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ABSTRACT 

Children who are native Spanish-speaking Language Minority Youth (LMY) comprise the 

fastest growing population of students in the United States. In addition, these children lag 

significantly behind their non-LMY peers in academic achievement. To aid in their development 

of academic skills, it is necessary to evaluate individual factors that are related to later reading 

and math achievement. One such individual factor is executive function (EF). EF is defined as 

the set of cognitive skills that underlie children’s ability to regulate their thoughts and actions. 

Among the skills encompassed by executive function are inhibitory control (i.e., the ability to 

suppress a dominant response in favor of a subdominant response), working memory (i.e., the 

ability to maintain and manipulate information in short-term memory), and shifting (i.e., the 

ability to switch flexibly between tasks). Children who speak more than one language are 

theorized to have what is called a “bilingual advantage” in their executive function ability such 

that they outperform their non-LMY peers on tasks of inhibitory control. It is theorized that the 

bilingual advantage originates from the simultaneous activation of both languages and the 

constant need to select the relevant language while ignoring their other language. This conflict 

between languages and the need to select just one language in which to respond confers 

cognitive advantages that are said to generalize to inhibitory control. However, findings are 

mixed regarding whether the bilingual advantage exists. A closer examination of these findings 

suggests that the bilingual advantage is dependent upon the type of inhibitory control task 

administered. Specifically, the bilingual advantage is said to exist on tasks of interference 

suppression (IS; defined as the ability to ignore or suppress irrelevant salient perceptual 

information in a bivalent task and selectively attend to relevant conflicting information) but not 

on tasks of response inhibition (RI; defined as suppressing a dominant response in favor of a less 



 

 

viii 
 

dominant response). The goal of this study was to evaluate the different types of inhibitory 

control among children with some degree of exposure to both Spanish and English and to 

understand better whether there is a bilingual advantage conferred on tasks of interference 

suppression (but not on tasks of response inhibition) for children with a greater degree of 

bilingualism. In the current study, 100 Spanish-speaking LMY preschool students were 

administered an English and Spanish language measure to determine their degree of bilingualism 

as well as seven computerized tasks of inhibitory control. Four of the computerized tasks 

evaluated IS (two required verbal responses, two did not) and three of the computerized tasks 

evaluated RI (one required a verbal response, two did not). Consistent with the first hypothesis, 

the verbal and nonverbal computerized tasks measured a unitary inhibitory control construct. 

Consistent with the second hypothesis, results indicated that IS and RI were distinct domains 

within the broader construct of inhibitory control. Consistent with the third hypothesis, results 

indicated that a higher degree of bilingualism was associated with stronger inhibitory control, 

and that children’s degree of bilingualism was relatively more associated with IS than with RI. 

These findings support the presence of a bilingual advantage conferred to children’s inhibitory 

control, as well as a specific advantage conferred to inhibitory control tasks that require IS. 

However, degree of bilingualism was strongly related to children’s English language skills.  
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CHAPTER ONE 

INTRODUCTION 

Children’s self-regulation is associated with various outcomes, including academic 

achievement and socioemotional development (Matthews, Ponitz, & Morrison, 2009; Zelazo, 

Carlson, & Kesek, 2008), and these relations exist even among preschool and kindergarten-age 

children (Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; Willoughby, Blair, Wirth, & 

Greenberg, 2012). Specifically, self-regulation is both concurrently (e.g., Willoughby et al., 

2012) and longitudinally (e.g., Nesbitt, Baker-Ward, & Willoughby, 2013) related to academic 

achievement. Self-regulation also appears related to the trajectory of academic achievement, 

such that children with greater self-regulation develop academic skills at a more rapid rate than 

do children with less self-regulation (Blair & Diamond, 2008). Further, self-regulation is noted to 

impact the size of the achievement gap between preschool children classified as “advantaged” 

and “disadvantaged” (Fitzpatrick, McKinnon, Blair, & Willoughby, 2014). In addition to 

predicting academic achievement, self-regulation is both concurrently (e.g., Bierman, Nix, 

Greenberg, Blair, & Domitrovich, 2008) and longitudinally (e.g., Hughes & Ensor, 2011) related 

to a number of behavioral outcomes, such that children with better self-regulation experience 

fewer problem behaviors (both internalizing and externalizing) and better social competence than 

do children with less self-regulation. Preschool children’s self-regulation skills have been 

demonstrated to predict academic achievement (Jacobson, Williford, & Pianta, 2011) and 

behavioral outcomes (Jacobson et al., 2011; Sabol & Pianta, 2012) as late as middle school, even 

after controlling for the effects of gender and socioeconomic status.  

Self-regulation has been defined as the ability to engage in goal-directed behavior, follow 

directions, and inhibit dominant behaviors to engage in subdominant behaviors (Eisenberg et al., 
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2009). However, across various fields of research, and among the studies identified above, the 

abilities encompassed by the construct of self-regulation have been given a number of different 

terms, including “effortful control” (e.g., Rothbart, Ahadi, Hershey, & Fisher, 2001) and 

“executive function” (e.g., Bierman et al., 2008). Given the variety of terms that have been 

applied to the construct of self-regulation, it is unsurprising that this construct includes a wide 

scope of skills that often overlap in terms of their behavioral manifestation but are said to be 

cognitively distinct, thus making these skills difficult to differentiate from one another 

(Hernández, Martin, Barceló, & Costa, 2013). Executive function develops rapidly during the 

preschool and kindergarten years and is associated with both behavioral (e.g., social and 

cognitive competence) and academic outcomes (Matthews et al., 2009; Zelazo et al., 2008). 

Executive Function 

Blair, Zelazo, and Greenberg (2005) defined executive function as a construct that 

encompasses various cognitive skills that underlie children’s ability to regulate their thoughts 

and actions. Among the skills encompassed by the construct of executive function are inhibitory 

control, working memory, and shifting (Blair et al., 2005; Garon, Bryson, & Smith, 2008; 

Miyake & Friedman, 2012). Inhibitory control is defined as the ability to inhibit a dominant 

response in favor of a subdominant response (Garon et al., 2008). Working memory is defined as 

the ability to maintain and manipulate information in short-term memory (Unsworth & Engle, 

2007). Shifting is defined as cognitive flexibility, or the ability to switch flexibly between tasks 

or mental sets (Garon et al., 2008; Miyake & Friedman, 2012; Miyake, Friedman, Emerson, 

Witzki, Howerter, & Wager, 2000).  

Although there is evidence that the components of executive function predict academic 

and behavioral outcomes among monolingual English-speaking children (Blair & Razza, 2007; 
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Bull, Espy, & Wiebe, 2008), these relations have not been evaluated as extensively among 

children who speak a language that is different than the societal language (classified as Language 

Minority Youth; LMY), despite this group of children being at a relatively greater risk of 

experiencing academic difficulty. In addition, the fastest-growing population in the U.S. is that 

of language minority individuals (140% increase over the past 30 years; Shin & Kominski, 

2010), the majority of whom (62%) speak Spanish rather than English (i.e. the societal language) 

at home. As this group has increased in size, so too has the group of students in the U.S. who are 

native Spanish-speaking and classified as LMY. Specifically, this particular group of children 

lags significantly behind their monolingual English-speaking peers in literacy achievement 

(National Center for Education Statistics, 2011). Given that LMY children are among the fastest 

growing group of students in the U.S., and given the difference in academic achievement 

between children who are and are not LMY, individual-difference factors that are related to 

academic development (e.g., executive function) must be examined to determine how to 

intervene. Providing resources to children who are LMY at an early age may enable them to 

perform at a comparable academic level to their monolingual English-speaking peers. In 

addition, Chiappe, Siegel, and Wade-Woolley (2002) argued that basic literacy develops 

similarly for native speakers and LMY, which suggests that because executive function is 

associated with the development of academic skills among native English-speaking children 

(e.g., Monette, Bigras, & Guay, 2011), executive function should also affect the academic 

development of children who are LMY. Therefore, to achieve an understanding of how academic 

achievement and executive function are related among children who are Spanish-speaking LMY, 

it is useful to understand how each of the components of executive function (i.e., working 

memory, shifting, and inhibitory control) is associated with academic achievement and with 
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behavioral outcomes, and whether these associations are similar or different for LMY and non-

LMY children. 

Working Memory 

As early as preschool and kindergarten, working memory predicts academic achievement 

through elementary school both concurrently and longitudinally (Bull et al., 2008; Monette et al., 

2011; Sabol & Pianta, 2012; Seigneurich & Ehrlich, 2005). Further, longitudinal relations 

between working memory and academic achievement are present even after controlling for initial 

academic achievement among non-LMY children (Bull et al., 2008; Monette et al., 2011; 

Seigneurich & Ehrlich, 2005). In general, children who are LMY and children who are 

monolingual English-speaking score similarly on working memory tasks (Bialystok, Craik, & 

Luk, 2008), regardless of whether a language-based task or a non-verbal task is administered 

(Namazi & Thordardottir, 2010). This finding is not affected by children’s socioeconomic status 

(Engel de Abreu et al., 2012). These findings suggest that the construct of working memory as an 

executive function component is stable across varying degrees of bilingualism. 

Shifting 

Although shifting has been reported to be correlated with children’s math, phonological 

awareness, print knowledge, and vocabulary abilities both concurrently in preschool (Blair & 

Razza, 2007) and longitudinally through elementary school (Bull et al., 2008) among non-LMY 

children, relatively less is known regarding the relations between shifting and academic 

achievement for LMY children. Further, in contrast to working memory, which appears to be 

similar for LMY and non-LMY students, findings are mixed across studies regarding shifting. 

For instance, although Hérnandez et al. (2013) reported that bilingual and monolingual children 

scored similarly on tasks requiring cognitive flexibility, Bialystok (1999) reported that, in a 
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sample of three through six year olds, bilingual English-Chinese speaking children outperformed 

monolingual English-speaking children on a commonly-used measure of shifting (the 

Dimensional Change Card Sort; DCCS). In more recent research, Bialystok and Martin (2004) 

administered the DCCS and reported that Chinese-English bilingual preschoolers outperformed 

monolingual English children when the DCCS stimulus pairs were relatively less complex (i.e., 

color/shape and color/object stimulus pairs) but that the bilingual and monolingual children 

performed similarly when the DCCS stimulus pairs were relatively more complex (i.e., 

semantically paired stimuli). The inconsistency across studies could therefore be a result of 

varying stimulus complexity. Alternatively, the inconsistency across and within studies could be 

due to the fact that shifting does not emerge as a distinct subcomponent of executive function 

prior to the age of 14 (Lee, Bull, & Ho, 2013). Rather, tasks that measure shifting factor together 

with other executive function tasks among preschool- and elementary-aged children (e.g., 

Monette et al., 2011). Given that shifting is an underdeveloped and inconsistently measured 

subcomponent of executive function among preschool-age children, the study of early executive 

function skills should focus on subcomponents other than shifting. 

Inhibitory Control 

Among non-LMY children, inhibitory control is concurrently and longitudinally 

associated with reading and math outcomes (Blair & Razza, 2007; Bull et al., 2008; Matthews et 

al., 2009; Monette et al., 2011; Ponitz, McClelland, Matthews, & Morrison, 2009). In addition, 

Matthews et al. (2009) reported that non-LMY kindergarten children’s inhibitory control did not 

just predict later academic ability, but that fall inhibitory control predicted gains in math and 

early literacy over the course of children’s kindergarten school year. As with non-LMY 

preschool children, LMY children who have higher levels of inhibitory control outperform LMY 
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children with lower levels of inhibitory control in both math and literacy (McClelland & 

Wanless, 2012). Further, McClelland and Wanless (2012) reported that the relations between 

inhibitory control, math, and literacy achievement did not differ between children classified as 

LMY and their non-LMY peers across their preschool and kindergarten years.  

The Bilingual Advantage 

Although inhibitory control is similarly related to academic achievement for LMY and 

non-LMY children, overall performances on inhibitory control tasks often differ between 

bilinguals and monolinguals such that bilinguals outperform monolinguals on tasks of inhibitory 

control. This finding is present even when controlling for children’s socioeconomic status, 

degree of acculturation, and vocabulary development (Yang, Yang, & Lust, 2011; Yoshida, Tran, 

Benitez, & Kuwabara, 2011). For instance, Bialystok (2010) evaluated inhibitory control in six-

year-old bilingual children (whose native languages included Cantonese, French, Russian, 

Mandarin, Urdu, Hindi, or Spanish) and reported that bilingual children outperformed 

monolingual children on both congruent and incongruent trials of the global-local and trail-

making tasks. Similarly, Bialystok et al., (2008) reported that bilinguals outperformed 

monolinguals on the Simon task and the Stroop task among both older adults and younger adults. 

