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Abstract

One hundred and seventy-five children who were 6-years old were assigned to one of four groups
that differed in socioeconomic status (SES; working class or middle class) and language
background (monolingual or bilingual). The children completed tests of nonverbal intelligence,
language tests assessing receptive vocabulary and attention based on picture naming, and two tests
of executive functioning. All children performed equivalently on the basic intelligence tests, but
performance on the language and executive functioning tasks was influenced by both SES and
bilingualism. Middle-class children outperformed working-class children on all measures, and
bilingual children obtained lower scores than monolingual children on language tests but higher
scores than monolingual children on the executive functioning tasks. There were no interactions
with either group factors or task factors. Thus, each of SES and bilingualism contribute
significantly and independently to children’s development irrespective of the child’s level on the
other factor.
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There is great interest in understanding the environmental conditions that affect cognitive
ability and the mechanisms behind their influence as a complement to more biologically-
based approaches to intelligence and performance. Two experiences that have been
extensively investigated in this regard are bilingualism and socioeconomic status (SES),
both of which have been shown to correlate with measures of cognitive performance and
language ability throughout development. Robust effects of SES have been found across
cognitive skills, including language, memory, and intelligence (Bradley & Corwyn, 2002;
Hoff-Ginsberg, 1991; McCall, 1981) showing a relation between higher SES and better
outcomes. In contrast, the effects of bilingualism on cognitive functioning vary in their
direction, with positive outcomes for cognitive measures but negative outcomes for verbal
measures (Akhtar & Menjivar, 2012). However, it is possible that these experiences interact
and their effect depends on a specific level of the other. Thus, it may be that bilingualism
only leads to cognitive advantages for certain levels of SES, such as middle-class children,
or that SES only compromises ability for certain levels of language experience, such as
monolingual children. Empirically studying this question is complicated by the fact that SES
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and bilingualism themselves are often correlated, making it difficult isolate the effect of
each on performance. However, precisely because these two experiences frequently intersect
it is particularly important to distinguish between the influence of each, both practically in
terms of children’s development and theoretically in terms of the possible mechanism
underlying each. The purpose of the present study is to examine the effects of SES and
bilingualism independently to determine the role each plays on cognitive and language
outcomes, the extent to which their influence on development is similar or not, and whether
their combined effects are interactive or independent.

The role of SES on intellectual functioning and academic performance is well established:
children growing up in families with more financial resources and parents who are more
educated obtain higher scores on cognitive measures than do children without these
advantages (Bradley & Corwyn, 2002; Brooks-Gunn & Duncan, 1997; McLloyd, 1998;
Sirin, 2005). The difference in 1Q scores between high and low SES groups is reported to be
about one standard deviation (Bradley & Corwyn, 2002; Seifer, 2001).

Studies of SES have focused as well on specific cognitive systems, particularly language
acquisition. Typically, children from low SES backgrounds have lower levels of both
receptive and expressive language skills than more affluent children (Arriaga, Fenson,
Cronan, & Pethick, 1998; Hart & Risley, 1995; Locke, Ginshorg & Peers; 2002; Qi, Kaiser,
Milan, & Hancock, 2006). Using the Peabody Picture VVocabulary Test (PPVT), the
difference in score for children in medium vs. low SES groups is 0.75 to 1 standard
deviation (Noble, Norman & Farah, 2005; Qi et al., 2006). These differences are more
evident in complex language tasks, such as Clinical Evaluation of Language Fundamentals
Assessment-Preschool (CELF-P; Semel, Wiig, & Secord, 2003). In a sample of low SES
preschoolers, Locke et al. (2002) reported that more than half the children met criteria for
diagnosis of at least moderate language impairment by scoring 1 standard deviation or more
below the population mean. These findings are consistent with research showing differences
not only in the level but also the trajectory and rate of vocabulary growth as a function of
SES (Arriaga et al., 1998; Dollaghan et al., 1999; Hart & Risley, 1995; Rescorla & Alley,
2001).

SES has also been shown to influence the development of executive functioning (EF), a
relation that Noble et al. (2005) argued could be central in explaining SES effects on 1Q and
achievement. Supporting this view, components of EF (planning, monitoring, switching)
have been theoretically and empirically linked to general intelligence (Gray & Thompson,
2004; Kail, 2000; Kyllonen, 2002). For example, Carpenter, Just, and Shell (1990) derived a
model for general intelligence through simulation studies heavily dependent on the working
memory component of EF. In contrast, highly automatized tasks that are not part of overall
assessments of intelligence do not require EF because they are driven by environmental cues
and are ultimately run by ‘plans and programs’ already in long term memory (Miller &
Cohen, 2001; Rabbit, 1997; Shiffrin & Schneider, 1977). Thus, effects of SES are
particularly apparent for asks that engage the EF system.

Disparities in EF for children at different SES levels have been reported even in infancy.
Lipina, Martelli, Vuelta and Colombo (2005) evaluated the performance of 280 infants (6- to
14-months old) in the A not B task (Diamond, 1985) and found that infants from families
with the lowest SES made more errors than their higher SES peers. Ardila, Roselli, Matute
and Guajardo (2005) administered a battery of EF tests to 622 children ranging in age from
5- to 14-years old who differed in SES as measured by parents’ education. Higher SES
children performed better overall, and parental education was a significant predictor of
performance for the majority of EF measures in the battery. Finally, Noble and colleagues
(Noble et al., 2005) showed that language and EF were the two neurocognitive systems most
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affected by SES. In two follow-up studies aimed at uncovering more precise relations (Farah
et al., 2006; Noble, McCandliss & Farah, 2007), they examined the relation between SES
and working memory, cognitive control, and reward processing. Significant SES differences
were found for working memory and cognitive control measures, both aspects of EF, with
no difference in reward processing.

A parallel body of research has examined the effects of bilingualism on children’s language
and EF abilities. Two aspects of language ability in children that have been extensively
studied in bilinguals and monolinguals are vocabulary and metalinguistic skills. Bilingual
children typically obtain lower scores than monolinguals on measures of both receptive
(Bialystok, Luk, Peets, & Yang, 2010) and productive (Oller & Eilers, 2002) vocabulary. In
the studies by Oller and colleagues of Spanish-English bilingual children, lower vocabulary
scores were found in both English and Spanish assessments (Fernandez, Pearson, Umbel,
Oller & Molinet-Molina, 1992; Oller, Pearson, & Cobo-Lewis, 2007), were independent of
the level of usage of each language (Oller & Eilers, 2002), and persisted after accounting for
SES (Cobo-Lewis, Pearson, Eilers & Umbel, 2002). Using the PPVT with a heterogeneous
sample of more than 1,700 bilingual children between the ages of 3- and 10-years old,
Bialystok et al. (2010) reported significantly higher scores for monolinguals at every age
examined. Importantly, studies that match samples on SES replicate the vocabulary
discrepancy in which monolinguals obtain higher English vocabulary scores than bilinguals
(Hoff, Core, Place, Rumiche, Senor, & Parra, 2012; Vagh, Pan, & Mancilla-Martinez,
2009).

