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Past research has shown that bilinguals are better able to control attention in the presence 

of distraction than monolinguals. However, distractors in previous studies have always been 

cognitive in nature; the targets require a particular response, but the distractors also cue a 

response that may match or differ from the response required by the target. The purposes of the 

present study were (1) to investigate whether bilinguals also have an advantage over 

monolinguals in controlling attention in the presence of emotional distractors, and (2) to assess 

the degree to which bilinguals control attention as a function of the type of distraction. 

Monolingual and bilingual participants completed cognitive tasks in the presence of cognitive 

distraction (Experiment 1), emotional distraction (Experiment 2), and combined cognitive and 

emotional distraction (Experiment 3). Two tasks, a flanker task and a digit parity task, were used 

in each experiment, and the tasks were parallel across the different experiments such that only 

the nature of the distractors differed. Monolinguals' and bilinguals' performance were compared 

via the speed and accuracy of their responses as well as the size of their conflict effects. For 

cognitive distraction, a conflict effect is the difference in response times (RTs) between 

incongruent trials (trials with high distraction) and congruent trials (trials with low distraction). 
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For emotional distraction, a conflict effect is the difference in RTs between emotional trials 

(trials with an emotional picture present) and neutral trials (trials with a neutral picture present). 

A bilingual advantage in controlling attention in the presence of cognitive distraction emerged on 

the flanker task in Experiment 1, where bilinguals' RTs were faster overall than monolinguals. In 

Experiment 2, when distractors were only emotional pictures, there was no bilingual advantage 

on either task, as both groups' RTs were equivalently slowed when emotional pictures were 

present. When distractors were cognitive and emotional in Experiment 3, bilinguals manifested 

an advantage in the flanker task such that they were unaffected by the presence of the emotional 

distractor pictures in contrast to monolinguals, and bilinguals had smaller conflict effects than 

monolinguals when trials were accompanied by emotional distractor pictures. These results 

demonstrate that bilinguals have an advantage over monolinguals in controlling attention in the 

presence of emotional distractors when the simultaneous demands on cognitive control are high. 

These findings are interpreted within a conflict-monitoring framework, where dorsal anterior 

cingulate cortex activation in response to information processing conflicts is necessary for the 

emergence of bilingual advantages.
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CHAPTER 1 

OVERVIEW 

As technology “shrinks” the size of our planet, people who speak different languages are 

coming into contact increasingly often. Bilingual or multilingual people have an advantage over 

monolinguals in that they can communicate with more people simply because they are not 

limited to communicating in only one language. However, the ability to communicate more 

broadly is not the only advantage that accompanies bilingualism. One finding in recent research 

is that bilinguals often exhibit executive function benefits on nonverbal attention tasks relative to 

monolinguals. Tasks that require participants to respond to one aspect of a stimulus while 

ignoring distraction from other stimuli demonstrate a bilingual advantage: Bilinguals often 

respond more quickly and accurately and are less slowed by the distraction than monolinguals 

(Bialystok, Craik, Klein, & Viswanathan, 2004; Bialystok, Craik, & Luk, 2008; Carlson & 

Meltzoff, 2008, Costa, Hernández, & Sebastián-Gallés, 2008; Linck, Hoshino, & Kroll, 2008; 

Luk, De Sa, & Bialystok, 2011; Martin-Rhee & Bialystok, 2008). This bilingual advantage in 

attentional control in the presence of distraction has only been demonstrated when the distraction 

is cognitive in nature. However, emotional stimuli have also been shown to strongly engage 

attention and can serve as potent distractors (Algom, Chajut, & Lev, 2004; Arnell, Killman, & 

Fijavz, 2007; Ashley & Swick, 2009; Bertels, Kolinsky, Pietrons, & Morais, 2011; Colbeck & 

Bowers, 2012; Dolcos & McCarthy, 2006; Fernandes, Koji, Dixon, & Aquino, 2011; MacKay et 

al., 2004; Mather et al., 2006; Schimmack, 2005; Thomas, 2006; Yamanski, LaBar, & McCarthy, 

2002). The present research tested the extent of bilinguals’ advantage in attentional control. 

Specifically, the research question of interest was whether bilinguals show an advantage over 

monolinguals in controlling attention only in the presence of cognitive distraction or whether that 

advantage extends to controlling attention in the presence of emotional distraction.  
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Executive Function in Bilinguals  

Bilinguals' advantage in attentional control has been documented in various tasks that 

involve cognitive distraction, including the Stroop task, Simon task, and flanker tasks. In the 

Stroop task (e.g., Stroop, 1935), participants are required to name the color in which a target 

word is printed, and distraction occurs when the written word spells a color different from the 

ink color. In the Simon task (e.g., Simon & Ruddell, 1967), participants press a button with their 

left or right hand to indicate the direction in which a target arrow is pointing. The distraction 

occurs when the location of the target (the side of the computer screen on which it appears) is 

incongruent relative to the response hand, such as a left-pointing arrow on the right side of the 

computer screen. In flanker tasks, targets are typically a central chevron (< or >) or arrow that is 

surrounded by "flanker" chevrons or arrows, and participants use a left-or right handed response 

to indicate the target's direction. The nature of the distraction is whether the flankers point in the 

same (congruent) or opposite (incongruent) direction as the target. 

The impact of cognitive distraction in these tasks is typically measured by calculating 

conflict effects, which provide a measure of interference from incongruent trials. One measure of 

conflict effects involves comparing responses to incongruent trials (e.g., a left-pointing chevron 

surrounded by right-pointing flankers) with responses to congruent trials, i.e., where the 

distractor information is consistent with the target (e.g., a left-pointing chevron surrounded by 

other left-pointing flanking chevrons; e.g., Nieuwenhuis et al., 2006). A second measure of 

conflict effects compares incongruent trials to neutral trials (e.g.,     ). Conflict effects 

consistently emerge in these tasks such that people respond more slowly on incongruent trials 

than either neutral or congruent trials, showing that the presence of a cognitive distractor 

impaired performance. 
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 Research has shown that bilinguals often have smaller conflict effects than monolinguals 

due to their being less slowed than monolinguals on incongruent trials, and they also frequently 

respond faster overall than monolinguals on all trial types. Both findings are thought to be 

indicative of a bilingual advantage, a better ability to control attention in the presence of 

cognitive distraction than monolinguals, which speeds bilinguals' performance. Bialystok et al. 

(2008) found that bilinguals had significantly smaller Stroop effects than monolinguals because 

they were less slowed on incongruent trials. Similarly, Bialystok et al. (2004) and Bialystok et al. 

(2008) showed that bilinguals also had smaller conflict effects than monolinguals on a Simon 

task. Using a modified Attentional Network Task (ANT), which is a type of flanker task (Fan, 

McCandliss, Sommer, Raz, & Posner, 2002), bilinguals again had smaller conflict effects than 

monolinguals (Costa et al., 2008; Pelham & Abrams, 2012). Other researchers have found no 

evidence of smaller conflict effects for bilinguals but instead found that bilinguals responded 

faster overall on all trial types than monolinguals on tasks like the flanker task (Emmorey, 

Borinstein, Thompson, & Gollan, 2008) and the Simon task (Martin-Rhee & Bialystok, 2008). In 

their review of studies investigating bilingual advantages, Costa et al. (2009) noted that the 

overall speed advantage for bilinguals is actually more common than smaller conflict effects. 

While both of these bilingual advantages occur for RTs, it is rare to find any effect of 

bilingualism on accuracy, which is likely due to ceiling effects. Accuracy for both monolinguals 

and bilinguals is typically very high on tasks used to investigate the effect of bilingualism on 

control of attention, so accuracy is not usually an informative measure.  

It is important to note that the foregoing discussion of bilingual advantages has treated 

bilingualism as if it were a discrete and uniform variable, i.e., as if one is either fully bilingual or 

not at all bilingual all, and as if all bilinguals are the same. Furthermore, much research 
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investigating bilingual advantages has defined bilinguals as those who learned both of their 

languages in childhood and who speak both of their languages regularly. However, bilinguals are 

extremely diverse and possess individual differences that might affect their cognitive function. 

Proficiency level is one obvious dimension along which bilinguals vary, but they may also vary 

in how often they speak each of their languages (how balanced they are), at what age they began 

learning and/or became proficient in their second language, how often they switch between 

languages, in what contexts they use their two languages, and whether or not those contexts 

overlap or are distinct. The emergence of an overarching bilingual advantage in attentional 

control is impressive given these different ways in which bilinguals are bilingual and the 

different ways biliingualism has been defined across studies. However, while these findings 

demonstrate that bilinguals are better than monolinguals at controlling attention in the presence 

of cognitive distraction, no research has investigated whether they are better able to control 

attention in the presence of emotional distraction, i.e., when the stimuli that serve as distractors 

arouse an emotional response. In the next section, I review research related to emotional stimuli 

and how these stimuli have been shown to engage attentional resources, independent of 

bilingualism.  

Processing Emotional Stimuli 

According to the Motivated Attention theory of emotion, emotions are actually 

predispositions to action (Lang, 1995), and as such they prepare individuals to respond to stimuli 

in the environment that are relevant for survival. Emotions prepare one for action by engaging 

one of two motivational systems. The appetitive system, which is engaged by positive and 

pleasant stimuli, creates a predisposition to approach such stimuli. The aversive system, which is 

engaged by negative and unpleasant stimuli, creates a predisposition to withdraw. This 

distinction between positive and negative stimuli is referred to as valence (Lang, Bradley, & 
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Cuthbert, 2008). Another dimension along which emotional stimuli can vary is arousal, ranging 

from low to high, where low arousal is equated with feeling sleepy or relaxed, and high arousal 

is associated with feeling excited. Hence, a single stimulus is characterized both in terms of its 

valence and its arousal. For example, a picture of a garbage can will have a negative valence and 

will be low in arousal, while a picture of a person being stabbed will have a negative valence and 

will be high in arousal. Valence and arousal norms have been established for a large number of 

pictures in the International Affective Picture System, or IAPS (Lang et al., 2008), and similar 

norms for words in English have been established in the Affective Norms for English Words, or 

ANEW (Bradley & Lang, 1999).  

 Because emotional stimuli are relevant for survival, evolution has favored attentional 

systems that are easily and quickly engaged by such stimuli, and as a consequence, emotional 

stimuli tend to capture and hold attention. That is, in any given environment, if stimuli appear 

that engage the appetitive or aversive motivational systems (i.e., emotional stimuli), such stimuli 

gain preferential access to conscious perception, attracting attention over (and often at the 

expense of) non-emotional stimuli. The more arousing the stimulus, the more strongly it engages 

and holds attention. Research with young adults using a variety of paradigms has demonstrated 

this capacity of emotional stimuli to attract and hold attention.  

Emotional Language  

With respect to emotional words, participants are faster to indicate that a letter string is a 

word on lexical decision tasks if it is an emotional word than a neutral word (Kousta, Vinson, & 

Vigliocco, 2009), suggesting that emotional words gain attention faster than neutral words. 

Participants also demonstrate superior recall for emotional words relative to neutral words on 

incidental recall tasks (Buchanan, Etzel, Adolphs, & Tranel, 2006; Jay, Caldwell-Harris, & King, 

2008), suggesting that emotional words hold attention longer than neutral words, which leads to 



 

16 

better recall. Parallel findings have been demonstrated using an emotional Stroop task. 

Participants named the font color of neutral or emotional words, and they took longer to name 

the color of emotional words (Algom et al., 2004; MacKay et al., 2004), including taboo words 

(Bertels et al., 2011), an effect of emotion that occurs independently of whether trials are blocked 

or mixed (Ashley & Swick, 2009). Participants are also slower to name pictures in the presence 

of taboo distractor words in a picture-word interference task (Dhooge & Hartsuiker, 2011). 

These results again suggest that the emotional words hold attention longer than neutral words, 

slowing participants’ RTs to name a word's font color or to name a picture. 

Research using rapid serial visual presentation (RSVP) also demonstrates the power of 

emotional words to capture attention via the attentional blink phenomenon (Anderson, 2005; 

Arnell et al., 2007; Keil & Ihsshen, 2004; Colbeck and Bowers, 2012). In a RSVP task, words 

are presented on a computer screen in rapid sequence at a rate of 8–10 words per second, and 

participants are asked to identify particular target words (e.g., words written in green letters). The 

attentional blink refers to a failure to detect the second of two targets (T2) when it appears close 

in time to the first target (T1). The attentional blink has been interpreted as indicating that 

ongoing processing of T1 interferes with participants’ ability to perceive and process T2 because 

attentional resources are limited: T2 cannot be perceived when presented within a few words 

after T1 because there are insufficient attentional resources to process T2 until processing of T1 

is complete. 

Research has demonstrated that emotion interacts with the attentional blink such that when 

the T2 is an emotionally arousing positive, negative, or taboo word (and T1 is neutral), T2 is 

detected better than neutral words (e.g., Anderson, 2005; Keil & Ihssen, 2004). Conversely, 

Arnell et al. (2007) and Colbeck and Bowers (2012) found that when T1 is an emotionally 
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arousing word, detection of neutral T2 words is worse than when T1 is a neutral word. Together, 

these studies demonstrate that when emotional words serve as a second target, they capture 

attention and improve participants’ detection of the T2, but when they are presented as the first 

target, they act like distractors relative to the second target, holding attention and worsening 

detection of T2.  

Emotional Pictures 

Research using emotionally arousing pictures has demonstrated that such pictures also 

capture and hold attention. Similarly to emotional words, they are remembered better than 

neutral stimuli when they serve as targets (Bradley, Greenwald, Petry, & Lang, 1992; Palomba, 

Agrilli, & Mini, 1997), and this advantage in recalling emotional pictures is long-lasting, evident 

even four weeks after the pictures are presented (Hamann, Ely, Grafton, & Kilts, 1999). Also like 

emotional words, emotional pictures impair performance when they are presented as distractors 

in various cognitive tasks (Fernandes et al., 2011; Schimmack, 2005; Yamanski et al., 2002). 

With respect to memory tasks, emotional pictures decreased accuracy in a response-delayed 

working memory task (Dolcos & McCarthy, 2006) as well as a source memory task (Mather et 

al., 2006). Even in cognitive tasks that do not involve a memory component, emotional pictures 

still seem to capture attention, which affects task performance. Schimmack (2005) found that the 

presence of emotional stimuli slowed performance when the task was cognitively simple 

(identify the location of a horizontal line, either above or below a distractor picture) or complex 

(decide which of two multiplication math problems has the larger product). Fernandes et al. 

(2011) used a digit parity task, where participants had to press one button if the digits matched in 

terms of parity (both odd or both even) and another button if they did not match. When an 

emotional picture appeared between the digits, performance on the digit parity task was 
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impaired. All of these results demonstrate that emotional pictures engage attentional resources, 

resulting in a decrement in behavioral performance on a cognitive task. 

Duration of Emotional Effects 

Electrophysiological experiments also demonstrate that emotional pictures capture 

attention and have the capacity to hold attention for a long time. Hajcak and Olvet (2008) 

showed participants negative, positive, and neutral pictures and measured their ERP recordings, 

specifically late positive potentials (LPP), which typically have a mid-parietal distribution and 

are considered an index of attention to emotional stimuli. Analyses on each 200 ms time window 

beginning with presentation of emotional pictures showed that enhanced LPPs endured for 3000 

ms following the offset of negative pictures and 2800 ms following the offset of positive 

pictures, indicating that not only do emotional pictures capture attention, but they also hold 

attention long after the pictures have disappeared.  

Behavioral results with the emotional Stroop task provide converging evidence that the 

effect of emotional stimuli in capturing attention is long lasting (Ashley & Swick, 2009; Bertels 

et al., 2011). Ashley and Swick (2009) used a block of trials where the neutral and emotional 

(negative) words were intermixed, presented in a 7-word sequence so that the word in the first 

position was either emotional or neutral and the following six words were all neutral. This 

manipulation allows for an evaluation of the effect of an emotional word on responses to 

subsequent neutral words. Both young and older participants responded more slowly in naming 

the ink color of the second (neutral) word when the previous word was emotional relative to 

neutral, demonstrating a "carryover" effect of emotion to a subsequent nonemotional trial. For 

young adults, this carryover effect lasted even longer, occurring for all subsequent neutral words 

that followed the emotional words (except the one in the 5th position), with both types of 

emotional words slowing color naming on a subsequent neutral word. While these studies show 
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carryover effects of emotional words, I am unaware of any behavioral studies that have used 

emotional pictures to investigate whether emotional stimuli have carryover effects to subsequent 

trials. 

