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Executive functions in two-way dual-language education: A
mechanism for academic performance

Alena G. Esposito
Clark University, USA

Children across the United States are increasingly learning academic content through two-way dual-
language education (http://www.cal.org/twi/). This education model provides instruction through two
languages in classrooms comprised of approximately equal numbers of native and non-native English
speakers. For both language groups, this educational model is an effective approach for
achieving second-language fluency (Garcia & Nanez, 2011; Lindholm-Leary & Genesee, 2014).
Importantly, both native and non-native English speakers in dual-language education programs
perform as well or better academically than their peers in mainstream English classrooms (e.g.,
Marian, Shook, & Schroeder, 2013; Steele et al., 2017). However, the mechanisms that explain this
academic advantage remain to be understood. We examined the possibility that enhanced executive
functions through second-language exposure underlie the academic benefits of dual-language educa-
tion in a rural, low-income, sample of elementary school students.

Dual-language education and participating school system

Bilingual education is an umbrella term that encompasses two-way dual-language education, one-way
dual-language education, and immersion education models among others. Dual-language education
models teach academic content through two languages, such that children learn both the languages
and the content as they progress through school. The 3 primary goals for dual-language programs are
to support academic achievement, develop bilingualism and biliteracy, and foster socio-cultural
competence (Howard et al., 2018). In two-way dual-language education, classes aim for a 50/50
composition between speakers of the paired languages (language pairings vary; English/Spanish is
common in the U.S.) and at least 50% of content provided through the partner language (some models
provide up to 90%, initially, tapering down to 50%). Two-way dual-language differs from one-way
dual-language in the 50/50 composition of speakers. Dual-language differs from immersion models in
that there is typically less content provided through the partner language (often 90-100% and typically
comprised non-native speakers of that language; e.g., English speakers in a French immersion in
Montreal). Thus, dual-language refers to both one-way and two-way programs and bilingual educa-
tion is a broader term encompassing dual-language and immersion models.

The specific collaborating school system for the reported work developed a two-way dual-language
program as an optional strand within the schools to address the needs of their community (approxi-
mately one-third™ are native Spanish speaking). In this particular model, instruction alternates days
between Spanish and English, thus providing a 50-50 model of content instruction through each
language. Children enter through two lotteries, one for native English speakers and one for native
Spanish speakers, ensuring the 50/50 composition of native speakers of each of the partner languages.
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Students not in the program are placed in a mainstream English education model within the same
school.

Dual-language education and academic performance

Multiple studies indicate that children in bilingual education models (including dual-language and
immersion models) have academic outcomes that match or even exceed those of their peers in
mainstream education models, especially in later elementary grades, (e.g., Cobb, Vega, & Kronauge,
2006; Lindholm-Leary & Genesee, 2014; Padilla, Fan, Xu, & Silva, 2013; Steele et al., 2017). For
example, Marian et al. (2013) investigated the academic achievement of students in grades 3, 4, or 5
(approximately ages 8-10 years), a portion of which were enrolled in a two-way dual-language
program. They found an advantage in academic performance in math across all three grade levels
and reading in 3" grade. Similarly, Watzinger-Tharp, Swenson, and Mayne (2018) examined growth
in over 2000 4™ grade students in either mainstream English education or a dual-language education
model (comprised of both one-way and two-way models across three partner languages). In
a matched-sample of mainstream and dual-language students, the dual-language students showed
greater growth in math achievement across the 4™ grade year.

Despite seemingly robust evidence for an academic advantage for bilingual education participants,
the effect is still in question. In a meta-analyses of 10 studies reporting academic performance for
students in one-way or two-way dual-language programs compared to mainstream programs, Hill
(2018) determined the effect to be null. The results indicated a small positive effect that Hill proposed
could be easily nullified by the inclusion of a few studies with even small negative effects. He also
questioned whether the reported results that show an advantage to those in dual-language education
are due to their participation or can be explained by changing demographics as a result of attrition.
Attrition, he reports, is likely to positively affect the socio-economic status of the group because low-
income families are more transitory and more likely to relocate, leaving predominantly higher socio-
economic status students in the program. Socio-economic status is a known predictor of academic
performance (e.g., Hoff, 2013; Nesbitt, Baker-Ward, & Willoughby, 2013). The question of attrition
also arises as students who are struggling academically may be more likely to leave the program for
mainstream education models. It is, therefore, important to examine academic achievement with
consideration for student intelligence and family socio-economic status.

Dual-language education and executive functions

The “bilingual advantage” refers to higher performance by bilingual compared to monolingual
individuals in executive functions (for a review, see Bialystok, Craik, & Luk, 2012). Executive functions
are the top-down processes that are required for effortful cognition such as reasoning, problem-
solving, and planning and include the core components of inhibition, interference control, working
memory, and cognitive flexibility (Diamond, 2013). Executive functions are positively correlated to
both socio-economic status (SES; e.g., Nesbitt et al., 2013) and academic performance (for review, see
Serpell & Esposito, 2016). Bilingualism may be a protective factor for children from low-SES back-
grounds, providing an advantage that offsets the disadvantages associated with their economic
conditions. The bilingual advantage is thought to result from constant practice in managing two
languages, which enhances mental flexibility and controlled attention. The advantage has been found
across age groups, languages, and geographic locations. However, the specific conditions under which
a bilingual advantage is and is not found have not been elucidated (e.g., Yang, Hartanto, & Yang, 2016;
Valian, 2015). While some research shows benefits to executive functions after short periods of intense
training (e.g., Janus, Lee, Moreno, & Bialystok, 2016), others show that benefits only emerge after
a threshold of proficiency in both languages is met (e.g., De Cat, Gusnanto, & Serratrice, 2018). Thus,
the second-language exposure gained through the specific context of two-way dual-language educa-
tion may not be sufficient for an executive functions advantage to develop.
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The research investigating whether an advantage develops for children in bilingual education
models has found mixed results. Studies examining immersion education have found support for
emerging benefits to executive functions after 3 or more years of participation (e.g., Bialystok & Barac,
2012; Nicolay & Poncelet, 2013, 2015). In contrast, several studies have failed to find differences
between two-way dual-language and mainstream monolingual education models (e.g., Kaushanskaya,
Gross, & Buac, 2014; Poarch & van Hell, 2012) with at least one study finding a disadvantage (Puri¢,
Vuksanovi¢, & Chondrogianni, 2017). These studies, however, examined children with less than
2 years of experience in dual-language programs and, where reported, children were from middle-
class backgrounds. Hartanto, Toh, and Yang (2018) found that the bilingual advantage was only
evident for children from low-SES backgrounds. Thus, if the conditions of two-way dual-language
education are in-line with developing a bilingual advantage, it is more likely to emerge for children
who have more than 2 years of experience in the program and are from low-SES backgrounds who can
most benefit from an intervention. In support of this hypothesis, a study examining controlled
attention for children in an area of marked poverty enrolled in either mainstream monolingual
education or two-way dual-language education for more than 3 years found evidence for emerging
benefits (Esposito & Baker-Ward, 2013).