The results for metalinguistic awareness are different: bilinguals typically show more
advanced metalinguistic development than monolingual children in tasks examining the
understanding of arbitrariness of linguistic labels (Bialystok, 1988; Cummins, 1978;
Cummins & Mulcahy, 1978; Feldman & Shen, 1971; lanco-Worrall, 1972) or requiring
selective attention to information from form or meaning (Bialystok, 1986, 1988; Cromdal,
1999). These paradigms require EF to direct attention to the relevant feature (usually form)
and ignore salient distracting information (usually meaning), implicating EF into language
processing (Bialystok, 2001).

Evidence that bilingual children outperformed their monolingual peers on metalinguistic
tasks that required EF led to the hypothesis that there might be a general EF advantage from
bilingualism in nonverbal processing as well. Numerous studies have now supported this
idea (see Akhtar & Menjivar, 2012 for review). Beginning again with infants, Kovéacs and
Mehler (2009) compared 7-month-old infants being raised in homes that were monolingual
or bilingual on an A-not-B type task in which they had to learn a new response to obtain the
reward. Infants from bilingual homes were significantly more successful in learning the new
response than were those exposed to only one language, suggesting that the basis for EF
differences is established in the first few months of life. Research with preschool and early
school-aged children has shown better performance by bilinguals on a Simon task (Martin-
Rhee & Bialystok, 2008), flanker task (Yang, Yang, & Lust, 2011), Stroop task (Poulin-
Dubois, Blaye, Coutya, & Bialystok, 2011), and the dimensional change card sort
(Bialystok, 1999; Bialystok & Martin, 2004). In all these cases, children must respond to a
perceptual display that includes both target information indicating the correct response and a
misleading cue leading to the incorrect response. For example, the flanker task requires that
children indicate the direction that a central arrow is pointing, but on the more difficult
incongruent trials, the flanking arrows are pointing in the opposite direction and must be
ignored. Tasks that involve other aspects of EF have also been performed better by bilingual
children than by monolinguals, such as multi-tasking (Bialystok, 2011), creativity (Adi-
Japha, Berberich-Artzi, & Libnawi, 2010), and spatial perspective-taking (Greenberg,
Bellana, & Bialystok, 2013). Carlson and Meltzoff (2008) administered a large battery of EF
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tasks and found advantages for Spanish-English bilingual children over monolingual
children on conflict tasks, although there was no group difference in tasks that required
witholding or delaying a response. A meta-analysis by Adesope, Lavin, Thompson and
Ungerleider (2010) confirms these effects and reports moderate to large effect sizes.

Most of this research has been conducted with children in middle-class environments, but
several studies have demonstrated these bilingual advantages in EF for low SES groups.
Carlson and Meltzoff (2008) compared low SES Spanish-English bilingual children to
middle-class monolingual children and found advantages in conflict tasks for the bilinguals
once differences in vocabulary scores between the groups were statistically controlled. A
study by Mezzacappa (2004) administered the ANT flanker task to a large group of 6-year-
olds who differed in ethnicity and SES. There were significant advantages for children with
high SES, but the low SES Hispanic children outperformed all other children on the
incongruent trials of the flanker task, the condition requiring the greatest involvement of EF.
Retrospectively, Mezzacappa noted that about two-thirds of the Hispanic children spoke
Spanish at home, making them bilingual at least to some degree, so although bilingualism
was not formally assessed, he attributed the Hispanic advantage in this task to bilingualism.

In both those studies, the language groups were different on other dimensions as well. In the
study by Carlson and Meltzoff, the low SES bilingual children were living below the
poverty line and facing challenges from their social circumstances that were not measured
but undoubtedly differentiated them from the more affluent monolingual children to whom
they were compared. In the study by Mezzacappa, ethnicity was also confounded with
language group. This problem was avoided in a recent study by Engel de Abreu, Cruz-
Santos, Tourinho, and Bialystok (2012) in which bilingualism was isolated within a tightly
controlled band of very low SES. They compared 8-year-old monolingual children in
Portugal with comparable children whose parents had emigrated from that region to
Luxembourg and were being raised as Portuguese-Luxembourgish bilinguals. Thus, all the
children came from identical backgrounds in a poor region of Portugal. A large battery of
measures assessing SES produced equivalent outcomes for families in the two language
groups, and all children performed equivalently on background tasks measuring cognitive
level, with the exception of vocabulary size where monolingual outperformed bilinguals (cf.,
Bialystok et al., 2010). The relevant outcome measure was performance on a battery of tasks
that either involved EF or not, a distinction confirmed by a factor analysis. The results
showed that tasks that did not involve EF were performed similarly by children in both
groups, but tasks that included EF demands were performed significantly better by the
bilingual children. The only difference between the two groups in addition to bilingualism
was immigration, but recent studies have ruled out immigration as a contributor to these
effects (Bialystok, Barac, Poulin-Dubois, & Blaye, 2010; Bialystok & Viswanathan, 2009;
Schweizer, Craik, & Bialystok, 2013).

To summarize, both SES and bilingualism have been shown to influence language and
cognitive functioning in children, but because they have been studied in isolation, it is not
known what the relation between them might be. There are three main possibilities. The first
is that each of these experiences affects children’s development independently of the other.
In this case, tasks that recruit EF will be solved better by bilingual children than
monolingual children regardless of SES and by middle SES children than lower SES
children regardless of bilingualism. Similarly, tasks based on language knowledge will be
performed better by higher SES children and monolingual children than by their respective
counterparts. Such indepenent and non-interacting outcomes is consistent with the view that
each experience operates through a different mechansim. The second option is that these
experiences interact and the effect of each is limited by specific conditions set by the other
factor. Turkheimer, Haley, Waldron, D’Onofrio, and Gottesman (2003) argued that life
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experiences have a larger effect on cognitive performance than genetics for low SES
children, but the reverse was true for higher SES children. If this is the case, then there
would be larger effects of bilingualism in lower SES children than in higher SES
comparison groups. However, the alternative prediction is that the more supportive middle-
class environments would allow greater effects of bilingualism to emerge. For this second
option, therefore, there are enabling conditions that must be met for experiential factors to
impact children’s cognitive development, so claims about the effect of one of the
experiences without reference to the status of the other experience would be misleading.
Finally, it may be that the effects of these experiences are additive, so children with two
positive experiences will experience relatively greater gains than do children with just one.
Unlike the previous possibility in which there are conditions under which one of the
experiences has no effect, in this case, both experiences modify cognitive performance but
two sources of experience lead to larger gains. Thus, there would be larger effects for
bilingualism in higher SES children than in lower SES children on executive function tasks,
and higher vocabulary scores in monolingual children who are also higher SES.

