop task. Specifically, to examine if there was a significant 

difference between the two groups of participants based on the difference in RT from the 

congruent to the incongruent conditions. Results were not significant for the bilingual group t(20) 

= -1.97, p = .63, while the monolingual group t(19) = -4.07, p = .001 did indeed demonstrate a 

significant difference. 

Figure 1. RTs of both groups in the Congruent and Incongruent conditions of the Spanish version 

of the task. 

In addition to measuring the RTs of the participants, the PEBL software also 

automatically calculated the number of intrusions that each participant experienced. These 

intrusions were generated from a specific response which occurred because the more commonly 

practiced response of reading interfered with the less common practice of identifying a color 
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(especially when the color indication conflicted with the written word). They were generated 

from the incongruent condition of the task only when the participant indicated the response for 

the written word (for example BLUE) instead of the tinted color (for example RED). Other 

incorrect responses (such as indicating YELLOW when it is neither the written nor the tinted 

color) are not included. The number of intrusions in the Spanish versions of the task was slightly 

greater (M = 1.1, SD = 1.65) for the bilingual participants than for monolingual participants (M = 

0.8, SD = 1.44).  

5.4 Bilingual Group Performance 

Figure 2. Bilingual participant’s RT on both the English and Spanish version of both conditions. 

The bilingual group performed the VST in both English and Spanish. A repeated 

measures ANOVA was completed, comparing the performance of the bilingual participants in 

both language versions of the task and both conditions (congruent and incongruent), as shown in 

Figure 2. The RT for bilingual participants in the English version of the task was greater in the 
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incongruent condition (M = 448.00, SD = 182.64) than in the congruent condition (M = 399.43, 

SD = 130.16). An ANOVA analysis was performed to test whether the bilingual participants’ 

RTs in the congruent and incongruent experimental conditions significantly differed depending 

on the language used in the task.  The analysis yielded an insignificant effect F(1, 3) = .54, p = 

.82, indicating that the performance for the bilinguals on the tasks did not significantly differ 

between the two languages used. Similarly, an interaction data analysis examining the difference 

in response times for the bilingual group in both the Spanish and English versions of the task 

F(20, 1) = .19, p = .67 also demonstrated no statistical significance. 

5.5 The Stroop Interference Effect 

The classic measure of the Stroop Interference Effect is calculated by finding the 

difference in the mean RT of incongruent condition from the mean RT of the congruent 

condition. This calculation, when examining the only common language between the two groups 

(Spanish), yielded a larger RT for the bilingual participants (M = 66.95) than for the monolingual 

participants (M = 62.5) (Figure 3). 
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Figure 3: The Stroop Interference Effect, measuring the difference in RT between the 

Incongruent and Congruent conditions of the task, for both groups of participants. 

 Based on the results of the general performance measure, the expected differences in RT 

in each experimental condition (congruent versus incongruent) were consistent with other 

previously mentioned studies which utilized the Stroop task because both monolingual and 

bilingual groups responded more quickly to the congruent condition than the incongruent 

condition. However, the analysis of the RT of both groups also demonstrated results showing that 

while the average RT between experimental conditions (congruent vs. incongruent) was 

significant, the RT between participant groups was not. Similarly, the difference in the average 

number of intrusions was not indicative of an advantage for either participant group. Finally, the 

Stroop Interference Effect demonstrated a slight advantage for the monolingual group, although 

the advantage was only 4.45 ms, and therefore not statistically indicative of a noteworthy 

advantage for either participant group. 
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Chapter 6: Discussion 