Emotional Processing in Bilinguals  

Almost all of the research investigating the effect of emotion on attention has been 

conducted without consideration of whether participants were monolingual or bilingual. There 

are a few studies investigating the effect of emotion in bilinguals, which have demonstrated that 

emotional words capture bilinguals’ attention in terms of an incidental word recall task (Ferré, 

García, Fraga, Sánchez-Casas, & Molero, 2010), an affective Simon-type task using emotional 

words (Altarriba & Bainsight-Brown, 2010), and an emotional Stroop task (Sutton, Altarriba, 

Gianico, & Bainsight-Brown, 2007). However, these studies cannot conclusively determine the 

degree of bilinguals’ ability to control attention in the presence of emotional distractors. Ferré et 

al. (2010) and Sutton at al. (2007) did not include a monolingual group for comparison, so 

whether emotional words hold attention to the same degree in bilinguals and monolinguals 

cannot be determined from these experiments. While Altarriba and Bainsight-Brown (2010) 

found equivalent conflict effects for both monolinguals and bilinguals, bilinguals responded 

more slowly on all trials than monolinguals, which is indicative of a lexical access deficit 

(Bialystok et al., 2008; Gollan, Montoya, Cera, & Sandoval, 2008; Ivanova & Costa, 2008). The 

researchers acknowledged that because the task involved verbal responding, bilinguals’ 

disadvantage in lexical access may have negated their executive function advantage in handling 

attention, resulting in equivalent conflict effects for bilinguals and monolinguals (instead of 

smaller conflict effects for bilinguals). Lastly, none of the studies used pictures (all used words), 

so the influence of emotional distraction from pictures on bilinguals' cognitive performance is 

unknown. Using evidence from neuroimaging studies, described in the next section, I 
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hypothesize that bilinguals will possess an advantage in controlling attention in the presence of 

emotional pictures. 

The Dorsal Anterior Cingulate Cortex 

Research across several domains provides reason to suspect that the bilingual advantage in 

attention may extend beyond inhibiting/suppressing interference from cognitive distraction to 

inhibiting or suppressing interference from emotional distractors. Of particular relevance in this 

regard is the dorsal anterior cingulate cortex (dACC). The dACC is critical for controlling 

attentional demands from both cognitive and emotional stimuli. However, the dACC is also a 

brain region engaged in bilinguals under conditions of language conflict, i.e., when words in both 

languages are active. Because bilinguals use this area more regularly than monolinguals as a 

function of regular use of two languages, they may have an advantage in emotional processing 

by better suppression of interference from irrelevant emotional stimuli. 

First, research in the literature on attention has shown that the dACC is activated when 

completing effortful attention tasks, i.e., tasks that require top-down control of attention engaged 

to focus on task relevant stimuli (Crottaz-Herbette & Menon, 2006; Davis, Hutchinson, Lozano, 

Tasker, & Dostrovsky, 2000), and tasks that involve response conflict, i.e., tasks where irrelevant 

stimuli cue a response that differs from the response required by target stimuli (Barch, Braver, 

Sabb, & Noll, 2000; Botvinick, Cohen, & Carter, 2004). For example, Davis et al. (2000) 

performed single-cell recordings from individual dACC neurons as participants carried out four 

different cognitive tasks: mental arithmetic, semantic fluency, letter fluency, and a Stroop task. 

They found that while individual dACC neurons responded during participants’ completion of 

these tasks, these neurons did not respond to painful stimuli, which might also be expected to 

draw attention. This pattern of results supports the idea that the dACC is involved in allocation 

of top-down, effortful attention rather than simply automatic, reactive attention. Botvinick, 
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Nystrom, Fissell, Carter, & Cohen (1999) had participants complete a flanker task during fMRI, 

where flankers where either congruent or incongruent with the direction of the target arrow. 

These researchers found greater dACC activation on incongruent trials than on congruent trials, 

suggesting that dACC activation is most prominent under conditions of conflict. It is worth 

noting that all of the above studies were completed with participants who were not distinguished 

for their monolingual or bilingual status. Only one recent study (Abutalebi et al., 2012) 

compared monolinguals and bilinguals (German-Italian) on a flanker task during fMRI, and not 

only did bilinguals show a reduction in the size of conflict effects over the course of the study 

while monolinguals did not do so, they also showed less activation of the dACC than 

monolinguals on incongruent trials. In addition, bilinguals had thicker gray matter in the dACC 

than monolinguals, which was negatively correlated with conflict effect sizes on a flanker task 

(more gray matter was associated with smaller conflict effects), but only for bilinguals. These 

results indicate that bilingualism increases cortical dACC density and shows that bilinguals 

engage the dACC more efficiently than monolinguals, resulting in better behavioral performance 

while using fewer neural resources. 

For tasks involving language, numerous studies have shown dACC activation in bilinguals, 

such as tasks involving translation (Price, Green, & von Studnitz, 1999), language switching 

(Abutalebi et al., 2007), and language conflict (Abutalebi & Green, 2007; Rodriguez-Fornells et 

al., 2005; van Heuven, Schriefers, Dijkstra, & Hagoort, 2008). With respect to translation, Price 

et al. (1999) used PET scanning to show increased activation in German-English bilinguals' 

dACC when they translated visually-presented words. In terms of language switching, Abutalebi 

et al. (2007) had French-Italian bilinguals listen to a narrative that was read predominantly in one 

language but contained unpredictable switches into the other language. Results from fMRI scans 
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showed that these language switches resulted in increased dACC activation. Lastly, language 

conflict occurs when words for the same concept in the bilinguals’ two languages call for 

different responses. Rodriguez-Fornells et al. (2005) used fMRI and ERP to measure brain 

activation in monolingual and bilingual German-Spanish speakers during a phoneme monitoring 

task. Participants were shown pictures, and their task was to press a button or to withhold 

responding depending on whether the picture’s name began with a vowel of a consonant in either 

German or Spanish. Half of the pictures depicted objects that began with a vowel in German and 

a consonant in Spanish, which created language conflict for bilinguals by requiring opposite 

responses in German and Spanish. Results showed that bilinguals responded more slowly and 

activated the dACC more than monolinguals for these pictures. Engagement of the dACC in the 

bilingual group suggests that bilinguals engage this brain region when they are resolving 

language conflict, whereas monolinguals do not need to engage the dACC for this task.  

Similar results suggesting that language conflict activates the dACC were found by van 

Heuven et al. (2008), who had Dutch-English bilinguals perform lexical decisions on letter 

strings to decide if they were English words. Some of the trials contained letters strings that were 

interlingual homographs (i.e., words in both Dutch and English), which create a language 

conflict. While the word is an acceptable English word, which requires a ‘yes’ response, the fact 

that it is also a Dutch word dictates a ‘no’ response, which must be ignored. Support for 

interlingual homographs creating conflict comes from the finding that participants were slower to 

make lexical decisions for interlingual homographs than for non-homograph words. Furthermore, 

results revealed significant dACC activation only for trials containing interlingual homographs 

relative to other trials that did not have language conflict (e.g., letter strings that were only words 

in English).  
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Finally, the literature on emotion and attention indicates that the dACC serves as an 

interface between cognitive and emotional processes (Allman, Hakeem, Erwin, Nimchinsky, & 

Hof, 2001; Egner, Etkin, Gale, & Hirsch, 2008), such that the dACC is engaged to prioritize 

allocation of attentional resources when emotional and cognitive stimuli both capture attention. 

Egner et al. (2008) had participants view happy or fearful male or female faces with congruent or 

incongruent words written across the faces, during fMRI. The words were either emotional 

(happy or fear) or non-emotional (male or female), creating congruent and incongruent 

conditions for both the emotional and non-emotional picture dimensions. Participants completed 

two blocks of trials, wherein they identified the gender of the faces (with congruent and 

incongruent gender labels) in one block and the emotion of the faces (with congruent and 

incongruent emotion labels) in the other block. Results showed that a rostral region of the ACC 

was activated in the presence of emotional conflict but not in the presence of non-emotional (i.e., 

cognitive) conflict. However, a dorsal area of the ACC was activated for both emotional and 

cognitive conflict, suggesting that dorsal ACC (dACC) is involved in mediating attention in the 

presence of both emotional and cognitive conflict.  

Tasks with Cognitive and/or Emotional Distraction 

Given the role of the dACC in control of attention to cognitive and emotional stimuli and 

in bilingual language processing, it is possible that by virtue of regular engagement of the dACC 

for control of language, bilinguals may be better able than monolinguals to suppress distraction 

from irrelevant emotional stimuli as well as cognitive stimuli. To investigate this possibility, two 

tasks were selected for the present research, which allow the manipulation of different types of 

distractors (cognitive only, emotional only, or both emotional and cognitive) across three 

experiments: (1) a digit parity task, and (2) a flanker task. 
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Digit parity tasks require that participants determine whether two numbers do or do not 

match on a particular dimension, usually odd or even status. Such tasks were first used to study 

the representation of number concepts (e.g., Berch, Foley, Hill, & Ryan, 1999; Deheane, Bossini, 

& Giraux, 1993). More recently, digit parity tasks have been used to explore the effect of 

emotional distraction on cognitive processing (Aquino & Arnell, 2007; Fernandes et al., 2011; 

Thomas & Hasher, 2006). This research has shown that when participants complete digit parity 

tasks, the presence of various types of emotional stimuli impairs parity judgments. For example, 

the presence of sexually explicit words (Aquino & Arnell, 2007) and emotionally arousing 

negative words (Thomas, 2006) slowed digit parity judgments relative to neutral words, and the 

presence of highly arousing negative pictures resulted in slower and less accurate judgments than 

highly arousing positive pictures (Fernandes et al., 2011). These results suggest that emotional 

stimuli presented during the digit parity task take attentional resources from that task, resulting in 

slower digit parity judgments. Since digit parity judgments are impaired in the presence of both 

emotional words and pictures, such a task appears well-suited for investigating the effect of 

emotional distraction on cognitive processing. However, as with most research on attention, 

participants in these studies were not screened for the number of languages they spoke, nor were 

they identified as monolinguals. Carrying out similar experiments with separate monolingual and 

bilingual participant groups is necessary to determine whether or not monolingualism versus 

bilingualism affects attentional allocation/control in such paradigms.  

The digit parity task is particularly appropriate for use with bilinguals since research by 

Fias, Reynvoet, and Brysbaert (2001) indicates that visually presented Arabic numerals activate 

their semantic properties directly without lexical/verbal mediation, i.e., without activating the 

word for the number they represent. As discussed earlier, using a nonverbal cognitive task is 
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important when comparing monolinguals and bilinguals because monolinguals are known to 

perform some verbal tasks better than bilinguals (e.g., Bialystok et al., 2008; Gollan et al., 2008; 

et al., 2005; Ivanova & Costa, 2008). Bilinguals’ slower lexical access might obscure any 

executive function benefits, making monolingual and bilingual groups appear to have equivalent 

executive function capacities even if they do not. Fias et al. (2001) suggest that because digit 

parity judgments are completed without accessing the lexical words for the numbers represented 

by the digits, the effect of distraction in this task can be measured independently from lexical 

access. Under this assumption, using emotional pictures or other digits as distractors ensured that 

the stimuli for the entire task was nonverbal, and since all responses were made with a button 

press, all responding was nonverbal, thus assuring that the task was nonverbal in every way that 

could be experimentally controlled.  

Three separate digit parity tasks were used. In the cognitive distraction version, two digits 

were presented with a centrally presented, intervening digit to serve as a distractor. In the 

emotional distraction version, an intervening emotional picture served as a distractor. In the 

cognitive and emotional distractor version, both a digit and an emotional picture served as 

distractors. While digit parity judgments have been shown to be slowed in the presence of 

emotional distractor pictures, this task has never been used to test the effect of cognitive 

distractors on parity judgments. Hence, it was desirable to also use a task that has been shown to 

be affected by the presence of cognitive distractors, for comparison. For this purpose, a flanker 

task implemented like the ANT (Fan et al., 2002) was also administered. 

The ANT was originally designed to test attentional control in the presence of cognitive 

distraction, which is achieved by manipulating the congruency of the distractors; distraction 

occurs from incongruent trials, where flanker arrows point in a direction opposite from the target 
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arrow. Modifications of this task resulted in three different versions. In the cognitive distraction 

version, a flanker task was used to evaluate the effect of cognitive distraction on completion of a 

cognitive task. In the emotional distraction version, the task measured attentional control in the 

presence of emotional distraction, without cognitive distraction, by presenting an emotional 

picture in the center of the screen along with a single target arrow, above or below the picture, 

but with no flankers. In the cognitive and emotional distractor version, the task had both 

cognitive and emotional distraction by presenting both target and flanking arrows along with a 

centrally presented emotional picture. As mentioned previously, flanker tasks have been used to 

compare monolinguals and bilinguals, and results from studies using this paradigm have revealed 

faster RTs (Costa et al., 2008; Costa et al., 2009) and reduced conflict effects for bilinguals, 

resulting from bilinguals being less slowed on incongruent trials than monolinguals (Costa et al., 

2008; Pelham & Abrams, 2012). However, no version of the flanker task has been used with 

emotional distractors, reinforcing the necessity for having both the digit parity task, which has 

shown an effect of emotional distraction on RTs, and a flanker task, which reliably reveals the 

effect of cognitive distraction on RTs. 
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CHAPTER 2 

HYPOTHESES 

The design of the three experiments included subsets of the following factors depending on 

the analysis:  

1. A between-subjects factor, Group, representing the bilingual status of the participants. The 

two levels of Group were bilinguals and monolinguals. 

2. A within-subjects factor, Flanker Type (in the flanker task) and Digit Distractor Type (in 

the digit parity task), which reflects the trial type in terms of the target-distractor 

relationship. Both tasks had three levels of neutral, congruent, and incongruent, while the 

digit parity task had an additional level, ambiguous, which is described in the method. 

3. A within-subjects factor, Distractor Picture Valence, which reflects the emotional nature of 

the picture. There were three levels: positive, negative, and neutral. 

4. A within-subjects factor, Previous Trial Distractor Valence, representing the emotional 

nature of the picture on the preceding trial. There were three levels: positive, negative, 

neutral. 

Hypothesis 1: Cognitive distraction in a cognitive task 

I hypothesized that bilinguals’ superior executive function would allow them to control 

interference from cognitive distractors more efficiently than monolinguals.  If this hypothesis is 

supported, then a main effect of group would emerge for RTs due to bilinguals responding faster 

overall than monolinguals, as well as a Group X Flanker Type/Digit Distractor Type interaction, 

resulting from bilinguals having smaller conflict effects than monolinguals because of smaller 

interference effects from incongruent trials compared to congruent trials. These results would 

confirm the bilingual advantage in cognitive control shown previously on various tasks such as 

the flanker task and extend that finding to a cognitive task not previously tested with bilinguals, 

i.e., digit parity. This is important because it establishes digit parity as a more globally useful 

task beyond just testing emotional distraction. As noted previously, significant effects were only 

expected for RTs, but accuracy was also assessed to determine the occurrence of any speed-

accuracy tradeoffs. 
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An alternate outcome is that bilinguals would show a cognitive advantage only on the 

flanker task and not on the digit parity task. If digits do result in lexical access of the word for 

the digits, contrary to Fias et al. (2001), this might slow responding in a way that obscures any 

executive function advantage that bilinguals might have. If this is the case, it would also be 

possible that (as with the Altarriba & Bainsight-Brown, 2010, study), bilinguals’ mean overall 

RTs for digit parity judgments would be slower than monolinguals across all task conditions. 

These slower RTs would only be expected to emerge on the digit parity task and not the flanker 

task because the flanker task does not involve lexical access.  

Hypothesis 2: Emotional distraction in a cognitive task   

I hypothesized that bilinguals would manifest better attentional control than monolinguals 

more broadly, which would enable them to better suppress interference from emotional 

distractors than monolinguals. If this hypothesis is supported, a Group x Distractor Picture 

Valence interaction would reveal that bilinguals had smaller interference effects produced by 

emotional trials relative to neutral trials, compared to monolinguals. These results would indicate 

that bilinguals’ superior ability to control attention, which has previously only been 

demonstrated when distractors were cognitive in nature, extends to controlling attention in the 

presence of emotional distractors. 

Alternatively, bilinguals may not show better attentional control on tasks that involve 

emotional distractors, and if so, both groups would be equivalently slowed and error prone 

following emotional distractors. These findings would indicate that emotional distraction 

supersedes cognitive control of attention and any bilingual benefits associated with that control, 

capturing and holding attention equally in both groups. This might occur because the relevance 

of emotional stimuli to survival has resulted in evolution of attentional systems that are easily 

and strongly engaged by such stimuli, and the ability to override attention to emotion may have 
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been maladaptive and therefore not selected for. Hence, no amount of practice in using brain 

regions associated with controlling attention (such as those by bilinguals) would be sufficient to 

override the effect of millions of years of evolution on attention to emotional stimuli.  

Hypothesis 3: Emotional and cognitive distraction in a cognitive task 

I hypothesized that bilinguals’ executive function benefits would enable them to suppress 

interference from combined cognitive and emotional distractors better than monolinguals. 