This phenomenon in which bilingual children outperform monolingual children on tasks of 

Inhibitory Control has been referred to as the “bilingual advantage.” 

Bialystok (2009) theorized that the bilingual advantage originates from the simultaneous 

activation of both languages and the constant need to select the relevant language while ignoring 

their other language. This conflict between languages and the need to select just one language in 

which to respond rearranges and strengthens neural circuitry in the area of the brain related to 

executive functioning, resulting in enhanced cognitive control. Similarly, based on the results of 
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their simulation study, Ursino, Cuppini, and Magosso (2010) theorized that the bilingual 

advantage originates from a competitive mechanism that utilizes inhibitory interneurons to select 

between a bilingual individual’s simultaneously activated languages by retrieving a word in one 

language while inhibiting the other language. More frequent use of this mechanism by bilinguals 

is thought to enhance the efficiency of this system, thus allowing bilingual individuals to 

eliminate the influence of irrelevant stimuli more easily. Further, the advantage gained from the 

bilingual experience is said to be non-language specific and is also said to generalize to other 

cognitive skills, such as inhibition, shifting, and updating information in working memory 

(Greenberg, Bellana, & Bialystok, 2013; Hilchey & Klein, 2011). 

When is the Bilingual Advantage Present? 

Overall, findings are mixed regarding whether the bilingual advantage exists. Adesope, 

Laving, Thompson, and Ungerleider (2010) conducted a meta-analysis in which they extracted 

data from 63 studies and concluded that bilingualism is reliably associated with various cognitive 

outcomes, suggesting that the cognitive control of bilinguals requires enhanced interference 

resistance, thereby resulting in improved performance on tasks with conflicting or distracting 

information. Regarding the various subcomponents of executive function, Adesope et al. (2010) 

reported that the evidence is inconclusive and does not support a bilingual advantage on tasks of 

working memory and shifting but that there is considerable evidence for a bilingual advantage on 

tasks of inhibitory control. However, there remain considerable differences across research 

regarding whether the bilingual advantage for inhibitory control exists and under what conditions 

this bilingual advantage is evident (e.g., Gathercole et al., 2014; Paap & Greenberg, 2013). 

It is possible that the presence of a bilingual advantage is dependent on the way in which 

the inhibitory control task is administered. For instance, in a number of studies in which a 
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bilingual advantage in inhibitory control is reported (Bialystok, 2010; Bialystok et al., 2008; 

Yang et al., 2011; Yoshida et al., 2011), tasks are administered non-verbally via computer. 

However, Wanless, McClelland, Tominey, & Acock, (2011) reported that, when they used the 

verbally-administered Head-to-Toes task, in which preschool and kindergarten children were 

instructed in their dominant language to touch their head or touch their toes and responded with 

the opposite action indicated, there was no difference in performance between bilingual and 

monolingual children. Given that bilingual preschool and kindergarten children are still 

developing language skills in both English and Spanish, the use of a language-based task in 

which children’s responses to each item were dependent on their ability to understand and 

respond to verbal directions may have posed a disadvantage for bilingual children not yet 

proficient in either language, thereby negating any evidence of a bilingual advantage in 

inhibitory control. 

Although the difference in administration of inhibitory control tasks may contribute to 

whether a bilingual advantage is reported, there are also mixed findings among studies in which 

inhibitory control was assessed using nonverbal computer tasks. For instance, whereas Yang et 

al. (2011) and Yoshida et al. (2011) found a bilingual advantage in inhibitory control on the 

Attention Network Task (ANT), Costa, Hernández, and Sebastián-Gallés (2008) found mixed 

support for the bilingual advantage using the same task. In their study, although a bilingual 

advantage appeared to be evident for reaction time, alerting, and conflict resolution on the ANT, 

there was no evidence for an advantage on the orienting facet of the ANT. Similarly, although 

Paap and Greenberg (2013) reported no overall bilingual advantage, bilingual children in their 

study had faster reaction times than did monolingual children on both congruent and incongruent 

trials of a flanker task. Engel de Abreu (2011) also found an advantage for reaction times on the 
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flanker task for bilingual children compared to monolingual children, but there was not a 

difference between groups on overall accuracy. The absence of a difference in accuracy may 

have been due to ceiling effects for accuracy, however.  

This pattern of mixed findings for a bilingual advantage on tasks of inhibitory control 

(Costa et al, 2008; Engel de Abreu, 2012; Kapa & Colombo, 2013; Martin-Rhee & Bialystok, 

2008; Paap & Greenberg, 2013) suggests that the bilingual advantage is dependent upon the type 

of task administered. In their review of the literature, Hilchey and Klein (2011) theorized that the 

bilingual advantage should be reflected in reduced interference effects in bilinguals, as compared 

to monolinguals, on some types of inhibitory control tasks but not on all inhibitory control tasks. 

This effect has been illustrated in research in which the bilingual advantage was evident only on 

certain types of inhibitory control tasks (Esposito et al., 2013; Martin-Rhee & Bialystok, 2008). 

Specifically, among a sample of four- and five-year-old monolingual and bilingual children, 

Martin-Rhee and Bialystok (2008) reported that bilingual children appeared to have an advantage 

over monolingual children in terms of reaction time on both congruent and incongruent trials of 

the Simon task; however, the researchers did not find evidence in favor of a bilingual advantage 

on other inhibitory control tasks they administered (e.g., the Day/Night and Cat/Dog Stroop 

tasks). Similarly, Esposito et al. (2013) reported that a bilingual advantage was present on tasks 

that required the suppression of interfering information (e.g., the bivalent shapes task) but not on 

tasks that required response inhibition in the absence of interfering stimuli (e.g., the Day/Night 

task). Based on their findings, Esposito et al. (2013) and Martin-Rhee and Bialystok (2008) 

concluded that these different types of inhibitory control fall into one of two categories: 

interference suppression and response inhibition. 
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Interference Suppression & Response Inhibition 

Interference suppression is the ability to ignore or suppress irrelevant salient perceptual 

information in a bivalent task (e.g., the Simon task) and selectively attend to relevant conflicting 

information (Esposito et al., 2013; Hilchey & Klein, 2011). To measure interference suppression, 

the individual is administered a task that utilizes bivalent stimuli (i.e., stimuli that include both 

relevant and distracting information) and conflict is resolved by selectively attending to the 

relevant stimulus cue and ignoring the competing cue (Bialystok & Viswanathan, 2009). 

Inhibitory control tasks that measure interference suppression therefore include tasks such as the 

flanker task, Stroop tasks, the ANT, and the Simon task. In contrast to interference suppression, 

response inhibition is defined as suppressing a dominant response in favor of a less dominant 

response (Esposito et al., 2013). In response inhibition tasks, an individual is presented with 

univalent stimuli and is required to suppress a prepotent response in the absence of distracting 

information (Bialystok & Viswanathan, 2009). Such tasks include the Day/Night task, the 

Grass/Snow task, the Block Sort task, and the Head-to-Toes task.  

A majority of the studies that support the bilingual advantage measure the interference 

suppression component of inhibitory control rather than response inhibition (e.g., Bialystok, 

2010, 2011; Martin-Rhee & Bialystok, 2008). For example, Bialystok (2010) reported a bilingual 

advantage on the Trail Making Task and the Global-Local Task for six-year-old children. In 

addition, Bialystok (2011) administered both a univalent and a bivalent inhibitory control task 

and reported that bilinguals were more accurate than monolinguals on the bivalent task but not 

on the univalent task. The bilingual advantage on tasks of interference suppression extends into 

adulthood, as evidenced by Bialystok et al.’s (2008) finding that bilingual adults outperformed 

monolingual adults on the Simon task and the Stroop Color Naming task. Further, they found 
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larger language-group differences in older adults than in younger adults, suggesting that the 

bilingual advantage not only lasts through adulthood but becomes more pronounced with age. 

Esposito et al. (2013) explicitly evaluated the difference between interference suppression and 

response inhibition using their bivalent shapes task and the Day/Night task, and they too found 

that bilinguals outperform monolinguals on the bivalent shapes task but not the Day/Night task, 

suggesting that the difference in task demands between inhibitory control tasks of interference 

suppression and inhibitory control tasks of response inhibition is related to whether a bilingual 

advantage is present. 

For Whom Does the Bilingual Advantage Exist? 

Thus far, the bilingual advantage has been evaluated only in the context of “balanced 

bilinguals,” or individuals who are proficient in two or more languages (Adesope et al., 2010). 

For the most part, research to date has neglected to evaluate whether this advantage exists for 

children who are learning a second language or for children who are simultaneously learning two 

languages. Whereas Martin-Rhee and Bialystok (2008) define bilinguals as those who engage in 

the constant daily use of two or more languages, children who are LMY do not necessarily 

constantly use both languages daily. For example, children who are LMY may receive a majority 

of their English language input at school and a majority of their Spanish language input at home; 

therefore, they may keep their two languages more or less active, depending on the 

environmental context.  

It is possible that the bilingual advantage does not exist until an individual is proficient in 

both their first and second languages. This possibility is reflected in existing research, in which 

findings differ based on the degree of bilingualism of the participants. Kalashnikova and Mattock 

(2012) examined self-regulatory skills in sequential bilinguals (i.e., they acquired one language 
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after the other) and children who were bilinguals from birth (i.e., they acquired both languages 

simultaneously). Kalashnikova and Mattock reported that children’s degree of bilingualism 

affected their performance on a task of shifting, and, therefore, children’s degree of bilingualism 

was related to whether a bilingual advantage was present. However, Kalashnikova and Mattock 

did not include a monolingual group and were unable to determine whether both groups would 

have outperformed monolingual children. Unlike Kalashnikova and Mattock (2012), Kapa and 

Colombo (2013) included a group of monolingual children as well as two groups of bilingual 

children (i.e., one group of bilingual children who acquired their secondary language at a 

relatively earlier age and the other group of bilingual children acquired their secondary language 

at a relatively later age). Kapa and Colombo reported no differences across these three groups in 

terms of overall accuracy on a flanker task. However, the early-acquired bilingual children had 

faster reaction times than did the late-acquired bilingual children and the monolingual children, 

suggesting that an individual’s degree of bilingualism is related to the presence of a bilingual 

advantage on inhibitory control tasks that measure interference suppression.  

Whereas Kapa and Colombo (2013) dichotomized children’s degree of bilingualism by 

categorizing children according to when they acquired their second language, Bialystok and 

Barac (2012) determined children’s degree of bilingualism and used regression analyses to 

determine whether degree of bilingualism significantly predicted performance on a task of 

interference suppression (i.e., the Flanker task). Consistent with Kapa and Colombo’s findings, 

Bialystok and Barac reported that children’s degree of bilingualism affected their performance 

on the Flanker task such that as children’s degree of balanced bilingualism increased, their 

reaction times on the Flanker task became faster.  
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Although the evidence presented thus far suggests that children’s degree of bilingualism 

affects whether a bilingual advantage is conferred, there is some evidence that any degree of 

exposure to more than one language is related to a bilingual advantage. For instance, Vega and 

Fernandez (2011) grouped children according to their degree of bilingualism (i.e., balanced 

bilinguals as compared to children who are stronger in one language than the other) and found no 

group differences on a measure of interference suppression. Vega and Fernandez’s findings 

suggest that any degree of bilingualism, regardless of the level of proficiency in both languages, 

confers a bilingual advantage. If this is the case, children who are LMY, who may be relatively 

unbalanced in their degree of bilingualism, should also benefit from the cognitive advantages 

conferred by the bilingual advantage. However, similar to the previously described studies 

(Bialystok & Barac, 2012; Kalashnikova & Mattock, 2012), Vega and Fernandez did not include 

a monolingual group, and, therefore, it is difficult to determine whether a bilingual advantage 

was present in their findings. Taken together, it is unclear based on these mixed findings 

(Bialystok & Barac, 2012; Kalashnikova & Mattock, 2012; Kapa & Colombo, 2013; Vega & 

Fernandez, 2011) whether the bilingual advantage would generalize to children who are LMY. 