As documented in an extensive literature, executive functions correlate with indices of academic
performance (for review, see Serpell & Esposito, 2016). For example, Best, Miller, and Naglieri (2011)
measured academic achievement and executive functions in a nationally representative sample of
children aged 5-17 years and found a consistent relation between executive functions performance
and academic achievement in math and reading. Thus, if two-way dual-language education conveys
a benefit to executive functions, that benefit could support greater academic achievement.

The present study

We examined whether enhanced executive functions gained through participation in a two-way dual-
language program are a mechanism through which an academic advantage emerges. In sum, there is
evidence for an academic advantage in bilingual education models, but the advantage is still in
question and the mechanism is unknown. We propose that two-way dual-language education fosters
executive functions similar to the advantage found in bilingual individuals and that well-developed
executive functions are a mechanism for an academic advantage. In the present cross-sectional study,
we recruited a sample of primary and intermediate elementary students in either two-way dual-
language education (Spanish/English) or mainstream English education in an area of rural poverty
within the same schools. The participating school system provided academic data. Parents provided
information about the home environment and family demographics. We met with students individu-
ally to measure executive functions as well as variables that permitted us to create a matched-sample of
students in two-way dual-language education and the mainstream English model. The full-sample
provided a larger sample size and included all participants, including those on the ends of the score
distribution. The matched-sample, however, allowed us to address three criticisms of previous
literature, namely that few studies equated groups on individual intelligence, family socio-economic
status, and sample size.

The present study had four research questions: 1) is there an academic advantage for children
enrolled in two-way dual-language compared to mainstream English education in an area of rural
poverty; 2) is the second-language experience provided through a 50/50 two-way dual-language
education model sufficient to benefit executive functions; and, if so, 3) is there evidence that executive
functions are a mechanism through which the academic advantage for two-way dual-language
participants emerges? Relatedly, 4) does the pattern of results in a full-sample analyses replicate in
a matched-sample controlling for participant intelligence and family demographics? We predicted
that we would replicate the dual-language academic advantage in late elementary students, especially
in math where the findings of an advantage appear to be the most robust. We also predicted a dual-
language advantage in executive functions for late elementary students. We predicted that executive
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functions would mediate the relation between educational model and academic performance, provid-
ing evidence for a mechanism of the academic advantages found in models of bilingual education. We
predicted the reduced sample size and elimination of the extreme ends of the score distributions of the
matched-sample would reduce the power and effect sizes of the results, but that the pattern of results
would be similar to those found in the full-sample.

Method
Participants and school system

The participants were 288 children (primary = grades K-1, n= 175, Mean age = 6 years, 11 months;
intermediate = grades 4-5, n= 113, Mean age =10 years, 9 months), enrolled in a rural public school
system in the southeastern United States (see Table 1). The matched-sample was a subset exact
matched on grade and we used Coarsened Exact Matching (CEM) on verbal and non-verbal intelli-
gence as well as parent/guardian education level (7=136). The school system includes 266 mi® and all
students within the county attended the same 2 schools as part of a continuous progression through
the county grade school program (K-2 primary school, early elementary; and 3-5 intermediate school;

Table 1. Full Sample and Matched Sample by School.

Primary Intermediate
Dual-Language Mainstream Dual-Language Mainstream
Full CEM Full CEM Full CEM Full CEM
n (female) 50 (27) 42 (22) 125 (62) 42 (16) 34 (22) 26 (13) 79 (36) 26 (17)
Mean WASI 19.56 19.13 18.82 1923 (9.17) 38.00 (8.16) 37.62(7.74) 35.38 (6.58) 36.50 (6.74)
Vocabulary (9.99) (9.43) (8.94)
(SD)
Mean WASI 8.67 (6.08) 7.10 (4.74) 6.59 (4.58) 7.28 (4.92) 21.48 (12.01) 21.29 (12.20) 16.95 (10.14) 18.65 (10.19)
Blocks (SD)
Caregiver 433 (1.78) 4.38(1.86) 4.08 (1.49) 4.05(1.55) 4.43(2.02) 4.61(1.94 426(1.62) 4.29(1.27)
Education
Level (SD)

Hours Spent with  3.32 (1.78) 3.31(1.83) 3.38 (2.31) 3.40 (241) 2.13(1.78) 2.37 (1.86) 2.95 (2.25) 2.64 (1.94)
an Adult on
Homework

Hours Spent with  2.94 (1.81) 3.08 (1.90) 3.20 (2.17) 3.46 (249) 1.52(1.17) 1.47 (1.17) 2.45 (2.05) 2.44 (2.06)
an Adult
Reading