The present study used a factorial design to investigate monolingual and bilingual children
from working class (WC) and middle class (MC) families on measures of selective attention,
inhibition, WM, and language ability. Unlike previous research, the study used a subtle
distinction between WC and MC levels to avoid potential influence from factors associated
with poverty that may exacerbate the influence of SES. This is the first study to factorially
examine bilingualism and SES, so it has the potential to uncover the unique influence of
each as well as the possible interaction between them.

One hundred and ninety three 6- to 7-year old children were recruited from 8 different
public schools in Toronto. Exclusion criteria included being an immigrant with less than two
years in an English-speaking country (n=2) or not meeting criteria for either bilingual or
monolingual status because children had been exposed to a non-English language but
parents reported that the children’s proficiency in that language was limited (n=12). Four
children were excluded because they did not complete both testing sessions. The final
sample consisted of 175 participants (86 boys and 89 girls). Background data are reported in
Table 1.

Language and Social Background Questionnaire (LSBQ)—The LSBQ was
completed by parents when they signed the permission forms. The questions included
demographic information, including date of birth of the child, places of birth for both
parents and the child, and date of arrival in the country if they were foreign born. It also
contained questions about the languages that children spoke and the frequency with which
each was used for both the child and the family in different context, the languages spoken by
family members, and the child’s proficiency in those languages as well as information about
how each of the languages was learned. Estimates of home language environment were
quantified as the mean rating of 10 questions in which parents indicated the language used
for specific activities (e.g., watching television, reading books) and interactions (e.g.,
parents speaking to children, siblings speaking to each other) on a 5-point scale in which 1
signified “always in English”, 3 signified “equal balance between English and other
language” and 5 signified “always in non-English language”. These scores are reported in
Table 1. Parents were also asked to provide their highest level of education and current
occupation. The reported maternal and paternal occupational statuses were coded following
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the National Occupational Classification (2001) from Statistics Canada and transformed into
an occupational earnings score based on Boyd’s Income Index in the Socioeconomic Scale
of Canadian Occupations (Boyd, 2008). The scores represent the ranking of the average
income (as a percentile) of each occupation title. In families with two working parents, the
highest occupational status reported was used to represent the family’s occupational status.
Education and income scores are also reported in Table 1.

Information from the LSBQ was used to classify children into four groups. SES was
determined initially by maternal education and then confirmed by examining father’s
education and occupation and income level. Parental education is the most commonly used
indicator of SES in research with children and adolescents (Ensminger & Fotherhill, 2003),
is highly predictive of other variables such as income and occupation (Bornstein, Hahn,
Suwalsky et al., 2003; Entwisle & Astone 1994; Sirin, 2001), and has been shown to have
the most predictive power for cognitive performance compared to other SES indicators
(Mistry, Biesanz, Chien, Howes, & Benner, 2008; Noble, Wolmetz, Ochs, Farah &
McCandliss, 2006; Scarr & Weinberg, 1978). Following Stevens, Lauinger and Neville
(2009), high school education was used as the criterion difference to distinguish between the
two SES group such that children whose mothers had completed at least some post-
secondary education were classified as middle class (MC, n=111) and those with high
school or less education as working class (WC, n=64). There was a significant correlation
between maternal and paternal education, r(169) = .55, p < .0001, and the mean of these was
calculated as an overall Education score. A 2-way ANOVA indicated a significant
difference between SES groups, F(1, 168) = 187.27, p <.0001, but no effect of language
group and no interaction, Fs< 1. The mean Education score for parents whose children were
classified as WC monolinguals was 1.9 (range 1 — 3), for WC bilinguals was 2.1 (range 1 —
3.5), for MC monolinguals was 3.4 (range 2 — 5), and for MC bilinguals was 3.6 (range 2 —
5). Education was also significantly correlated with occupation and income level, r(162) =.
52, p <.0001. There was no correlation between home language scores and either Education
(r = .00) or occupation (r = .04) further indicating no overlap in the primary classifications
for SES and bilingualism.

All children were being educated in English and all children were proficient in English (all
English PPVT scores were within £2 SD of 100), so the primary determinant of bilingualism
was the home language. Children were initially considered to be bilingual if parents reported
that children’s comprehension and production in another language was good, very good or
excellent and parents spoke to them in the other language most of the time. This
classification designated 109 children as bilingual and 66 children as monolingual. This
distribution in which 62% of the children are bilingual is consistent with the local population
demographic where approximately 60% of families do not use English as the home language
(Statistics Canada, 2007). A 2-way ANOVA for scores on the home language usage scale
showed a significant difference between language groups, F(1, 145) = 280.30, p < .0001,
with no effect of SES and no interaction, Fs < 1. Bilingual children spoke 26 different
languages, with Chinese/Mandarin (n=18), Tamil (n=11) and Urdu (n=12) as the only
languages spoken by more than 10% of bilingual children.

Of the 8 schools, one contributed children only to the MC group, with the other 7 schools
contributing children to both groups. Similarly, two schools contributed only monolingual
children with the other 6 schools providing both monolingual and bilingual children. Thus,
the school environment and home neighborhoods were very similar for all children in the
study.

Matrices Subtest of the Kaufmann Brief Intelligence Test, 2"d Edition (K-BIT 2;
Kaufman & Kaufman, 2004)—This test assessed non-verbal reasoning. The child selects
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the one item from five choices that is similar to or completes the visual analogy of the target
stimulus. For this and all standardized measures, standard procedures for administration and
scoring were followed.

Peabody Picture Vocabulary Task, 3" Edition (PPVT-IIl)—The PPVT isa
standardized measure of receptive vocabulary in English (Dunn & Dunn, 1997). Words of
increasing complexity were read and the child was required to pick the picture that best
illustrated the meaning of the read word.

Nonverbal Visual Attention—The Pair Cancellation subtest of the Woodcock Johnson
Tests of Cognitive Abilities-111 (Woodcock, McGrew & Mather, 2001) required children to
find target stimuli among distracters. Children circled pairs of pictures where a ball was
followed by a dog in a page containing rows of black and white pictures of dogs, balls, and
cups.

Verbal Visual Attention—The Cancellation subtest of Wechsler Intelligence Scale for
Children-Fourth Edition (WISC-IV; Wechsler, 2003) required children to find targets that
were defined as pictures of animals within distracter stimuli that were pictures of common
inanimate objects. The stimuli were presented in either a random arrangement or structured
in columns and rows. Children needed to identify, and likely name the stimuli to carry out
the classification.

Flanker Task—This task was programmed in E-prime (Psychology Software Tools, 2002)
and presented on a tablet computer. The goal was to indicate the direction in which a target
red chevron was pointing (< or >). The target chevron was presented either in isolation or
surrounded by four other black stimuli. The trial started with a central fixation cross for 250
ms and was followed by the stimulus display which stayed on the screen until a response
was made or after 2000 ms had elapsed.

In the control condition, a single chevron was shown in the center of the screen. In the visual
search condition, the red chevron was flanked by four black diamonds. The target chevron
was randomly presented in one of 3 positions in the row, the center or one space to the right
or left. In the conflict condition, the flankers were black chevrons facing in the same
(congruent) or opposite (incongruent) direction as the target chevron that was in one of the 3
central positions.