Children who are LMY differ in a number of ways from the bilingual individuals in 

studies that have evaluated the bilingual advantage. These differences may affect whether a 

bilingual advantage exists for children who are LMY. In many studies of bilinguals, various 

characteristics (e.g., socioeconomic status, parental education level) are not accounted for in 

analyses that evaluate the bilingual advantage (Adesope et al., 2010). In addition, much of the 

research on bilingual children and the bilingual advantage has been conducted in countries other 

than the United States (e.g., Bialystok, 2010; Costa et al., 2008; Engel de Abreu et al., 2011; 

Kalashnikova & Mattock, 2012). In these studies, the bilingual advantage has been evaluated in 
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the context of bilinguals who speak English and French in Canada (e.g., Bialystok, 2010; Namazi 

& Thordardottir, 2010), bilinguals who speak Luxembourgian and an additional language in 

Luxembourg (e.g., Engel de Abreu et al., 2012), bilinguals who speak Spanish and Catalan in 

Spain (Costa et al., 2006), and bilinguals who speak English and Welsh in the United Kingdom 

(Gathercole et al., 2014). Relatively few studies of the bilingual advantage have focused on 

balanced bilinguals in the United States (e.g., Kapa & Colombo, 2013; Paap & Greenberg, 2013; 

Yang et al., 2011; Yoshida et al., 2011) or on elementary-school-age LMY children (e.g., Vega 

& Fernandez, 2013), and even fewer have focused on preschool-age LMY children living in the 

United States (e.g., Carlson & Meltzoff, 2008; Esposito et al., 2013; Wanless et al., 2011). 

Of the studies that have focused on preschool-age LMY children in the United States, 

Wanless et al. (2011) evaluated inhibitory control using the Head-to-Toes task and, although 

they reported no group differences between LMY and non-LMY children, they found that LMY 

status interacted with socioeconomic level to impact the rate of growth of inhibitory control. 

Specifically, low-income non-LMY children had a faster rate of growth than did low-income 

LMY children, which is counter to the concept of a bilingual advantage in self-regulation. 

However, the bilingual advantage is said to exist on tasks of interference suppression, not on 

tasks of response inhibition. Because Wanless et al. administered a response inhibition task (i.e., 

the Head-to-Toes task), it is unlikely that a bilingual advantage would have been evident in their 

study. In addition, the use of a verbally administered response inhibition task may have been 

advantageous to the group of non-LMY children, thereby precluding findings in support of a 

bilingual advantage. Similarly, Esposito et al. (2013) used a verbally administered measure of 

response inhibition (i.e., the Day/Night task) and found no evidence of a bilingual advantage. 

However, they also used a computerized measure of interference suppression (i.e., the bivalent 
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shapes task) and reported a bilingual advantage on this task, which is consistent with the theory 

that the bilingual advantage is present on tasks of interference suppression but not on tasks of 

response interference. However, it is possible that Esposito et al. (2013) found a bilingual 

advantage on the bivalent shapes task because the responses to this particular task did not place 

any language demands on the children in the study. In contrast, children were required to 

respond verbally with their answers on the Day/Night task. Therefore, there is a need to utilize 

interference suppression tasks and response inhibition tasks that place the same language 

demands on children (ideally, tasks that are administered via computer, to minimize any 

confound of language proficiency) to determine whether there is a bilingual advantage for 

interference suppression, but not for response inhibition.  

The third study that focused on preschool-age LMY children in the United States 

(Carlson & Meltzoff, 2008) also reported a bilingual advantage. However, this advantage was 

found after combining measures of various components of executive function (shifting, 

interference suppression, and response inhibition, among others) and co-varying variables on 

which there were significant pre-existing group differences (i.e., LMY children were younger, 

had lower vocabulary ability, and their parents had lower education levels). Further, pairwise-

group comparisons on a measure of interference suppression (i.e., the ANT) and a measure of 

response inhibition (i.e., Simon Says) revealed no significant differences in performance between 

bilingual and monolingual children after co-varying the effects of age, vocabulary ability, and 

parent education level. However, given the pre-existing group differences, definitive conclusions 

cannot be made regarding whether a bilingual advantage would have been present had the groups 

not differed significantly in terms of age, parent education level, and vocabulary ability. Ideally, 
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children should be matched on key demographic characteristics such as age, socioeconomic 

status, parent education level, and language proficiency. 

The Current Study 

Thus far, only a few studies have attempted to evaluate the bilingual advantage in 

Spanish-Speaking LMY children living in the United States (Carlson & Meltzoff, 2008; Esposito 

et al., 2013; Kapa & Colombo; Swanson, Sáez, & Gerber, 2004; Swanson, Sáez, & Gerber, 

2006; Vega & Fernandez, 2011). Of these studies, more have evaluated measures of shifting and 

working memory (e.g., Vega & Fernandez, 2011), whereas only three have evaluated aspects of 

inhibitory control in preschool- and kindergarten-age children (Carlson & Meltzoff, 2008; 

Esposito et al., 2013; Wanless et al., 2011). Consistent with the idea that the bilingual advantage 

exists on tasks of interference suppression but not on tasks of response inhibition, Wanless et al. 

(2011) reported no bilingual advantages on a measure of response inhibition. Although Carlson 

and Meltzoff (2008) reported a bilingual advantage in general self-regulatory abilities, they did 

not find a bilingual advantage on any of their inhibitory control tasks (all of which measured 

interference suppression). However, the LMY and non-LMY children in their study differed on 

key demographic characteristics such that LMY children would have been at a disadvantage. 

These pre-existing group differences may have negated any bilingual advantage that the LMY 

children had in this study. Only Esposito et al. (2013) evaluated the bilingual advantage in the 

context of both interference suppression and response inhibition, and they reported evidence in 

support of the bilingual advantage on interference suppression but not response inhibition. 

However, the interference suppression task in their study was administered via computer and did 

not place any language demands on children, whereas the response inhibition task in their study 

was verbally administered and placed language demands on children. Thus, their findings 
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regarding a bilingual advantage may be confounded by the use of a non-verbal and verbal 

measure of inhibitory control. 

The goals of this study were to expand on the findings of Esposito et al. (2013) by using 

computerized tasks of interference suppression and both computerized and verbally administered 

tasks of response inhibition with a sample of LMY preschool children with some degree of 

exposure to both Spanish and English. The focus of the study was to evaluate the relations 

between degree of bilingualism, interference suppression, and response inhibition, and to 

determine how these factors related to early academic ability and behavior among LMY children.  

The first research question addressed was whether the bilingual advantage is due to the 

method of administration of inhibitory control tasks. It was hypothesized that the bilingual 

advantage would not be due to the method of administration, and, therefore, a bilingual 

advantage would be evident on both the verbally-administered and computerized tasks of 

interference suppression such that the greater a child’s degree of bilingualism, the better that 

child would perform on both computerized and verbally-administered tasks of interference 

suppression. It was further hypothesized that tasks measuring interference suppression and 

response inhibition would form distinct domains within the broader construct of inhibitory 

control. The second research question addressed whether children’s degree of bilingualism was 

significantly related to their performance on inhibitory control tasks of interference suppression. 

Consistent with Esposito et al.’s (2013) findings, it was hypothesized that a bilingual advantage 

would be evident on tasks of interference suppression but not on tasks of response inhibition. It 

was expected that children’s degree of bilingualism would be significantly and positively 

associated with their interference suppression such that the greater a child’s degree of 

bilingualism, the better that child would perform on tasks of interference suppression. In 
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contrast, children’s degree of bilingualism was not expected to be significantly associated with 

their response inhibition. 
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CHAPTER TWO 

METHODS 

Participants 

To conduct this study, preschool children of varying degrees of bilingualism were 

recruited from preschool centers, Head Start centers, and elementary schools with preschool 

programs or other programs that serve Spanish-speaking LMY students in preschool (e.g. the 

Migrant Education Program, located at an elementary school in Gadsden County, which provides 

services and resources to Spanish-speaking migrant families). These centers and schools were 

located in several counties in Florida (i.e. Gadsden, Leon, and Miami-Dade) and in southern 

Georgia (i.e. Thomasville, Cairo, Decatur). Initially centers and schools were recruited to the 

study. After agreeing to participate in the study, center directors, elementary school principals, 

and directors of the English as a Second or Other Language (ESOL) program at each center or 

school identified a subset of children from their site who were Spanish-speaking LMY 

preschoolers. Consent forms and parent questionnaires (i.e. to obtain information regarding race, 

ethnicity, income, and parent education level) were sent home to be completed. Parents returned 

consents for 102 children. However, because two of the children consented were unable to be 

tested (due to child unwillingness to speak to any of the examiners), the final sample consisted of 

100 preschool children. Children in the study ranged in age from 29 months to 79 months (M = 

59.14 months, SD = 10.89). The sample was approximately equal with respect to child sex (52% 

boys, 48% girls).  

Although 102 child consent forms were returned, only 21 parent rating forms were 

completed and returned. Of the subset of children for whom parent rating forms were returned, 

most were identified as white (38%; 5% black; 5% multiracial; 52% did not respond to this item) 
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and all were identified as Hispanic. Thirty-eight percent of parents who returned questionnaires 

reported a sixth grade education level or below, and 10% reported attending college for three to 

four years. In addition, most parents reported an annual household income level below $25,000 

(57%), 14% reported an annual income between $25,000 and $50,000, and 5% reported an 

income greater than $50,000. The remaining 24% of parents who completed surveys did not 

report annual household income. 

Most parents reported Spanish as the language spoken at home (81%), and only 5% 

reported English as the language spoken at home. The remaining parents (14%) reported that a 

mixture of both English and Spanish are spoken at home. When speaking with their children, 

85% of parents reported using Spanish exclusively, 10% reported using English exclusively, and 

5% reported speaking both Spanish and English with their children. Approximately half of the 

children for whom parents indicated a language preference were reported to prefer speaking 

Spanish; the other half were identified as preferring to speak English. With regard to the country 

of origin of the dialect of Spanish that they speak, most parents who completed surveys reported 

that they speak a Mexican dialect (62%), 10% reported a Cuban dialect, and 24% of parents 

reported a Central American dialect. The remaining 4% of parents who returned their 

questionnaires did not respond to this item.   

Power Analysis 

To determine the number of participants required to conduct the proposed analyses, 

Monte Carlo simulation techniques, as outlined by Brown (2006), were used in Mplus version 

7.11 (Muthén & Muthén, 2007) for the unconstrained model. Given that the unconstrained model 

is the most complex model specified in the proposed analysis, a sample size sufficiently large to 

generate the unconstrained model will also be sufficiently large to generate the less complicated 
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models specified in the proposed analyses. According to this power analysis technique, expected 

parameter estimates are specified for all parameters in the model, and a series of models are 

generated in which the number of children is adjusted to determine the number of participants 

sufficient to obtain the expected parameter estimates at a specified power and significance level. 

In the power analysis for the proposed study, expected parameter estimates were specified 

between each of the observed indicators (the interference suppression and response inhibition 

tasks), the latent interference suppression and response inhibition variables, and children’s 

degree of bilingualism. Expected factor loadings for the interference suppression and response 

inhibition tasks onto the latent variables were chosen based on existing research. Estimated 

loadings for the two different types of inhibitory control tasks onto the latent interference 

suppression and response inhibition variables were specified at .60 (Allan & Lonigan, 2014; 

Miyake, et al., 2000), and parameter estimates for the latent variables regressed onto children’s 

degrees of freedom were specified at .30 for interference suppression and at .10 for response 

inhibition (Vega & Fernandez, 2011).  Based on the results of the power analysis, the required 

sample size to detect significant results with a power level of .80 and an alpha level of .05 was 

between 90 and 100 children, given the proposed analyses.  