 The results of the current study indicate that bilinguals did not differ in their inhibitory 

control abilities compared to monolinguals, as demonstrated in other studies. However, as 

expected, all participants were faster in the congruent condition than the incongruent, lending 

credence to the validity of the experiment itself as a measure of inhibition control. One possible 

explanation for the findings could be a possible lack of sufficient code-switching that the 

bilingual group incorporated on a daily basis. Although they were all English teachers, this does 

not imply the necessity of code-switching, especially considering that many of the institutions in 

which the participants teach demand that they do so in only English. This, combined with 

predominantly speaking Spanish with friends and family outside of the classroom, would suggest 

that code-switching would not be a common occurrence in the daily lives of the participants in 

this study. Code-switching typically occurs when there is a demand revolving around social, 

linguistic, or social motivations, with social motivations being identified as the most common 

cause (Auer, 2013; Al-Rowais, 2012). The bilingual participants in this study would have no 

apparent social motivation for code-switching on a consistent basis because of their two distinct 

settings, inside and outside of the classroom. In the classroom, the participants are expected to 

speak and give instruction as much as possible in English. Outside of the classroom, unless the 

participants have acquaintances from other countries, the societal norm would be to communicate 

in Spanish, with little crossover between the languages. For this reason, the bilingual participants 

would not be interacting with other bilinguals in an everyday scenario, limiting their ability to 

code-switch regularly with other people who share the same language combination, which has 

been shown to be a deciding factor in code-switching frequency (Gardner-Chloros, 2009). 
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Unless the bilingual participants interact with other bilinguals, who also have the 

propensity for code-switching between similar language combinations, the bilingual advantage in 

EF could be less evident (Myers-Scotton, 2006). Dekeyser (2013) also adds to this explanation, 

clarifying that it is best to find bilinguals who rarely have an opportunity to use their L1 because 

of the possibility of cross language transfer and that participants should be somewhat isolated 

from other speakers of their L1 so that they are using their L2 more frequently. In the case of the 

current study, neither of these suggestions were applied, and as such, the participants were 

perhaps not experiencing code-switching, language transfer, and interference to the point at 

which inhibition control would be needed on a consistent basis. 

While the frequency of code-switching has been featured as a positive predictor of 

executive performance in previous bilingualism studies (Soveri, Rodriguez-Fornells & Laine, 

2011; Verreyt, Woumans, Vandelanotte, Szmalec & Duyck, 2016), only considering the 

frequency and not the type of code-switching employed by bilingual participants may not suffice 

in determining its effect on EF and inhibition control (Hofweber, 2017). Without considering the 

three types of code-switching, as proposed by Muysken (2000), and how they interact with the 

executive functions, one cannot obtain the full picture of an individual’s bilingual experience. He 

divides code-switching into the following categories: 1) Alternation – which includes structurally 

independent portions from each language, 2) Insertion – which includes lexicon from one 

language’s grammar into another, and 3) Dense code-switching – which mixes co-activated 

lexicon and grammar from both languages. These three types of code-switching differ in the 

degree of inhibition control required. According to Treffers-Daller’s (2009) inhibitory 

continuum, Alternation code-switching keeps the two languages in play the most separate and 

therefore would incur the highest demand for inhibition while Dense code-switching would 
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theoretically require the least inhibition since the languages are being freely mixed. Without 

knowing which type of code-switching is taking place, nor its frequency, drawing conclusions on 

an apparently cohesive group of bilingual participants becomes less reliable. 

In terms of the bilingual participants’ demographic information, the differences in L2 

proficiency, dominance scores, AoA, education, parent’s education, and socio-economic status 

(which were not taken into account) did slightly differentiate from one another, although it was 

determined that this was not a significant factor in the results.  

 Another reason for the results showing no cognitive advantage of the bilingual group 

compared to the monolingual one could be the type of Stroop task that was implemented. 

Although the justification of the VST was sound in terms of the population in this study, many 

different versions of the Stroop task exist. The differences in experiment design could account for 

some of the cases in which a bilingual advantage was found in other versions of the Stroop task. 

Shilling, Chetwynd & Rabbitt (2002) confirm that the many variants of the Stroop task do not 

always correlate with one another. Because of this, results may have contrasted because of 

different versions of the Stroop task would have been implemented. For example, Tse & 

Altrarriba (2011) utilized alternating congruent and incongruent indicators so that participants 

would have to constantly monitor the requirements of each trial and inhibit responses on a more 

frequent basis, thus increasing the demand on inhibition control. The author’s primary result was 

that bilinguals responded faster as the participant’s L2 proficiency increased, demonstrating a 

positive correlation in the bilingual advantage.  