Five blocks were administered in a fixed order: 1. control (24 trials), 2. visual search (24
trials), 3. conflict (48 trials, half congruent), 4. visual search (24 trials), and 5. control (24
trials), for a total of 144 trials. Within each block trials were presented in randomized order
for both direction (pointing right or left) and position (in visual search and conflict blocks).
Children responded by pressing the touch screen to show the side the red chevron was
pointing. Reaction time and accuracy were recorded by the program.

Frog Matrices Task (FMT)—The Frog Matrices Task (Morales, Calvo & Bialystok,
2013) is a measure of children’s ability to maintain information in mind under different
degrees of cognitive control, such as ignoring interference and manipulating the to-be-
remembered information. Children were shown a 3x3 matrix on a touch-screen tablet
computer and were told that each of the nine cells represented a pond in which a frog could
be resting and that they needed to remember all the ponds the frog had visited. In all
conditions, an increasing number of frogs (from 2 to 6) were presented by increasing the
stimulus length by one pond every second trial, creating a total of 10 trials per condition.
Each trial had three components; first, the to-be-remembered items were shown, then a
blank screen was presented for 2000 ms, followed by a blank matrix which stayed on the
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screen until the child’s responses were recorded. The task was programmed in E-prime and
children responded by touching the ponds on the screen.

There were four conditions. In the first, simple span (see Figure 1), the frogs were presented
all at once for 2000 ms, and following the blank screen, children could enter their responses
in any order. In the second condition, masked, the blank screen was replaced by a distracter
matrix showing 3 frogs in irrelevant locations. Children were told to remember the frogs
shown on the first matrix and ignore the second one. In the third condition, sequential, the
frogs were shown one at a time for one second each and children were instructed to
remember the frogs in the order of their appearance, testing memory for both the position of
each frog and temporal order of its presentation. In the fourth condition, operational, frogs
were also presented sequentially but instead of reporting the locations in the order in which
they were presented, children were instructed to reorder the response. The cells in the matrix
were connected by lines that created a path through the ponds. The path was visible in all
conditions but was not mentioned until the operational condition, when it became relevant.
Children were told that the frogs had left some treasures for them on the ponds, and to
collect the treasures, they must follow the path by walking on it with their finger and
pressing only on the ponds where a frog had been. The rules were that they could not go
back and had to continue moving in the direction of the path. Therefore, children were
required to reorganize the order in which the frogs had been presented but recall all the
locations.

For each condition, span was calculated as the longest string length for which the child
remembered all the frogs on at least one of the two trials. For example, if a child was correct
on both items of length two (2+2) and was fully correct on one item of length three and
incorrect on the other, and incorrect on all items of length four, then the span would be 3.
Total scores were calculated by adding the number of frogs correctly recalled up to the
child’s span. For the sequential and operational conditions, children received separate scores
for position (i.e., whether the selected pond was in the trial) and order (i.e., whether the pond
was placed in the correct response sequence). An overall total was calculated as the sum of
the scores for position and order. Following this procedure, the maximum total for the
sequential and operational conditions was twice as much (80) as that for the simple and
masked conditions (40), so total scores were converted to proportions to compare
performance across conditions.

Parental permission forms were distributed to all first grade students in the selected schools.
Interested parents returned the signed permission form and the LSBQ to school with their
child. Children were tested individually in two sessions, in a quiet room in the school. Tasks
were presented in a fixed order. The first session consisted of the Woodcock Johnson Pair
Cancellation, Frogs Matrices Task and Flanker Task; the second session, the WISC
Cancellation, K-BIT and PPVT were administered. At the end of each session children were
given stickers and thanked for their participation.

Table 1 reports the mean scores and standard deviations for the demographic variables and
background measures. Univariate outliers were identified (z-scores where p <.001) and
removed from the pair cancellation task and the FMT. In the pair cancellation task, two MC
bilinguals had extremely high scores and for the FMT, two WC monolinguals had extremely
low scores. There were no group differences in age for language group, F <1, SES, F (1,
174) = 1.14, n.s., or their interaction, F (1, 174) = 1.74, n.s., and gender distribution was
equivalent for both SES and language group, X2 < 1.
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Background Tasks

A 2-way ANOVA for SES and language group was performed on scores from the K-BIT as
a measure of abstract reasoning (see Table 1). There were no significant main effects of
language, F <1, SES, F (1, 171) = 1.41, n.s., or their interaction, F < 1, confirming no
difference between groups in this measure.

Vocabulary was assessed by the PPVT test of receptive vocabulary (Table 1). A 2-way
ANOVA indicated significant main effects for both language group, F (1, 170) = 11.30, p

< .01, n2= .06, and SES, F (1, 170) = 4.03, p < .05, %= .02, and no interaction, F < 1. These
effects showed that monolinguals (M =103.26, SD = 7 .68) had higher vocabulary scores
than bilinguals (M= 97.46, SD = 11.82) and that children from MC families (M= 101.26, SD
= 10.26) had higher scores than those from WC families (M = 96.91, SD = 11.22).

The pair cancellation task is a test of nonverbal attention and perceptual matching. A 2-way
ANOVA showed no significant effects of SES, F (1, 169) = 1.99, n.s., language group, F <
1, or their interaction, F < 1.

In the animal cancellation task, pictures need to be assigned to semantic categories to
determine which ones to cross out. Thus, the task includes a linguistic component, and
children were anecdotally observed to name the pictures as they completed the task. A 2-
way ANOVA indicated a significant effect of language group, F (1, 168) = 5.54, p <.02,
n%=.03, and a marginally significant effect of SES, F (1, 168) = 3.59, p = .06, 12= .02, with
no interaction, F < 1. Monolinguals (M =10.37, SD = 2.52) obtained higher scores than
bilinguals (M= 9.26, SD = 3.27) and children from MC families (M= 10.05, SD = 3.10) had
higher scores than those from WC families (M = 9.05, SD = 2.86), the same pattern found
for receptive vocabulary. To evaluate to role of verbal ability in this task, correlation
analysis showed there was no correlation between PPVT and animal cancellation for
monolingual children, r=.15, n.s., but a significant correlation for bilingual children, r=.27, p
<.01. A follow-up ANCOVA on animal cancellation scores with PPVT scores as the
covariate erased all effects and showed no significant difference for language group, F (1,
166) = 1.16, n.s., SES, F (1, 166) = 2.11, n.s., or their interaction, F < 1, once vocabulary
level was considered. Thus, the adjusted scores indicate equivalent attention ability between
the two groups, but the unadjusted standard scores reflect verbal ability.