Participation in 42.00 35.70 55.20 57.10 50.00 50.00 58.20 50.00
extra-
curriculars (%
of participants
indicating at
least one)

Individual 12.00 7.10 14.40 21.50 14.70 7.70 21.50 11.50
Education Plan
(IEP; % of
participants
with one)

Number of Adults 1.78 (.71) 1.73 (0.60) 2.00 (.73) 1.98 (0.91) 2.08 (0.50)  2.11(0.46) 220(1.22) 2.21(1.32)
in the Home

Number of 144 (1.34) 1.19(0.94) 1.65(1.28) 1.76 (1.26)  1.21 (0.88) 1.11 (0.81) 1.73 (1.43) 1.72 (1.51)
Children in the
Home

Spanish Fluency  7.88 (5.35) 7.78 (5.46) 2.54 (4.89) 2.11 (4.56) 12.86 (8.25) 14.48 (8.55) 3.98 (7.27) 1.95 (6.03)
task (SD)

Caregiver education level was coded as completed elementary school =1; completed middle school = 2; completed high school =3;
some school beyond high school =4; completed an associate degree or other training program =5; completed a bachelor’s
degree =6; beyond college =7.
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late elementary). Reflecting the diversity of the community, the sample was comprised of an approxi-
mately equal number of Black (n = 91), non-Hispanic White (n = 78), and Hispanic White (n = 92)
participants, with an additional 27 participants identifying as multiracial. We recruited participants
with letters distributed by their teachers and only those children whose parents/guardians provided
written consent participated (52% of population; total providing consent n = 454). The reported
sample (n= 288) reflects all students whose family consented and completed the parent/guardian
questionnaire.

As described, the school system offers two educational tracks: mainstream English (monolingual)
or two-way dual-language (TWDL; Spanish/English; 50% split instructional time). All children whose
data were included in this study enrolled in their education model in kindergarten and maintained
a stable placement. The TWDL program is housed within the school and TWDL and Mainstream
English classrooms are alongside each other with the same resources. Entrance into the TWDL
education model is by lottery at kindergarten registration. Not all families enter the lottery and the
percentage of parents who do is not available. All children placed in the TWDL program are placed by
lottery, but not all children in Mainstream English entered the lottery for TWDL placement. In light of
the lack of complete randomization, we implemented Coarsened Exact Matching (CEM; Iacus, King,
& Porro, 2012) to create a matched sample and examine differences in performance due to educational
program assignment. This results in a quasi-experimental design (Shadish, Cook, & Campbell, 2002).

Measures

The task battery consisted of measures included for the purpose of creating matched-pairs, measures
to examine group differences, and those that were the target of the investigation. For matching
purposes, we included verbal and non-verbal intelligence as well as parent/guardian education level.
Group difference measures included parent/guardian report of academic involvement and household
density as well as a measure of Spanish fluency. Target variables included academic measures obtained
from the participating school system and measures of executive functions, both computerized and
teacher report.

Wechsler abbreviated scale of intelligence (WASI)

The WASI was designed to be a quick and reliable measure of general intelligence appropriate for ages
6-90, has reliabilities ranging from .92-.98, test-retest stability of .88 for children aged 6-11, and has
been validated with other tests in the Weschler library (Weschler, 1999). We administered the
Vocabulary subtest to measure word knowledge and verbal concept formation. We also administered
the Block Design to measure nonverbal concept formation. Importantly, the WASI was not adminis-
tered as a diagnostic tool and should not be interpreted as a clinical intelligence measure. This measure
was administered for comparative purposes and was used as a matching variable. Both tests were
conducted entirely in English. The total score was recorded for each subtest, resulting in two
independent variables, which were used to create the matched sample.

Parent and teacher data

Parents completed a written questionnaire including family demographics and students’ activities (See
Table 2). With parental authorization, the school guidance counselors provided academic data for
participating children (see Table 2). The measures collected differed by grade. In primary (K and 1*
grade), language arts (reading and writing) performance was measured with the mCLASS: Text
Reading Comprehension (TRC). The TRC tracks reading development across the elementary years.
Children read leveled text passages and complete comprehension questions. Expected progress is
alevel D, or level 6, by the end of kindergarten and a level J, or 18, by the end of first grade. The math
measure was year-end-grade achieved by each student as an accumulation of classroom assessments
across the academic year. For intermediate (4™ and 5™ grades), we collected year-end grades for
language arts, math, science, and social studies for a total of four means. Grades are on a 100 point
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Table 2. Mean scores (and SDs) on tests of academic achievement by grade level and educational model.

Primary Intermediate
Dual-Language Mainstream Dual-Language Mainstream
Academic Means Full CEM Full CEM Full CEM Full CEM

Language Arts (SD)
Kindergarten TRC 6.89 (3.43) 7.35(3.25) 5.88(3.43) 5.80(3.47)

First Grade TRC 16.46 16.33 19.02 20.22
(5.64) (4.56) (6.37) (5.82)
Year-average 93.24 93.72 88.05 90.16
(3.59) (2.87) (6.49) (5.28)
End-of-grade 2.15 2.08 1.81 2.08
(0.91) (0.81) (0.83) (0.86)
Math (SD)
Kindergarten Year- 84.64 84.18 82.71 82.13
average (9.35) (9.22) (13.99) (14.10)
First Grade 80.08 81.39 83.77 82.17
Year = average (11.39) (11.67) (12.83) (15.70
Year-average 94.15 94.36 8591 87.88
(3.29) (2.72) (7.50) (6.90)
End-of-grade 2.41 242 1.80 1.96

(0.89) (0.90) (0.96) (0.98)
Science (SD)
Year-average 94.73 94.72 90.74 92.40
(1.86) (2.01) (5.05) (3.42)
Social Studies (SD)
Year-average 96.15 96.56 90.65 91.32
(2.99) (2.65) (6.32) (5.13)

TRC is Text Reading and Comprehension. Year-average grades refer to those determined by classroom teachers based on school-
wide assessments. End-of-grade refers to standardized state tests.

scale. We also collected scores on the state-standardized end-of-grade tests (EOG). The tests are
administered beginning in the third grade in all public schools in North Carolina. Scores range from 1
to 4, with a three the minimum to advance to the next grade without remediation. Both 4™ and 5t
grade students take the language arts and math tests, for a total of 2 means.