Measures 

Language Ability 

Test of Preschool Early Literacy. The Test of Preschool Early Literacy (TOPEL; 

Lonigan, Wagner Torgesen, & Rashotte, 2007) is a measure of children’s emergent literacy 

skills. To measure children’s English language proficiency, children were administered the 

Definitional Vocabulary (DV) subtest of the TOPEL. The DV subtest has high internal 

consistency (alpha of .94) and consists of 35 items. Each item consists of two components – a 
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definitional component, which asks children to identify an image depicted, and an expressive 

component, which asks children to provide information about the image depicted. To determine 

children’s English language ability, answers were scored as correct if given in English. If an 

answer was given in Spanish, children were prompted to re-state their answer in English. If 

children did not re-state the answer in English, the answer was scored as incorrect. Each 

component of each item of the DV subtests of the TOPEL was scored as correct or incorrect, 

resulting in a maximum possible score of 70.   

Spanish Preschool Early Literacy Assessment (SPELA). To measure children’s Spanish 

language proficiency, children were administered the Definitional Vocabulary subtest of the 

SPELA, which consists of 32 items. As with the TOPEL, each item consists of two components 

– a definitional component, which asks children to identify an image depicted, and an expressive 

component, which asks children to provide information about the image depicted. To determine 

children’s Spanish language ability, answers were scored as correct if given in Spanish. If an 

answer was given in English, children were prompted to re-state the answer in Spanish. If 

children did not re-state the answer in Spanish, the answer was scored as incorrect. Each 

component of each item of the DV subtests of the SPELA was scored as correct or incorrect, 

resulting in a maximum possible score of 64. Although standard scores are published for the 

TOPEL, standard scores have not yet been published for the SPELA. Thus, in the current study, 

children’s standard scores for the TOPEL were readily available whereas standard scores for the 

SPELA were derived based on a secondary dataset in which both the SPELA DV and a 

comparable measure of Spanish expressive language skills (i.e. the Expressive Communication 

scale on the Preschool Language Scale, Fourth Edition Spanish Edition, or PLS-4 Spanish; 

Zimmerman, Steiner, & Pond, 2002) were administered. See Appendix A for more detail.  
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 Interference Suppression 

 Simon Task. The Simon task has been used extensively to evaluate interference 

suppression in both monolingual (e.g., Lu & Proctor, 1995) and bilingual (e.g., Bialystok et al., 

2008; Martin-Rhee & Bialystok, 2008; Morales, Calvo, & Bialystok, 2013; Namazi & 

Thordardottir, 2010; Paap & Greenberg, 2013) populations. On this task, adapted in the current 

study from the version used by Martin-Rhee and Bialystok (2008), children were presented with 

two different stimuli (a green square and a red square) and pushed a corresponding button (either 

a button with a sticker of a green square, in front of their left hand, or a button with sticker of a 

red square, in front of their right hand) when the stimulus appeared. The task consisted of 96 

total trials, 48 of which were congruent trials (Cronbach’s alpha = .87) and 48 of which were 

incongruent trials (Cronbach’s alpha = .85). On congruent trials, the stimulus appeared on the 

same side of the computer screen as the button (i.e., the green square appeared on the left side of 

the screen, in front of the button with the green sticker). On incongruent trials, the stimulus 

appeared on the opposite side of the computer screen as the button (i.e., the green square 

appeared on the right side of the screen, in front of the button with the red sticker). To measure 

interference suppression, the percent correct and mean reaction times were computed for both the 

congruent and the incongruent trials, and the difference between congruent and incongruent trials 

was computed. 

 Flanker Task. This task was adapted from Rueda et al. (2004) and was administered via 

computer. On this task, children were presented with a target stimulus (a fish) and were 

instructed to push a button to indicate the direction the fish is facing (i.e., if the fish faced the left 

side of the screen, the children pushed the button on the left). The task consisted of 96 total trials, 

48 of which were neutral trials (Cronbach’s alpha = .88), 24 of which were congruent trials 
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(Cronbach’s alpha = .39), and 24 of which were incongruent trials (Cronbach’s alpha = .22). On 

neutral trials, only the target stimulus (the fish) appeared and children pushed a button to indicate 

in which direction the fish was facing. On congruent trials, the fish appeared and was flanked by 

four additional fish (two fish on each side). The four additional fish, or “flankers,” faced the 

same direction as the target stimuli on congruent trials. On incongruent trials, the flankers faced 

the opposite direction of the target fish and, on these trials, children had to suppress the irrelevant 

information presented to them (i.e. the flankers pointing in the opposite direction) to respond to 

the relevant stimulus fish. To measure interference suppression, the percent correct and mean 

reaction time were computed for both the congruent and incongruent trials, and the difference 

between congruent and incongruent trials was computed (Rueda, Posner, & Rothbart, 2005).  

Animal Stroop (Kochanska, Murray, & Harlan, 2000). This task was adapted from the 

Shape Stroop task used by Kochanska et al. (2000). On this task, children first identified four 

different animals. They were then presented with an image of an animal body and head that were 

either from the same animal (i.e., congruent trial; Cronbach’s alpha = .93) or an image of an 

animal body with a different animal’s head (i.e., incongruent trial; Cronbach’s alpha = .91). On 

this task, children were instructed to name the animal whose body appears, rather than the animal 

whose head appears. On each item, children received one point for correctly identifying the 

animal body and zero points if they did not correctly identify the animal body. This task 

consisted of 48 trials, half of which were congruent trials and half of which were incongruent 

trials. Only the 24 incongruent trials were scored as children’s Interference Suppression. 

Global-Local Images Task. This task was adapted from the Global-Local Task 

(Bialystok, 2010) in which children were shown an image that consists of small letters or shapes 

that combined to form a large letter or shape. On some trials, the small and large images were the 
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same (congruent trials) and on other trials the small and large images were different (incongruent 

trials). Given the age range of children in this study, this task was adapted using common images 

known to preschool-age children (e.g., dogs, cars), rather than letters and shapes. Children in this 

study were instructed to identify the smaller images, as previous findings indicate that the global 

(i.e., large) image interferes with the ability to identify the “local” (i.e., small) image. Like 

Animal Stroop, this was a computerized direct assessment in which children were shown global 

and local images and were instructed to respond verbally with the name of the local image. On 

each item, children received one point for correctly identifying the local image and zero points if 

they did not correctly identify the local image. This task consisted of 28 trials, ten of which were 

congruent trials (Cronbach’s alpha = .67) and 18 of which were incongruent trials (Cronbach’s 

alpha = .95). Only the 18 incongruent trials were scored as children’s interference suppression. 

 Response Inhibition 

 Head-Toes-Knees-Shoulders (HTKS). The HTKS (Cameron-Ponitz et al., 2009) is a 

more complex version of the Head-to-Toes task (Cameron-Ponitz et al., 2008; internal 

consistency ranges from .89-92, with overall inter-rater reliability of .98) and is a computerized 

adaption of a direct assessment of children’s ability to engage in an opposite action when 

instructed to touch either their head, toes, knees or shoulders. On the computerized version of the 

HTKS, children were shown an image of a child on a computer screen and moved the mouse to 

the opposite body part (head, toes, knees, or shoulders) in response to a stimulus prompt 

instructing the children to touch one of these four body parts. For instance, when instructed to 

“touch the head,” children were required to ignore the dominant response of moving the 

computer mouse to the child’s head in favor of engaging the subdominant response of moving 

the computer mouse to the child’s toes. Similarly, when instructed to “touch the knees,” children 
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were required to ignore the dominant response of moving the computer mouse to the child’s 

knees in favor of moving the computer mouse to the child’s shoulders. On this task, children 

received two points for a correct response, one point for a self-correct (defined as initial 

movement in the wrong direction followed by a change to the correct response), and no points 

for an incorrect response (for example, when a child pointed to the head when instructed to point 

to the head). The HTKS included two sets of 10 items. On the first set of 10 items, children were 

only given two prompts (“touch your head” and “touch your toes”). On the second set of 10 

items, children were given two new prompts (“touch your shoulders” and “touch your knees”), in 

addition to the two original prompts. Before each set of items, children were administered 

teaching items and practice items during which they were taught the rules and given feedback by 

the examiner. Children were reminded of the rules after they completed the practice items, before 

moving onto test items. Standard versions of the HTKS have good internal reliability (alpha of 

.95), and the computer versions correlate highly with other measures of Inhibitory Control. This 

task took approximately 5 minutes to administer. Cronbach’s alpha for the HTKS with this 

sample was .96. 

  Day/Night Task (Gerstadt, Hong, & Diamond, 1994). The Day/Night task is a 

computerized direct assessment in which children were shown two images (an image of a sun 

and an image of a moon) and were instructed to say either the word “day” (i.e. in response to 

being shown the image of the moon) or the word “night” (i.e. in response to being shown the 

image of the sun). Thus, when presented with an image of the sun, children were required to 

ignore the dominant response of saying that they see the sun during the “day” in favor of 

engaging the subdominant response that they see the sun at “night.” Similarly, when presented 

with an image of the moon, children were required to ignore the dominant response of saying 
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that they see the moon during the “night” in favor of engaging the subdominant response that 

they see the moon at “night.” Children received one point for a correct response and no points for 

an incorrect response. Before beginning the task, children were asked when they see each, to 

establish that the child’s dominant response when presented with the image of the sun was to say 

the word “day” or “día” and that the child’s dominant response when presented with the image of 

the moon was to say the word “night” or “noche.” Following this, children were given the 

directions for the task and practice trials were administered, during which the children received 

feedback. After the practice items were complete, children were administered 10 trials in a 

predetermined order. After the first five trials, children were given a verbal reminder of the rule. 

Standard versions of this task have good reliability (alpha of .81) and the computerized version 

correlates highly with other measures of Inhibitory Control. This task took approximately 5 

minutes to administer. Cronbach’s alpha for this version of the Day/Night Task with this sample 

was .92.  

Block Sort Task. The Block Sort Task is a computerized direct assessment in which 

children were presented with an image of either a pink or a blue block and were instructed to 

identify in which colored bowl (pink or blue) the block should be placed. This task measured the 

child’s ability to suppress the dominant response of moving the computer mouse to the blue bowl 

when shown a blue block and to engage the subdominant response of moving the computer 

mouse to the pink bowl when shown a blue block. On this task, children received two points for 

a correct response, one point for a self-correct (defined as initial movement of the mouse in the 

wrong direction followed by a change to the correct response), and no points for an incorrect 

response (for example, when a child moves the mouse to the red bowl when shown an image of a 

red block). This task included two practice trials to confirm that children’s dominant response 
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was to sort the blocks into the same-colored bowl. Following this, children were given the 

directions for the task and practice trials were administered, during which the children received 

feedback. After the practice items were completed, children were administered 12 trials in a 

predetermined order. After the first six trials, children were given a verbal reminder of the rule. 

This task took approximately 5 minutes to administer. Cronbach’s alpha for this version of the 

Block Sort Task with this sample was .78. 

Procedure 

 This study was reviewed and approved by the Florida State University Institutional 

Review Board (project #: 2014.13501). To recruit participants, preschool center directors were 

contacted and provided with information regarding the study. If directors agreed to allow 

children at their center to participate in the study, consent forms were sent home to parents. Once 

parental consent was obtained, children were tested individually by a trained graduate or 

undergraduate student who spoke both Spanish and English. Children were tested three times 

within two weeks. During the first two testing sessions, language was assessed to determine the 

degree of bilingualism. In one of these sessions, all English language measures were 

administered. In the other of these sessions, all Spanish language measures were administered. 

The order of administration (Spanish and English sessions) was counterbalanced among 

participants. After the first two testing sessions, language dominance was computed. Following 

assessment of children’s degree of bilingualism, children were administered all response 

inhibition and interference suppression tasks during the same testing session. Order of 

administration of these tasks was randomly determined, to prevent any findings resulting from 

the order in which tasks were administered. Children were administered all inhibitory control 
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tasks in their dominant language, as determined by their responses to the DV subtests on both the 

TOPEL and the SPELA.  
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CHAPTER THREE 

RESULTS 

Descriptive Statistics and Missing Data 

 Descriptive statistics are presented in Table 1. For the TOPEL DV and SPELA DV 

subtests, standard scores are presented. For the Simon, Flanker, Animal Stroop, and Global-

Local Images tasks, the mean represents the average of the total number of correct responses on 

incongruent trials across participants. For the HTKS, Day/Night, and Block Sort tasks, the mean 

represents the average of the total number of correct responses on all trials across participants. 

According to Kline’s (2011) suggested criteria for evaluating the normality of data used in 

structural equation modeling analyses, there were no outliers and there was no evidence of 

problematic skew or kurtosis on any of the measures administered.  