Chevron Flanker Task

Accuracy and reaction time were analyzed separately and are shown in Table 2. RTs longer
than 1850 or shorter than 150 ms were excluded (2.2% of data). Seven children with
accuracy levels lower than chance were excluded from the RT analyses. The possibility of
speed-accuracy trade-off was evaluated by correlating accuracy with RT for each condition.
The only significant correlation was for the conflict block, r=-.22, with better performance
associated with faster responses, that is, the opposite of a speed accuracy tradeoff.

A 3-way mixed factor ANOVA on accuracy scores for language group, SES, and block
condition showed a significant effect of condition, F (2, 161) =52.72, p <.0001, n2= .35.
There was also a significant effect of language group, F (1, 162) = 9.77, p <.002, n2= .08,
and a marginally significant effect of SES, F (1, 162) = 3.44, p = .06, 2= .02, and no
interactions, Fs< 1. The main effects indicated that bilinguals (M =0.87, SD =.12) were
more accurate than monolinguals (M =0.83, SD =.10) and that children from MC families
(M=0.86, SD =.12) had marginally higher scores than those from WC families (M = 0.84,
D =.10). For condition, pairwise contrasts showed that differences between all conditions
were significant p<.05, with control trials (M=0.89, SD=.09) being easier than search trials
(M=0.86, SD=.09), which in turn were easier than conflict trials (M=0.80, SD=. 12).
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The same analyses were applied to the RT data with the only significant effect being
condition, F (2, 161) = 520.03, p < .001, n?= .87. RT was faster for control trials (M=866,
D=117) than neutral (M=1030, SD=136) or conflict trials (M=1126, SD=159). There were
no other significant main or interaction effects.

FMT Working Memory

A 3-way mixed factor ANOVA on proportion scores indicated significant main effects for
condition, F (3, 165) =166.03, p <.001, n2= .75, language group, F (1, 167) = 6.24, p =.01,
n2= .04, and SES, F (1, 167) = 4.66, p < .05, n2= .03, with no interactions, Fs< 1. Bilinguals
(M=0.56, SD=.20) were more accurate than monolinguals (M=0.50, SD=.27) and children
from MC families (M=0.55, SD=.20) were more accurate than those from WC families
(M=0.50, SD=.27). For condition, the simple condition was the easiest (M=0.80, SD=.27),
with higher scores than either masked (M=0.49, SD=.29) or sequential conditions (M=0.50,
D=.24), which did not differ from each other. The operational condition (M=0.32, SD=.20)
was the most difficult. The data are plotted in Figure 2.

Language and Executive Functioning Composites

To evaluate the overall effect of SES and bilingualism on language ability and executive
functioning, a composite score was calculated as the average of the z-score of tasks
reflecting each of these constructs. For language ability, the calculations included the z-
score of the standard PPVT score and the standardized score of the animal cancellation task.
For executive functions, the average included the z-score of the overall mean proportional
score of the FMT, and the standardized score of overall accuracy on the flanker task. Overall
mean scores were used for tasks with multiple components to ensure that all tasks had the
same weighting on the composite score. This procedure was also justified by the absence of
any interaction between condition and group for any of the tasks.

The composite scores are presented in Figure 3. A 2-way ANOVA for SES and language
group was conducted on each of the scores. For executive functioning, there was a
significant effect of language group, F (1, 159) =12.69, p <.001, 2= .07, and a significant
effect of SES, F (1, 159) = 4.21, p<.04, 2= .03, with no interaction, F (1, 159) = 1.52, n.s.
Similarly, for language scores, there was a significant effect of language group, F (1, 171) =
14.10, p < .001, 2= .08, a significant effect of SES, F (1, 171) =6.45, p < .01, />= .04, and
no interaction, F < 1. For language composites, Cohen’s d values were .45 for SES and .60
for bilingualism; for executive function composites, Cohen’s d values were .25 for SES and .
51 for bilingualism. The direction of these effects, however, was different for the two
composites. Higher SES and monolingualism were associated with better language
outcomes, whereas higher SES and bilingualism were associated with better executive
functioning outcomes. Effect sizes were also calculated for the interaction term for each
composite score, revealing a very small effect size for language, f = .04, and a small effect
size for executive function, f =.13. Correlations between the indicators of SES and
composite scores calculated separately for each of the two SES groups showed no relation,
all rs close to 0, indicating little variance within each SES group. Finally, the independence
of each of the factors is demonstrated in the finding that WC monolingual children obtained
language scores equivalent to MC bilingual children, F < 1, and WC bilingual children
obtained EF scores equivalent to MC monolingual children, F = 1.35, p = .25, indicating no
additional effect from the level of the other factor on performance.

Discussion

Previous research has reported that both SES and bilingualism influence children’s language
and cognitive development, but the natural co-occurrence of these factors, especially in the
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United States, has made it difficult to determine if they have independent contributions to
development or if their effect on development depends on specific values of the other factor.
Such an outcome would diminish the general effect of each by confining its influence to
certain circumstances. The present study is the first to factorially vary levels of each of these
experiences to determine not only their individual contribution to development but also their
potential interactions.

There are several unique strengths in the present design. First, because of the factorial
structure, bilingual children were not predominantly Hispanic and poor and middle-class
children were not predominantly monolingual and Caucasian (cf., Carlson & Meltzoff,
2008), making conclusions about each of the factors more reliable. Second, the criteria for
distinguishing between the two levels of each factor were subtle: All the children attended
the same schools but children differed in level of parental education and affluence and the
primary language spoken at home. Thus it would not be surprising to find no significant
effect of either factor on children’s performance because of the substantial similarity among
all groups. All children performed equivalently on a test of nonverbal reasoning and visual
search. However, for the critical tests of language ability and executive functioning, each of
SES and bilingualism significantly affected performance but the effect of each applied
primarily to different domains and, importantly, the two never interacted.

Consider first the effect of SES. In all tasks for which group differences were found, that is,
all tasks excluding nonverbal reasoning and visual search in which there was equivalent
performance on basic cognitive skills for all children, the effect of SES was to reduce
performance in the WC group relative to the MC group. Thus, WC children had smaller
receptive English vocabularies, were (marginally) less accurate on the flanker task, and
recalled fewer items across all conditions of the frog matrix working memory task than
comparable MC children. These differences are consistent with research reporting SES
differences in vocabulary and executive functioning (e.g., Noble et al., 2005) for more
disparate levels of SES. In the present study, these effects emerged as main effects across
language groups, indicating that the impact of SES was equivalent for both monolingual and
bilingual children. Moreover, in tasks that included conditions that manipulated difficulty,
specifically the flanker task and the FMT, the main effect of SES appeared across all the
manipulations indicating a general depression in the ability tested for the WC children.
Therefore, one way of interpreting the effect of SES is that it delays the progress children
are making in mastering these skills since all children were equally able to perform the
simple conditions but differentially able to succeed in the complex conditions. Thus, WC
children are developing these skills in the same manner as MC children, that is, the difficult
conditions are still more difficult for these children, but the overall rate of mastery is
delayed. Because the WC children were not living in poverty as is usually the case in this
type of research, the effect sizes for comparisons of SES were small, but they were
significant and demonstrate the effect of even subtle SES differences on children’s language
and cognitive development, irrespective of language background.