Additionally, authors have different opinions when it comes to the complexity of the 

Stroop task. In an investigation into the depth of the Stroop task, Eidels, et al., (2014) wrote that 

while the task generates interference, the process is not as deep as typically experienced in 
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voluntary, fully intentional reading. Finally, it should be mentioned that participants were 

completing the task at different times during the day due to their availability and, because of this, 

they may have been experiencing cognitive fatigue before even beginning the task. Rauch & 

Schmitt (2009) identified fatigue as a factor that led to increased distractibility, impaired error 

monitoring, and generally more impaired cognitive processes when executing the Stroop task. 

6.1 Relevance to Education 

In terms of this study’s validity to the field of education, this study should be viewed as 

further evidence to the complexity of being bilingual. Teaching bilingual students requires 

different methodologies and understandings because bilingual students will generate different 

cognitive experiences than monolinguals. Educators of children and young adults must consider 

that their bilingual students may make more lexical and phonetical mistakes than their 

monolingual counterparts because developing two languages instead of one is more effortful both 

cognitively and linguistically. It is possible to argue that when children code-switch, they are not 

able to inhibit the unwanted language as successfully as a more experienced bilingual adult 

would be able to (Sigman, Peña, Golden & Ribiero, 2014). Additionally, when children are 

learning two language systems simultaneously, they experience phonetic mixing which justifies 

why they may be slower, at least initially, when developing vocabulary, grammar and fluidity in 

both languages when compared to monolinguals (Hoff, Core, Place, Rumiche, Señor & Parra, 

2012). Adults, on the other hand, may be discouraged from code-switching in the classroom, as 

many English institutes require that the classroom environment is and English-only zone.  

Unfortunately, this technique has been shown to be detrimental to the confidence of 

English learners, as effective use of code-switching can help to motivate students to attempt to 

communicate in a L2. One study from Malaysia found that students became more confident in 
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their pursuit of mastering English after been allowed to code-switch in specific situations 

(Nordin, Ali, Zubir & Sadjirin, 2013). Based on this study, methodologies in English language 

learning classrooms may need to be reevaluated, especially considering the possibility that more 

frequent code-switching could produce a more significant bilingual advantage (even in adults). A 

possible solution to the traditional and often ineffective practice of using only the target language 

in language learning classroom could be to implement translanguaging techniques. While code-

switching is merely a shift between two languages, translanguaging indicates that bilinguals are 

able to pull from a single linguistic system to select lexical, practical and syntactic features to 

communicate for effectively with other bilingual/multilingual speakers (Celic & Seltzer, 2011). If 

educators are able to avoid the traditional way of teaching a second language, the potential value 

of using translanguaging, instead of focusing on the uninteresting and insignificant question of 

which language is being used, becomes an enticing prospect (Wei, 2018). Baker (2011) compiled 

a list of advantages for translanguaging in the classroom including: promoting deeper 

understanding of the subject matter, helping to develop the weaker language, facilitating home-

school links and interactions and helping to integrate fluent speakers with early learners of the 

language. Referring back to the benefits of code-switching, Treffers-Daller and Marinis (2018) 

also point out the following benefits of its use in the classroom: enhances cognitive abilities and 

creativity, provides opportunities for closing gaps in L2 competence, boosts confidence while 

reducing anxiety, and contributes to the identity of L2 learners in terms of their emerging journey 

into bilingualism. 