Furthermore, I hypothesized that the bilinguals’ greatest advantage in attentional control over 

monolinguals would emerge in the condition where both cognitive and emotional distractors are 

present. This hypothesis would be supported if the analysis revealed a Group X Flanker 

Type/Digit Distractor Type X Distractor Picture Valence interaction, such that bilinguals were 

less slowed than monolinguals in conditions where distractors were both cognitive and emotional 

relative to neutral trials. As in Experiments 1 and 2, bilinguals would be less slowed than 

monolinguals on trials that involve only cognitive distraction (e.g., for the flanker: incongruent 

flanker trials with neutral pictures relative to neutral flanker trials with neutral pictures) and trials 

that only involve emotional distraction (e.g., neutral flanker trials with emotional pictures 

relative to neutral flanker trials with neutral pictures). Furthermore, the greatest magnitude of 

bilinguals’ advantage over monolinguals would be on trials with both types of distractors were 

present, relative to one type of distractor present. This result would likely emerge because 

monolinguals were most slowed on trials involving multiple distractors compared to only one 

type of distractor. In contrast, bilinguals' enhanced ability to control attention would enable them 

to handle the distraction independent of the number of distractors. These results would affirm 

results from the first two experiments and would extend the finding to indicate that the greater 

the level of distraction, the greater the size of the bilingual advantage in controlling attention. 
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Alternatively, bilinguals may show an attentional advantage only on trials with cognitive 

distractors. This alternative would be supported by a significant Group x Flanker Type/Digit 

Distractor Type x Distractor Picture Valence interaction such that bilinguals are less slowed than 

monolinguals on cognitive conflict trials only when those trials are accompanied by neutral 

pictures. This finding would indicate that the bilingual advantage in controlling attention in the 

presence of cognitive distraction is eliminated by the presence of emotional distractors, thus 

underscoring the attentional priority that emotional stimuli receive.  

Hypothesis 4: Carryover effects from emotional trials 

I hypothesized that participants would experience carryover effects of experimental trials 

with emotional distractor pictures, slowing subsequent filler trials. I further hypothesized that 

bilinguals’ executive function benefits would enable them to suppress interference from 

carryover effects of emotional pictures on filler trials better than monolinguals. This hypothesis 

would be supported if the analysis reveals a Group X Previous Trial Distractor Valence 

interaction in Experiments 2 and 3, such that bilinguals are less slowed than monolinguals on 

filler trials preceded by emotional distractor pictures.
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CHAPTER 3 

EXPERIMENT 1 – COGNITIVE DISTRACTION 

Method  

Participants  

Sixty participants, 30 bilinguals fluent in English and Spanish (66.7% female; 93.4% 

Hispanic, 6.6% Caucasian) and 30 monolinguals (73.3% female; 73.4 % Caucasian, 23.3% 

African American, 3.3% Hispanic) fluent only in English, were recruited from graduate and 

undergraduate courses at the University of Florida as well as via newspaper advertisements in the 

university newspaper. Participants enrolled in courses with a research requirement received 

partial course credit for participation, while participants who were not in a class for which they 

had a research requirement were paid $10 per hour for their participation. All participants were 

pre-screened for their language status through use of the Language Experience and Proficiency 

Questionnaire (LEAP-Q; Marian, Blumenfeld & Kaushanskaya, 2007). To be eligible for 

participation, monolinguals were required to have a self-rated proficiency of 3 (fair) or lower in 

speaking and understanding a language other than English, rated on a 0 (none) to 10 (better than 

the average native speaker) scale. Bilinguals were required to have a self-rated proficiency of 7 

(good) or greater in speaking and understanding both English and Spanish on the same 0 to 10 

scale. Additionally, all bilingual participants were also screened for proficiency in Spanish with 

an oral interview conducted by a Spanish-speaking research assistant whose first language was 

Spanish (see Appendix for the script used as a template for the interview). Participants who were 

unable to carry on a fluent conversation with a native Spanish speaker were not allowed to 

complete the experiment. Because research has demonstrated that proficient bilinguals, 

irrespective of age of L2 acquistion, manifest advantages in attentional control relative to 

monolinguals (e.g. Pelham & Abrams, 2013; Tao, Marzecová, Taft, Asanowicz, & Wodniecka, 
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2011), neither age of onset of second language acquisition nor age at which native-like 

proficiency was attained were used as criteria to define the bilinguals for the present study. Table 

3-1 shows the mean proficiency ratings and exposure for both groups to their dominant language 

(English) and their non-dominant language (Spanish for bilinguals; any language other than 

English for monolinguals). The groups did not differ in their self-rated dominant language 

(English) proficiency in speaking or understanding, ts< 1, but they did differ in their non-

dominant language proficiency in speaking, t(58) = 26.79, p < .001, and understanding, t(58) = 

29.70, p < .001, with bilinguals reporting greater proficiency than monolinguals (who didn't have 

a non-dominant language per se). In addition, the groups differed from one another in their 

exposure to their dominant, t(58) = 7.92, p < .001, and non-dominant, t(57) = 8.25, p < .001, 

languages, as expected, with bilinguals reporting less exposure to their dominant language and 

more exposure to their non-dominant language than monolinguals.  

Monolinguals' and bilinguals' demographic characteristics as well as performance on 

several cognitive tests are presented in Table 3-2. The demographics questionnaire was given 

orally before the experimental tasks in Spanish for the bilinguals and in English for the 

monolinguals. The forward and backward digit span and vocabulary tasks were given in English 

after the experimental tasks were completed. The groups differed significantly in terms of age, 

t(58) = 2.29, p = .03, with the bilingual group being older than the monolingual group. However, 

the groups did not differ in years of formal education, t < 1, self-reported college GPA, t < 1, 

self-reported health rating, t(58) = 1.25, p = .21, gaming hours per month, t < 1, backward digit 

span, t < 1, or vocabulary score, t < 1. The groups did differ on their forward digit span, t(58) = 

2.19, p = .03, with monolinguals having a longer forward digit span (M = 7.90, SD = 1.4) than 

bilinguals (M = 7.07, SD = 1.1).  
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Materials  

For the flanker task (see Figure 3-1, top panels), the target was always a central arrow 

pointing in either the left or right direction. Distractors were either flanking arrows (incongruent 

or congruent) or flanking horizontal lines that were the same size as the arrows (neutral). For 

incongruent trials, the flankers provided cognitive distraction in the form of a task-irrelevant 

directional response cue. The direction of the flankers indicated a different response from the 

target's direction, creating cognitive distraction because the direction of the flankers must be 

ignored in order to provide a correct response. In contrast, on congruent trials, the target and 

flankers matched direction, making it unnecessary to ignore the flankers to respond correctly and 

thus creating little cognitive distraction. On neutral trials, the flankers provided no directional 

cue and again created minimal cognitive distraction in responding to the target. Participants 

completed three blocks of 126 trials with 42 of each distractor type in each block. Distractor type 

was semi-random with no more than five of the same type of trial occurring consecutively.  

For the digit parity task, the digits 1 through 9 (excluding 5) were used as targets. The 

number 5 was excluded because its magnitude makes it neutral in terms of the Spatial-Numerical 

Association Response Codes (SNARC) effect. The SNARC effect is a phenomenon where 

people who read from left to right have a tendency to respond more quickly in a digit parity task 

with a correct left-handed response when the number on the left is small and faster with a correct 

right-handed response when the number on the right is large (Berch et al., 1999; Deheane et al., 

1993). To counterbalance any possible SNARC effects across all trial types, we only included 

numbers that could be categorized as big or small, whereas 5 is neutral. Using the above digits 

results in 64 unique digit pairs, and for reasons explained in Experiment 2, the digit pair 1,1 was 

excluded, resulting in 63 digit pairs that were used. For each trial, a pair of target digits appeared, 
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one to the left and the other to the right of a central fixation, while a single distractor digit 

appeared in the center of the screen.  

Distractors were either a digit from the set of target digits or a neutral X (see upper panels 

of Figure 3-1 – bottom panels). When the distractor was a digit, it could be congruent, 

incongruent, or ambiguous with the targets' parity, which determines the degree of cognitive 

distraction. When the target digits matched in parity and the distractor was the opposite parity, it 

provided cognitive distraction because the response elicited by comparison of the distractor to 

either of the target digits was incongruent with the response required by the targets. The 

distractor was categorized as ambiguous if the target digits did not match in parity because then 

the distractor necessarily matched one of the targets but not the other, creating a situation where 

the response elicited by comparison of the distractor with one of the targets elicited a response 

that conflicted with the correct response, while comparison of the distractor with the other of the 

targets elicited a response that was in accord with the correct response. Thus, ambiguous 

distractors also provided a cognitive distraction but different from incongruent trials. In contrast, 

for trials where the target digits matched and distractor matched in parity, the response elicited 

by the comparison of the distractor to the targets was congruent with the response required by the 

target digits, making it unnecessary to ignore the distractor and imposing minimal cognitive 

distraction. In the case of a neutral distractor X, the level of cognitive distraction was also low. 

Neutral distractors provided a baseline measure without distraction to assess whether congruent, 

incongruent, and ambiguous trials facilitated or impeded responding. Participants completed 

three blocks, each with 126 trials containing 32 incongruent and incongruent trials and 31 neutral 

and ambiguous trials in each block. Order of distractor type was semi-random with the 

stipulation that no more than five trials of the same type could occur in a row.  
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Procedure  

Participants first completed the LEAP-Q and demographics questionnaires. They then 

completed both a flanker task and a digit parity task, with order of the two tasks counterbalanced 

across participants. Prior to the beginning of each task, participants completed 12 practice trials. 

Each trial for the tasks lasted 3000 ms and began with a central ‘+’ fixation point. Prior to the 

appearance of the targets and distractor, a variable delay (D1) of between 400 and 1300 ms 

elapsed. For the flanker task, the central ‘+’ fixation remained on the screen for the entire trial, 

and following D1, the target and flankers appeared either above or below the fixation equally 

often.  Participants were told to respond as quickly as possible by pressing the ‘z’ key on the left 

side of the keyboard for left-pointing targets or pressing the ‘/’ key on the right side of the 

keyboard for right-pointing targets. Participants had 1500 ms to respond, and once they 

responded or when 1500 ms had elapsed, the target and distractor disappeared. There was a 

second variable delay (D2), which lasted for 3000 ms minus D1 minus participants’ response 

time. Participants were allowed to take a break after each block (see Figure 3-2 for a graphical 

illustration of the time course of trials in the two tasks). 

Variable delays were included as part of the time course for each trial for the following 

reason. Without variable delays, each new trial would begin at a predictable delay following a 

response, and that predictability might serve as an implicit cue to the appearance of the 

upcoming target. Since cuing prior to the appearance of a target speeds response times (Fan et al, 

2004) and affects monolinguals and bilinguals differently (Costa et al., 2008), we wanted to 

ensure that there was no possibility that the timing of the trials would inadvertently serve as a 

cue to participants. Figure 3-2 shows a single incongruent digit parity trial.  

The time course for the digit parity task was identical to that used in the flanker task 

shown in Figure 3-2. A central ‘+’ fixation point started each trial and remained on the screen 
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during the first delay, D1. Then, the target and distractor digits appeared horizontally centered on 

the screen, with the distractor digit appearing in the center of the screen and replacing the central 

fixation. Participants were told to ignore the distractor in the middle and respond as quickly as 

possible by pressing one button if the digits’ parity matched (i.e., if both are odd or both even) 

and a different button if they did not match. The ‘z’ and ‘/’ keys were used for responses in this 

task, and which button corresponded to matching and non-matching parity was counterbalanced 

across participants. 

Results 

Flanker Task 

Response times  

Before ANOVAs were performed on the response time data for the flanker task, incorrect 

responses and practice trials were excluded from analysis. After excluding these trials, the data 

were trimmed of outliers that were more than 2 standard deviations above or below each 

participant's mean for congruent, incongruent, and neutral trials. Trimming resulted in equivalent 

data loss across groups (5.1% for monolinguals and 5.1% for bilinguals) and across flanker types 

(4.7% for congruent, 6.3% for incongruent, and 5.0% for neutral).  

Because language balance is important for the emergence of bilingual advantages (Tao et 

al., 2011; Zied, et al., 2004) and because regular video game play is known to improve (i.e., 

reduce) people's Response Times (Dye, Green, & Bavelier, 2009; Strobach, Frensch, & Schubert, 

2012), language balance and video game play, or gaming, were entered as covariates in all 

analyses. Language balance was determined using the percentage of exposure participants 

reported for languages they spoke or had studied. A score ranging from 0 (completely 

unbalanced) to 1 (completely balanced) was computed by dividing the percentage of exposure 

for the language they were exposed to less by the percentage of exposure for the language they 
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were exposed to more. For example, if a participant reported being exposed to English 50% of 

the time and Spanish 50% of the time, their language balance score would be 1, whereas if a 

participant reported being exposed to English 100% of the time and any other language 0% of 

the time, their language balance score would be 0. This allowed for calculation of language 

balance scores in a uniform metric for both monolingual and bilingual participants. Participants 

also reported their average daily, weekly, and monthly hours of video game play, and 

participants' total monthly hours of video game play was entered as a measure of gaming.  

A 2 (Group: monolingual, bilingual) x 3 (Flanker Type: neutral, congruent, incongruent) 

mixed factorial ANOVA was conducted on mean Response Times, shown in Table 3-3. Results 

from the analysis revealed a main effect of flanker type, F(2, 112) = 222.57, MSE = 242.09, p < 

.001, η
2
 = .80, such that Response Times to targets with neutral flankers (M = 610.41 SD = 

44.32) were faster than targets with congruent flankers (M = 616.29, SD = 44.03), which were 

faster than targets with incongruent flankers (M = 714.98, SD = 44.32), all p's < .001. There was 

also a main effect of group, F(1, 56) = 7.34, MSE = 5171.26, p = .009, η
2
 = .12, such that 

bilinguals responded faster (M = 627.67, SD = 52.71) than monolinguals (M = 672.20, SD = 

38.57). However, there was no interaction, F < 1. These results are shown in Figure 3-3. 

Accuracy  

Accuracy was computed on all experimental trials, and incorrect responses and trials 

where participants failed to respond in the allotted time were considered inaccurate.  A 2 (Group: 

monolingual, bilingual) x 3 (Flanker Type: neutral, congruent, incongruent) mixed factorial 

ANOVA was conducted on mean proportion of accurate responses, shown in Table 3-4. Results 

revealed a main effect of flanker type, F(2, 112) = 11.47, MSE = .001, p < .001, η
2
 = .17, such 

that participants responded more accurately to congruent trials (M = 99.3%, SD = 0.2%), than 

neutral trials (M = 98.7%, SD = 0.2%), p = .04, which in turn were more accurate than 
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incongruent trials  (M = 95.6%, SD = 0.5%), p < .001. There was no main effect of group or 

interaction, F's< 1. 

Digit Parity Task 

Response times  

Prior to analyzing data, incorrect responses and practice trials were excluded. After 

excluding these trials, the data were trimmed of outliers that were more than 2 standard 

deviations above or below each participant's mean for trials with congruent, incongruent, and 

neutral, and ambiguous trials. Trimming resulted in minimal data loss for both groups (3.9% for 

monolinguals and 3.8% for bilinguals) and approximately equivalent data loss for congruent 

(4.4%), incongruent (3.2%), neutral (4.0%), and ambiguous (3.5%) digit distractors.  

A 2 (Group: monolingual, bilingual) x 4 (Digit Distractor Type: congruent, incongruent, 

neutral, ambiguous) mixed factorial ANOVA was conducted on mean Response Times with 

language balance and gaming as covariates. Response times for each group in each digit 

distractor condition are shown in Table 3-5. Results revealed a significant main effect of digit 

distractor type, F(3, 168) = 40.06, MSE = 820.48, p < .001, η
2
 = .42, such that Response Times to 

targets with congruent distractors were faster (M = 905.99, SD = 79.29) than targets with neutral 

distractors (M = 935.90, SD = 80.22), p < .001, which were faster than targets with incongruent 

distractors (M = 947.95, SD = 80.82), p = .03, which were faster than trials with ambiguous 

distractors (M = 1015.82, SD = 96.67), p < .001. There was no main effect of group, F(1, 56) = 

1.92, MSE = 25759.20, p = .17, η
2
 = .03, and no interaction, F(1, 56) = 1.17, MSE = 820.48, p = 

.32, η
2
 = .02. 

Accuracy  

Accuracy was computed on experimental trials, and as with the flanker task, incorrect 

responses and trials where participants failed to respond in the allotted time were considered 
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inaccurate. A 2 (Group: monolingual, bilingual) x 4 (Digit Distractor Type: congruent, 

incongruent, neutral, ambiguous) mixed factorial ANOVA with language balance and gaming as 

covariates was conducted on mean proportion of accurate responses, shown in Table 3-6. Results 

did not reveal a main effect of distractor type, F(3, 168) = 1.05, MSE = .003, p = .37, η
2
 = .02, 

but the main effect of group was marginally significant, F(1, 56) = 2.98, MSE = .02, p = .09, η
2
 = 

.05, with bilinguals responding more accurately (M = 92.1%, SD = 6.3%) than monolinguals (M 

= 87.9%, SD = 8.7%). There was, however, no interaction, F < 1. 