On the Simon task, Animal Stroop, HTKS, and Day/Night task, there were some 

participants for whom data were missing due to examiner error or due to child absences. In the 

case of examiner error, mistakes in typing in the child’s subject id number led to data overwrites 

within the E-Prime program. This occurred on one subtest each for three different participants. In 

the case of child absences, there were four children in the Migrant Education Program in 

Gadsden County, Florida who completed approximately half of their inhibitory control measures 

but ran out of time to complete their computer battery during the testing day. When the 

examiners returned to the school on the next day of testing, these children’s families had moved 

out of the state. Thus, due to the high mobility rate of this particular group of students, it was not 

possible to test these children on the remaining measures within their computer battery. 

In general, children in this study had stronger Spanish language skills (M = 95.10, SD = 

10.60) than English language skills (M = 73.20, SD = 16.71) according to a paired-samples t test, 
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t(99) = 11.46, p < .001. Similar to Bialystok and Barac (2012), children’s degree of bilingualism 

was computed as the ratio of their definitional vocabulary standard scores in English and 

Spanish. After computing derived standard scores for the SPELA DV (see Appendix A for 

procedure), it was determined that 88 participants had higher Spanish language proficiency 

standard scores than English language proficiency standard scores (SPELA DV: M = 96.67, SD 

= 9.86; TOPEL DV: M = 69.61, SD = 14.12; Age: M = 59.78, SD = 10.83). For these 

participants, degree of bilingualism was computed as the ratio of English to Spanish language 

proficiency. Twelve participants had higher English language proficiency standard scores than 

Spanish language proficiency standard scores (SPELA DV: M = 85.27, SD = 8.70; TOPEL DV: 

M = 100.91, SD = 6.04; Age: M = 55.18, SD = 8.96). For these participants, degree of 

bilingualism was computed as the ratio of Spanish to English language proficiency scores. Thus, 

the maximum score a child could receive for his or her degree of bilingualism was a score of 1.0, 

indicating that the child had the same English language and Spanish language standard scores. 

Degree of bilingualism ranged from .51 to .98 (M = .74, SD = .17) for participants in this study.   

On tasks designed to measure interference suppression, pairwise t-tests were used to 

compare children’s responses on congruent and incongruent items. Because more incongruent 

trials were administered than congruent trials on the Global-Local Images task, it was not 

possible to use total number of correct items on each set of trials. Consequently, pairwise t-tests 

compared children’s percent correct on congruent items to their percent correct on incongruent 

items for all measures of interference suppression. Significant mean differences were present for 

all interference suppression tasks such that children responded accurately more often to 

congruent items than to incongruent items. Specifically, on the Flanker task children responded 

correctly on a significantly higher percentage of congruent trials (M = 83.00% correct, SD = 
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19.91) than incongruent trials (M = 55.83% correct, SD = 22.73), t(99) = - 9.34, p < .001. On the 

Simon task children responded correctly on a significantly higher percentage of congruent trials 

(M = 88.45% correct, SD = 17.97) than incongruent trials (M = 82.21% correct, SD = 20.13), 

t(96) = - 4.12, p < .001. On the Global-Local Images task, children responded correctly to a 

significantly higher percentage of congruent trials (M = 90.00% correct, SD = 14.28) than 

incongruent trials (M = 51.44% correct, SD = 35.72), t(99) = 11.27, p < .001. On the Animal 

Stroop task, children responded correctly to a significantly higher percentage of congruent trials 

(M = 81.63% correct, SD = 20.45) than incongruent trials (M = 66.71% correct, SD = 27.61), 

t(97) = - 7.91, p < .001. 

Correlations between tasks are presented in Table 2. Child age was significantly 

correlated with all inhibitory control measures except the Global-Local Images task, which did 

not correlate significantly with any of the other measures. Child age was not significantly 

associated with English and Spanish language skills, and it did not correlate significantly with 

children’s degree of bilingualism. English and Spanish language skills were not significantly 

correlated, and only children’s English language skills correlated significantly and positively 

with their degree of bilingualism. English language skills were significantly related to two 

measures of response inhibition (HTKS and the Day/Night task) and to two measures of 

interference suppression (the Simon task and Animal Stroop). Spanish language skills were 

significantly related to all measures of response inhibition but only to one measure of 

interference suppression (the Flanker task). Children’s degree of bilingualism correlated 

significantly with one measure of response inhibition (HTKS) and with two measures of 

interference suppression (Simon and Animal Stroop). All correlations between tasks designed to 

measure response inhibition (HTKS, the Day/Night task, and the Block Sort task) were 
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significant. However, among the tasks designed to measure interference suppression (the Simon 

task, the Flanker task, Animal Stroop, and Global-Local Images task), the only significant 

correlation was between Animal Stroop and the Simon task. Across inhibitory control domains, 

Animal Stroop correlated significantly with all response inhibition tasks. In addition, the Simon 

task correlated significantly with the HTKS and the Block Sort task. The Flanker task correlated 

significantly with only the Day/Night task. 

Factor Structure of Inhibitory Control 

To determine whether the inhibitory control tasks were better represented as separate 

factors based on the method of administration of the inhibitory control tasks, separate 

Interference Suppression and Response Inhibition factors, or as a single Inhibitory Control 

factor, confirmatory factor analyses (CFAs) in Mplus (version 7.11; Múthen & Múthen, 2015) 

were conducted to compare the two 2-factor models and a 1-factor model. In all analyses, full 

information maximum likelihood estimation was used to account for missing data and a 

sandwich estimator was used to account for the clustering of data (i.e. children nested within 

centers; Muthén & Satorra, 1995). In the first two-factor model, one factor consisted of the 

computerized tasks (i.e., Simon, Flanker, HTKS, Block Sort tasks) and one factor consisted of 

the tasks with a verbal demand (i.e., Animal Stroop, Global-Local Images, Day/Night tasks). In 

the second two-factor model, one factor consisted of the interference suppression tasks (i.e., 

Simon, Flanker, Animal Stroop, Global-Local Images tasks) and one factor consisted of the 

response inhibition tasks (i.e., HTKS, Block Sort, and Day/Night tasks). Both two-factor models 

were compared to a one-factor model in which a single Inhibitory Control factor consisted of all 

seven inhibitory control tasks.  
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Fit indices for these models are shown in Table 3. Non-significant chi-square values and 

Comparative Fit Index (CFI) and Tucker Lewis Index (TLI) values that are greater than or equal 

to .95 indicate a good fit of the model to the data (Hu & Bentler, 1999). Small root mean square 

error of approximation (RMSEA) values and standardized root mean squared residuals (SRMR) 

values indicate better fit. Specifically, RMSEA values less than or equal to .05 and SRMR values 

less than or equal to .08 indicate good fit (Hu & Bentler, 1999). Additionally, smaller Akaike 

Information Criteria (AIC) and Bayesian Information Criteria (BIC) values indicate better model 

fit. All models in the current study had good fit, according to these guidelines.  

Based on the chi-square model comparison test (corrected for using the MLR estimator in 

Mplus; Satorra, 2000), neither the two-factor Computerized/Verbal model nor the two-factor 

Interference Suppression/Response Inhibition model yielded a significant improvement in model 

fit compared to the more parsimonious one-factor Inhibitory Control model. Thus, the one-factor 

model was the best-fitting model. In this model, all tasks except for the Global-Local Images 

task (factor loading = .19, p = .08) loaded significantly on the Inhibitory Control factor (see 

Figure 1). 

The Flanker and Global-Local Images tasks were poor measures of inhibitory control in 

the current study, as they were unrelated to other measures of inhibitory control and had poor 

reliability. Therefore, additional CFAs were conducted in which the fit of the three models was 

examined with these measures removed. In these models, the chi-square value, AIC, and BIC 

decreased relative to the models with these tasks included (see Table 4). The chi-square 

difference test (corrected for the use of the MLR estimator; Satorra, 2000) comparing the two-

factor model based on the method of task administration (i.e., Computerized/Verbal) to the one-

factor Inhibitory Control model was not significant. However, the difference in chi-square values 
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between the two-factor Interference Suppression/Response Inhibition model and the one-factor 

Inhibitory Control model was significant, indicating that the two-factor model provided a 

significant improvement in model fit compared to the one-factor Inhibitory Control model. In the 

two-factor Interference Suppression/Response Inhibition model, the factors were significantly, 

positively correlated (r = .72, p < .001) and all loadings between indicators and their respective 

factors were significant (see Figure 2).  

Associations Between Degree of Bilingualism and Inhibitory Control 

Correlations between the Response Inhibition and Interference Suppression factors with 

degree of bilingualism, English and Spanish language proficiency, and age are shown in Table 5. 

As seen in the table, degree of bilingualism was significantly and positively related to both the 

Interference Suppression factor and the Response Inhibition factor. A Wald test for parameter 

constraints was significant (χ2 = 6.43, p = .01), indicating that children’s degree of bilingualism 

was differentially related to the Interference Suppression and Response Inhibition factors. The 

correlation between degree of bilingualism and the Interference Suppression factor was larger in 

magnitude than was the correlation between degree of bilingualism and the Response Inhibition 

factor. Both inhibitory control factors were strongly and positively correlated with child age. 

Whereas English language scores were significantly and positively associated with both 

inhibitory control factors, Spanish language scores were significantly and positively associated 

with only the Response Inhibition factor. 

To address the second research question (i.e., does a bilingual advantage that is specific 

to interference suppression exist among Spanish-speaking LMY preschool children), structural 

equation modeling in Mplus was used to regress each inhibitory control factor generated in the 

first set of analyses (i.e. in the model that did not include the Flanker and Global-Local Images 
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tasks) onto children’s degree of bilingualism. A model in which the regression coefficients for 

degree of bilingualism and inhibitory control domains were constrained to equality (i.e. the 

relation between degree of bilingualism and interference suppression was specified to be equal to 

the relation between degree of bilingualism and response inhibition) was compared to a model in 

which the regression coefficients for degree of bilingualism and the inhibitory control domains 

were estimated freely. The Wald test of parameter constraints was significant (χ2 = 8.93, p = 

.003), indicating that the unconstrained model provided a significantly better fit to the data than 

did the constrained model. This model is shown in Figure 3. Fit statistics indicated good model 

fit (CFI = 1.00; TLI = 1.03; RMSEA = .00; SRMR = .03). In this model, the Interference 

Suppression and Response Inhibition factors were significantly and positively correlated. 

Regression coefficients between degree of bilingualism and each inhibitory control factor were 

significant and positive, indicating that children with a relatively higher degree of bilingualism 

had higher levels of both interference suppression and response inhibition than did children who 

were relatively lower in their degree of bilingualism. Further, the regression coefficient between 

degree of bilingualism and the Interference Suppression factor was stronger in magnitude than 

the regression coefficient between degree of bilingualism and the Response Inhibition factor. 

Additional models were generated to compare the relations between degree of 

bilingualism and the inhibitory control factors while simultaneously accounting for child age. In 

the first model, degree of bilingualism and child age were entered as predictors (see Figure 4). 

All regression coefficients between degree of bilingualism, child age, and latent inhibitory 

control domains were significant and positive. In this model, the Interference Suppression and 

Response Inhibition factors were significantly and positively correlated. The Wald test 

evaluating the effect of constraining the parameters between degree of bilingualism and the two 
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inhibitory control factors was significant (χ2 = 14.39, p = .0001), indicating that the 

unconstrained model fit the data better than did the constrained model. Consistent with the 

previous set of models that included only children’s degree of bilingualism, degree of 

bilingualism was more strongly related to the Interference Suppression factor than to the 

Response Inhibition factor.  

Given the correlations between degree of bilingualism and language proficiency in 

English and Spanish, a second model included children’s degree of bilingualism, TOPEL DV 

scores, SPELA DV scores, and age (see Figure 5). In this model, the path coefficients between 

degree of bilingualism and the inhibitory control factors were not significant. Age was 

significantly and positively related to both the Interference Suppression factor and the Response 

Inhibition factor, and English and Spanish language skills were significantly and positively 

associated with the Response Inhibition factor but not the Interference Suppression factor. In this 

model, the Interference Suppression and Response Inhibition factors were significantly 

correlated (r = .47, p = .01).  