To successfully teach in bilingual contexts, one must understand its complexity. Teachers 

should have background knowledge of the subject, have appropriate models and policies in place, 

provide materials in multiple languages, and evaluate whether the current methodologies are 
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effective for all students (Chadwick, 2012). If teachers can successfully teach a L2 by 

implementing a cognitive-based curriculum, they could also be enhancing the EF of their students 

by invoking the needs of inhibition control to avoid interference from the undesired language, 

and challenging their student’s capacities of working memory, among other cognitive processes 

that are involved when learning a L2. For educators, research findings in the field of bilingualism 

may not be sufficiently transparent because of differences between the findings, and a lack of 

knowledge of how to implement said findings into a practical classroom setting (Luk, 2017). 

Questions remain to what extent the EF are activated throughout the learning process of a L2, and 

further clarification would produce justification for the benefits of learning a L2. More research is 

required if we are to fully understand both how being bilingual differs cognitively from being 

monolingual, in additional to any implications that are created because of differences between the 

bilingual and monolingual cognitive processes. With the growing interest of neuroscience in 

education, it is entirely plausible that techniques will be developed with bilingual cognitive 

differences in mind. For example, a recent study from Colombia (Álvarez Ayure, Barón Peña & 

Martínez Orjuela, 2017) identified classroom practices that employed metacognitive learning 

strategies indeed helped students to achieve higher levels of learning control which could be 

transferred later on to various learning situations.  
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Chapter 7: Conclusion 

 There was no notable difference in the performance of the Stroop task between the 

bilingual and monolingual groups. Both groups responded faster in the congruent condition than 

the incongruent condition, as consistently shown in any valid Stroop experiment. The number of 

intrusions (specific inhibitory errors in the selection process in the final condition) between the 

monolingual and bilingual group did not significantly differ. The bilingual group performed the 

Stroop task in both Spanish and English but did not show any significant variation in their 

performance based on the language used. The study’s relevance to the field of education was also 

briefly discussed, with an emphasis on the relationship between bilingual education, cognition, 

and teaching methodologies.  

Because of the varying results in previous studies and the null results present in the 

current study, it could also be argued that while learning a L2 does reorganize brain structures, it 

does not necessary lead to more efficient performance across all (or any) of the EF. Indeed, the 

restructuring could lead to comparable performance with monolinguals or even to inferior 

performance (Paap et al., 2015). The immense variation of language profiles in each individual 

makes finding a cohesively similar group of bilinguals difficult. Saito (2015) suggests that 

negative AoA effects (in this case being late learners) could be offset by large length of residence 

abroad (more than 5/6 years). Another possible solution to finding participants with similar 

bilingual experiences could be achieved by selecting participants who work as translators or 

interpreters between the two desired languages because they would be code-switching at a high 

rate. Green (1998), identifies translation as an equivalent task to the experience in the Stroop 

task, and therefore could result in better performances by bilinguals in future experiments. 
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Due to the nature of this research taking place with a specific population who share a 

specific language combination and who have similar ages, language proficiency levels, and 

overall demographic information, this study should not be viewed as pertaining to other 

populations because of the way that these factors can influence the bilingual experience. This 

research only implemented one cognitive task, the VST, and as such, would be strengthened 

further by implementing another task which also measures inhibition control. As such, 

quantitative data gathered for this research did not, for the most part, yield significant differences 

between monolingual and bilingual groups.  

Bilingual advantages have been proven, challenged, and disproven in many studies. This 

research paper reinforces that more studies need to be carried out in the field of bilingualism to 

determine if there is a definitive answer to the debate of the bilingual advantage or if it simply 

depends on a precise combination of the participants, the tasks used, and how the results are 

interpreted. Without an agreed upon, uniform way to do experiments of this nature in various 

populations around the world, it is reasonable to assume that due to the intricacies of 

bilingualism, utilizing differing methodologies will continue to yield differing results. 