Spanish category fluency

Although time restrictions from the collaborating school system prevented a full language test battery,
the fluency task allowed us to get an indication of whether children in the TWDL model were
developing Spanish language skills at a higher rate than their peers in the mainstream model, an
important premise of bilingual education and the bilingual advantage. Tasks such as these, although
administered in English, are often part of intelligence scales (such as the Weschler Intelligence Scale for
Children, Revised; Weschler, 1974). In this task children were first asked to name as many animals
within a minute as they could, using Spanish, “such as perro [dog] or gato [cat]” and then to name as
many things to eat or drink as they could within one minute, using Spanish, “such as leche [milk] or
pan [bread].” Experimenters recorded correct, unique, responses and the total number was summed
for one measure of Spanish Category Fluency.

Computerized executive functions measures

Computerized tasks used the Psychology Experiment Building Language (PEBL: Mueller, 2011)
delivered on Compaq Presario CQ60 laptop computers attached to HP Compaq L2105 21.5 inch
color touch screen monitors.

Switching. We administered a version of the Trail Making Task developed specifically for children
(Delis, Kaplan, & Krames, 2001). Children completed three sequencing trails. The first trail required
numeration of numbers from 1 to 16 (1-2-3). In the second, the sequence was alphabetical from
A-K (A-B-C). In the last, the sequence alternated between a number and a letter (1-A-2-B-3-C).
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Response time in seconds is calculated for each trail, with the last trail being a measure of switching
performance. The PEBL version of this task has been tested for validity (Piper et al., 2012) and higher
test-retest reliability than paper versions (r= .61-.74 vs. r= .45, respectively; Piper et al, 2015).
Bilingual children have previously shown an advantage over monolingual children on this task
(Bialystok, 2010; Esposito & Baker-Ward, 2013).

Inhibitory control. We included both a stimulus-stimulus conflict measure as well as a stimulus-
response conflict measure of inhibitory control. The Bivalent Shape task (stimulus-stimulus conflict:
Mueller & Esposito, 2014) was developed to measure the ability to ignore salient features of a stimulus
and act on the relevant information. The task has been used to measure executive functions in this age
range previously (e.g., Esposito & Bauer, 2018). Two active buttons are at the bottom of the screen,
a red circle, and a blue square. Stimuli (circles and squares in red, blue, or a black outline for six
possible test items) appeared in the center of the screen and participants are directed to match the
shape. Congruent stimuli matched in both color and shape, incongruent stimuli matched in shape but
not in color. Neutral items did not have color, and thus no facilitating or distracting element. The task
consisted of practice blocks for each type of stimuli followed by a mixed block in which the three types
of stimuli were presented in a set randomized order with 10 of each type for a total of 30 trials.
Children had up to 3 seconds to respond. Mean reaction times on correct trials for each trial type
produce three dependent variables (congruent, incongruent, and neutral). Bilingual children have
shown an advantage over their monolingual peers on this task (Esposito, Baker-Ward, & Mueller,
2013).

The Simon task represents a stimulus-response conflict. Participants responded to the appearance
of a green or orange rectangle on the left or right side of the monitor by pressing the right or left shift
buttons in response to the color, ignoring the location of the object on the screen (Lu & Proctor, 1995;
Simon & Wolf, 1963). The task has good reliability (Cronbach’s alpha = .88, with adults in short form;
Cevada, Conde, Marques, & Deslandes, 2019) and has been validated as a marker of attention deficit
along with other executive function tasks in children (e.g., Mullane, Corkum, Klein, & McLaughlin,
2009). Individuals respond more quickly if the object is on the same side of the screen as the shift
button that correlates to the color and they respond more slowly when the position of the object is on
the opposite side of the appropriate shift button. The Simon task has a history of elucidating a bilingual
advantage, especially in children (e.g., Martin-Rhee & Bialystok, 2008). Mean reaction times for
correct trials were calculated for congruent and incongruent trial types for a total of two dependent
variables.

Behavioral executive functions measure

Teachers completed the Behavioral Rating Inventory of Executive Functions (BRIEF; Gioia, Isquith,
Guy, & Kenworthy, 2015). The BRIEF is an 86 item behavioral checklist normed for children aged
5-18. Respondents mark each behavior as “never,” “sometimes,” or “always” and the responses are
summed into a Global Executive Composite that documents executive dysfunction. Reliability as
measured by Cronbach’s alpha ranges from .8-.98. The test is validated across age, socio-economic,
race, and ethnic groups within the United States. A higher score indicates greater dysfunction.

Procedures

Children were tested individually in a quiet classroom within their school during a single session
lasting approximately 30 minutes (the time allotted by the participating school system). Experimenters
were six female psychology students with intermediate to advanced Spanish ability. All participating
children provided verbal assent. The university institutional review board and participating school
system school board reviewed and approved all procedures. The computer tasks were administered in
random order. All computer tasks are designed to be non-verbal and instructions were administered
in the child’s preferred language (children were asked their preference; English or Spanish). Computer
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tasks were followed by the Spanish fluency task. We concluded with the WASI, which was adminis-
tered in English as per the manual. All assessments, reports, and teacher ratings were completed in the
last month of the school year.