Discussion 

The purpose of Experiment 1 was to replicate findings of a bilingual advantage in 

controlling attention on a flanker task and to potentially extend that finding to a new task 

involving attention, digit parity. The hypothesis was that bilinguals would manifest an advantage 

over monolinguals on both the flanker task and the digit parity task by responding faster overall 

and by having smaller conflict effects. On the flanker task, bilinguals responded faster than 

monolinguals overall, consistent with the most commonly found bilingual advantage observed in 

previous studies (Costa et al., 2009; Hilchy & Klein, 2011). However, they did not have smaller 

conflict effects than monolinguals, which may not be surprising given that there are a number of 

other studies investigating bilingual advantages that shown bilinguals to have an overall speed 

advantage but no  bilingual advantage in conflict effects (e.g., Bialystok & Viswanathan, 2009; 

Emmorey et al., 2008; Martin-Rhee & Bialystok, 2008). Thus, these results partially replicate 

findings of a bilingual advantage in the flanker task with respect to speed of responding. No 

group differences occurred in terms of accuracy, consistent with past research (Bialystok & 

Viswanathan, 2009; Costa et al., 2008; Costa et al., 2009; Pelham & Abrams, 2013), although 

both groups seem to have been using a speed-accuracy tradeoff for congruent trials, which were 

slower than neutral trials but also more accurate. This tradeoff did not help performance on 
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incongruent trials, which were slower and less accurate than neutral trials, demonstrating their 

greater susceptibility to interference.  

Results from the digit parity task revealed no differences between the groups in terms of 

RTs, so the results do not extend findings of a bilingual speed advantage to a new task. Both 

groups were similarly sensitive to the digit distractor type, with the more interfering distractors 

(incongruent and ambiguous) slowing RTs and the congruent distractors speeding RTs. While the 

digit parity task has been claimed to be a non-verbal task (Fias et al., 2001), the lack of a 

bilingual advantage found here could instead suggest that the task is requiring lexical access of 

the words representing the digits. Since bilinguals often experience lexical access deficits 

relative to monolinguals (Bialystok et al., 2008; Gollan et al., 2008; Gollan, Montoya, & Werner, 

2002, Ivanova & Costa, 2008), lexical access of the digits' words could slow bilinguals' 

responding and thereby obscure any executive function advantage in speed that bilinguals might 

have (see also Altarriba & Bainsight-Brown, 2010). Specifically, while both groups experienced 

interference from the digit distractors and were slowed by this, bilinguals' advantage in 

controlling distraction should have resulted in them being less slowed than monolinguals. 

However, RTs may not have revealed any bilingual advantages if the task also indirectly 

involved lexical access, a process on which bilinguals experience slowing relative to 

monolinguals because of interference from activation of words in multiple languages. 

Consequently, bilinguals' speed advantage with the digit distractors may have been offset by the 

slowing from lexical access, resulting in the groups having similar RTs on the digit parity task. 

This occurred exclusively for the digit parity task because the flanker task does not offer a 

possibility for lexical access to occur. Despite equivalent RTs, bilinguals were marginally more 

accurate than monolinguals on the digit parity task, suggesting a slight advantage on this 
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measure. Even if the task involved lexical access as suggested above, bilinguals generally 

experience a disadvantage in lexical access only in terms of speed of responding, not accuracy 

(Gollan et al., 2008; Gollan et al., 2002; Ivanova & Costa, 2008; Portocarrero, Burright, & 

Donovick, 2007), making it possible for a bilingual advantage to emerge on digit parity when 

accuracy is the dependent measure. However, the marginality of this effect, along with the lack 

of a bilingual advantage in speed of responding, does not provide strong evidence for a bilingual 

advantage. Speed, not accuracy, is generally where bilingual advantages or disadvantages emerge 

in most studies, most likely because of ceiling effects in accuracy. 

In sum, these results establish that there are some bilingual advantages in managing 

cognitive distraction, consistent with previous research, and these will serve as a baseline of 

comparison for Experiment 3, when emotional distraction is added along with cognitive 

distraction. Results from the next experiment, Experiment 2, will establish whether bilingual 

advantages similarly emerge solely in the presence of emotional distraction via positive and 

negative pictures. 



 

42 

Table 3-1.  Monolinguals' and bilinguals' self-reported language proficiency and exposure 

    Group 

    Monolinguals  Bilinguals 

Variable    Mean SD  Mean SD 

*% Exposure to Dominant Language  97.5 5.6  69.2 18.7 

*% Exposure to Non-Dominant Language  2.1 3.2  33.7 20.4 

Proficiency Speaking Dominant Language  

(0-10 scale)  

 
9.2 1.9 

 
9.5 .81 

*Proficiency Speaking Non-Dominant Language ( 

  0-10 scale) 

 
1.7 .91 

 
8.3 .98 

Proficiency Understanding Dominant Language 

(0-10 scale) 

 
9.5 .68 

 
9.5 .73 

*Proficiency Understanding Non-Dominant  

  Language (0-10 scale) 

 
1.8 .87 

 
9.0 1.0 

* p < .001 

 

 

Table 3-2.  Monolinguals and bilinguals' demographic characteristics and cognitive tests  

 Group 

 Monolinguals  Bilinguals 

Variable Mean SD  Mean SD 

*Age (years) 19.1 1.4  20.0 1.8 

Education (years) 13.4 2.2  13.5 3.9 

College GPA (out of 4.0) 3.4 .58  3.5 .42 

Health (1-10 scale) 8.2 1.5  8.6 1.1 

Gaming Hours per month 22.5 23.6  28.3 29.9 

Vocabulary (out of 25) 14.0 3.9  13.7 3.7 

*Forward Digit Span 7.9 1.4  7.1 1.1 

Backward Digit Span 5.2 1.4  5.2 1.4 

* p < .05 
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Table 3-3.  Experiment 1 - Cognitive flanker task response times (in ms) 

  Group 

  Monolinguals  Bilinguals 

Flanker Type  Mean SD  Mean SD 

Congruent  632.5 36.7  616.3 49.6 

Incongruent  720.4 42.5  709.5 57.5 

Neutral  616.1 36.5  604.7 51.0 

 

 

Table 3-4.  Experiment 1 - Cognitive flanker task accuracy (in %) 

  Group 

  Monolinguals  Bilinguals 

Flanker Type  Mean SD  Mean SD 

Congruent  98.9 2.4  99.3 0.9 

Incongruent  95.9 4.8  95.3 4.4 

Neutral  99.1 3.2  99.1 1.0 

 

 

Table 3-5.  Experiment 1 – Cognitive digit parity task response times (in ms) 

  Group 

  Monolinguals  Bilinguals 

Digit Distractor Type  Mean SD  Mean SD 

Congruent  900.3 86.6  911.7 72.3 

Incongruent  950.6 85.0  945.3 77.8 

Neutral  937.1 86.8  934.7 74.5 

Ambiguous  1016.2 106.7  1015.3 87.3 

 

 

Table 3-6.  Experiment 1 – Cognitive digit parity task accuracy (in %) 

  Group 

  Monolinguals  Bilinguals 

Digit Distractor Type  Mean SD  Mean SD 

Congruent  90.7 8.3  91.8 4.7 

Incongruent  87.0 14.1  83.8 10.7 

Neutral  91.7 5.6  90.7 4.7 

Ambiguous  92.4 6.7  92.1 5.3 
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Figure 3-3.  Bilinguals' and monolinguals' flanker task RTs in Experiment 1 
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CHAPTER 4 

EXPERIMENT 2 – EMOTIONAL DISTRACTION 

Method  

Participants  

Sixty participants, 30 bilinguals fluent in English and Spanish (73.3% female; 100% 

Hispanic) and 30 monolinguals (73.3% female; 80.0% Caucasian, 10.0% African American, 

3.3% Hispanic, 6.7% Asian) fluent only in English, were recruited and compensated as described 

in Experiment 1. Additionally, participants were pre-screened for their language status and 

categorized as monolingual or bilingual based upon the same criteria as was used in Experiment 

1. 

Both the monolingual and bilingual groups reported being highly proficient in their 

dominant language (English), with equivalent proficiency in understanding, t(58) = 1.59, p = .12, 

but unlike Experiment 1, monolinguals reported higher self-rated proficiency in speaking English 

than bilinguals, t(58) = 3.39, p = .02. As in Experiment 1, bilinguals reported greater proficiency 

in speaking, t(57) = 31.69, p < .001, and in understanding, t(57) = 29.48, p < .001, their non-

dominant language relative to monolinguals. Also as in Experiment 1, bilinguals reported less 

exposure to their dominant language, t(58) = 5.03, p < .001, and more exposure to their non-

dominant language, t(57) = 6.87, p < .001 than monolinguals. Language demographics for the 

groups are presented in Table 4-1. 

Monolinguals' and bilinguals' demographic characteristics as well as performance on 

several cognitive tests are presented in Table 4-2. The groups differed significantly in terms of 

age, t(58) = 4.72, p < .001, with the bilingual group being older than the monolingual group. The 

groups also differed in their years of formal education, t(58) = 2.07, p = .04, with bilinguals 

reporting more education. However, the groups did not differ in self-reported college GPA,  t < 
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1, health rating, t < 1, gaming hours per month, t(12) = 1.21, p = .25, vocabulary score, t < 1, 

forward digit span,  t(58) = 1.29,  p = .20, or backward digit span, t < 1.  

Materials 

A modified flanker task and a digit parity task, both of which are described below, were 

used in this experiment such that neither task contained any cognitive distractors. Rather, 

distractors for this experiment consisted of 378 pictures selected from IAPS (Lang et al., 2008), 

126 emotionally arousing positive pictures (Mvalence = 7.1, SDvalence = 0.43; Marousal = 5.8, SDarousal 

= 0.57), 126 emotionally arousing negative pictures (Mvalence = 2.2, SDvalence = 0.39; Marousal = 

6.0, SDarousal = 0.55), and 126 neutral pictures with a mid-range valence and low arousal (Mvalence 

= 4.9, SDvalence = 0.52; Marousal = 3.3, SDarousal = 0.59). An ANOVA on valence rating indicated 

that the pictures in each valence category differed, F(1, 351) = 4.25, MSE = .179, p < .001, η
2
 = 

.96, with negative pictures being rated lower than neutral pictures, p < .001, which were rated 

lower than positive pictures, p < .001. An ANOVA on arousal rating revealed that all three 

picture types also differed on this dimension, F(1, 351) = 790.80, MSE = .294, p < .001, η
2
 = .82, 

with negative pictures being more arousing than positive pictures, p = .01, which were more 

arousing than neutral pictures, p < .001. The ranges of valence and arousal ratings were also 

examined, separately for males and females, to ensure that three valence categories were 

similarly non-overlapping for both genders. An additional two sets of 93 neutral filler pictures 

(31 for each block) were selected from IAPS, one for the arrows task, and one for the digit parity 

task. The neutral filler picture sets were counterbalanced so that no picture was ever shown more 

than one time in an experimental session. Tables 4-3 and 4-4 provide the IAPS valence and 

arousal ratings for positive, negative, and neutral pictures in each picture set. 

The modified flanker task showed only a centrally presented target arrow, and the 

distractors consisted of 63 positive, 63 negative, and 63 neutral pictures. Participants completed 
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three blocks of trials with an opportunity to take a break between blocks. The blocks consisted of 

126 trials, 63 experimental trials with positive, negative, and neutral distractors (21 of each type),  

alternating with 63 neutral filler trials in each block that were used to measure carryover effects 

from emotionally arousing pictures on subsequent non-emotional trials. Half of the filler trials 

presented the target arrow with either a scrambled non-emotional picture that was the same size 

as the distractors, whereas the remaining filler trials contained a neutral picture. The choice of 

two types of filler trials was made because the scrambled pictures allowed for measurement of a 

baseline for responding in the absence of an actual picture. However, if only scrambled picture 

fillers had been used, participants would quickly have realized that every other trial contained a 

picture. Having half the fillers be neutral pictures and half the fillers be scrambled neutral 

pictures made it difficult for participants to recognize a pattern to the trials and prevented 

participants from anticipating a (possibly emotionally arousing) distractor picture on an 

upcoming trial.  

For the digit parity task, targets were the same as those in Experiment 1. Each digit pair 

was presented once with a positive distractor, once with a negative distractor, and once with a 

neutral distractor, with each type of digit pair-distractor type counterbalanced across three blocks 

of trials. Each block contained 126 trials, 63 digit pairs presented with positive, negative, and 

neutral distractors (21 of each type), and 63 with neutral or scrambled filler distractors. 

Procedure 

For the arrows task, the only change from Experiment 1 is that the flankers (cognitive 

distractors) were not presented, and instead an emotional or neutral distractor picture appeared in 

place of the central fixation. Participants were instructed to ignore the picture and respond as 

quickly as possible by pressing the ‘z’ button for left-pointing arrows and the ‘/’ button for right 

pointing arrows. In the digit parity task, the time course, target stimuli, and participants’ task and 
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responses were identical to Experiment 1, but an emotional or neutral distractor picture replaced 

the fixation instead of having a distractor digit.  

After both tasks were completed all participants rated the valence of a subset of 48 pictures 

used in the two tasks (16 positive, 16 negative, and 16 neutral pictures, 8 each from picture set A 

and picture set B). The rating system was the same as that used in the development of the IAPS 

pictures (see Lang et al., 2008 for details). The purpose of this assessment was to ensure that the 

valence of the distractor pictures was perceived by both monolinguals and bilinguals in the same 

categories as the IAPS ratings. 

Results 

Participants' Valence Ratings 

To evaluate whether monolingual and bilingual participants perceived the valence of the 

pictures in the same way, a 2 (Group: monolingual, bilingual) x 3 (Valence: positive, negative, 

neutral) mixed factorial ANOVA compared the mean valence ratings given by participants. 

Results revealed a main effect of valence, F(2, 116) = 650.38, MSE = .56, p < .001, η
2
 = .92, 

such that negative pictures were rated lower than neutral pictures, p < .001, which were rated 

lower than positive pictures, p < .001, consistent with IAPS ratings for the pictures, but there was 

no main effect of group, F(1, 58) = 1.72, MSE = .33, p = .20, η
2
 = .03, However, there was a 

marginally significant interaction, F(2, 116) = 2.64, MSE = .56, p = .07, η
2
 = .04, where 

bilinguals rated the positive pictures (M = 7.2, SD = .84) higher than monolinguals (M = 6.8, SD 

= .68), p = .02. However, the groups did not differ in their valence ratings for negative pictures, p 

= .34, or neutral pictures, p = .48. 
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Emotional Arrows Task 

Response times  

Incorrect responses and practice trials were excluded from before ANOVAs were 

performed on the RT data for the emotional arrows task. Data were then trimmed of outliers that 

were more than 2 standard deviations above or below each participant's mean for trials with 

positive, negative, and neutral pictures. Trimming resulted in approximately equivalent data loss 

across for both groups (5.3% for monolinguals and 4.6% for bilinguals) and for trials 

accompanied by positive (5.5%), negative (6.0%), and neutral (4.2%) picture distractors.  

A 2 (Group: monolingual, bilingual) x 3 (Distractor Picture Valence: positive, negative, 

neutral) mixed factorial ANOVA with language balance and gaming as covariates was conducted 

on mean RT. This analysis revealed a main effect of distractor picture valence, F(2, 112) = 26.25, 

MSE = 230.46, p < .001 , η
2
 = 0.31, such that participants responded more quickly to trials with 

neutral pictures (M = 680.96, SD = 53.03) than trials with positive pictures (M = 692.26, SD = 

53.50), which were faster than trials with negative pictures (M = 709.33, SD = 59.01), all p's < 

.001. However, there was no main effect of group, F(1, 56) = 1.67, MSE = 8180.73, p = .20 , η
2
 = 

0.03, nor was there an interaction, F < 1. RTs for each group are shown in Table 4-5. 

Accuracy  

Accuracy was computed on all experimental trials, and incorrect responses and trials 

where participants failed to respond in the allotted time were considered inaccurate. A 2 (Group: 

monolingual, bilingual) x 3 (Distractor Picture Valence: positive, negative, neutral) mixed 

factorial ANOVA was conducted on mean proportion of accurate responses with language 

balance and gaming as covariates. Results revealed no main effect of distractor picture valence, 

F(2, 112) = 1.11, MSE < .001, p = .33, η
2
 = .02, no main effect of group, F(1, 56) = 1.57, MSE = 
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.002, p = .21, η
2
 = .03, and no significant interaction, F < 1. Table 4-6 shows mean accuracy for 

the groups in for each distractor type. 

Emotional Digit Parity Task 

Response times  

After excluding incorrect responses and practice trials, the data were trimmed of outliers 

that were more than 2 standard deviation above or below each participant's mean for trials with 

positive, negative, and neutral distractor pictures. Trimming resulted in equal data loss for both 

groups (3.9% for monolinguals and 4.2% for bilinguals) and for trials accompanied by positive 

(4.1%), negative (3.8%), and neutral (4.2%) picture distractors. 