7.1 Limitations  

 One limitation for the current study was the sample size used. The number of participants 

could have been strengthened by including larger numbers of both bilingual and monolingual 

participants.  Another limitation is the selection of the Stroop task as the only tool of measuring 

inhibition control. It is possible that the simplicity of words used in the Stroop task i.e. foot, red, 

blue, etc. does not trigger the code-switching mechanism which would provide bilinguals with an 

advantage because the words are excessively common and simple (and among the first words 

acquired when learning a L2). Instead of being separated as two distinct languages, these words 
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may be interpreted by a bilingual as a large singular lexicon, therefore removing the language 

aspect from the entire equation because bilingual group was highly proficient. It is possible that if 

the words used in the Stroop task (or another switching task) were more complex, then the 

bilingual participants could have an advantage when switching from one language to another. 

Finally, when gathering the AoA of all participants, the BLP had a specific limitation in that its 

age limit stops being specific after the age of 20, instead opting for an all-encompassing 20+ 

indication. This made it difficult to further analyze the effect that AoA had on the performance of 

the task due to the large number of participants who learned English as a L2 after the age of 20.  

7.2 Future Research 

The take away from this study is that further research is warranted to replicate the results 

in similar contexts. Some reasons for the bilingual advantage not being demonstrated could be 

due to the simplicity of the words used in the Stroop task, the lack of daily code-switching by the 

bilingual participants in their everyday lives, the use of only one stimulus material, and the 

relatively small number of participants, among others. The debate of the bilingual advantage 

remains unresolved based on the data gathered in this study, which did not demonstrate an 

advantage for the bilingual participants. The growing population of bilingual/multilingual people, 

in addition to the growing investment in bilingual/multilingual education warrants further 

investigation into the disputed phenomena of a cognitive bilingual advantage.  

 Based on the conclusions of this research and the limitations mentioned in the previous 

section, future research should consider the multitude of variables present in bilingualism to craft 

an appropriate research model. Because of the vastness of bilingual combinations present 

throughout the world, coupled with the wide array of cognitive experiments available, future 

research should focus on attempting to replicate experiments that resulted in a bilingual 
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advantage or replicate experiments that showed that the advantage was not existent. This way, 

bilingualism research can begin to take productive steps forward instead of creating different 

research, which do not attempt to replicate any previous, peer-approved studies in the field. If 

future studies continue to rely on different participant populations who perform different tasks in 

different settings, progress into this topic will continue to be muddled in uncertainty and 

scrutinized for its inability to produce reliable and replicable results. 

 Finally, this study could be improved upon in the future by finding a group of bilingual 

participants who are more closely matched linguistically and demographically, using multiple 

experiments to measure inhibition control, finding participants who code-switch more frequently 

on a daily basis, and identifying the type of code-switching that they are utilizing as well. The 

extent of code-switching done by bilinguals has been shown to be a key determining factor in the 

amount to which bilingual advantages in EF are demonstrated (Tse & Altarriba, 2011). A 

potential solution to this could be using bilingual participants who are also immigrants because 

they may have a higher frequency of code-switching in their everyday lives or by finding 

participants who work as translators or interpreters. It has been proposed that bilingual 

advantages in EF come about not because of language practices, rather, because of the challenges 

presented by immigration (Paap & Greenberg, 2013). 

 To accommodate for the incredible variation in participants’ bilingual experiences, future 

studies must carefully select participants who match, as closely as possible, on extensive 

demographic information and must select a task, or various tasks, that are challenging to activate 

the more complex EF which, if the bilingual advantage exists, should be demonstrated more 

explicitly. Applying a generalized view of the bilingual advantage should be avoided because of 

the complex differences in the linguistic experience of each bilingual individual. As Bak (2016) 
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clarifies, ‘‘… it makes sense to move away from talking about “bilingual advantages” globally 

and see the inconsistencies as opportunities to pin-point which specific bilingualism variables 

modulate which aspects of executive functioning.’’ 