The effect of bilingualism was also consistent with previous research (Akhtar & Menjivar,
2012). Bilingual children obtained lower scores on a standard test of English vocabulary but
made fewer errors on the flanker task and recalled more items on the FMT than did
monolingual children irrespective of SES. There were no interactions with either SES or
task condition, so again, the interpretation is that bilingualism slows vocabulary acquisition
but accelerates executive function development across variations in SES and manipulations
of task difficulty.

The extraction of test scores into composite scores for language ability and executive
functioning clarified the effect of each of these factors on children’s development. Although
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both SES and bilingualism were main effects in children’s development, their influence was
not the same. Specifically, SES was associated with a decrease in performance for both
domains whereas bilingualism was associated with a decrease in language performance but
an increase in executive functioning. This is the pattern previously presumed for
bilingualism (e.g., Bialystok, 2009) but demonstrated directly in the present results. The
important result is that the effect of each factor is independent of the other, so both MC and
WC children profit equally from bilingualism, and both monolingual and bilingual children
profit equally from higher SES.

Research investigating the effect of naturally-occurring life experiences on defined cognitive
outcomes is fraught with the reality that the life situation of each individual is complex, that
experiences are not wholly independent of each other, and that life does not provide the
opportunity for random assignment to groups. Therefore, there has been considerable
discussion regarding the reported research showing effects of SES (which may be
potentially confounded with culture and ethnicity) and bilingualism (which may be
potentially confounded with SES and culture) on children’s development. By using a
factorial design, the present study provides the first evidence that each of these experiences
contributes uniquely to development, irrespective of the other factor. The WC children were
of widely mixed ethnicity and the bilingual children were of widely mixed language and
cultural groups. All experience matters, and the present results demonstrate that they may
act through different mechanisms and largely in isolation of each other to shape children’s
cognitive ability. What is necessary now is to understand the effects of both SES and
bilingualism more deeply so they can be used to improve the developmental outcomes for
all children.

Acknowledgments

This work was supported by grant RO1HD052523 from the US National Institutes of Health to Ellen Bialystok. We
are grateful to Kornelia Hawrylewicz and Nadeen Sara for their contribution to this study.

References

Adesope OO, Lavin T, Thompson T, Ungerleider C. A systematic review and meta-analysis of the
cognitive correlates of bilingualism. Review of Educational Research. 2010; 80:207-245.

Adi-Japha E, Berberich-Artzi J, Libnawi A. Cognitive flexibility in drawings of bilingual children.
Child Development. 2010; 81:1356-1366. [PubMed: 20840226]

Akhtar N, Menjivar JA. Cognitive and linguistic correlates of early exposure to more than one
language. Advances in Child Development & Behavior. 2012; 42:41-78. [PubMed: 22675903]

Ardila A, Rosselli M, Matute E, Guajardo S. The influence of the parents' educational level on the
development of executive functions. Developmental Neuropsychology. 2005; 28:539-560.
[PubMed: 15992255]

Avrriaga RJ, Fenson L, Cronan T, Pethick SJ. Scores on the MacArthur Communicative Development
Inventory of children from low-and middle-income families. Applied Psycholinguistics. 1998;
19:209-223.

Bialystok E. Factors in the growth of linguistic awareness. Child Development. 1986; 57:498-510.

Bialystok E. Levels of bilingualism and levels of linguistic awareness. Developmental Psychology.
1988; 24:560-567.

Bialystok E. Cognitive complexity and attentional control in the bilingual mind. Child Development.
1999; 70:636-644.

Bialystok, E. Bilingualism in development: Language, literacy, and cognition. New York: Cambridge
University Press; 2001.

Bialystok E. Bilingualism: The good, the bad, and the indifferent. Bilingualism: Language and

Cognition. 2009; 12:3-11.

Cognition. Author manuscript; available in PMC 2015 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Calvo and Bialystok

Page 13

Bialystok E. Coordination of executive functions in monolingual and bilingual children. Journal of
Experimental Child Psychology. 2011; 110:461-468. [PubMed: 21683958]

Bialystok E, Barac R, Blaye A, Poulin-Dubois D. Word mapping and executive functioning in young
monolingual and bilingual children. Journal of Cognition and Development. 2010; 11:485-508.
[PubMed: 21197133]

Bialystok E, Luk G, Peets KF, Yang S. Receptive vocabulary differences in monolingual and bilingual
children. Bilingualism: Language and Cognition. 2010; 13:525-531.

Bialystok E, Martin MM. Attention and inhibition in bilingual children: Evidence from the
dimensional change card sort task. Developmental Science. 2004; 7:325-339. [PubMed:
15595373]

Bialystok E, Viswanathan M. Components of executive control with advantages for bilingual children
in two cultures. Cognition. 2009; 112:494-500. [PubMed: 19615674]

Bornstein, MH.; Hahn, CS.; Suwalsky, JTD.; Haynes, OM. Socioeconomic status, parenting, and child
development: The Hollingshead four-factor index of social status and the socioeconomic index of
occupations. In: Bornstein, MH.; Bradley, RH., editors. Socioeconomic status, parenting, and child
development. Mahwah, NJ: Erlbaum; 2003. p. 29-82.

Boyd M. A socioeconomic scale for Canada: Measuring occupational status from the census. Canadian
Review of Sociology. 2008; 45:51-91.

Bradley RH, Corwyn RF. Socioeconomic status and child development. Annual Review of
Psychology. 2002; 53:371-399.

Brooks-Gunn J, Duncan GJ. The effects of poverty on children. Future Child. 1997; 7:55-71.
[PubMed: 9299837]

Carlson SM, Meltzoff AN. Bilingual experience and executive functioning in young children.
Developmental Science. 2008; 11:282-298. [PubMed: 18333982]

Carpenter PA, Just MA, Shell P. What one intelligence test measures: A theoretical account of the
processing in the Raven Progressive Matrices Test. Psychological Review. 1990; 97:404-431.
[PubMed: 2381998]

Cobo-Lewis, A.; Pearson, BZ.; Eilers, RE.; Umbel, VC. Effects of bilingualism and bilingual
education on oral and written English skills: A multifactor study of standardized test outcomes. In:
Oller, DK.; Eilers, RE., editors. Language and Literacy in Bilingual Children. Clevedon, UK:
Multilingual Matters; 2002.

Cromdal J. Childhood bilingualism and metalinguistic skills: Analysis and control in young Swedish-
English bilinguals. Applied Psycholinguistics. 1999; 20:1-20.

Cummins J. Bilingualism and the development of metalinguistic awareness. Journal of Cross-Cultural
Psychology. 1978; 9:131-149.

Cummins J, Mulcahy R. Orientation to language in Ukrainian-English bilingual children. Child
Development. 1978; 49:1239-1242.