A 2 (Group: monolingual, bilingual) x 3 (Distractor Picture Valence: positive, negative, 

neutral) mixed factorial ANOVA was conducted on mean RTs with language balance and gaming 

as covariates. Results revealed a main effect of distractor picture valence, F(2, 112) = 17.65, 

MSE = 953.08, p < .001, η
2
 = .24, such that RTs to targets with neutral distractors were 

responded to more quickly (M = 937.53, SD = 74.94) than targets with positive distractors (M = 

963.44, SD = 78.59), p = .01, which were faster than responses to targets with negative 

distractors (M = 980.89, SD = 87.31), p < .001. However, there was no main effect of group, F < 

1, and no interaction between distractor picture valence and group, F(2, 112) = 1.95, MSE = 

953.08, p = .15, η
2
 = .03. Table 4-7 shows the mean RTs for both groups for each type of 

distractor picture. 

Accuracy  

Proportion of accurate responses was computed on experimental trials such that incorrect 

responses and trials where participants failed to respond in the allotted time were considered 

inaccurate.  A 2 (Group: monolingual, bilingual) x 3 (Distractor Picture Valence: positive, 

negative, neutral) mixed factorial ANOVA was conducted on mean proportion of accurate 
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responses. Results revealed a main effect of distractor picture valence, F(2, 110) = 4.00, MSE = 

.002, p = .02, η
2
 = .07, such that participants responded most accurately to trials with neutral 

picture distractors (M = 90.4%, SD = 7.0%), which were more accurate than trials with negative 

picture distractors (M = 88.6%, SD = 8.7%), p = .03, or positive picture distractors (M = 87.8%, 

SD = 9.3%), p = .002. Accuracy in responding to trials with negative and positive picture 

distractors did not differ, p = .35. There was no main effect of group, F(1, 55) = 1.86, MSE = .02, 

p = .18, η
2
 = .03, but there was a marginally significant interaction, F(2, 110) = 2.45, MSE = 

.002, p = .09, η
2
 = .04. Monolinguals' and bilinguals' mean accuracy for each type of picture 

distractor are shown in Table 4-8. 

Following up this interaction by examining the effect of distractor picture valence 

separately for each group, bilinguals responded less accurately on trials with either positive 

valence distractors (M = 86.54%, SD = 10.05%) and negative valence distractors (M = 87.58%, 

SD = 9.48%), which did not differ, p = .28, than trials with neutral valence distractors (M = 

90.58%, SD = 6.52%), p = .001 and p = .009 respectively. In contrast, monolinguals' accuracy 

was equivalent for all types of distractors, those accompanied by positive (M = 89.24%, SD = 

8.34%), negative (M = 89.78%, SD = 7.67%), and neutral (M = 90.47%, SD = 7.64%) distractors, 

all p's > .31. Looking at the effect of group within each level of distractor picture valence did not 

reveal any differences between monolinguals and bilinguals, ps > .26.  

Valence Carryover Effects on Neutral Filler Trials 

In this experiment, every other trial was a filler trial accompanied by a neutral valence 

distractor picture. The purpose of this was to ensure that any lingering effects of valence from 

one experimental trial would have subsided prior to the onset of a new trial. This design also 

allowed for analysis of whether the valence of the distractor on an experimental trial carried over 

to the subsequent filler trial. All RT data for these analyses were trimmed of outliers as 
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previously described, and incorrect responses and trials where participants failed to respond in 

the allotted time were considered inaccurate for accuracy analyses. Because the only new factor 

in these analyses is Previous Trial Distractor Valence, only effects relevant to this factor are 

reported below. 

Emotional arrows task 

Response times.  A 2 (Group: monolingual, bilingual) x 3 (Previous trial distractor 

valence: positive, negative, neutral) mixed factorial ANOVA was conducted on mean RTs for 

filler trials.  There was no main effect of previous trial distractor valence, F(2, 112) = 2.13, MSE 

= 134.20, p = .12, η
2
 = .04 and no interaction with this variable, F < 1. 

Accuracy.  A 2 (Group: monolingual, bilingual) x 3 (Previous trial distractor valence: 

positive, negative, neutral) mixed factorial ANOVA was conducted on the mean proportion of 

accurate responses. There was a main effect of previous trial distractor valence, F(2, 112) = 4.45, 

MSE = .0002, p = .01, η
2
 = .07, such that participants responded marginally more accurately to 

filler trials preceded by a trial with a negative valence distractor (M = 98.8%, SD = 2.4%) than to 

those preceded by positive valence distractors (M = 98.3%, SD = 4.01%), p = .10, or neutral 

valence distractors (M = 98.3%, SD = 3.9%), p = .10, which did not differ, p = .81. However, 

there was no main effect of group, F < 1, significant interaction, F(2, 112) = 1.08, MSE = .0002, 

p = .34, η
2
 = .02. 

Emotional digit parity task 

Response times.  A 2 (Group: monolingual, bilingual) x 3 (Previous trial distractor 

valence: positive, negative, neutral) mixed factorial ANOVA was conducted on mean RTs for 

the trimmed filler trial data, and there were no main effect of previous distractor trial valence or  

interaction, all F's < 1.  
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Accuracy.  Accuracy was computed on filler trials for all participants, and incorrect 

responses and trials where participants failed to respond in the allotted time were considered 

inaccurate.  A 2 (Group: monolingual, bilingual) x 3 (Previous trial distractor valence: positive, 

negative, neutral) mixed factorial ANOVA was conducted on the mean proportion of accurate 

responses. Results revealed a main effect of previous trial distractor valence, F(2, 112) = 7.07, 

MSE = .001, p = .001, η
2
 = .11, such that participants responded more accurately to filler trials 

preceded by a trial with a positive valence distractor (M = 90.3%, SD = 7.8%) or a negative 

valence distractor (M = 90.3%, SD = 6.7%), than to those preceded by a neutral valence 

distractors (M = 88.5%, SD = 8.1%), p = .005 and  p = .01 respectively. However, accuracy did 

not differ between filler trials preceded by trials with positive and negative valence distractors, p 

= .88. There was no interaction with group, F(2, 112) = 1.91, MSE = .001, p = .15, η
2
 = .03. 

Discussion 

The purpose of Experiment 2 was to compare monolinguals' and bilinguals' ability to 

control attention in the presence of emotionally distracting pictures and to test the hypothesis that 

bilinguals would have an advantage over monolinguals in controlling attention in the presence of 

emotionally distracting stimuli. The hypothesis was not supported by either RTs or accuracy in 

either the arrows or digit parity task. With respect to RTs, monolinguals' and bilinguals' RTs did 

not differ for either task, although both groups' RTs were sensitive to the presence of emotional 

pictures, demonstrating slower RTs following positive and negative pictures relative to neutral 

pictures, and therefore the results provide no support for the idea the bilinguals were better at 

controlling distraction from the emotional pictures.  

In contrast to Experiment 1, bilinguals experienced no advantages in terms of RTs for 

either task in this experiment, and bilinguals responded less accurately for digit parity. While one 

explanation for the present findings is that bilingual advantages are limited to attentional tasks 
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involving cognitive rather than emotional distraction, it is important to note that nature of the 

cognitive distraction in Experiment 1 and emotional distraction in Experiment 2 are inherently 

different in terms of their similarity to the to-be-performed task because distractors in the 

Experiment 1 were task-relevant, and those in Experiment 2 were task-irrelevant. For example, 

the distractors in the flanker task were flanking arrows, and the distractors in the digit parity task 

were digits, making it critical to ignore the distraction for accurate performance on both tasks. 

Distractors are particularly susceptible to interference when they cue a response that is not the 

correct one, such as incongruent flankers and incongruent and ambiguous distractor digits. In 

contrast, the distractors in Experiment 2 were emotional pictures, which have no relationship to 

either the target arrows or digits, and their potential for interference comes from their 

physiological arousal and not information that could cue an inappropriate response.   

One could therefore argue that the tasks in Experiment 2 were cognitively less demanding 

than the tasks in Experiment 1 and may not have engaged the cognitive control mechanisms that 

are necessary for bilingual advantages to occur. Research has shown that increases in dACC 

activation occur on tasks that induce response conflict possibilities (Barch et al., 2000; 

Botvinick, Braver, Barch, Carter, & Cohen, 1999), and this brain region has also been 

hypothesized to be crucial in the emergence of bilingual advantages (Abutalebi et al.. 2012). 

Furthermore, the dACC is thought to be involved in deployment of cognitive control resources 

by monitoring for conflicts in information processing (Botvinick et al., 2004), and detection of 

conflict increases dACC activation, which in turn signals the need for enhanced cognitive 

control. Since the tasks in Experiment 2 did not induce any response conflicts, the cognitive 

control network from which bilingual advantages are thought to arise may not have been strongly 

engaged for either group, in the presence of task-irrelevant emotional distraction. 
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In terms of accuracy, group differences emerged only on the digit parity task but in the 

direction contrary to the hypothesis: Bilinguals responded less accurately to trials with positive 

and negative valence distractors than to those with neutral distractors, while monolinguals' 

accuracy was equivalent for trials independent of distractor picture valence. This result suggests 

that bilinguals experienced greater distraction from the negative and positive pictures than 

monolinguals. The emergence of a bilingual disadvantage was unexpected, but the fact that it 

showed up only in one specific task on one specific measure (digit parity accuracy) means that 

caution should be used in interpreting its significance. In particular, the potential confound in the 

digit parity task (lexical access) may be playing an unanticipated role, and as previously 

mentioned, accuracy is not an ideal measure upon which to base claims about bilingual 

advantages or disadvantages given that neither advantages nor disadvantages generally emerge. 

Furthermore, there were contradictory results for accuracy on the digit parity task between 

Experiment 1, where bilinguals manifested a marginal advantage over monolinguals, and 

Experiment 2, where they had a disadvantage relative to monolinguals, suggesting that future 

replication of these findings is warranted.  

The purpose of the analyses involving filler trials was two-fold: 1) to test the hypothesis 

that participants would experience carry over effects on filler trials, i.e., slowing and/or reduced 

accuracy on filler trials preceded by experimental trials with positive or negative valence 

distractor pictures compared to filler trials preceded by experimental trials with neutral distractor 

pictures, and 2) to test the hypothesis that bilinguals would experience less interference from 

carryover effects than monolinguals. Results from both tasks provided some support for the idea 

that the valence of a distractor on a preceding trial carries over to a response on a subsequent 

trial, but in the opposite direction such that distractor valence facilitated rather than impaired 
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responding. Participants were more accurate in responding to filler trials preceded by negative 

(arrows and digit parity task) and positive (digit parity task) distractor pictures than to trials 

preceded by neutral distractor pictures. Despite the evidence for carryover effects, there were no 

group differences in any of the analyses of carryover effects, contrary to the hypothesis that 

bilinguals would be less susceptible to carryover effects. This may be due to the fact that 

carryover effects facilitated rather than interfered with responding. Because the valence of 

distractors on preceding trials did not serve as distractors when responding on subsequent filler 

trials, there was no necessity for the emergence of a bilingual advantage in controlling 

distraction, i.e., no distraction needed to be controlled on filler trials, and hence no group 

differences.  

In sum, the results with respect to RTs in Experiment 2 were consistent in both tasks, with 

no evidence of a bilingual advantage. Two possible reasons for the lack of a bilingual advantage 

in RTs in Experiment 2 have been proposed. One is that bilinguals are unable to control attention 

to emotional stimuli better than monolinguals. The other is that because the distractors in these 

tasks did not cue a conflicting response (or any response), the tasks failed to engage cognitive 

control sufficiently for either group, resulting in both groups being equally distracted by the 

pictures. The tasks in Experiment 3, which included both irrelevant emotional picture distractors 

and cognitive distractors that can cue a (sometimes conflicting) response, can adjudicate between 

these explanations. If the first explanation is correct, then bilinguals and monolinguals should 

both be equally influenced by the emotional distractor pictures in Experiment 3. If the second 

explanation is correct, then a bilingual advantage in controlling attention in the presence of 

emotional distractors should emerge in Experiment 3. Experiment 3 also explored whether the 
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facilitative carryover effects observed in this experiment replicate under conditions of 

simultaneous cognitive and emotional distraction. 
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Table 4-1.  Monolinguals' and bilinguals' self-reported language proficiency and exposure 

    Group 

    Monolinguals  Bilinguals 

Variable    Mean SD  Mean SD 

**% Exposure to Dominant Language  94.5 18.1  67.1 23.7 

**% Exposure to Non-Dominant Language  2.1 3.5  31.5 21.7 

*Proficiency Speaking Dominant Language  

   (0-10 scale)  

 
9.5 .63 

 
9.0 1.0 

**Proficiency Speaking Non-Dominant Language   

    (0-10 scale) 

 
1.2 .74 

 
8.6 1.0 

Proficiency Understanding Dominant Language 

(0-10 scale) 

 
9.5 .73 

 
.9.2 .89 

**Proficiency Understanding Non-Dominant  

    Language (0-10 scale) 

 
1.6 .94 

 
8.4 1.4 

* p < .05,  ** p < .001 

 

 

Table 4-2.  Monolinguals and bilinguals' demographic characteristics and cognitive tests  

 Group 

 Monolinguals  Bilinguals 

Variable Mean SD  Mean SD 

**Age (years) 18.8 1.2  20.3 1.3 

*Education (years) 12.8 2.4  14.3 3.0 

College GPA (out of 4.0) 3.5 .28  3.5 .37 

Health (1-10 scale) 8.2 1.4  8.1 1.5 

Gaming Hours per month 11.8 10.5  28.5 40.2 

Vocabulary (out of 25) 13.3 3.6  13.5 4.0 

Forward Digit Span 7.1 1.4  6.6 1.4 

Backward Digit Span 4.8 1.4  4.9 1.5 

* p < .05, ** p < .001 
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Table 4-3.  Mean valence for pictures in each picture set 

  Picture Set 

  Set A  Set B 

Distractor Picture Type  Mean SD  Mean SD 

Negative  2.2 .42  2.2 .35 

Neutral  4.9 .45  4.9 .45 

Positive  7.1 .45  7.1 .43 

 

 

Table 4-4.  Mean arousal for pictures in each picture set 

  Picture Set 

  Set A  Set B 

Distractor Picture Type  Mean SD  Mean SD 

Negative  6.0 .57  6.0 .52 

Neutral  3.4 .48  3.4 .52 

Positive  5.8 .56  5.8 .58 

 

Table 4-5.  Experiment 2 – Emotional flanker task response times (in ms) 

  Group 

  Monolinguals  Bilinguals 

Distractor Picture Valence  Mean SD  Mean SD 

Positive  686.5 45.5  698.0 60.7 

Negative  701.8 48.5  716.9 67.9 

Neutral  674.5 40.4  687.4 63.2 

 

 

Table 4-6.  Experiment 2 – Emotional flanker task accuracy (in %) 

  Group 

  Monolinguals  Bilinguals 

Distractor Picture Valence  Mean SD  Mean SD 

Positive  98.2 2.1  97.8 3.1 

Negative  98.2 1.9  98.1 3.4 

Neutral  98.9 1.5  97.9 4.1 

 

 

Table 4-7.  Experiment 2 – Emotional digit parity task response times (in ms) 

  Group 

  Monolinguals  Bilinguals 

Distractor Picture Valence  Mean SD  Mean SD 

Positive  965.2 75.4  961.7 82.9 

Negative  991.9 88.5  969.8 86.2 

Neutral  941.7 70.1  933.3 80.5 
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Table 4-8.  Experiment 2 – Emotional digit parity task accuracy (in %) 

  Group 

  Monolinguals  Bilinguals 

Distractor Picture Valence  Mean SD  Mean SD 

Positive  89.3 8.3  86.3 10.1 

Negative  89.8 7.7  87.4 9.6 

Neutral  90.4 7.6  90.4 6.6 
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Experiment 2 Targets and Distractors 
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Figure 4-1.  Targets and distractors for Experiment 2, emotional distraction 
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CHAPTER 5 

EXPERIMENT 3 – COGNITIVE AND EMOTIONAL DISTRACTION 

Method 

Participants  

Sixty participants, 30 bilinguals fluent in English and Spanish (60.0% female; 90.0% 

Hispanic, 10.0% Caucasian) and 30 monolinguals (70.0% female; 80.0% Caucasian, 13.3% 

African American, 6.7% Asian) fluent only in English, were recruited and compensated as for 

Experiments 1 and 2. Participants were also pre-screened for their language status and 

categorized as monolingual or bilingual based upon the same criteria as was used in Experiments 

1 and 2. 

The groups did not differ in their proficiency in speaking or understanding their dominant 

language, ts< 1. Consistent with both experiments, bilinguals reported greater non-dominant 

language proficiency in speaking, t(57) = 27.00, p < .001, and understanding, t(57) = 27.91, p < 

.001, than monolinguals. Bilinguals also reported less exposure to their dominant language, t(58) 

= 4.71, p < .001, and more exposure to their non-dominant language, t(57) = 7.79, p < .001, than 

monolinguals. Language demographics for the groups are presented in Table 5-1. 