7.3 What I learned from developing the Thesis 

Throughout the process of putting this thesis project together, I have learned a lot which 

will serve me well in future projects as well. I had no experience designing, implementing, or 

analyzing the results of an experiment to this scale. Learning quantitative methods, organizing 

lengthy theoretical frameworks, and pointing out my own limitations in addition to what I would 

do differently for similar future investigations were also foreign concepts to me. Looking back on 

the work that I have produced, I can confidently say that I would feel much more comfortable 

conducting similarly scaled experiments in the future and I would be able to do so in a much 

more efficient and organized way. Based on my own difficulties throughout the process of 

developing this thesis, I now have a greater appreciation for others’ research projects and I have a 

greater understanding for gauging the validity and significance of research papers that I have 

read. Speaking specifically in terms of the field of research in bilingualism, my knowledge has 

grown exponentially from when I was considering how I could incorporate this topic into a thesis 

dissertation. Rather than my interest in the topic waning due to extensive reading and 

investigation, I feel motivated to continue in the field, if possible, to help contribute to taking 

steps toward answering the remaining questions that persist and that many authors have 

attempted to find absolute solutions to. When entering the Master of Education program at Los 

Andes, I was not expecting to go down this path, but I can confidently say that my understanding 

of bilingualism as a whole is now to the point where I can speak about the topic for quite some 
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time until I begin to see the listener’s eyes glaze over in feigned interest – which has given me a 

strange sense of pride and achievement. 
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Annex 1 – Consent Form 

Maestría en Educación, Facultad de Educación, Universidad de Los Andes 

Título de la investigación: Control Inhibitorio en Adultos Hispanohablantes Altamente 

Competentes en inglés 

Formato Consentimiento Informado 

Por medio de la presente, solicitamos amablemente su colaboración en un proyecto de 

investigación que se está ejecutando en La Facultad de Educación de la Universidad de los 

Andes. 

El objetivo principal de este estudio es identificar si hay una ventaja cognitiva para los adultos 

bilingües (español-inglés) que son altamente competentes en la segunda lengua y que la 

aprendieron después de los 15 años de edad en comparación con los adultos monolingües 

(español). Los resultados de este estudio nos ayudarán a comprender de qué forma el aprendizaje 

de una segunda lengua influye en el procesamiento cognitivo adulto. Su participación en esta 

investigación requerirá de 1 hora de su tiempo en un salón experimental y consta de 2 partes. La 

primera consiste en responder a un cuestionario en línea sobre cómo usted ha aprendido, usa y 

percibe el español y el inglés. La segunda, consiste en leer palabras y colores siguiendo las 

instrucciones de la tarea Stroop en un computador. 

Los riesgos asociados a participar en este proceso de investigación están relacionados con la 

fatiga que pueda existir después de completar el cuestionario lingüístico y la tarea experimental. 

No hay otros riesgos asociados a la participación en este proyecto. De otra parte, participar en 

este estudio no representa ningún beneficio tangible para usted. Los resultados de este estudio se 

utilizarán para escribir una tesis de maestría, que pretende proporcionar más información a la 

literatura existente sobre cómo aprender una segunda lengua puede representar una ventaja 

cognitiva para el ser humano. Si desea obtener un reporte de los resultados de este estudio puede 

solicitarlos a Andrew Langley al correo electrónico: ak.langley@uniandes.edu.co. 

La participación en este estudio es voluntaria. De esta forma usted podrá retirar su participación 

del estudio en cualquier momento. Su decisión de no continuar en el estudio no tendrá 

repercusiones sociales o laborales si usted es empleado de la Universidad de Los Andes.  
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Después de firmar el consentimiento informado se le asignará un código de identificación con el 

cual se llevará a cabo el proyecto. Con el fin de garantizar la confidencialidad de la información 

personal, su nombre no estará asociado con ninguno de los archivos de datos y los documentos 

que contengan información personal serán protegidos en un archivo de la Facultad de Educación 

de la Universidad de Los Andes al que solamente tendrán acceso el estudiante encargado del 

proyecto y la asesora de tesis.  

En el caso eventual de que usted sufriera una enfermedad o accidente como resultado de su 

participación en este estudio, La Universidad de Los Andes se hará responsable del tratamiento 

médico y los gastos adicionales que puedan surgir. 