Matching

In order to control for individual and group differences that could influence the outcome variables of
interest as well as control for differences in sample size between groups, we created a matched-sample
using Coarsened Exact Matching. CEM analysis utilized an R plugin (R version 3.3.0; CEM Extension
Bundle). Each TWDL participant was paired to a child enrolled in mainstream English education.
Grade was exactly matched while verbal intelligence, non-verbal intelligence, and parent/guardian
education level were coarsened. Of the 288 participants, 68 pairs were created for a total of 136
participants included in the CEM subset. Means are reported in Table 1, with matching variables
outlined for easy identification and separated by Education Model (TWDL vs. Mainstream English)
and School (primary vs. intermediate).

Results

The results are reported in three parts; examination of group differences, academic performance, and
executive functions. Evidence for executive functions as a mediator for the relation between education
model and academic performance in then examined. All reported analyses are two-tailed and were
conducted using SPSS 24 software.

Group differences

We first examined whether the educational groups differed in observable ways that could impact
academic performance (means reported by group in Table 1). Group differences in verbal and non-
verbal intelligence, parent/guardian level of education, parent/guardian academic involvement (home-
work help and reading), participation in extra-curricular activities, child has an individual educational
plan (IEP; implemented for special needs), and the density of the home environment were tested with
a 2 (Educational Model) x 2 (School) multivariate analyses of variance (MANOVA). There was a main
effect of School, F(9, 185) = 24.42, p < .001, n> = .54, such that the intermediate students, compared to
the primary students, scored higher in verbal (M = 19.01 vs. 36.63; F(1, 197) = 160.44, p < .001, 1]2 =
.45) and non-verbal intelligence (M = 7.75 vs. 19.59; F(1, 197) = 85.24, p < .001, n” = .31). Families with
children in the intermediate school, compared to the primary school, reported spending fewer hours
supervising homework (M = 2.44 vs. 3.36; F(1, 197) = 5.56, p = .02, 1]2 =.03) and reading with their
child (M = 1.98 vs. 3.12; F(1, 197) = 8.81, p = .003, n” = .04). There were no other main effects or
interactions.

The CEM procedure was intended to minimize differences between education groups on socio-
economic and general aptitude. However, we recognize that the measures included are a proxy and
incomplete. We, thus, examined whether the educational groups differed in observable ways that could
impact academic performance but were not included in the matching variables in a 2 (Education
Model) x 2 (School) MANOVA with parent/guardian academic involvement (homework help and
reading), participation in extra-curricular activities, child has an IEP, and the density of the home
environment as dependent variables. The results were similar to those of the full-sample analyses.
There was a main effect of School, F(6, 96) = 2.72, p = .02, n* = .15, such that families in the
intermediate school reported spending less time supervising homework (M = 2.51 vs. 3.36; F(1,
105) = 5.71, p = .02, 1]2 =.05) and reading with their children (M = 2.01 vs. 3.31; F(1, 105) = 12.44,
p =.001, 1)2 =.11). There was also a main effect of Education Model, F(6, 96) = 2.26, p = .04, 1)2 =.12,
such that families in the dual-language program reported fewer children in the home compared to
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those in mainstream education (M = 1.16 vs. 1.74; F(1, 105) = 4.77, p = .03, n® = .05). There were no
other main effects and no interactions.

We also examined the Spanish Fluency of participants. We examined this in a 2 (Education Model)
x 2 (School) Analysis of Variance (ANOVA).! In the full sample, there was a main effect of Education
Model such that students in the TWDL program had higher scores than their peers in the mainstream
model, F(1, 238) = 65.74, p < .001, n?> = .22. There was a main effect of School such that the
intermediate students had higher performance compared to the primary students, F(1, 238) = 13.44,
p <.001, n* = .05. There was also a significant interaction, F(1, 238) = 4.08, p = .04, n° = .02. Follow-up
univariate tests revealed that the dual-language intermediate students had significantly higher perfor-
mance than the primary students, F(1, 77) = 10.49, p = .002, whereas there was no difference between
educational programs for those in the mainstream education program, F(1, 159) = 2.25, p = .14.

The same analyses with the CEM sample replicated these results. There were significant main
effects of Education Model, F(1, 119) = 61.86, p < .001, n* = .35, and School, F(1, 119) = 7.98, p =.006,
n® = .07, and a significant interaction, F(1, 119) = 8.77, p = .004, n* = .07. Follow-up univariate tests
also replicated the previous analyses with dual-language intermediate students producing significantly
more words than primary students, F(1, 62) = 14.06, p < .001, n° = .19, while there was no difference
for those in mainstream education, F(1, 57) = 0.01, p = .91.

In summary, there were few differences found between the Education models with the exception of
Spanish fluency performance. There were also few differences between the full sample and the CEM
sample.

Academic performance

Primary school

Academic performance is reported by grade and education model in Table 2.> Primary school
academic achievement was represented with a reading measure (TRC) and math measure (year-end
classroom grade). For the primary school, we had access to kindergarten data for all participants
(including current first-grade students). Thus, we were able to analyze kindergarten data for all
primary students (n = 156) as a MANOVA with Education Model as a predictor. The MANOVA
revealed no significant differences in reading or mathematical performance between Education
Models, F(2, 153) = 1.43, p = .24. In addition to kindergarten data, first-grade students also had
data from their first-grade year. This enabled a short-term longitudinal examination of the growth
between kindergarten and first grade for children in the TWDL program compared to those in the
mainstream education model. We did a repeated measures MANOVA with Education Model as
a predictor. There was a main effect such that math scores decreased between kindergarten and first
grade (M = 1.98 vs. 3.12; F(1, 72) = 55942.04, p < .001, n® =.99). It is important to note that the math
measure is based on the content from that year, so a lower grade does not indicate less knowledge
overall, but poorer performance on the more advanced content. There were no other significant main
effects or interactions. The interaction between reading and Education Model approached significance
(p = .08) such that children in the TWDL program showed less growth in reading compared to their
peers in mainstream education.