Monolinguals' and bilinguals' demographic characteristics as well as performance on 

several cognitive tests are presented in Table 5-2. The groups did not differ in terms of age, t < 1, 

years of formal education, t(58) = 1.08, p = 28, self-reported college GPA,  t(38) = 1.23, p = .25, 

health rating, t(58) = 1.08, p = 28, gaming hours per month, t(24) = 1.56, p = .13, vocabulary 

score, forward digit span, t < 1, p = .20, or backward digit span, t < 1, t(58) = 1.06, p = 29.  
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Materials  

The materials were identical to those in Experiment 1, where distractors were cognitive in 

nature. Identical picture sets from Experiment 2 were used here for emotional and neutral 

distractors as well as fillers. 

Procedure 

The flanker task was the same as Experiment 1, except for the addition of an emotional or 

neutral distractor (picture) along with the flanker distractors on each trial. The digit parity task 

was identical to Experiment 1, except for the inclusion of an emotional or neutral distractor 

(picture) on each trial along with the cognitive distractor (digit) distractor on the digit parity task. 

Half of the time, the target digits and distractor appeared above the picture distractor, and for the 

other half of the trials, the target digits and distractor appeared below the distractor picture. See 

Figure 5-1 for examples of the stimuli for both the tasks in this experiment. As in Experiment 2, 

all participants rated the valence of a subset of the pictures used in the tasks. 

Results 

Participants' Valence Ratings 

To evaluate whether monolinguals and bilinguals perceived the valence of the pictures 

similarly, a 2 (Group: monolingual, bilingual) x 3 (Valence: positive, negative, neutral) mixed 

factorial ANOVA compared the mean valence ratings given by participants, and results did not 

reveal a main effect of group, F < 1, or an interaction, F(2, 116) = 1.06, MSE = .49, p = .35, η
2
 = 

.02. However, the main effect of valence was significant, F(2, 116) = 715.65, MSE = .49, p < 

.001, η
2
 = .92, such that negative pictures were rated lower than neutral pictures, p < .001, which 

were rated lower than positive pictures, p < .001, consistent with the valence categories 

suggested by IAPS ratings. 
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Flanker Task with Emotional Distractors 

Response times  

Incorrect responses and practice trials were excluded from analysis, and the data were 

trimmed of outliers that were more than 2 standard deviations above or below each participant's 

mean for each of the 9 trial types. Trimming resulted in similar data loss across groups (4.1% for 

monolinguals and 4.4% for bilinguals) and for congruent trials (positive distractor: 4.1%; 

negative distractor: 5.1%; neutral distractor: 3.0%), incongruent trials (positive distractor: 4.4%; 

negative distractor: 5.0%; neutral distractor: 4.2%), and neutral trials (positive distractor: 4.0%; 

negative distractor: 4.9%; neutral distractor: 3.8%). 

Despite trimming the data, the data remained quite skewed as indicated by a standardized 

z-score for skew, which was 21.08, compared to 4.9 for Experiment 1 and 7.6 for Experiment 3.  

To reduce the skew, participants whose mean RTs on incongruent trials with negative distractors 

(the condition that elicited the slowest RTs) that were more than 2 standard deviations above or 

below the mean for their groups were removed. This resulted in removal of 2 monolingual and 2 

bilingual participants. Removal of these four participants reduced the skew of the data to a z-

score of 4.9 but did not substantially change the means for either group.  

A 2 (Group: monolingual, bilingual) x 3 (Flanker Type: neutral, congruent, incongruent) 

x 3 (Distractor Picture Valence: positive, negative, neutral) mixed factorial ANOVA was 

conducted on mean RTs with language balance and gaming added as covariates. While there was 

no main effect of group, F(1, 52) = 1.16, MSE = 39436.45, p = .29, η
2
 = .02, there was a main 

effect of flanker type, F(2, 112) = 85.96, MSE = 1943.45, p < .001, η
2
 = .61, such that neutral 

flanker trials (M =764.95, SD = 63.66) were responded to marginally faster than congruent 

flanker trials (M = 770.02, SD = 62.62), p = .08, which were faster than incongruent flanker trials 

(M = 859.72, SD = 78.42), p < .001. There was also a main effect of distractor picture valence, 
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F(2, 112) = 8.14, MSE = 836.98, p < .001, η
2
 = .13, such that participants responded faster to 

trials accompanied by neutral distractor pictures (M = 785.84, SD = 63.55) than to those 

accompanied by positive (M = 801.17, SD = 66.92) or negative (M = 807.68, SD = 71.56) 

distractor pictures, p's < .001. RTs to trials with positive distractor pictures were marginally 

faster than trials with negative distractor, p = .07. These main effects were qualified by a 

marginally significant Flanker Type x Distractor Picture Valence interaction, F(4, 208) = 2.24, 

MSE = 764.39, p = .07, η
2
 = .04, a marginal Group x Flanker Type interaction, F(2, 104) = 2.37, 

MSE = 1468.57, p = .10, η
2
 = .04, and a marginal three-way interaction of group x flanker type x 

distractor picture valence, F(4, 208) = 2.04, MSE = 764.39, p = .09, η
2
 = .04. Mean RTs for each 

group is broken down by flanker type and distractor picture valence in Table 5-3.  

Following up on the highest order, three-way interaction within each group, a 3 (Flanker 

Type: neutral, congruent, incongruent) x 3 (Distractor Picture Valence: positive, negative, 

neutral) mixed factorial ANOVA for monolinguals revealed a significant interaction for the 

monolingual group shown in Figure 5-2, F(4, 100) = 2.50, MSE = 657.56, p = .05, η
2
 = .09. 

While the effect of distractor picture valence was significant for monolinguals for all flanker 

types, i.e., congruent, F(2, 50) = 12.69, MSE = 518.47, p < .001, η
2
 = .34, incongruent, F(2, 50) 

= 3.23, MSE = 979.45, p = .05, η
2
 = .11, and neutral, F(2, 50) = 5.27, MSE = 472.83, p = .008, η

2
 

= .17, the basis of the interaction stemmed from positive valence pictures. In particular, for 

incongruent trials with positive distractor pictures, RTs were particularly slowed such that they 

were equivalent to RTs for trials with negative pictures, whereas for congruent and neutral trials, 

RTs following positive pictures were faster than trials with negative pictures. Indeed, comparing 

the groups directly on incongruent trials when distractors were positive showed that bilinguals 

responded marginally faster (M = 839.6, SD = 86.0) than monolinguals (M = 895.9, SD = 98.2), 
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F(3, 52) = 2.76, MSE = 8584.25, p = .10, η
2
 = .05. Trials with positive valence distractors were 

also slowed relative to trials with neutral valence distractors when flankers were congruent and 

incongruent, but not when flankers were neutral.  

In contrast, the Flanker Type x Distractor Picture Valence ANOVA for the bilingual group 

showed no interaction, F(4, 100) = 1.83, MSE = 892.24, p = .13, η
2
 = .06, and no effect of 

distractor picture valence, F < 1. There was only a main effect of flanker type, F(2, 50) = 26.01, 

MSE = 1201.01, p < .001, η
2
 = .51, such that bilinguals responded faster to neutral (M = 757.3, 

SD = 52.35) and congruent (M = 762.3, SD = 50.87) trials than to incongruent trials (M = 848.2, 

SD = 65.99), p < .001, but did not differ for neutral and congruent trials, p = .20. Figure 5-3 

shows this nonsignificant interaction separately for bilinguals. 

 The three-way interaction was also followed up by looking at between-group differences 

for conflict effects within each level of valence. Conflict effects arising from incongruent trials 

were evaluated in two ways: (1) by comparing incongruent to neutral RTs (i.e., termed neutral 

conflict effect), and (2) by comparing incongruent to congruent RTs (i.e., termed congruent 

conflict effect). To evaluate neutral conflict effects, three 2 (Group: monolingual, bilingual) x 2 

(Flanker Type: neutral, incongruent) repeated measures ANOVAs were conducted on 

participants' mean RTs within each level of valence. Similarly, to evaluate congruent conflict 

effects, three additional 2 (Group: monolingual, bilingual) x 2 (Flanker Type: congruent, 

incongruent) repeated measures ANOVAs, one for each level of valence, were conducted on 

participants' mean RTs. A significant group x flanker type interaction in these analyses indicates 

that the groups differed in the size of their conflict effects.  

Results of these analyses with neutral valence distractor pictures revealed no group x 

flanker type interaction, Fs < 1, indicating equivalent neutral and congruent conflict effects for 
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both groups. However, when distractor pictures were positive, there was a significant group x 

flanker type interaction for the neutral conflict effect, F(1, 52) = 5.00, MSE = 2015.86, p = .03, 

η
2
 = .09, such that interference effects from incongruent trials relative to neutral trials were 

smaller for bilinguals (Mconflict= 80.1, SDconflict = 58.0) than for monolinguals (Mconflict= 131.8, 

SDconflict = 65.5). Furthermore, when distractors were negative, there was a marginally significant 

group x flanker type interaction for the congruent conflict effect, F(1, 52) = 3.52, MSE = 858.01, 

p = .07, η
2
 = .06, such that conflict effects as measured by congruent versus incongruent trials 

were smaller for bilinguals (Mconflict = 63.2, SDconflict = 43.4) than for monolinguals (Mconflict = 

91.5, SDconflict = 41.7). Table 5-4 shows the size of the neutral and congruent conflict effects for 

each level of distractor valence. No other group x flanker type interactions were significant, ps > 

.18. 

Accuracy  

 Accuracy was computed on all experimental trials with incorrect responses and trials 

where participants failed to respond in the allotted time considered inaccurate.  A 2 (Group: 

monolingual, bilingual) x 3 (Flanker Type: neutral, congruent, incongruent) x 3 (Distractor 

Picture Valence: positive, negative, neutral) mixed factorial ANOVA with language balance and 

gaming as covariates was conducted on mean proportion of accurate responses. Results revealed 

a main effect of flanker type, F(2, 104) = 11.09, MSE = .004, p < .001, η
2
 = .18, such that 

participants responded more accurately to congruent trials (M = 97.5% SD = 8.2%) and neutral 

trials (M = 97.0%, SD = .7.5%) than to incongruent trials (M = 91.0%, SD = 10.4%), p's < .001, 

but did not differ with respect to congruent and neutral trials, p = .19. There was no main effect 

of distractor picture valence, F(2, 104) = 1.21, MSE = .002, p = .24, η
2
 = .02, or of group, F(1, 

52) = 1.42, MSE = .06, p = .24, η
2
 = .03. None of the interactions were significant, ps > 28. Table 

5-5 shows the mean accuracy for each group for each flanker type and distractor valence. 
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Digit Parity Task with Emotional Distractors 

Response times  

Only experimental trials where participants responded correctly were included in the 

analyses. After excluding practice trials and incorrect trials, the data were trimmed of outliers 

that were more than 2.5 standard deviations above or below each participant's mean for trials 

with positive, negative, and neutral distractor pictures. Trimming resulted in minimal data loss 

for both groups (3.6% for monolinguals and 4.0% for bilinguals) and for congruent trials 

(positive distractor: 2.4%; negative distractor: 1.3%; neutral distractor: 3.0%), incongruent trials 

(positive distractor: 2.1%; negative distractor: 2.1%; neutral distractor: 4.2%), neutral trials 

(positive distractor: 3.4%; negative distractor: 2.8%; neutral distractor: 4.3%), and ambiguous 

trials (positive distractor: 3.9%; negative distractor: 3.4%; neutral distractor: 4.8%). 

A 2 (Group: monolingual, bilingual) x 4 (Digit Distractor Type: congruent, incongruent, 

neutral, ambiguous) x 3 (Distractor Picture Valence: positive, negative, neutral) mixed factorial 

ANOVA was conducted on mean RTs. Results revealed a main effect of digit distractor type, F(3, 

159) = 16.93, MSE = 3646.46, p < .001, η
2
 = .24, such that RTs to trials with congruent (M = 

963.82, SD = 87.12) and neutral distractors (M = 964.87, SD = 78.74), which did not differ, p = 

.84, were faster than RTs to trials with incongruent distractors (M = 991.59, SD = 87.88), p < 

.001, which were faster than responses to trials with ambiguous digit distractors (M = 1037.28, 

SD = 85.46) ps = .001. No other effects were significant, ps > .34. Table 5-6 provides a 

breakdown of mean RTs for each group in each digit distractor and picture valence condition. 

These results did not change when participants were excluded as in the flanker task, i.e., when 

the monolingual and bilingual participants with the slowest RTs and the monolingual and 

bilingual participants with the fastest RTs on incongruent trials with negative distractors were 

excluded.  
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Accuracy  

Accuracy was computed on experimental trials for all participants, and incorrect 

responses and trials where participants failed to respond in the allotted time were considered 

inaccurate.  A 2 (Group: monolingual, bilingual) x 4 (Digit Distractor Type: neutral, congruent, 

incongruent, ambiguous) x 3 (Distractor Picture Valence: positive, negative, neutral) mixed 

factorial ANOVA was conducted on mean proportion of accurate responses. Results revealed a 

main effect of digit distractor type, F(3, 168) = 10.56, MSE = .03, p < .001, η
2
 = .16, such that 

participants responded more accurately to ambiguous trials (M = 89.0 % ,SD = 10.7%) than to 

neutral trials (M = 85.7 % ,SD = 10.6%), p < .001 and congruent trials (M = 84.0% , SD = 

15.4%), p = .002, both of which were more accurate than incongruent trials (M = 80.5%, SD = 

16.12%), p < .001 and p = .01 respectively.  There was also a marginally significant main effect 

of distractor picture valence, F(2, 112) = 2.45, MSE = .01, p = .09, η
2
 = .04, such that participants 

responded more accurately to trials accompanied by neutral distractor pictures (M = 85.7%, SD = 

11.0%) than those accompanied by negative distractor pictures (M = 83.8%, SD = 13.3%), p = 

.02. Trials accompanied by positive distractors (M = 84.8%, SD = 13.0%) did not differ from 

either negative distractors, p = .25, or neutral distractors, p = .21. Table 5-7 shows the means for 

each group in each digit distractor and picture valence condition. There was no significant effect 

of group, F(1, 56) = 1.46, MSE = .18, p = .23, η
2
 = .02, and there were no significant interactions 

involving group, all F's < 1.8, all p's > .15.  

There was, however, a significant interaction between digit distractor type and distractor 

picture valence, F(6, 336) = 2.62, MSE = .01, p = .02, η
2
 = .04. The interaction was followed up 

by looking at distractor picture valence within each level of distractor digit type, and results 

revealed that the basis of the interaction arose from incongruent digit distractors. There was an 

effect of distractor picture valence only for trials accompanied by incongruent distractor digits, 
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F(2, 118) = 3.23, MSE = .01, p = .04, η
2
 = .05. When digit distractors were incongruent, 

participants responded more accurately to trials accompanied by neutral valence pictures (M = 

83.4%, SD = 13.7%) than to those accompanied by negative valence pictures (M = 78.3%, SD = 

19.6%), p = .01, and marginally more accurately than trials accompanied by positive valence 

pictures (M = 79.8%, SD = 22.1%), p = .07, while trials with positive and neutral valence 

distractors did not differ in accuracy, p = .49. No effect of distractor picture valence emerged 

when digit distractors were congruent, p = .61, neutral, p = .95, or ambiguous, p = .40. Figure 5-4 

shows this interaction. 

Valence Carryover Effects on Neutral Filler Trials 

As with Experiment 2, every other trial in this experiment was a filler trial accompanied 

by a neutral valence distractor picture, which allowed for analysis of whether the effect of 

valence of the distractor on an experimental trial carried over to the subsequent filler trial. RTs 

were trimmed of outliers as previously described, and incorrect responses and trials where 

participants failed to respond in the allotted time were considered inaccurate for accuracy 

analyses. Only effects relevant to Previous Trial Distractor Valence are reported below. 

Experiment 3 – flanker task with emotional distractors 

Response times.  The filler trials were trimmed of outliers as described above, and a 2 

(Group: monolingual, bilingual) x 3 (Flanker type: congruent, incongruent, neutral) x 3 (Previous 

trial distractor valence: positive, negative, neutral) mixed factorial ANOVA was conducted on 

mean RTs. There was no main effect of previous trial distractor valence, F(2, 104) = 1.66, MSE = 

592.62, p = .19, η
2
 = .03, and no significant interactions with this factor, Fs < 1. 

Accuracy.  Accuracy was computed on filler trials for all participants, and incorrect 

responses and trials where participants failed to respond in the allotted time were considered 

inaccurate, and a 2 (Group: monolingual, bilingual) x 3 (Flanker type: congruent, incongruent, 
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neutral) x 3 (Previous trial distractor valence: positive, negative, neutral) mixed factorial 

ANOVA was conducted the mean proportion of accurate responses. There was no main effect of 

previous trial distractor valence or any interactions with this factor, Fs < 1. 