To better understand how the addition of children’s language scores to the model affected 

the relations between degree of bilingualism and the inhibitory control factors, two additional 

models were evaluated. One model included age, degree of bilingualism, and only children’s 

Spanish-language skills as predictors of inhibitory control (see Figure 6), and one model 

included age, degree of bilingualism, and only children’s English-language skills as predictors of 

inhibitory control (see Figure 7). When only Spanish-language skills were included in the model, 

children’s degree of bilingualism was significantly associated with the Response Inhibition 

factor and the Interference Suppression factor, but when only English-language skills were 

included in the model, degree of bilingualism was not significantly associated with either the 



 

 

38 
 

Response Inhibition factor or the Interference Suppression factor. Additional analyses were 

conducted to elucidate the relations between language proficiency in Spanish and English and 

children’s inhibitory control (see Appendix B). 
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CHAPTER FOUR 

DISCUSSION 

The goals of the current study were to evaluate the presence of a bilingual advantage in 

inhibitory control among Spanish-speaking LMY preschool children and to expand on the 

findings reported by Esposito et al. (2013) by using tasks in which the domain of inhibitory 

control measured (i.e., interference suppression, response inhibition) was not confounded with 

the method of administration (i.e., verbal or nonverbal). Consistent with the first hypothesis, the 

verbal and nonverbal computerized tasks measured a unitary inhibitory control construct and 

were not distinct from one another. Consistent with the second hypothesis, results indicated that 

interference suppression and response inhibition were distinct domains within the broader 

construct of inhibitory control. Consistent with the third hypothesis, results indicated that a 

higher degree of bilingualism was associated with stronger inhibitory control, and that children’s 

degree of bilingualism was relatively more associated with interference suppression than with 

response inhibition. These findings support a bilingual advantage conferred to children’s 

inhibitory control, as well as a specific advantage conferred to inhibitory control tasks that 

require interference suppression. However, additional analyses examining the relative 

associations between children’s degree of bilingualism, age, and their language proficiency in 

English and Spanish indicated that degree of bilingualism was strongly related to children’s 

English language skills. 

Dimensionality of Inhibitory Control 

Verbal and Nonverbal Measures of Inhibitory Control. Although a number of 

previous studies support the presence of a bilingual advantage, particularly in the domain of 

interference suppression, a majority of these studies used computerized measures that did not 
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require a verbal response to assess inhibitory control (e.g., Bialystok, 2010; Bialystok et al., 

2008; Yang et al., 2011; Yoshida et al., 2011). In contrast, many of the studies that failed to 

support a bilingual advantage used measures that required verbal responses to stimulus items 

(e.g., Martin-Rhee & Bialystok, 2008; Wanless et al., 2011). This difference in measurement of 

inhibitory control makes it difficult to determine whether the reported bilingual advantage in 

each study was due to the method of administration of inhibitory control tasks or whether a true 

bilingual advantage existed among participants. The current study used computerized tasks of 

inhibitory control that either required verbal responses or did not require verbal responses to 

address this confound. Because the two-factor model based on the method of task administration 

did not provide a significant improvement in fit relative to a one-factor model in which all tasks 

loaded together, it is unlikely that discrepancies in previous findings concerning a bilingual 

advantage are attributable to the method of task administration. Rather, these previous findings 

likely indicate a true advantage in inhibitory control for LMY children, and reasons for the 

discrepancies in findings are not clear. 

 Dimensionality of Tasks of Interference Suppression and Response Inhibition. 

Results of this study indicated that inhibitory control was best conceptualized as a 

multidimensional construct, consisting of distinct subcomponents based on the type of inhibitory 

control that is measured. Specifically, among Spanish-speaking LMY children interference 

suppression and response inhibition represented two distinct constructs that, in general, were 

significantly and positively correlated, rather than one unitary inhibitory control construct. 

Although the initial analyses identified inhibitory control as a unitary construct when including 

all inhibitory control tasks used in this study, the removal of tasks that were poor indicators of 

inhibitory control, in general, and interference suppression, in particular, led to improved model 
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fit as indicated by lower AIC, BIC, and chi-square values. In addition, correlations among the 

tasks designed to measure response inhibition were all significant and positive, as were 

correlations among the tasks used to measure interference suppression in the modified model 

(i.e. the Animal Stroop and Simon tasks). In contrast, tasks designed to measure response 

inhibition and tasks designed to measure interference suppression were inconsistently related 

across domains. This result suggests a higher degree of consistency between tasks designed to 

measure the same aspect of inhibitory control than across tasks designed to measure different 

aspects of inhibitory control and provides further support for the finding that interference 

suppression and response inhibition are distinct components of inhibitory control. 

Associations Between Degree of Bilingualism, Interference Suppression, and Response 

Inhibition 

In general, the results of this study supported the presence of a bilingual advantage 

among Spanish-speaking LMY preschool children. Children who were relatively more balanced 

in their English and Spanish language proficiency had higher levels of both interference 

suppression and response inhibition than did children who were relatively less balanced in their 

English and Spanish language proficiency. Additionally, results indicated that children’s degree 

of bilingualism was more associated with their interference suppression than with their response 

inhibition. This finding is consistent with Bialystok’s (2009) and Ursino et al.’s (2010) theories 

regarding the origins of the bilingual advantage. Specifically, this finding supports the theory 

that the simultaneous activation of two or more languages that occurs regularly in response to 

auditory language input for individuals who are bilingual requires the inhibition of the irrelevant 

inactive stream of language in order to respond appropriately to the relevant active stream of 

language. Similarly, tasks of interference suppression require the inhibition of irrelevant, salient 
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information to selectively attend to relevant conflicting information. In contrast, tasks of 

response inhibition (i.e. in which children must suppress a dominant response to engage in a 

subdominant response) do not require this particular skill. 

According to follow-up analyses conducted in the current study, children’s degree of 

bilingualism was significantly associated with their inhibitory control and specifically more so 

with their interference suppression than with their response inhibition, even when controlling for 

child age. However, when also controlling for both Spanish-language proficiency and English-

language proficiency, children’s degree of bilingualism was not significantly associated with 

either domain of inhibitory control, whereas English and Spanish language proficiencies were 

positively associated with response inhibition. Thus, although children’s degree of bilingualism 

was related to interference suppression and response inhibition, when controlling for levels of 

language skill in both languages those relations disappeared. Additional follow-up analyses were 

conducted to evaluate the specific influence of Spanish and English language proficiency on the 

relations between children’s degree of bilingualism and their inhibitory control. When 

controlling for children’s age and Spanish language proficiency, children’s degree of 

bilingualism was significantly associated with their inhibitory control, and specifically more so 

with their interference suppression than with their response inhibition. When controlling for 

children’s age and English language proficiency, children’s degree of bilingualism was not 

significantly associated with either interference suppression or response inhibition, whereas 

English language proficiency was associated with response inhibition. Thus, when controlling 

for children’s English language proficiency, specifically, and not for their Spanish language 

proficiency, degree of bilingualism was not associated with either domain of inhibitory control. 
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In this study, children’s degree of bilingualism was computed as the ratio of their English 

and Spanish language proficiencies. Most children in this study had a higher degree of Spanish 

language proficiency than of English language proficiency. Consequently, for most children 

degree of bilingualism was computed as the ratio of their English to Spanish skills. Thus, 

children’s degree of bilingualism in the current study was mostly a function of English language 

skills such that as children’s degree of English language proficiency increased so too did their 

degree of bilingualism, making children with higher TOPEL DV scores appear relatively more 

bilingual than children with lower TOPEL DV scores. This association was evident in the strong 

and positive correlation between degree of bilingualism and TOPEL DV scores. Further, this 

association was specific to English language skills, as degree of bilingualism was correlated 

weakly and negatively with Spanish language skills (i.e. as measured by the SPELA DV). These 

associations may explain why the regression coefficients between children’s degree of 

bilingualism and their inhibitory control were significant in analyses that did not include English 

language skills, but were not significant in analyses that did include English language skills. 

These findings are relatively novel in that previous studies that have reported a significant 

bilingual advantage for preschool-age LMY children on tasks of inhibitory control (e.g. Esposito 

et al., 2013; Carlson & Meltzoff, 2008) did not simultaneously include children’s level of 

language skill in analyses. Thus, it is possible that the advantage reported on tasks of inhibitory 

control in these studies was not a bilingual advantage but rather an advantage associated with 

children’s level of language skill.  

Associations Between Inhibitory Control and Language Proficiency 

The findings reported in follow-up structural equation modeling analyses in which degree 

of bilingualism was removed from the model were inconsistent with the hypothesis that a 
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bilingual advantage is conferred specifically to interference suppression but not to response 

inhibition. Specifically, in these models response inhibition was significantly associated with 

children’s Spanish and English proficiency, and interference suppression was significantly 

associated with children’s English language proficiency (but not their Spanish proficiency). 

Degree of bilingualism and English language proficiency were strongly and positively associated 

in this study. Further, when simultaneously included in models as predictors of inhibitory control 

skills, only English language proficiency was significantly related to interference suppression 

and response inhibition. Given these findings, it is possible that English language skills, rather 

than the extent to which children are balanced in their degree of bilingualism, are specifically 

related to inhibitory control among Spanish-speaking LMY preschool children. Consistent with 

this possibility is the finding that children’s English language proficiency was significantly 

associated with interference suppression in more analyses than was their degree of language 

proficiency in Spanish. Although all direct measures of interference suppression that were 

included in the preferred model correlated significantly with English language skills, only the 

Simon task correlated significantly with Spanish language skills. Similarly, the Interference 

Suppression factor was significantly correlated with English language skills but not with Spanish 

language skills, and Spanish language proficiency was not associated with the Interference 

Suppression factor in either structural equation model, whereas English language proficiency 

was associated with the Interference Suppression factor in the model that did not include 

children’s degree of bilingualism.  

Alternatively, it is possible that Spanish-speaking LMY preschool children with better 

English skills have better overall self-regulatory skills, not just better inhibitory control. This is 

counter to the theories offered by Bialystok (2009) and Ursino et al (2010) in which a bilingual 
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advantage is conferred as a result of having a similar degree of proficiency in more than one 

language and consequently a more constant need to selectively attend to relevant salient 

perceptual information while ignoring irrelevant competing information (i.e. as in tasks of 

interference suppression, but not as in working memory or shifting tasks). This possibility is 

consistent with the finding that children’s degree of bilingualism, which was largely driven by 

their English language ability, was equally related to both their interference suppression and their 

response inhibition in the structural equation model that included all language measures, degree 

of bilingualism, and child age. This possibility is also consistent with previous studies that have 

identified a bilingual advantage in other executive function domains, such as shifting (e.g. 

Bialystok, 1999; Bialystok & Martin, 2004; Kalashnikova & Mattock, 2012). 

Rather than English language proficiency being associated with stronger inhibitory 

control or general self-regulatory skills, it is possible that the characteristics of children, families, 

or environments that result in stronger English language skills among Spanish-speaking LMY 

preschool children also result in stronger inhibitory control. Such characteristics might include 

parent socioeconomic status, maternal and/or paternal education level, degree of acculturation, 

and children’s level of intelligence, all of which have been found to be significantly associated 

with both early expressive vocabulary ability and executive function (e.g. Carlson & Meltzoff, 

2008; Yang et al, 2011; Yoshida et al., 2011). Given the limited number of families that returned 

questionnaires asking about such characteristics as parent socioeconomic maternal and/or 

paternal education level, as well as the lack of measures of nonverbal intellectual functioning in 

the current study, this possibility was untestable in the current study.  
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Associations Between Inhibitory Control and Age 

In the current study, latent Response Inhibition and Interference Suppression were 

significantly and positively associated with child age in all analyses. This finding was evident in 

the significant and positive regression coefficients generated through structural equation 

modeling techniques. This finding was also evident in the significant and positive correlations 

between chronological age and latent inhibitory control factors, as well as in the significant and 

positive correlations between chronological age and all but one (i.e. the Global-Local Images 

task) direct measure of inhibitory control. It was unsurprising that, among the preschool children 

in the study, being older was associated with having relatively stronger inhibitory control skills, 

given that executive function develops rapidly during the preschool and kindergarten years 

(Zelazo et al., 2008; Zelazo & Carlson, 2012). Age was not significantly associated with 

children’s language proficiency in Spanish or English, and it was not significantly associated 

with children’s degree of bilingualism. Because standard scores of English and Spanish language 

skills were used for all analyses conducted, age would not be expected to correlate significantly 

with language proficiency, as standard scores are computed based on a child’s raw score on a test 

and age at the time of testing. Similarly, because children’s degree of bilingualism was computed 

as the ratio of standard scores received on Spanish and English language proficiency measures, 

age would also not be expected to correlate with children’s degree of bilingualism. 