Si tiene alguna inquietud o requiere información adicional durante o después de finalizada su 

participación en el estudio, podrá comunicarse con Andrew Langley por medio del correo 

institucional ak.langley@uniandes.edu.co, o con la asesora de tesis Paula Bibiana García Cardona 

en pb.garcia@uniandes.edu.co o al teléfono 339-4949 – ext. 2490. En caso de que sus dudas no 

sean resueltas por las personas encargadas de este proyecto, puede contactar al Comité de Ética 

de la Facultad de Educación de la Universidad de Los Andes, quien ha aprobado esta 

investigación, al correo electrónico: comite-etica-investigaciones@uniandes.edu.co o al teléfono 

(57-1) 3394949 ext. 5339-3211. 

Afirmo que he tenido la oportunidad de leer este consentimiento y hacer preguntas al respecto. 

Acepto participar voluntariamente en esta investigación, conducida por Andrew Langley, 

estudiante de la Maestría en Educación y Paula García, asesora de la tesis de la Facultad de 

Educación de la Universidad de los Andes. 

Nombre legible: __________________________________________________ 

Fecha:  _____________________________________ 

Firma de participante:  _________________________ 

Testigo 1: ___________________________________ 

Testigo 2: ___________________________________ 

Firma de investigador:  _________________________ 

 

 

 

 

 

 

mailto:ak.langley@uniandes.edu.co
mailto:pb.garcia@uniandes.edu.co
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Annex 2 – Questionnaire 

Cuestionario 

 

Nombre: 

Fecha: 

 

1. ¿Tiene alguna discapacidad visual, como daltonismo o hipermetropía? Y si es así, ¿usa gafas o 

lentes de contacto? 

Si _____ no _________ 

Si su respuesta es sí, por favor explique: 

 

______________________________________________________________________________

__ 

 

2. ¿Experimenta dificultad para escuchar? 

Si _____ no ______ 

Si es así, ¿usa audífonos? 

Sí _____ No ______ N / A _______ 

 

3. ¿Actualmente tiene o ha tenido alguna condición neurológica como dislexia, problemas 

motores finos, trastorno por déficit de atención con o sin hiperactividad (TDA, TDAH), 

depresión, ansiedad, trastornos del espectro autista u otros? 

Si _____ no _________ 

Si su respuesta es sí, por favor explique: 

______________________________________________________________________________

__ 

 

4. ¿Actualmente está tomando algún medicamento para cualquiera de las condiciones descritas 

anteriormente (u otras)? 

Si _____ no _________ 
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Si su respuesta es sí, por favor explique: 

 

______________________________________________________________________________

__ 

 

5. ¿Cuál es tu mano dominante? 

Derecha ______ Izquierda ________ 

 

6. ¿Cuál es el nivel más alto de educación de su madre? 

Escuela Secundaria ___ Algo de Universidad ____ Licenciatura ___ Maestría ___ Doctorado ___ 

Otro: 

____________________________________________________ 

 

7. ¿Cuál es el nivel más alto de educación de su padre? 

Escuela Secundaria ___ Algo de Universidad ____ Licenciatura ___ Maestría ___ Doctorado ___ 

Otro: 

____________________________________________________ 

 

8. ¿Ha experimentado alguna vez dificultades de aprendizaje? 

Si ____ no ____ 

Si su respuesta es sí, por favor explique: 

 

______________________________________________________________________________

__ 

 

9. ¿Experimenta alguna dificultad en términos de concentración y / o memoria? 

Si ____ no ____ 

 

Si su respuesta es sí, por favor explique: 
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______________________________________________________________________________

__ 

 

Annex 3 – Bilingual Language Profile  

https://sites.la.utexas.edu/bilingual/ 

Annex 4 – Victoria Stroop Task 

http://pebl.sourceforge.net/wiki/index.php/Stroop_task 

 

http://pebl.sourceforge.net/wiki/index.php/Stroop_task