Experiment 3 - digit parity task with emotional distractors 

Response times.  A 2 (Group: monolingual, bilingual) x 4 (Digit distractor type: 

congruent, incongruent, neutral, ambiguous) x 3 (Previous trial distractor valence: positive, 

negative, neutral) mixed factorial ANOVA was conducted on mean RTs for filler trials, and 

results revealed a main effect of previous trial distractor valence, F(2, 112) = 5.78, MSE = 

3492.37, p < .001, η
2
 = .09, such that participants responded faster to filler trials preceded by a 

trial with a positive valence distractor picture (M = 944.1, SD = 92.9) or a negative valence 

distractor picture (M = 948.9, SD = 78.5) than to filler trials preceded by a trial with a neutral 

valence picture distractor (M = 976.6, SD = 79.0), p < .001, but RTs for filler trials preceded by 

trials with positive and negative distractor pictures did not differ, p = .18. However, there were 

no interactions with this factor, all Fs < 1.  

Accuracy.  A 2 (Group: monolingual, bilingual) x 4 (Digit distractor type: congruent, 

incongruent, neutral, ambiguous) x 3 (Previous trial distractor valence: positive, negative, 

neutral) mixed factorial ANOVA was conducted on mean proportion of accurate responses, and 

results revealed only a marginal main effect of previous trial distractor valence,  F(2, 112) = 

2.36, MSE = .009, p = .10, η
2
 = .04, but this marginal effect did not reveal and significant 

pairwise comparisons, and there were no interactions with this factor, F < 1.  

Discussion 

 The purpose of Experiment 3 was to test the hypothesis that bilinguals would control 

attention in the simultaneous presence of cognitive and emotional distractors better than 

monolinguals. Results from the flanker task provide support for this hypothesis in several ways. 
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First, only monolinguals were affected by distractor picture valence, responding more slowly in 

the presence of negative and positive pictures relative to neutral pictures, whereas bilinguals' RTs 

were equivalent regardless of distractor picture valence. Second, bilinguals experienced smaller 

conflict effects than monolinguals on incongruent flanker trials accompanied by positive and 

negative distractor pictures. Furthermore, bilinguals also responded marginally faster than 

bilinguals for incongruent trials with emotional (positive) distractors, circumstances that offered 

the most distraction. These findings demonstrate an advantage over monolinguals in controlling 

attention to cognitive distractors, specifically in the presence of emotional distraction, and they 

support the hypothesis that bilinguals would control attention in the presence of joint cognitive 

and emotional distraction better than monolinguals. 

Results from the digit parity task, on the other hand, provide no support for the 

hypothesis, as monolinguals and bilinguals equivalently experienced interference from 

incongruent trials in conjunction with emotional distraction, evidenced by slower RTs overall and 

reduced accuracy specifically for negative and positive pictures relative to neutral pictures. The 

lack of a bilingual advantage for the digit parity task is consistent with the findings of 

Experiment 1, as was the sensitivity of both groups to the digit distractor type, with incongruent 

trials and ambiguous trials slowing RTs relative to the other conditions. However, unlike 

Experiment 1, ambiguous trials had the highest accuracy, suggesting a speed-accuracy tradeoff 

for ambiguous trials that did not occur for incongruent trials. A bilingual advantage may again 

have failed to emerge in this experiment because of participants accessing the words for the 

digits, contrary to some claims that the digit parity task is non-lexical (Fias et al., 2001). Because 

bilinguals are slower in lexical access than monolinguals, this slowdown would offset any speed 

advantage that bilinguals might have in controlling distraction.  
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These results also extend the results from Experiment 2, where no bilingual advantage 

was found when distractors were emotional distractor pictures, although both groups did 

experience slowing in the presence of those distractors. When cognitive distraction (flankers) 

was added along with the emotional distractors in Experiment 3, a bilingual advantage in 

managing these distractions emerged, supporting an interpretation where high levels of cognitive 

control are necessary for a bilingual advantage in managing emotional distraction to occur. The 

addition of the cognitive distractors allowed for an unpredictable response cue, one that was 

either consistent or conflicted with the correct response. The flanker task would therefore be 

expected to activate the dACC, consistent with evidence from previous research (e.g., Abutalebi 

et al., 2012), which in turn would have signaled the need for increases in cognitive control for 

both monolinguals and bilinguals. Based on the present results, bilinguals' better ability to 

control attention may be limited to contexts when cognitive control is up-regulated, which 

allowed them to completely suppress interference from the emotional pictures in Experiment 3 

so that RTs were equivalent regardless of distractor picture valence. In contrast, monolinguals 

experienced decrements in performance due to interference from the emotional distractor 

pictures. Thus, bilinguals can control attention in the presence of emotional distractors more 

effectively than monolinguals but only when demands on attentional control are high.  

While the results in terms of accuracy on the flanker task replicated the difficulty of 

incongruent trials found in Experiment 1, where incongruent trials were responded to less 

accurately, and extended that difficulty in this experiment to the digit parity task, there was no 

evidence of a bilingual advantage in either task. Whereas the flanker task consistently 

demonstrated no group differences in accuracy across all three experiments, the digit parity task 

exhibited inconsistent group effects in accuracy across experiments, again underscoring the need 
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for interpreting these results with caution. Nonetheless, independent of group, the digit parity 

task was sensitive to detecting an effect of valence in accuracy that was specific to incongruent 

trials, where accuracy was lower in the presence of emotional relative to neutral distractors. This 

interaction suggests that when the demand on cognitive control was highest, i.e., due to the 

presence of an incongruent distractor digit, controlling distraction from the emotional pictures 

was especially difficult. This finding supports the idea that the combined sources of distraction 

makes the digit parity task more difficult, similar to the flanker task, but that this increase in 

difficulty did not dissociate bilinguals' and monolinguals' performance unlike the flanker task.  

In terms of carryover effects on filler trials, RTs on the digit parity task revealed an effect 

of previous trial valence. Participants responded faster on filler trials preceded by trials with a 

positive or negative valence distractor than to those preceded by a trial with a neutral valence 

distractor. Similar to the carryover effects on accuracy in Experiment 2, these facilitation on RTs 

were equivalent for bilinguals and monolinguals, again providing counterevidence to the 

hypothesis being tested. These facilitation effects may be related to the difference between 

emotional distractors that are words versus pictures. Studies showing inhibitory carryover effects 

have typically involved emotional words (e.g., Ashley & Swick, 2009; Bertels et al., 2011), 

whose lexical and semantic properties get activated upon presentation. Even after a word is no 

longer visible, residual activation in the semantic network associated with an emotional word can 

continue to provide distraction (e.g., Ashley & Swick, 2009), which could result in an inhibitory 

carryover effect. When the distractors are emotional pictures as in the present experiments, the 

visual nature of the distractors may become less distracting once the picture disappears and can 

even be helpful to processing. Research by Phelps, Ling, and Carrasco (2006) supports this 

interpretation by showing that emotional pictures facilitate perception and attention, i.e., 
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identification of the orientation of a Gabor patch shown in Figure 5-5, following the offset of 

those pictures.  The mechanism underlying facilitation following emotional pictures maybe due 

to the lingering effects of arousal that such pictures produce. In addition to emotional arousal 

heightening perceptual sensitivity  (Lane, Chau, & Dolan, 1999; Phelps et al., 2006), research 

indicates that the late positive potential (LPP), which indexes attention to emotional pictures, 

results in physiological arousal that persists for 6 seconds after the offset of arousing emotional 

pictures and is associated with emotional arousal (Cuthbert, Schupp, Bradley, Birbaumer & 

Lang, 2000).  
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Table 5-1.  Monolinguals' and bilinguals' self-reported language proficiency and exposure 

    Group 

    Monolinguals  Bilinguals 

Variable    Mean SD  Mean SD 

*% Exposure to Dominant Language  92.2 19.7  71.5 14.5 

*% Exposure to Non-Dominant Language  3.4 4.9  26.6 15.3 

Proficiency Speaking Dominant Language  

(0-10 scale)  

 
9.5 .57 

 
9.4 .81 

*Proficiency Speaking Non-Dominant Language  

  (0-10 scale) 

 
1.4 .87 

 
8.4 1.1 

Proficiency Understanding Dominant Language 

(0-10 scale) 

 
9.5 .63 

 
9.4 .76 

*Proficiency Understanding Non-Dominant  

  Language (0-10 scale) 

 
1.6 .94 

 
8.8 1.0 

* p < .001 

 

 

Table 5-2.  Monolinguals and bilinguals' demographic characteristics and cognitive tests  

 Group 

 Monolinguals  Bilinguals 

Variable Mean SD  Mean SD 

Age (years) 18.6 3.5  19.2 1.3 

Education (years) 13.4 2.4  12.8 4.2 

College GPA (out of 4.0) 3.34 .47  3.51 .41 

Health (1-10 scale) 8.1 1.2  8.4 1.2 

Gaming Hours per month 22.2 28.6  9.9 11.7 

Vocabulary (out of 25) 13.0 3.7  13.9 3.1 

Forward Digit Span 7.2 1.4  6.7 1.3 

Backward Digit Span 4.7 1.0  4.7 1.4 
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Table 5-3.  Experiment 3 – Cognitive and emotional flanker task response times (in ms) 

 Group 

Monolinguals  Bilinguals 

Flanker Type   x   Distractor Valence Mean SD  Mean SD 

Congruent Positive  781.8 70.6  767.0 64.4 

 Negative  787.0 78.3  779.6 56.8 

 Neutral  762.8 70.5  760.9 52.0 

        

Incongruent Positive  881.2 106.2  851.5 89.9 

 Negative  873.2 98.8  852.1 79.4 

 Neutral  859.4 92.1  841.0 56.4 

        

Neutral Positive  769.2 63.9  756.5 45.8 

 Negative  785.8 84.9  766.6 66.4 

 Neutral  765.2 73.1  748.8 49.7 

 

Table 5-4.  Experiment 3 – Conflict effects for each level of distractor picture valence (in ms) 

 Group 

Monolinguals  Bilinguals 

Conflict Effect     Distractor Valence Mean SD  Mean SD 

Neutral Positive  131.8 65.5  80.1 58.0 

 Negative  94.0 40.1  77.1 36.0 

 Neutral  93.5 39.1  92.0 29.8 

        

Congruent Positive  108.0 58.2  79.7 55.0 

 Negative  91.5 41.7  63.2 44.4 

 Neutral  120.9 53.4  100.1 48.8 

 

Table 5-5.  Experiment 3 – Cognitive and emotional flanker task accuracy (in %)  

 Group 

Monolinguals  Bilinguals 

Flanker Type   x   Distractor Valence Mean SD  Mean SD 

Congruent Positive  98.4 3.7  96.6 10.6 

 Negative  98.7 2.6  96.6 9.6 

 Neutral  98.7 2.3  95.7 14.3 

        

Incongruent Positive  89.8 15.8  93.1 15.3 

 Negative  91.4 14.2  90.0 14.1 

 Neutral  89.6 14.2  91.9 13.7 

        

Neutral Positive  96.8 4.2  95.9 9.3 

 Negative  98.6 2.7  95.6 11.8 

 Neutral  97.4 4.9  96.9 11.0 
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Table 5-6.  Experiment 3 – Cognitive and emotional digit parity task response times (in ms) 

 Group 

 Monolinguals  Bilinguals 

Flanker Type   x   Distractor Valence Mean SD  Mean SD 

Congruent Positive  959.7 92.2  954.7 122.4 

 Negative  984.2 109.8  987.6 102.4 

 Neutral  962.1 95.2  933.7 107.1 

        

Incongruent Positive  1005.1 86.4  990.7 106.7 

 Negative  1019.3 111.4  992.3 127.9 

 Neutral  973.2 109.9  968.4 89.5 

        

Neutral Positive  966.5 91.0  957.8 77.3 

 Negative  977.8 72.8  978.6 118.0 

 Neutral  968.3 91.1  940.0 72.1 

        

Ambiguous Positive  1040.7 92.7  1055.6 88.0 

 Negative  1048.4 88.7  1024.6 99.6 

 Neutral  1035.5 98.5  1018.9 80.9 

 

 

Table 5-7.  Experiment 3 – Cognitive and emotional digit parity task accuracy (in %) 

 Group 

 Monolinguals  Bilinguals 

Flanker Type   x   Distractor Valence Mean SD  Mean SD 

Congruent Positive  84.5 21.1  85.3 15.6 

 Negative  85.0 22.2  80.9 21.2 

 Neutral  84.0 12.6  84.5 14.6 

        

Incongruent Positive  82.5 18.4  77.2 26.3 

 Negative  80.7 15.0  75.9 24.2 

 Neutral  83.0 12.7  83.9 15.4 

        

Neutral Positive  85.7 12.7  85.9 13.0 

 Negative  84.5 11.9  87.1 13.1 

 Neutral  85.1 10.9  85.8 11.3 

        

Ambiguous Positive  88.7 13.2  88.9 12.8 

 Negative  89.5 10.6  86.9 14.0 

 Neutral  90.5 9.8  89.2 12.2 
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Figure 5-1.  Targets and distractors for Experiment 3, cognitive and emotional distraction  
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Figure 5-2.  Monolinguals' flanker task RTs in Experiment 3   



 

82 

 

Figure 5-3.  Bilinguals' flanker task RTs in Experiment 3 
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Figure 5-4.  The interaction of digit distractor type and distractor picture valence on accuracy in 

Experiment 3. 

 

 

Figure 5-5.  Example of a Gabor patch 
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CHAPTER 6 

GENERAL DISCUSSION 

Findings of bilingual advantages in controlling attention have previously been limited to 

contexts in which distractors were cognitive in nature. The present study sought to determine 

whether bilinguals are better than monolinguals in controlling attention more broadly, 

specifically in the presence of emotional distraction and in the presence of joint cognitive and 

emotional distraction. Two tasks were used to investigate these questions: the flanker task (and 

modifications thereof) and the digit parity task. The flanker task was chosen because it 

consistently has shown an effect of cognitive distraction on RTs (Costa et al., 2008; Eriksen & 

Eriksen, 1974; Fan et al., 2002; Nieuwenhuis et al., 2006; Pelham & Abrams, 2013), an effect 

which has been useful in dissociating bilinguals and monolinguals' sensitivity to this distraction. 

Results of studies that have used the flanker task have often revealed a bilingual advantage, 

either in smaller conflicts or overall faster responding (e.g., Abutalebi et al., 2012; Costa et al., 

2008, Pelham & Abrams, 2013).The digit parity task was selected because it has been shown to 

be sensitive to an effect of emotional distraction, specifically distraction from emotional pictures, 

on RTs (Fernandes et al., 2011), but this issue had not previously been assessed in bilinguals. 

The results of these experiments, summarized in Table 6-1, demonstrated some instances of a 

bilingual advantage, namely in RTs on the flanker task, and revealed that bilinguals are better 

able to control attention in the presence of emotional distraction than monolinguals when there 

are simultaneous cognitive demands. 

Most explanations of bilingual advantages are predicated on the necessity of managing 

two languages. Bilinguals engage domain general executive function to monitor conflict between 

their two languages, in particular the dACC (Price et al., 1999; Abutalebi & Green, 2007; 

Rodriguez-Fornells et al., 2005; van Heuven, Schriefers, Dijkstra, & Hagoort, 2008), which in 
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turn improves bilinguals' EF, resulting in their responding faster overall and/or having smaller 

conflict effects than monolinguals on tasks that require executive functioning such as the flanker 

task (Abutalebi et al., 2012). Our results are consistent with this assertion, as a bilingual 

advantage on the flanker task emerged. In Experiment 1, bilinguals manifested an overall speed 

advantage relative to monolinguals, i.e., bilinguals responded more quickly than monolinguals 

on all trials (congruent, incongruent, and neutral). This bilingual advantage in speed of 

responding in the presence of cognitive distraction replicates previous studies (Bialystok & 

Viswanathan, 2009; Emmory et al., 2008), although no bilingual advantage emerged in terms of 

conflict effects. This is not uncommon, as the finding of an overall speed advantage is more 

consistently observed than the bilingual advantage of smaller conflict effects (e.g., as noted in 

Costa et al., 2008; Hilchey & Klein, 2011). In contrast, no bilingual advantage of either type 

emerged in Experiment 2 when distractors were solely emotional pictures. A possible 

interpretation of this finding, i.e., bilinguals are not better than monolinguals at controlling 

attention to distracting emotional stimuli, was ruled out by the findings of Experiment 3, where 

emotional pictures slowed RTs only for monolinguals and not bilinguals, and bilinguals had 

smaller conflict effects (less interference from incongruent trials) than monolinguals when 

emotional distractors were present. Thus, bilinguals are able to exhibit an advantage in the 

presence of emotional pictures. 

Why did a bilingual advantage in the presence of emotional distraction emerge in 

Experiment 3 but not Experiment 2? The difference must be attributed to the one variable that 

changed between the two experiments, cognitive distraction. The presence of cognitive 

distractors in Experiment 3 sometimes (33% of the time) cued a conflicting response possibility, 

which was hypothesized to increase dACC activation, consistent with previous research 
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(Abutalebi et al., 2012), and in turn would signal the need for increased cognitive control 

(Botvinick et al., 2004). Conversely, without conflict response options as in Experiment 2, dACC 

was not increased, cognitive control was not upregulated, and thus no bilingual advantage 

emerged. This interpretation is consistent with research showing that dACC activation is 

associated with conflicts in information processing and with other research that clearly links 

bilingual advantages with dACC activation (Abutalebi et al., 2012). The present results suggest 

that having distractors that cue response conflicts is necessary for the emergence of a bilingual 

advantage in suppressing emotional distraction to occur. 