Relations between Interference Suppression and Response Inhibition 

The Interference Suppression and Response Inhibition factors were strongly and 

positively correlated in all of the confirmatory factor analysis models and in all but two of the 

structural equation models generated. The two models in which these factors were not 

significantly correlated were the constrained and unconstrained structural equation models that 
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included children’s age and English and Spanish language skills as predictors of their latent 

Interference Suppression and latent Response Inhibition (see Appendix B). Given the degree to 

which English language skills were related with inhibitory control in the current study, the 

addition of TOPEL DV to the models resulted in the non-significant correlation between latent 

interference suppression and response inhibition. This would be consistent with the results of the 

correlational analyses in the current study, as the TOPEL DV was significantly associated with 

all direct measures of inhibitory control, while direct measures of inhibitory control were 

inconsistently significantly correlated across domains. 

Although direct measures of response inhibition were all significantly correlated with one 

another, direct measures of interference suppression were not. Only the Animal Stroop and 

Simon tasks were significantly and positively correlated; no other correlations between tasks of 

interference suppression were significant. The Animal Stroop and Simon tasks were also 

significantly and positively associated with most measures of response inhibition, while the 

Flanker task was significantly related to only the Day/Night task (which also correlated with 

every other measure in the study except the Simon task and the Global-Local Images task). 

Further, the Flanker task was significantly and positively associated with only two other 

measures (i.e. child age and Spanish language ability), while the Global-Local Images task was 

not significantly associated with any of the other measures (i.e. language, inhibitory control, and 

age) in the current study. In addition, none of the parameter estimates generated in the first series 

of models between either of these tasks and the latent inhibitory control factors onto which they 

were specified to load (i.e. Inhibitory Control in the one-factor model, the Computerized and 

Verbal factors in the two-factor method of administration model, and Interference Suppression in 

the other two-factor model) was significant. Taken together, these findings suggest that, in the 
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current study, the Flanker task and the Global-Local Images task were poor indicators of 

interference suppression in particular and inhibitory control in general.  

Limitations 

 In general, children in this study had stronger Spanish language skills than English 

language skills, and these skills were not significantly correlated. However, there was no 

evidence of skew or kurtosis on either measure such that both TOPEL DV and SPELA DV 

scores were normally distributed. Given the mean standard scores on the SPELA DV and 

TOPEL DV in the current study, individuals who were balanced in their degree of bilingualism 

generally scored below the mean on the SPELA DV and above the mean on the TOPEL DV.  In 

contrast, because children in the current study were more proficient in their Spanish ability than 

in their English ability, many participants who were relatively less balanced in their degree of 

bilingualism had Spanish language standard scores close to average and English language 

standard scores that were comparatively low. Thus, a relatively “high” degree of bilingualism did 

not indicate a similar degree of language proficiency in both Spanish and English. Rather, it was 

generally indicative that children’s Spanish language skills were below the study mean and their 

English language skills were above the study mean. Future studies would benefit from evaluating 

a more diverse sample in terms of their degree of bilingualism (e.g., children who are balanced in 

their degree of bilingualism because they are similarly average in their English skills and Spanish 

skills) to evaluate Bialystok’s (2009) and Ursino et al.’s (2010) theories regarding the origins of 

the bilingual advantage more extensively. Such a population likely experiences a more frequent 

need to suppress one language and simultaneous activate another language. The relatively higher 

frequency of this need may be associated with more extensively generalized cognitive 

advantages across domains, including the domain of inhibitory control. Further, because this 
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study did not include monolingual children, the presence of a bilingual advantage was not tested 

directly as no comparisons could be made between monolingual children and children of varying 

degrees of bilingualism. Rather, this study tested how LMY children’s degree of bilingualism 

(i.e. their relative degree of proficiency in each of their languages) was associated with inhibitory 

control. Therefore, future studies also should include monolingual children in the sample to be 

able to test and form conclusions regarding the bilingual advantage. 

Two of the four tasks measuring interference suppression (i.e. the Global-Local Images 

task and the Flanker task) were poor measures of interference suppression, in particular, and 

inhibitory control, in general. These tasks were uncorrelated with most other measures 

administered and did not load significantly in any of the models generated through factor 

analysis. Specifically, the Global-Local Images task did not correlate significantly with any other 

measures administered and the Flanker task was significantly and positively associated with only 

three other measures (i.e. child age, Spanish language ability, and the Day/Night task). Given 

that these tasks were normally distributed with no outliers and no evidence of skew or kurtosis, it 

is unlikely that the lack of relations between these and other measures was due to ceiling or floor 

effects in the data. Further, like the other measures of interference suppression, children’s scores 

on incongruent and congruent trials of the Flanker and Global-Local Images task differed 

significantly in paired-samples t tests such that children in this study responded more accurately 

on congruent items than on incongruent items. Future research with these measures should 

examine the conditions under which these tasks effectively measure inhibitory control, as they 

are reported to do in previous research (e.g., Bialystok, 2010; Engel de Abreu, 2011; Kapa & 

Colombo, 2013; Rueda et al., 2004; Rueda et al., 2005). With respect to the Flanker task, it is 

possible that the large number of neutral trials interspersed between the congruent and 
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incongruent trials were too cognitively taxing for preschool-aged children in comparison to 

measures such as the Simon task, which consist of only congruent and incongruent trials. Many 

of the studies that have used the Flanker task successively have done so with children who were 

five years of age or older (e.g. Bialystok, 2010; Engel de Abreu, 2011; Kapa & Colombo, 2013; 

Rueda et al., 2005). Although Rueda et al. (2004) successfully used the Flanker task with a 

sample of four-year-old children, that particular study used a version of the Flanker task that did 

not include neutral trials. Rather, it only included congruent and incongruent trials. Thus, the 

need to switch between three types of trials (i.e. neutral, congruent, and incongruent trials) may 

have been too difficult for preschool-aged children in the current study. 

Future Directions 

 Although the results of the current study can be interpreted as supporting a bilingual 

advantage conferred to children’s inhibitory control, given the relations between children’s 

English language skills and their degree of bilingualism there are a number of alternate 

interpretations of the findings. To evaluate whether the results of the current study support a 

bilingual advantage for inhibitory control, and specifically for interference suppression, future 

studies should evaluate the likelihood of each of the alternate interpretations. To address the first 

alternate interpretation (i.e. whether English language skills, but not children’s degree of 

bilingualism, are specifically related to inhibitory control), measures of the different domains of 

executive function should be included in future studies and the degree to which relations between 

degree of bilingualism, English language skills, and each domain of executive function differ 

should be tested. Similar to the current study, constrained and unconstrained structural equation 

models in which these relations are specified to be equal or are permitted to differ should be 

tested. If English language skills are specifically related to inhibitory control, but not to other 
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domains of executive function, and if degree of bilingualism is unrelated to inhibitory control, an 

unconstrained model in which the regression coefficient between English language skill and 

inhibitory control is significant and positive would be expected to provide the best fit to the data. 

This analysis could also be used to address the second alternate interpretation (i.e. whether 

English language skills, but not children’s degree of bilingualism, are related to stronger overall 

skills, including inhibitory control). Specifically, if children’s English skills are related to overall 

skills, the constrained model in which the regression coefficients between English skills and the 

different domains of executive function are equal would be expected to provide the best fit to the 

data.  

Alternatively, structural invariance of a model testing the relations between English 

language skills and the different domains of executive function could be tested across groups that 

vary in their degree of bilingualism (e.g. children who are balanced bilinguals and are average, 

below average, or high in their language skills, monolinguals, children with stronger English 

language skills than Spanish language skills, and children with stronger Spanish language skills 

than English language skills) to address the first and second alternate interpretations. In this 

particular analysis, a structurally invariant model in which English language skills and inhibitory 

control were significantly and positively associated, but English language skills were not 

significant with any other domains of executive function, would support the first alternate 

interpretation. However, if a structurally invariant model in which the associations between 

English language skills and domains of executive function were all significant provided the best 

fit, the second alternate interpretation would be supported. 

 To address the third alternate interpretation (i.e. that the characteristics of children, 

families, or environments that result in higher English language skills also result in higher 



 

 

52 
 

inhibitory control, and that degree of bilingualism is unrelated), regression analyses could be 

conducted that evaluate the predictive associations between English language skills, inhibitory 

control, and such characteristics as socioeconomic status, maternal and/or paternal education 

level, degree of acculturation, and child intelligence. If it were the case that higher English skills 

and stronger inhibitory control are both accounted for by one of these characteristics, that 

characteristic would be expected to be significantly predictive of both inhibitory control and 

English language skills, but not degree of bilingualism.  

Conclusions 

 In the current study, interference suppression and response inhibition were best 

conceptualized as distinct constructs rather than as a unitary inhibitory control construct, 

regardless of whether the task placed a verbal demand on a child or was entirely nonverbal. In 

addition, these results indicate that a higher degree of bilingualism (i.e. children who were 

relatively more balanced in their English and Spanish language proficiency) was associated with 

stronger inhibitory control. Further, although it was related to both domains of inhibitory control, 

children’s degree of bilingualism was more associated with interference suppression than with 

response inhibition. This domain-specific association with interference suppression in the current 

study supports a bilingual advantage conferred to inhibitory control, in general, and interference 

suppression, in particular (Bialystok, 2009; Ursino et al., 2010). However, additional analyses 

that included child age and language proficiency in both English and Spanish resulted in 

nonsignificant associations between children’s degree of bilingualism and their inhibitory 

control. In addition, the strength of the association between children’s English language 

proficiency and their degree of bilingualism suggests that children’s degree of bilingualism, as 

measured in the current study, is a function of their English language proficiency. Thus, although 
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the current study appears to support a bilingual advantage, it is possible that stronger English 

language skills, rather than to the extent to which children are balanced in their degree of 

bilingualism, are associated with stronger inhibitory control among Spanish-speaking LMY 

preschool children. 
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Table 1. 

Descriptive Statistics for Child Age, Language Measures, and Inhibitory Control Tasks 

  N  Mean (SD) Minimum Maximum 

Chronological Age 102  59.14 (10.89)       29       79 

TOPEL Definitional Vocabulary  100  73.20 (16.71)       55     110 

SPELA Definitional Vocabulary 100  95.10 (10.60)       70     120 

Simon Task   97  38.73  ( 9.52)         5       48 

Flanker Task 100  13.40  ( 5.46)         1       24 

Animal Stroop   98  16.01  ( 6.63)         2       24 

Global-Local Images Task 100    9.26  ( 6.43)         0       18 

HTKS   97    8.85 (10.52)         0       32 

Day/Night Task   98    5.44  ( 3.85)         0       10 

Block Sort Task 100  15.09  ( 5.55)         2       22 

Note. TOPEL = Test of Preschool Early Literacy. SPELA = Spanish Preschool Early Literacy 

Assessment. HTKS = Head-Toes-Knees-Shoulders. 
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Table 2. 

Correlations between Age, English and Spanish Definitional Vocabulary, and Inhibitory Control Tasks 

 2 3 4 5 6 7 8 9 10 11 

1. CA .13 .11 .12 .38*** .21* .49*** .05 .46*** .27** .25* 

2. TOPEL DV  -- .09 .79*** .23* .04 .35** .12 .32** .35*** .14 

3. SPELA DV    -- - .19 .06 .23* .18 .01 .32** .26* .29** 

4. Degree of Bilingualism   -- .26* - .02 .28** .09 .22* .20 .01 

5. Simon     -- .18 .51*** .11 .26* .19 .25* 

6. Flanker      -- .09 .16 .20 .22* .07 

7. Animal Stroop       -- .15 .42*** .25* .30** 

8. Global-Local Images        -- .06 .04 .10 

9. HTKS         -- .29** .32** 

10. Day/Night Task          -- .23* 

11. Block Sort          -- 

Note:  For the Simon and Flanker task, the amount of incongruent trials that were correct is the correlated variable. CA = 

chronological age. TOPEL = Test of Preschool Early Literacy. SPELA = Spanish Preschool Early Literacy Assessment. DV = 

Definitional Vocabulary. HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001. 
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Table 3. 