Intermediate school

Intermediate school academic achievement was represented with both standardized test scores (EOG)
in mathematics and language arts and classroom grades in mathematics, language arts, science, and
social studies. Both 4™ and 5™ grade students completed these measures and the measures are normed
within grade, meaning we would not expect to see growth across grade levels. We analyzed the
standardized test scores in a MANOVA with Education Model as a predictor. Education Model was
significant, F(2, 105) = 4.53, p= .01, 1)2 =.08. Univariate analyses revealed that students in the TWDL
program had significantly higher performance on the standardized math score, F(2, 108) = 9.13, p=
.003, n* = .08, and the standardized language arts score neared significance in the same direction, F(2,
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108) = 3.58, p= .06, n*> = .03. A MANOV A predicting classroom grades in math, language arts, science,
and social studies with educational program as the predictor revealed similar results. Educational
program was significant, F(4, 102) = 9.26, p < .001, n* = .27, and univariate analyses revealed higher
performance for TWDL students in all subjects, Fs(1, 107) >362.25, ps < .001, n’s > .15.

Primary school CEM

We used the same plan of analyses to examine academic performance within the CEM sample.
A MANOVA examining kindergarten reading and math performance replicated the full sample in
that there was not a significant difference by Education Model, F(2, 75) = 1.70, p = .19. The repeated
measures MANOVA examining kindergarten and first-grade reading and math performance pre-
dicted by Education Model also replicated the findings in the full sample. There was a main effect of
math such that math scores decreased between kindergarten and first grade, F(1, 28) = 2891.51, p <
.001, n* = .99, but no other significant effects.

Intermediate school CEM

In the MANOVA examining intermediate student standardized math and language arts performance,
Education Model was not a significant predictor of performance, F(2, 47) = 1.93, p= .12. The
MANOVA predicting classroom grades in math, language arts, science, and social studies with
Educational Program as the predictor replicated results with the full sample. Educational program
was significant, F(4, 45) = 6.11, p = .001, n” = .35, and univariate analyses revealed higher performance
for TWDL students in all subject areas, Fs(1, 50) >8.57, ps < .005, n°s > .15.

In summation, there were no significant differences between educational programs in performance
for primary students in either the full or CEM samples. Intermediate students in the TWDL program
significantly outperformed their mainstream-educated peers on the standardized math exam and on
classroom grades in all subjects in the full sample. In the CEM sample, students in TWDL education
had significantly higher scores in classroom grades.

Executive functions

Executive functions were measures both with computerized tasks as well as a teacher reported
inventory. Scores on executive functions tasks are shown in Table 3. Preliminary analyses indicated
that the executive functions tasks (TMT, BST, Simon, BRIEF) were measuring unique attributes of
executive functions as intended, rs < .46.° Therefore, we ran separate analyses for the outcome
variables of each measure: TMT (Trail A, Trail B, Trail C), BST (neutral, congruent, incongruent),
and Simon (congruent and incongruent), and BRIEF. In all four,* we utilized 2 (Education Model) x 2
(School) MANOVAs or an ANOVA (for BRIEF) to test for main effects of Education Model and
School as well as an interaction. To ensure that age did not have an undue influence on the models, we
calculated Z-scores (M = 0, SD = 1) for each of the computerized executive function measures within
each grade. The conversion to Z-scores allowed us to examine relative ranking within each grade. The
BRIEF is measures based on grade-level expectations and did not require Z-score conversion.

Full sample

We first analyzed the data from the full sample. There were no significant main effects or interactions
for the TMT, Fs(3, 237) <2.45, ps = .06, or the BST, Fs(3, 233) <2.36, ps = .07. There were no significant
main effects on the Simon task, Fs(2, 236) <1.40, ps > .25, but there was a significant interaction, F(2,
236) = 3.48, p = .03, n° = .03. Univariate analyses revealed that intermediate TWDL students were
significantly faster in the congruent trials compared to their mainstream educated peers, F(1, 241) =
6.90, p = .009, 1)2 =.03. Thus, though the means indicate the intermediate students were faster in the
computerized executive functions tasks, this difference only reached significance on one part of one
task.
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Table 3. Mean reaction times in milliseconds for executive functions tasks by school, trial type, and education model.

Primary Intermediate
Dual-Language Mainstream Dual-Language Mainstream
Task Trial Type Full CEM Full CEM Full CEM Full CEM
BST
(SD)
Neutral 1.37(0.22) 1.36(0.23) 1.37(0.21) 1.38(0.24) 0.98(0.12) 0.96 (0.12) 1.08 (0.14)  1.08 (0.14)
Congruent  1.40 (0.23) 1.41(0.23) 1.35(0.23) 1.36(0.24) 0.98 (0.14) 0.97 (0.15) 1.03 (0.12) 1.03 (0.11)
Incongruent  1.43 (0.23) 1.42(0.23) 1.43(0.26) 1.48(0.27) 1.04(0.17) 1.03(0.17) 1.10(0.16) 1.11(0.16)
™T
(SD)
Trail A 2717 27.96 23.75 26.93 11.41 10.80 13.58 (7.26) 12.46 (4.20)
(11.23) (11.79) (12.00) (15.19) (4.72) (3.50)
Trail B 27.81 28.79 27.14 29.70 13.94 12.68 15.71 13.30 (3.78)
(16.04) (16.98) (15.23) (15.01) (6.51) (3.66) (11.66)
Trail C 52.08 53.35 53.76 58.63 24.98 25.27 31.42 27.93
(24.65) (25.64) (31.85) (42.70) (11.01) (9.90) (15.45) (16.74)
Simon (SD)

Congruent  1.52 (0.44) 1.57 (0.45) 1.41(0.30) 1.44(0.34) 0.98(0.11) 0.95(0.11) 1.05(0.14) 1.06 (0.13)
Incongruent  1.60 (0.42) 1.62 (0.44) 1.56 (0.34) 1.63(0.40) 1.05(0.13) 1.04(0.12) 1.13(15)  1.11(0.17)
BRIEF GEC
89.72 88.85 102.78 104.50 82.67 81.64 101.35 101.00
(21.75) (19.05) (31.12) (31.63) (17.87) (18.92) (31.87) (27.09)

BST refers to Bivalent Shape Task. TMT refers to Trail Making Task. GEC refers to Global Executive Composite.