It is important to note that independently of the bilingual-monolingual comparisons, the 

flanker task was sensitive to the manipulations of both cognitive and emotional distraction. 

Experiment 1 results revealed a robust influence of flanker type, with incongruent trials slowing 

RTs relative to congruent and neutral trials, as is typically the case with flanker tasks (Fan et al., 

2002). Experiment 2 showed a parallel influence of distractor picture valence, where positive and 

negative pictures slowed participants' RTs compared to neutral pictures in a simplified arrows 

task, consistent with findings of the effect of emotional pictures in other simple cognitive tasks, 

such as identifying the location of a horizontal line as being above or below a distractor picture 

(Schimmack, 2005). Experiment 3 replicated both effects under conditions that simultaneously 

presented both types of distraction, demonstrating that cognitive and emotional distraction have 

independent, interfering influences. Consequently, any differences (or lack thereof) between 

monolinguals and bilinguals cannot be explained by the distractors failing to have the intended 

impact. 

Turning to the digit parity task, the results were less informative in shedding light on 

bilinguals' advantage in controlling attention under conditions of distraction, revealing group 
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differences only for accuracy, not speed, which were inconsistent across experiments. There was 

a bilingual advantage in Experiment 1, a bilingual disadvantage in Experiment 2, and no group 

differences in Experiment 3. Furthermore, the lack of group differences in RTs, even overall 

RTs, on the digit parity task in all three experiments could be indicative of the task necessitating 

lexical access of the target and distractor digits. This was unexpected because of Fias et al's 

(2001) claim that visually presented digits do not activate lexical properties. They made this 

assertion based on the fact that in a type of picture-word interference task, simultaneously 

presenting an Arabic numeral (e.g., 5) and a written word corresponding to a different number 

(e.g., four) did not slow participants' naming times for the written word but did slow participants' 

naming times for the numerals. Hence, they concluded that Arabic numerals are processed like 

pictures, which do not result in lexical access when they serve as distractors. However, their 

findings may have been specific to the particular task they used. In the present study, retrieving 

semantic aspects of numerals (i.e., whether they were odd or even) was necessary to successfully 

perform the digit parity task, suggesting that lexical access is likely to occur. Because bilinguals 

accomplish lexical access more slowly than monolinguals (Gollan et al., 2008; Ivanova & Costa, 

2008; Pelham & Abrams, 2013), their lexical access deficit may have negated any potential 

executive function benefit in a task that also requires lexical access. In the present study, 

bilinguals were neither faster nor slower than monolinguals and exhibited equivalent conflict 

effects on the digit parity task. These findings leave open the possibility that bilinguals 

experienced an RT advantage on the part of the digit parity task involving control of attention but 

that this advantage was offset by their disadvantage in lexical access. 

Altarriba and Bainsight-Brown (2010) suggested a similar explanation for their findings of 

a bilingual disadvantage when they compared monolinguals and bilinguals on an emotional 
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Simon task. In that task, participants pressed a key on the right or left side of the keyboard 

depending on whether or not a word was positive (e.g., hug, party) or negative (war, grave), and 

words could appear on the right or left side of the computer screen, making them congruent or 

incongruent with the correct response hand. Contrary to a bilingual advantage, bilinguals 

responded more slowly than monolinguals in all conditions, and they had larger conflict effects. 

Altarriba and Bainsight-Brown proposed that bilinguals' disadvantages in lexical access may 

have contributed to their findings since the task required participants to access the semantic 

meaning of the words in order to evaluate whether they were positive or negative. To empirically 

test the hypothesis that digit parity judgments result in lexical access, future research could 

compare neural activation patterns when participants name digits, when they name pictures, and 

when they make digit parity judgments to see if the these tasks are underpinned by overlapping 

neural substrates. Since naming digits and naming pictures clearly require lexical access, those 

conditions would provide a template for neural activation when lexical access occurs. Comparing 

digit naming to picture naming and judgments of digit parity would allow for identification of 

neural activity associated with digits as opposed to non-digits. Finally, if digit parity involves 

lexical access, subtracting neural activity associated only with digits from both digit naming and 

digit parity judgments, and comparing the remaining neural activation patterns to picture naming, 

should reveal a common pattern of activation associated with lexical access apart from semantics 

associated with any particular type of word.  If participants do not lexically access the words for 

the digits when they perform the digit parity task, then neural activation common to digit and 

picture naming should be absent from digit parity judgments. 

While the digit parity task was insensitive to differences between the groups in the present 

study, the task was sensitive to the effects of both types of distraction, similar to the flanker task. 
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Participants in the present study were influenced by the presence of the digit distractor types, 

where incongruent and ambiguous distractors slowed participants' RTs relative to neutral and 

congruent distractors, demonstrating a novel influence of a distractor in digit parity tasks. In 

addition, RTs were slowed in the presence of positive and negative pictures relative to neutral 

pictures, replicating findings from previous research with the digit parity task (Aquino & Arnell, 

2007; Fernandes et al., 2011; Thomas & Hasher2006). The effects of valence were particularly 

robust in the digit parity task, emerging both for RTs and for accuracy, with participants 

responding more accurately on trials with neutral distractor pictures than those with positive 

(Experiment 2) and negative (Experiments 2 and 3) distractor pictures.  

It is worth noting that while the presence of emotional pictures had inhibitory effects on 

responses for experimental trials, the carryover effects of valence on subsequent filler trials was 

facilitative in nature. In Experiment 2, negative distractor pictures on a preceding trial increased 

accuracy in responding to filler trials on the arrows task relative to neutral distractor pictures, and 

on the digit parity task, both positive and negative pictures had this effect. In Experiment 3, 

when filler trials were preceded by positive or negative pictures, participants responded faster 

than if a filler trial was preceded by a trial with a neutral distractor picture. These effects likely 

arise from the fact that emotional pictures increase physiological arousal (Bradley, 2009). There 

are a number of indexes of such arousal, but one reliable index is galvanic skin conductance 

(GSC, aka sweating), which is controlled by the sympathetic nervous system. Codispoti, 

Mazzetti, and Bradley (2009) demonstrated that presentation of positive, negative, and neutral 

pictures for durations as short as 80 msec reliably induced increases in galvanic skin 

conductance. Initial increases in GSC are thought to be related to novelty and occur regardless of 

valence, whereas only positive and negative pictures result in increased GSC when they are no 
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longer novel, such as with repeated presentation (Bradley, 2009). Furthermore, Codispoti et al. 

(2009) demonstrated that even for novel pictures, the effect of increased GSC lasted longer and 

was greater for positive and negative pictures (6 seconds) than neutral pictures (< 1 second), 

showing that positive and negative pictures have a sustained effect on physiological arousal 

compared to neutral pictures. Carryover effects in the present study may therefore reflect the 

influence of this sustained arousal on subsequent filler trials. An alternative possibility is that 

participants may experience a reactive increase in cognitive control on trials with highly 

distracting emotional pictures, and this increase may persist into the next trial and thereby 

facilitate responding on that trial.  

Facilitation in the present study following the offset of emotional pictures is consistent 

with the findings of Phelps et al. (2006), where such pictures improved perceptual sensitivity 

following the offset of those pictures (e.g., Phelps et al., 2006). However, the effects of arousal 

are not always beneficial, as highly arousing (positive and negative) stimuli can also hinder 

performance on subsequent trials as demonstrated on the emotional Stroop task (Ashley & 

Swick, 2009; Bertels et al., 2011). Future research should attempt to define under what 

conditions valence and arousal exert inhibitory versus facilitative influences and whether or not 

those influences hold across different types of valenced stimuli (e.g., words versus pictures).   

One limitation of the present study is that the emotional distraction was always irrelevant 

to the task. When stimuli are irrelevant, participants do not need to attend to them to complete 

the task, and this irrelevance may make them easier to ignore than when they are relevant to the 

task. It is possible that bilinguals only manifest an advantage in controlling attention to 

emotional stimuli when those stimuli are task-irrelevant. When the emotional stimuli are 

relevant, as would be the case in an emotional Simon task where participants would have to press 
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a button to indicate whether an image were positive or negative, attention to the emotional 

stimuli would be required. Directing attention to emotional stimuli might make suppressing 

interference from that stimuli much more difficult for both monolinguals and bilinguals and 

eliminate the bilingual advantage exhibited here. In this regard, an interesting follow-up to the 

present study would involve creating an experimental paradigm where emotional stimuli were 

task-relevant, as in the emotional Simon task suggested above. Participants would see four types 

of stimuli presented on the left or right side of a computer screen: positive pictures, negative 

pictures, a "+" sign, or a "–" sign. Positive pictures and "+" signs would require a keypress with 

one hand, while negative pictures or a "–" sign would require a keypress with the other hand. 

This paradigm includes a response conflict possibility in that the position of the picture or 

symbol on the left or right cues a prepotent left or right-handed response, which can be 

congruent or incongruent with the correct response. Both participant groups would be expected 

to respond more slowly when pictures cued a response than when symbols cued a response 

because emotional pictures typically slow responding (e.g., Fernandes et al., 2011, Schimmack, 

2005; Yamanski et al., 2002) by holding attention longer than non-emotional stimuli (Hajcak & 

Olvet, 2008). However, if bilinguals have an advantage in controlling attention to emotional 

stimuli when the stimuli are task-relevant, then they should be less slowed than monolinguals 

when emotional pictures cue a response. A modification of this paradigm could also address the 

question of whether the presence of a possible response conflict is necessary for emergence of 

bilingual advantages. In this case, the same stimuli would be used to cue responses, but instead 

of presenting stimuli on the left or right side of the computer screen, all stimuli would be 

presented in the center of the screen, and thus they would never cue any prepotent response. If 
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bilingual advantages only emerge when conflicts in information processing occur, than no 

bilingual advantage should arise when the stimuli are centrally presented on the computer screen. 

Other limitations relate to whether or not these results generalize to all bilinguals. As 

noted in the introduction, bilinguals are extremely diverse, but in the present study, only 

Spanish-English bilinguals were included when different language combinations might affect 

attentional control differently. For example, it may be that managing language conflict when two 

langauges are very similar, as is the case for French and Italian, is more attentionally demanding 

for a bilingual than it would be if his/her langauges were very different, e.g., if s/he spoke French 

and Mandarin. If that is the case, then the two languages that a bilingual speaks would be 

important in determining whether or not a bilingual advantage emerged and if so, the degree of 

that advantage. Additionally, while language proficiency is a continuous variable, monolinguals 

and bilinguals were dichotomized for the purpose of the present study as if bilingualism is an 

'all-or-none' quality, when that is not at all the case. While it would be ideal to study attentional 

control at all levels of bilingual proficiency, this approach was not practical in the present study 

since doing so would potentially require hundreds of participants or more. Having included only 

participants at the extremes of the proficiency spectrum for the monolingual (low end) and 

bilingual (high end) groups makes it impossible to address how people with intermediate levels 

of bilingual proficiency might be affected by using two languages. Given that, it is impossible to 

tell at what point along the continuum of second language proficiency bilingual advantages begin 

to emerge.Still another limitation relates to the fact that the bilingual participants' language 

switching habits were not controlled, something that should be included as a covariate in future 

research. This is important because research has demonstrated that language switching may be a 
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key factor in determining whether or not bilinguals have advantages relative to monolinguals 

(Prior & Gollan, 2011).   

Determining whether or not bilinguals are better able than monolinguals to control 

distraction from emotional stimuli is important for research on bilingualism, emotion, and 

attention. The present study supports the idea that bilinguals control attention to emotional 

stimuli better than monolinguals, at least under some circumstances. This suggests that being 

fluently bilingual may have a broader and more far-reaching impact on executive function than 

previously thought and opens up a new world of research questions. For example, does the 

bilingual advantage in controlling attention in the presence of emotional distraction stem strictly 

from attentional control, or does it arise due to bilinguals having better ability to control their 

responses to the emotional stimuli more broadly, i.e., do bilinguals have better emotional control 

than monolinguals? If so, do bilingual children develop emotional control earlier and/or better 

than monolingual children? The present study has provided the first step in understanding 

bilinguals' and monolinguals' ability to control attention in the presence of emotional stimuli. 

However, additional research is needed to determine whether a bilingual advantage occurs under 

more general conditions or whether it is limited to contexts in which the emotional stimuli are 

irrelevant and the cognitive demands on attention are high. 
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Table 6-1. Summary of results 

 Task 

 Flanker  Digit Parity 

Distraction Effect RTs Accuracy  RTs Accuracy 

E
x
p
er

im
en

t 
1
 

Cognitive 

Distractor N < C < I C > N > I  C < N < I < A – 

Group B < M –  – B > M 

2-Way 

Interaction 
– – 

 
– – 

 

E
x

p
er

im
en

t 
2
 

Emotional 

Valence Neu<Pos<Neg –  Neu<Pos<Neg Neu>Pos=Neg 

Group – –  – – 

2-Way 

Interaction 
– –  – 

B: 

Neu>Pos=Neg 

M: 

Neu=Pos=Neg 

E
x
p
er

im
en

t 
3
 

Cognitive  

& 

Emotional 

Distractor N < C < I C=N > I  C=N < I < A A > N=C > I 

Valence Neu<Pos<Neg –  – Neu > Neg 

Group – –  – – 

Distractor x 

Valence  
– –  – 

I: Neu> 

Pos=Neg 

C: Neu, & A: 

Neu=Pos=Neg 

3-Way 

Interaction 

M: Distractor x 

Valence 

B: No 

Distractor x 

Valence 

–  – – 

Conflict 

Effects 

B < M for Pos 

and Neg 

B = M for Neu 

–  – – 

C
ar

ry
o
v
er

 E
ff

ec
ts

 

Exp. 2 

Prev. Trial 

Valence 
–  Neg>Neu=Pos  – Neg=Pos>Neu 

Group – –  – – 

Exp. 3 

Prev. Trial 

Valence 
– –  Neg=Pos<Neu – 

Group – –  – – 

Abbreviations – Cognitive Distractors=Distractors: C=congruent, I=incongruent, N=neutral, 

A=ambiguous; Emotional Pictures=Valence: Pos=positive valence, Neg=negative valence, 

Neu=neutral valence; Group: B = bilinguals, M = monolinguals 
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APPENDIX 

SAMPLE SCRIPT TO ENGAGE BILINGUALS IN CONVERSATION IN SPANISH 

For reader clarity, the script is shown in English but was actually administered in Spanish. 

Questions asked by the experimenter are shown in italics. 

 

“Hi, my name is _______.”  

5. Give the participant time to respond in Spanish.  

6. If they do not do so, say in Spanish: “You will need to speak Spanish for this part of the 

study”. 

7. Continue with: “It’s nice to meet you. I will be running the first part of this experiment 

with you today. Please have a seat in the yellow chair.” 

As they are getting settled, say: “Oh, it’s so cold in here. Does it feel cold to you?”  

8. If they say yes, ask: “Do you want to put on a jacket/sweater before we start the 

experiment?” 

9. If they say no, ask: “Well, I hope it doesn’t get too cold in here.” 

Next, ask one of the following questions. If the participant answers with a one-word response, 

elaborate on the question with follow-up questions to elicit a more complex response (suggested 

questions are indicated below). If that fails to elicit a multi-word response, ask another one of the 

questions below. 

Are you excited to watch the Gator football/basketball game this weekend?   

10. If yes: “Who do you think is the best player?” and “Why do you think he’s the best?” 

11. If no: “Are there any sports that you follow?” and “How did you get interested in that 

sport?”  

12. If they say that they don’t follow any sports, ask “What do you like to do in your free 

time?” 

"What year are you?"  

13. Follow up with: “So how have you liked UF and Gainesville since you started?”  

14. If they answer briefly, ask “Why do you/don’t you like it?” 

"What are you studying?" 
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15.  Follow up with: “So how did you get interested in that?” or “So what do you plan to do 

with your degree after you graduate?” 

"Did you have any trouble finding your way here/the room?"  

16. If yes: “How did you end up finding us here?” 

17. If no:  “How did you know where we were located?” 

Once the participant has demonstrated that s/he can converse fluently in Spanish, continue by 

saying in Spanish, “I am going to give you some paperwork to fill out. The first paper is the 

informed consent. Please read through the informed consent. If you want to participant, please 

print your name, sign it, and date the paper. This is the only paper with your name on it. It will 

be kept separate from your data.”  

Then say: “Now I have some questions to ask you.” Then administer the demographic 

questionnaire in Spanish and record the participant’s answers. Comment on their responses and 

ask questions that require the participant to elaborate his/her responses. For example: if the 

participant says s/he was born in Colombia, Say “Wow, I’ve always wanted to visit there! What 

is your favorite city/place there….really? Why?” Or “What should I do/see if I ever get a chance 

to go there?” 
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