Diamond A. The development of the ability to use recall to guide action, as indicated by infants'
performance on A-not-B. Child Development. 1985; 56:868—883. [PubMed: 4042750]

Dollaghan CA, Campbell TF, Paradise JL, Feldman HM, Janosky JE, Pitcairn DN, Kurs-Lasky M.
Maternal education and measures of early speech and language. Journal of Speech, Language, and
Hearing Research. 1999; 42:1432-1443.

Dunn, LM.; Dunn, LM. Peabody Picture Vocabulary Test-111. Circle Pines, MN: American Guidance
Service; 1997.

Engel de Abreu PMJ, Cruz-Santos A, Tourinho CJ, Martin R, Bialystok E. Bilingualism enriches the
poor: Enhanced cognitive control in low-income minority children. Psychological Science. 2012;
23:1364-1371. [PubMed: 23044796]

Ensminger, ME.; Fothergill, K. A decade of measuring SES: What it tells us and where to go from
here. In: Bornstein, MH.; Bradley, RH., editors. Socioeconomic status, parenting and child
development. Mahwah, NJ: Erlbaum; 2003. p. 13-28.

Farah MJ, Shera DM, Savage JH, Betancourt L, Giannetta JM, Brodsky NL, Malmud EK, Hurt H.
Childhood poverty: Specific associations with neurocognitive development. Brain Research. 2006;
1110:166-174. [PubMed: 16879809]

Cognition. Author manuscript; available in PMC 2015 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Calvo and Bialystok

Page 14

Feldman C, Shen M. Some language-related cognitive advantages of bilingual five-year-olds. Journal
of Genetic Psychology. 1971; 118:235-244.

Fernandez MC, Pearson BZ, Umbel VM, Oller DK, Molinet-Molina M. Bilingual receptive
vocabulary in Hispanic preschool children. Hispanic Journal of Behavioral Sciences. 1992;
14:268-276.

Gray JR, Thompson PM. Neurobiology of intelligence: Science and ethics. Nature Reviews,
Neuroscience. 2004; 5:471-482.

Greenberg A, Bellana B, Bialystok E. Perspective-taking ability in bilingual children: Extending
advantages in executive control to spatial reasoning. Cognitive Development. 2013; 28:41-50.
[PubMed: 23486486]

Hart, B.; Risley, TR. Meaningful Differences in the Everyday Experience of Young American
Children. Baltimore, MD: Brookes; 1995.

Hoff E, Core C, Place S, Rumiche R, Senor M, Parra M. Dual language exposure and early bilingual
development. Journal of Child Language. 2012; 39:1-27. [PubMed: 21418730]

Hoff-Ginsberg E. Mother-child conversation in different social classes and communicative settings.
Child Development. 1991; 62:782-796. [PubMed: 1935343]

lanco-Worrall A. Bilingualism and cognitive development. Child Development. 1972; 43:1390-1400.

Kail R. Speed of information processing: Developmental change and its links to intelligence. Journal
of School Psychology. 2000; 38:51-61.

Kaufman, AS.; Kaufman, NL. Kaufman Brief Intelligence Test-11. Circle Pines, MN: American
Guidance Service; 2004.

Kovacs AM, Mehler J. Cognitive gains in 7-month-old bilingual infants. Proceedings of the National
Academy of Sciences. 2009; 106:6556-6560.

Kyllonen, PC. g: Knowledge, speed, strategies, or working-memory capacity? A systems perspective.
In: Stemberg, RJ.; Grigorenko, EL., editors. The general factor of intelligence: How general is it?.
Mahwah, NJ: Lawrence Erlbaum Associates; 2002. p. 415-445.

Lipina SJ, Martelli M, Vuelta B, Colombo J. Performance on the A-not-B task of Argentinean infants
from unsatisfied and satisfied basic needs homes. Interamerican Journal of Psychology. 2005;
39:49-60.

Locke A, Ginshorg J, Peers I. Development and disadvantage: Implications for the early years and
beyond. International Journal of Language and Communication Disorders. 2002; 37:3-15.
[PubMed: 11852457]

Martin-Rhee MM, Bialystok E. The development of two types of inhibitory control in monolingual
and bilingual children. Bilingualism: Language and Cognition. 2008; 11:81-93.

McCall RB. Early predictors of later 1Q: The search continues. Intelligence. 1981; 5:141-147.

McLoyd VC. Socioeconomic disadvantage and child development. American Psychologist. 1998;
53:185-204. [PubMed: 9491747]

Mercy JA, Steelman LC. Familial influence on the intellectual attainment of children. American
Sociological Review. 1982; 47:532-542.

Mezzacappa E. Alerting, orienting, and executive attention: developmental properties and
sociodemographic correlates in an epidemiological sample of young, urban children. Child
Development. 2004; 75:1373-1386. [PubMed: 15369520]

Miller EK, Cohen JD. An integrative theory of prefrontal cortex function. Annual Reviews
Neuroscience. 2001; 24:167-202.

Mistry RS, Biesanz JC, Chien N, Howes C, Benner AD. Socioeconomic status, parental investments,
and the cognitive and behavioral outcomes of low-income children from immigrant and native
households. Early Childhood Research Quarterly. 2008; 23:193-212.

Morales J, Calvo A, Bialystok E. Working memory development in monolingual and bilingual
children. Journal of Experimental Child Psychology. 2013; 114:187-202. [PubMed: 23059128]

Morton JP, Harper SN. What did Simon say? Revisiting the bilingual advantage. Developmental
Science. 2007; 10:719-726. [PubMed: 17973787]

Noble KG, McCandliss BD, Farah MJ. Socioeconomic gradients predict individual differences in
neurocognitive abilities. Developmental Science. 2007; 10:464-480. [PubMed: 17552936]

Cognition. Author manuscript; available in PMC 2015 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Calvo and Bialystok

Page 15

Noble KG, Norman MF, Farah MJ. Neurocognitive correlates of socioeconomic status in kindergarten
children. Developmental Science. 2005; 8:74-87. [PubMed: 15647068]

Noble KG, Wolmetz ME, Ochs LG, Farah MJ, McCandliss BD. Socioeconomic status modulates
brain-behaviour relationships in reading. Developmental Science. 2006; 9:642—654. [PubMed:
17059461]

Oller, DK.; Eilers, RE. Language and Literacy in Bilingual Children. Clevedon, UK: Multilingual
Matters; 2002.

Oller DK, Pearson BZ, Cobo-Lewis AB. Profile effects in early bilingual language and literacy.
Applied Psycholinguistics. 2007; 28:191-230. [PubMed: 22639477]

Poulin-Dubois D, Blaye A, Coutya J, Bialystok E. The effects of bilingualism on toddlers’ executive
functioning. Journal of Experimental Child Psychology. 2011; 108:567-579. [PubMed: 21122877]

Qi CH, Kaiser AP, Milan S, Hancock T. Language performance of low income African American and
European American preschool children on the PPVVT-I11. Language, Speech and Hearing Services
in Schools. 2006; 37:5-16.