In a 2 (Education Model) x 2 (School) ANOVA predicting the Global Executive Composite score,
there was a main effect of Education Model such that children in the TWDL program exhibited fewer
disordered behaviors related to executive functions, F(1, 259) = 15.44, p <.001, n* = .06. There was not
a main effect of School, F(1, 259) = 1.10, p = .30, and no interaction, F(1, 259) = 0.48, p = .49.

CEM sample

We next analyzed the data from the CEM sample. Replicating the full sample, there were no significant
main effects or interactions for the TMT, Fs(3, 116) <0.96, ps = .04. In contrast, there was a significant
main effect of Education Model in the BST, F(3, 113) = 2.79, p = .04, n® = .07, such that children in the
TWDL program were faster at responding to neutral trials, F(1, 115) = 6.37, p = .01, n* = .05, and
trending in that direction for incongruent trials, F(1, 115) = 3.75, p = .05, n* = .03, compared to their
mainstream educated peers. There were no other main effects or interactions for the BST, Fs(3, 113)
<1.55, ps = .21. The Simon task analyses again replicated the results of the full sample in that there were
no significant main effects, Fs(2, 117) <0.86, ps = .43, but there was a significant interaction, F(2, 117) =
4.60, p = .01, n° = .07. Univariate analyses revealed that intermediate TWDL students were significantly
faster in the congruent trials compared to their mainstream peers, F(1, 122) = 7.57, p = .007, n* = .06.

In a 2 (Education Model) x 2 (School) ANOVA predicting the Global Executive Composite score
on the BRIEF, the results replicated those of the full sample. There was a main effect of Education
Model such that children in the TWDL program exhibited fewer disordered behaviors, F(1, 120) =
13.88, p < .001, n*> = .11. There was not a main effect of School, F(1, 120) = 1.30, p = .26, and no
interaction, F(1, 120) = 0.16, p = .69.

In summary, the computerized executive function tasks did not reveal a robust pattern of results. The
BRIEF, in contrast, indicated a main effect such that the students in the TWDL program were exhibiting
behaviors consistent with more developed executive functions compared to their peers in the main-
stream education model. This pattern of results was found in both the full sample and the CEM sample.
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Table 4. Regression models analyzing the potential of executive functions as a mediator for education model and math achievement.

Model n t p B F df p adj. R?

Step 1; DV = Executive Functions 101 9.81 1,99 .002 .08
Educational Program -3.13 .002 -.30

Step 2; DV = Math performance 101 8.33 1,99 .005 .08
Educational Program 2.89 .005 .28

Step 3; DV = Math performance 101 14.83 1,99 <.001 12
Executive Functions -3.85 <.001 -.36

Step 4; DV = Math performance 101 9.48 2,98 <.001 15
Educational Program 1.93 .06 19
Executive Functions -3.14 .002 -31

Mediation analyses

We next explored whether executive functions is a potential mechanism through which intermediate
TWDL students are showing an academic advantage over their mainstream educated peers. Specifically,
we examined whether the teacher reported BRIEF mediated the relation between being in the TWDL
program and academic performance on the standardized measure of math achievement. This analysis
was only conducted with the standardized math measure in the full sample for three reasons. First,
classroom teachers issue both classroom grades and the behavioral rating. Any relation between the
variables could be due to coming from the same source. Second, only math was assessed because the
standardized measure of language arts did not significantly differ between Education Models. Third, the
significant difference in standardized math performance was only found in the full sample.

In this analysis, we followed the four steps outlined by Baron and Kenny (1986) to assess mediation
(see Table 4 for regression results). First, we examined whether Education Model significantly
predicted executive functions. Second, we conducted a regression with Education Model predicting
standardized math performance. Third, we conducted a regression with executive functions predicting
math performance. Fourth, we examined whether the effect of Education Model on math performance
was reduced when executive functions was included in the regression. Having determined mediation
with these steps, we next examined whether the mediation was statistically significant with the Sobel
test (1982). The Sobel test indicated statistically significant mediation, z= 2.47, p=.01.

Discussion

The present study investigated the academic achievement, executive functions, and the relation
between these variables in a cross-sectional design comparing students in primary or intermediate
elementary education in either a two-way dual-language program or a mainstream English education
program. The pattern of results supported an academic advantage for intermediate TWDL students.
The advantage in executive functions was less robust, emerging for TWDL students in behavioral
ratings but not in computerized measures. Using the behavioral rating measure of executive functions
and a standardized measure of math performance, we did find evidence for executive functions as
a mechanism supporting the academic advantage.

We predicted an academic advantage for intermediate students in the TWDL program, who had
experienced the program for 5-6 years. As predicted, no differences were found in academic perfor-
mance for primary students. Intermediate TWDL students showed an advantage in both standardized
measures of achievement and classroom grades in the full-sample. The match-sample showed a similar
pattern, but the standardized measures failed to reach significance. Classroom grades had a greater
range of performance compared to the narrow range of the standardized measures. This limited
variability could contribute to the differences in the results between the full sample that included
a larger sample and did not reduce participants on the extreme ends of the distribution (in comparison
to the matched sample).
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While there were few differences between those in TWDL and mainstream education in the
computerized measures of executive functions, the behavioral rating measure revealed a significant
difference between education models such that children in the TWDL program exhibited fewer
indicators of executive dysfunction in the classroom. The difference was present at both the primary
and the intermediate level. This could indicate a preexisting group difference such that children in the
TWDL program begin school with greater executive functions skills. The results could also indicate
that teachers in the TWDL program have different expectations of students in regards to classroom
behavior and, thus, rate them more favorably. There could also be other group differences aside from
education program that our variables failed to capture. Alternatively, it could indicate that an
advantage in executive functions related to classroom behavior emerges early after only one or two
years of participation in a TWDL program. There are at least two indicators of the latter interpretation.
First, teachers in the TWDL program and the mainstream program are within the same community
with the same training opportunities and regularly rotate through teaching in the TWDL program.
Thus, differences in expected behaviors to the degree found in this study are unlikely. Second, the
differences in the scores predicted differences in academic achievement on a state standardized test.
This last point indicates that the differences in performance were not a systematic bias held by teachers
and were instead meaningful reflections of behavior predicting academic outcomes.