Model Fit Indices for the One-Factor and Two-Factor Confirmatory Factor Analysis Models Generated using all measures of 

Inhibitory Control 

 

Model χ2 df CFI TLI RMSEA 90% CI SRMR AIC BIC ∆ χ2 

1-Factor 14.39 14 1.00 .99 .02 .00, .10 .05 4492 4547   -- 

2-Factor (IS vs RI) 10.43 13 1.00 1.04 .00 .00, .08 .04 4490 4548 - 3.37 

2-Factor (Computerized vs Verbal) 14.59 13 .99 .98 .04 .00, .11 .05 4493 4550  .47 

Note: n = 100; CFI = Comparative Fit Index; TLI = Tucker Lewis Index; RMSEA = Root Mean Square Error of Approximation; CI = 

Confidence Interval; AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria; SRMR = Standardized Root Mean 

Squared Residual; RI = Response Inhibition; IS = Interference Suppression. 

*p < .05.  
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Table 4. 

Model Fit Indices for the Follow-Up Factor Analyses Conducted after Removing the Flanker Task and the Global-Local Images Task 

from the Models 

 

Model χ2 df CFI TLI RMSEA 90% CI SRMR AIC BIC ∆ χ2 

1-Factor 7.64   5 .98 .96 .07 .00, .17 .04 3209 3248   -- 

2-Factor (IS vs RI) 1.00   4 1.00 1.05 .00 .00, .06 .01 3206 3248 - 8.79** 

2-Factor (Computerized vs Verbal) 6.63   4 .98 .95 .08 .00, .19 .04 3210 3252 - 1.15 

Note: n = 100; CFI = Comparative Fit Index; TLI = Tucker Lewis Index; RMSEA = Root Mean Square Error of Approximation; CI = 

Confidence Interval; AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria; SRMR = Standardized Root Mean 

Squared Residual; RI = Response Inhibition; IS = Interference Suppression. 

**p < .01. 
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Table 5. 

Correlations between Children’s Age, English and Spanish Language Proficiency, Degree of Bilingualism, and their Latent 

Interference Suppression and Response Inhibition  

 

 Chronological 
Age 

Degree of 
Bilingualism 

TOPEL 
DV 

SPELA 
DV 

Interference 
Suppression 

Response 
Inhibition 

Chronological Age --           .13      .13       .12              .63***     .66*** 

Degree of Bilingualism  --      .79***     - .19*              .40***     .31* 

TOPEL DV   --       .09              .44***     .53*** 

SPELA DV    --              .19     .52*** 

Interference Suppression     --     .75*** 

Response Inhibition             -- 

Note:  TOPEL = Test of Preschool Early Literacy. SPELA = Spanish Preschool Early Literacy Assessment. DV = Definitional 

Vocabulary. *p < .05; **p < .01; ***p < .001. 
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Figure 1. Confirmatory Factor Analysis One-Factor Inhibitory Control Model.  

Note: HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001. 
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Figure 2. Confirmatory Factor Analysis Two-Factor Interference Suppression and Response Inhibition Model 

Note: HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001. 
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Figure 3. Unconstrained Structural Equation Model Regressing Interference Suppression and Response Inhibition onto Children’s 

Degree of Bilingualism 

 

Note: HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001. 
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Figure 4. Unconstrained Structural Equation Model Regressing Interference Suppression and Response Inhibition onto Children’s 

Degree of Bilingualism and Chronological Age 

 

Note: HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001. 
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Figure 5. Constrained Structural Equation Model Regressing Interference Suppression and Response Inhibition onto Children’s 

Chronological Age, Degree of Bilingualism, and English and Spanish Language Proficiency 

 

Note: TOPEL = Test of Preschool Early Literacy. SPELA = Spanish Preschool Early Literacy Assessment. DV = Definitional 

Vocabulary. HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001. 
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Figure 6. Constrained Structural Equation Model Regressing Interference Suppression and Response Inhibition onto Children’s 

Chronological Age, Degree of Bilingualism, and Spanish Language Proficiency 

 

Note: SPELA = Spanish Preschool Early Literacy Assessment. DV = Definitional Vocabulary. HTKS = Head-Toes-Knees-Shoulders. 

*p < .05; **p < .01; ***p < .001. 
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Figure 7. Constrained Structural Equation Model Regressing Interference Suppression and Response Inhibition onto Children’s 

Chronological Age, Degree of Bilingualism, and English Language Proficiency 

 

Note: TOPEL = Test of Preschool Early Literacy. DV = Definitional Vocabulary. HTKS = Head-Toes-Knees-Shoulders.  

*p < .05; **p < .01; ***p < .001. 
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APPENDIX A 

COMPUTATION OF STANDARD SCORES FOR SPANISH PRESCHOOL EARLY 

LITERACY VOCABULARY SUBTEST 

Although standard scores are published for the TOPEL, standard scores have not yet been 

published for the SPELA. Thus, in the current study, children’s standard scores for the TOPEL 

were readily available whereas standard scores for the SPELA were derived based on a 

secondary dataset in which both the SPELA DV and a comparable measure of Spanish 

expressive language skills (i.e. the Expressive Communication scale on the Preschool Language 

Scale, fourth edition, Spanish Edition, or PLS-4 Spanish; Zimmerman, Steiner, & Pond, 2002) 

were administered. The PLS-4 Spanish was designed for use with children younger than the age 

of seven. The Expressive Communication scale of the PLS-4 consists of 68 items on which 

children are presented with pictures and objects and are asked to provide information about each 

picture or object. Reliability for this scale was 0.76 among the norming sample.  

In the secondary dataset, SPELA DV scores and PLS-4 scores were significantly 

correlated (r = .52, p < .001). To derive standard scores for the SPELA DV measure, a subset of 

children (N = 775) from the secondary dataset was selected that had an approximately normal 

distribution of standard scores on the PLS-4 (i.e. M = 93.89, SD = 16.22). Children within this 

subset were divided into three different age groups (i.e. 36-47 months, 48-59 months, and older 

than 60 months). PLS-4 standard scores were approximately normally distributed within each 

age group (36-47 month old children: N = 134, M = 95.17, SD = 17.84; 48-59 month old 

children: N = 411, M = 93.37, SD = 15.94; children who were 60 months of age or older: N = 

230, M = 94.10, SD = 16.22) and SPELA DV raw scores correlated significantly with PLS-4 

standard scores in all age groups (36-47 month old children: r = .59, p < .001; 48-59 month old 
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children: r = .58, p < .001; 60 months and older children: r = .52, p < .001). The SPSS Statistics 

Software Package was then used to compute the PLS-4 standard score by SPELA DV raw score 

crosstabulation function for each age group identified in the secondary dataset. Within each age 

subgroup, for each raw score on the SPELA DV the average of the PLS-4 standard scores 

received by all participants who received that particular SPELA DV raw score was calculated. 

The average standard score calculated was determined to align with that particular SPELA DV 

raw score such that children in the current study from within the same age group who received 

the same SPELA DV raw score were assigned the calculated average standard score as a 

measure of their Spanish language proficiency. 
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APPENDIX B 

FOLLOW-UP STRUCTURAL EQUATION MODELING OF THE ASSOCIATIONS 

BETWEEN LANGUAGE SKILLS, AGE, AND INHIBITORY CONTROL 

To evaluate the associations between language proficiency and inhibitory control further, 

structural equation models were generated in which children’s age and language proficiency in 

Spanish and English, but not their degree of bilingualism, were included as predictors. The first 

pair of models generated tested whether English and Spanish language skills were differentially 

related to latent Interference Suppression while the second pair of models tested whether English 

and Spanish language skills were differentially related to latent Response Inhibition. In both 

model comparisons, the Wald test of parameter constraints was non-significant (for interference 

suppression: χ2 = 1.19, p = .28; for response inhibition: χ2 = 1.68, p = .20) and supported the use 

of a constrained model over an unconstrained model, indicating that Spanish and English 

language proficiency were equally related to interference suppression and to response inhibition. 

Fit statistics were equal for both of the preferred models generated and indicated good model fit 

(CFI = 1.00; TLI = 1.09; RMSEA = .00; SRMR = .03). When degree of bilingualism was not 

included in the model, Response Inhibition was significantly associated with both English and 

Spanish language skills (see Figure B1), as in the initial analyses. In addition, without degree of 

bilingualism in the model, Interference Suppression was significantly and positively associated 

with English language proficiency.
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Figure 8. Constrained Structural Equation Model Regressing Interference Suppression and Response Inhibition onto Children’s 

Chronological Age and English and Spanish Language Proficiency 

 

Note: TOPEL = Test of Preschool Early Literacy. SPELA = Spanish Preschool Early Literacy Assessment. DV = Definitional 

Vocabulary. HTKS = Head-Toes-Knees-Shoulders. *p < .05; **p < .01; ***p < .001.
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APPENDIX C 

 

USE OF HUMAN SUBJECTS IN RESEARCH - APPROVAL MEMORANDUM 
 

The Florida State University 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 · FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

 

Date: 9/16/2014 

 

To: Amber Farrington 

 

Dept.: PSYCHOLOGY DEPARTMENT 

 

From:   Thomas L. Jacobson, Chair 

 

Re:     Use of Human Subjects in Research 

Development of Executive Function and Academic Skills Among Bilingual Children 

 

The application that you submitted to this office in regard to the use of human subjects in the research proposal 

referenced above has been reviewed by the Human Subjects Committee at its meeting on 09/10/2014.  Your 

project was approved by the Committee. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh the risk to 

the human participants and the aspects of the proposal related to potential risk and benefit. This approval does 

not replace any departmental or other approvals, which may be required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent form is 

attached to this approval notice.  Only the stamped version of the consent form may be used in recruiting 

research subjects. 

 

If the project has not been completed by 9/9/2015 you must request a renewal of approval for continuation of 

the project. As a courtesy, a renewal notice will be sent to you prior to your expiration date; however, it is your 

responsibility as the Principal Investigator to timely request renewal of your approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved by the Committee 

prior to implementation of the proposed change in the protocol.  A protocol change/amendment form is required 

to be submitted for approval by the Committee.  In addition, federal regulations require that the Principal 

Investigator promptly report, in writing any unanticipated problems or adverse events involving risks to 

research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor is reminded that 

he/she is responsible for being informed concerning research projects involving human subjects in the 

department, and should review protocols as often as needed to insure that the project is being conducted in 

compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The Assurance 

Number is FWA00000168/IRB number IRB00000446. 
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Cc: Christopher Lonigan, Advisor 

HSC No. 2014.13501 

The Florida State University 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 · FAX (850) 644-4392 

 

RE-APPROVAL MEMORANDUM 

 

Date: 8/14/2015 

 

To: Amber Farrington 

 

Dept.: PSYCHOLOGY DEPARTMENT 

 

From:   Thomas L. Jacobson, Chair 

 

Re:     Re-approval of Use of Human subjects in Research 

Development of Executive Function and Academic Skills Among Bilingual Children 

 

Your request to continue the research project listed above involving human subjects has been approved by 

the Human Subjects Committee. If your project has not been completed by 8/10/2016, you must request a 

renewal of approval for continuation of the project. As a courtesy, a renewal notice will be sent to you prior to 

your expiration date; however, it is your responsibility as the Principal Investigator to timely request renewal of 

your approval from the committee. 

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent form is 

attached to this re-approval notice.  Only the stamped version of the consent form may be used in recruiting of 

researchsubjects. You are reminded that any change in protocol for this project must be reviewed and 

approved by the Committee prior to implementation of the proposed change in the protocol.  A protocol 

change/amendment form is required to be submitted for approval by the Committee. In addition, federal 

regulations require that the Principal Investigator promptly report in writing, any unanticipated problems or 

adverse events involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor are reminded of their 

responsibility for being informed concerning research projects involving human subjects in their 

department.  They are advised to review the protocols as often as necessary to insure that the project is being 

conducted in compliance with our institution and with DHHS regulations. 

 

Cc: Christopher Lonigan, Advisor 

HSC No. 2015.15939 
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APPENDIX D 

 

CENTER AGREEMENT FORM 
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APPENDIX E 

 

PARENT CONSENT FORM 
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