Rabbitt, P. Methodologies and Models in the Study of Executive function. In: Rabbit, P., editor.
Methodology of frontal and executive function. U.K.: East Sussex, Psychology Press Publishers;
1997. p. 1-38.

Rescorla L, Alley A. Validation of the Language Development Survey (LDS): A parent report tool for
identifying language delay in toddlers. Journal of Speech, Language, and Hearing Research. 2001;
44:434-445,

Scarr S, Weinberg RA. The influence of "family background" on intellectual attainment. American
Sociological Review. 1978; 43:674-692.

Schweizer T, Craik FIM, Bialystok E. Bilingualism, not immigration status, is associated with
maintained cognitive level in Alzheimer's disease. Cortex. in press

Seifer, R. Socioeconomic status, multiple risks, and development of intelligence. In: Sternberg, J.,
editor. Environmental effects on cognitive abilities. Mahwah, NJ: Lawrence Erlbaum Associates,
Inc; 2001. p. 59-81.

Semel, E.; Wiig, EH.; Secord, WA. Clinical Evaluation of Language Fundamentals-Fourth Edition.
San Antonio, TX: The Psychological Corporation; 2003.

Shiffrin RM, Schneider W. Controlled and automatic human information processing: I1. Perceptual
learning, automatic attending, and a general theory. Psychological Review. 1977; 84:127-190.

Sirin SR. Socioeconomic status and academic achievement: A meta-analytic review of research.
Review of Educational Research. 2005; 75:417-453.

Statistics Canada. 2006 Census of Canada highlight tables: Population by language spoken most often
at home and age groups, 2006 counts, for Canada, provinces and territories - 20% sample data.
2007 Catalogue number 97-555-XWE2006002.

Stevens C, Lauinger B, Neville HJ. Differences in the neural mechanisms of selective attention in
children from different socioeconomic backgrounds: an event-related brain potential study.
Developmental Science. 2009; 12:634-646. [PubMed: 19635089]

Turkheimer E, Haley A, Waldron M, D'Onofio B, Gottesman Il. Socioeconomic status modifies
heritability of 1Q in young children. Psychological Science. 2003; 14:623-628. [PubMed:
14629696]

Vagh SB, Pan BA, Mancilla-Martinez J. Measuring growth in bilingual and monolingual children's
English productive vocabulary development: The utility of combining parent and teacher report.
Child Development. 2009; 80:1545-1563. [PubMed: 19765017]

Wechsler, D. The Wechsler Intelligence Scale for Children- fourth edition. San Antonio, TX:
Psychological Corporation; 2003.

Woodcock, RW.; McGrew, KS.; Mather, N. Woodcock-Johnson Tests of Cognitive Abilities- I11.
Rolling Meadows, IL: Riverside Publishing; 2001.

Yang S, Yang H, Lust B. Early childhood bilingualism leads to advances in executive attention:
Dissociating culture and language. Bilingualism: Language and Cognition. 2011; 14:412-422.

Cognition. Author manuscript; available in PMC 2015 March 01.



Calvo and Bialystok Page 16

Cognition. Author manuscript; available in PMC 2015 March 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Calvo and Bialystok Page 17

Frog Matrices Task | (FMT I)

[} He
;;l Presentation: Simultaneous (2s)

T 3 I O

\
‘ {
ol Blank Screen (2s)
[
\

[ K]
Ii%*’ ‘ Response: Any Order

[ZH ]

[ H

Frog Matrices Task II(FMT I1)

[ H Heel

| ,",'z"", | Presentation: Simultaneous (2s)

e} |
Cim
\ ',ﬁ’ﬁc,‘{ . ‘ Distracter Screen (2s)
[ H He [ H ] ﬁ

[ He H 4 ‘ Response: Any Order
[#H H |
Frog Matrices Task III(FMT Ill)

OO0 000 OO
{ ’ @& || iy = { _H | Presentation: Sequential (1 s/each)

CH ] (e H ] CH H]
[ W Wl

‘ ) ’ . H ‘ Response: In order of presentation
<1

Frog Matrices Task IV (FMT IV)

O O i

HH ‘ [ "%:T
’7‘ 5@‘ ‘ = yi'd L{ ‘ =» frﬁw ‘ Presentation: Sequential (1 s/each)
Lr_D o ] [ H
[ R F4]
Lj 2 |:| Response: According to path:

[
s o]
Figure 1.

Illustration of the Frog Matrices Task for each of the Four Conditions
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Figure 2.
Proportional correct (and standard error) for each condition of the Frog Matrices Task by

Group
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Figure 3.
Executive functioning and language composite scores (Mean Z-score) by group
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Table 1
Mean score (and standard deviation) for demographic variables and standardized background measures by
group
wcC wcC MC MC
Monolingual  Bilingual Monolingual  Bilingual
N 20 44 46 65
Mean Age (in Months) 80.0 (4.6) 81.6(3.8) 80.4 (4.0) 79.9 (4.2)
Gender (% Females) 55 57 46 49
Maternal Education 1.9(0.3) 1.7 (0.5) 3.5(0.7) 3.7(0.7)
Paternal Education 1.9(0.9) 24(1.2) 3.2(0.9) 3.6(1.1)
Income Index 441(158)  44.0(20.2)  68.2(23.4) 65.6 (22.6)
Home Language 1.2(0.2) 2.6 (0.6) 1.2(0.2) 2.6 (0.6)
K-BIT Standard Score 101.0 (13.6)  101.0(16.6) 101.8(13.1)  106.0 (14.7)
PPVT Standard Score 1016 (8.9)  94.8(11.6) 104.0(7.1)  99.3(11.7)
Pair Cancellation WJ-111
Standard Score 102.8 (7.8) 103.6 (6.7)  104.8 (8.1) 105.2 (8.3)
Animal Cancellation WISC 9.7 (2.2) 8.7 (3.1) 10.7 (2.2) 9.6 (3.4)

1V Scale Score

Maternal Education Range=1 (less than high school) to 5 (Graduate/Professional Degree).

Income Index = Percentile ranging from 1 to 99 based on Boyd’s (2008) Socioeconomic Scale.

Home Language = 1 (entirely English), 3 (equally English and other language, 5 (no English)
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Table 2

Mean score (and standard deviation) for accuracy and reaction time on the three conditions of the chevron
flanker task by group.

wcC wcC MC MC

Condition Monolingual  Bilingual ~ Monolingual  Bilingual

Accuracy (proportion correct)

Control 0.85(10)  0.91(07)  0.89(.08) 0.91 (.08)
Search 082(13) 0.88(10) 0.85(.08) 0.90 (.07)
Conflict 076 (15)  081(13)  0.81(.09) 0.83 (.12)

Reaction Time (in ms)
Control 863 (139) 848 (90) 877 (133) 871(113)
Search 1000 (165) 1023 (114) 1047 (163) 1032 (119)
Conflict 1105(182) 1106 (123) 1140 (173) 1137 (163)
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