We analyzed whether executive functions is a potential mechanism for the academic advantage
often found for children in dual-language education models. The analysis was limited to intermediate
students who had a standardized measure of academic performance not issued by a teacher. This
eliminated the concern that both measures of interest were coming from the same source or any
concern regarding different expectations across programs. The results did indicate that the academic
advantage found on the standardized math assessment for children at the intermediate level of the
TWDL program was mediated by executive functions behaviors exhibited in the classroom. Although
the analyses were limited to a subset of the participants and variables, the results support further
investigation of cognitive advantages emerging through TWDL education that could positively
influence academic achievement. Bilingual education is generally focused on bilingualism, biliteracy,
and cultural competence, but the present results are the first evidence we are aware of that children in
a bilingual education program have advanced executive skills that positively impact their academic
achievement. Further research is needed to determine whether executive functions are developing
differently over time based on educational program placement, but these results are encouraging.

The executive functions advantage for TWDL students was present across all grade levels, yet the
academic advantage was only present in the intermediate students. If we assume that the executive functions
advantage is not the results of preexisting group differences, the results indicate that, in comparison, it takes
longer for the academic advantage to emerge. This is possibly because executive functions behaviors
supporting the academic advantage do not have an immediate effect. It could also indicate that
a language threshold needs to be met in both languages before the academic advantage emerges. Future
research that includes full language assessments could help to understand the relation between language
development, academic achievement, and executive functions in dual-language education models.

An interesting finding was the difference between the results of the computerized executive
functions measures and the behavioral ratings. Studies of executive functions, including those used
to identify the bilingual advantage and the contexts in which it emerges, rely heavily on computerized
measures (for a review, see Bialystok et al., 2012). The computerized measures, in theory, are
measuring abilities utilized in the classroom. However, performance on computerized tasks has not
shown good transfer to how children are actually behaving in classrooms. Children who are trained on
a computerized tasks in laboratories show improvements on that task and sometimes similar compu-
terized tasks (near transfer), but rarely show benefits in areas such as academic performance (con-
sidered far transfer; Kassai, Futo, Demetrovics, & Takacs, 2019; Serpell & Esposito, 2016). The results
of the present study indicate that advantages in executive functions gained through bilingual educa-
tion may be more readily detected with an applied measure relevant to classroom behavior.
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A recurring criticism of work identifying the bilingual advantage in executive functions is that it
may be based on differences in SES (see Valian, 2015, for review). A similar concern has arisen
regarding the academic advantage for children in dual-language education. The explanation is that
lower SES students, who are more likely to be transient, most commonly attrit out of the program,
leaving higher SES students in the later elementary years where the academic advantage is most often
found (e.g., Hill, 2018). As a way of addressing these concerns, we analyzed the data twice. First, we
included all consenting participants who completed the tasks of interests. In this full sample, we
examined group differences in participants’ intelligence, parent education level, and other indicators,
but we did not control for these measures. We then analyzed a subset of the data that was matched on
grade level (exact) as well as verbal and non-verbal intelligence and parent education level (coarsened
exact matching). The intention was to identify whether group differences found in the full sample
would still be found when controlling for individual and family-level variables known to affect
academic outcomes and executive functions. Although there were some small changes in the results
regarding which analyses reached significance, the overall pattern between the two samples was
similar. The results do not support a stance that advantages in academic achievement or executive
functions are the result of group differences in intelligence or SES, nor do they support attrition as an
explanation for later emerging academic advantages.

The present study is not without limitations. The study is a cross-sectional and quasi-experimental
investigation that captures a snapshot of the student performance. A longitudinal investigation that
included random assignment to educational program and measurement prior to school start would be
better able to capture the developmental changes attributed to the educational model. However, the
school system allows parents to opt-in, eliminating random assignment as a possibility. We were also
limited in time with each child by the participating school system and, thus, were unable to assess
language proficiency. As future directions, we recommend longitudinal work that will be able to assess
not only a snapshot of current performance, but the change over time as cross-sectional research
cannot identify preexisting group differences. The current work is also focused specifically on an
English-only model (teachers do not have proficiency in other languages) compared to a dual-
language model. Additionally, we recommend assessments of language proficiency in both the partner
languages as well as translanguaging practices (Garcia & Lin, 2016) to identify the role of language
development in both academic performance and executive functions for both education models.

In conclusion, the present study found evidence for executive functions as a mechanism contributing
to the academic advantage shown by TWDL intermediate students compared to their mainstream
English education peers. The present study indicates that in addition to gaining second-language
fluency, literacy, and greater cultural competence, two-way dual-language education models contribute
to cognitive development, specifically executive functions, in ways that support academic achievement.

Notes

1. Analyses, including in CEM models, were run with and without a variable reflecting home language as reported
by parents. The variable did not change pattern of results. The more parsimonious model is, therefore, reported.

2. Analyses were run with and without a variable reflecting English proficiency at kindergarten entry. Results did
not differ between models. Therefore, the more parsimonious model is reported.

3. Latent variable analyses was attempted, but the model did not converge.

4. Analyses were run with and without a variable reflecting English proficiency at kindergarten entry. Results did
not differ between models. Therefore, the more parsimonious model is reported.
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