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Abstract This study aimed to explore the differences between Arabic–English bilingual
and monolingual Arabic children on a battery of executive functions. Prior research on the
influence of bilingualism on cognitive abilities and executive functions has shown mixed
results. Some results suggested that bilinguals perform significantly better than monolin-
guals, while others showed that monolinguals perform significantly better. Other studies
showed no significant differences between both groups, findings which were argued to be
due tomethodological issues. A total of 50Arabicmonolingual andArabic–English bilingual
children ranging 7–10years of age participated in the current study. Six executive function
tasks, divided into two categories (inhibition of improper response tasks, and behavioral
operational control tasks), were administered. Results did not show significant differences
for most executive functions.

Keywords Bilingualism · Arabic–English bilinguals · Executive functions · Bilinguals ·
Monolinguals

Introduction

Over the past few decades, researchers have been interested how learning more than one
language affects children’s cognitive development (e.g., Bloomfield 1933; Hakuta and Diaz
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1985; Bialystok 2001). On the one hand, the results of these studies have shown some
differences between monolinguals and bilinguals, such as those between highly proficient
and less proficient bilinguals (Millett 2010), where highly proficient bilinguals score higher
than less proficient bilinguals and monolinguals (Luo et al. 2010). On the other hand, other
studies have found no differences between bilinguals and monolinguals, especially when
certain factors were controlled for between groups, such as in a Pintner and Arsenian 1937
study that reported no significant differences between bilinguals and monolinguals on IQ
tests (in Baker 2011).

In the early years of studying bilingualism, research findings showed that monolinguals
outperformed bilinguals in concept formation, mental reorganization, abstract and divergent
thinking, mental flexibility (Lemmon and Goggin 1989), and also in vocabulary, where bilin-
guals usually have a smaller vocabulary than monolinguals in one language. However, when
bilinguals were tested on both languages, their vocabulary size was shown to be larger (All-
man 2005). Moreover, later studies showed that bilinguals demonstrated superior cognitive
ability in thinking, problem solving, communicative sensitivity, classification, visual-spatial
skills, metalinguistic awareness, selective attention, and cognitive flexibility (Diaz and Klin-
gler 2000; Bialystok 2001; Baker 2011). Investigators trying to answer the question of how
language is represented in the mind and brain (e.g., Deuchar and Quay 1998; Green 1998;
Kuhl 2007) through examining specific areas of cognitive functioning suggest that bilingual
children might be at an advantage. Some such advantages may be in terms of flexibility
in performing symbol reorganization tasks (Peal and Lambert 1962), understanding object
constancy (Feldman and Shen 1971), understanding the arbitrary nature of numeric symbols
(Saxe 1988), the ability to ignore the misleading features of a number concept task (Bialystok
and Codd 1997), and performance on spatial problems (Bialystok and Majumder 1998). The
control of such cognitive abilities demonstrated by bilinguals is related to the focus of atten-
tion necessary when concentrating on the target language, because both languages are active
even when just one of them is being used. Therefore, bilinguals must reduce activation of
the non-target language (Poulin-Dubois et al. 2011) or use a domain-general suppression
mechanism to inhibit the activation of the non-target language (Green 1998).

Most of these abilities are considered executive functions (EFs), an overall term that
refers to the cognitive processes involved in the conscious control of thoughts and actions
(Anderson 2002), and some of whose components include inhibitory control. Inhibitory
control means that one must inhibit or suppress attention to irrelevant or misleading aspects
of a stimulus while focusing on the appropriate aspects of the stimulus and generating a
successful response; thus, EF can be said to refer to the conscious control of thought and action
(Posner and Rothbart 2000). Additional components of EF traditionally include planning
abilities, all of which also may implicate inhibitory processes, and set-shifting, information
processing skills, and working memory (e.g., Diamond 2011; Engle 2002; Wilbourn et al.
2011). Based on these previous findings, the current study will investigate inhibitory control
using the Stroop task, and operational control through verbal fluency, visual attention, task
switching, and memory tasks.

The overall mixed results of early studies concerning bilingualism show that there are
both negative and positive effects of bilingualism on cognition, some of which are argued
to be due to methodological issues such as the lack of controlling for socio-economic level,
parent education level, and degree of exposure to the second language (Hakuta 1986; Oller
and Pearson 2002). More recent studies have shown significant correlations between socio-
economic and parent education levels through the Stroop effect (Gathercole et al. 2010) while
the socio-educational status of parents has also been shown to affect their children’s language
abilities and executive functions (Catale et al. 2012).
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Bilinguals have been reported to show an advantage over theirmonolingual peers in certain
cognitive abilities, particularly those related to EF (Blair et al. 2005), including selective
attention, the inhibition of attention to misleading information, and the switching of attention
in tasks with competing and misleading cues (Bialystok et al. 2004; Hernandez et al. 2010).
Bialystok (1999, 2001) argues that bilinguals have an advantage because from the beginning
of their dual language use they must constantly control which language is being used at the
moment, while at the same time suppressing the use of the other language, leading to more
fully developed neurological mechanisms for controlling such attention; this is referred to as
EF. Such ability can be detected at ages as young as 24months; 2-year-old bilinguals have
been found to demonstrate some advantages in executive control over monolinguals while
performing the Stroop task, yet no significant differences have been found between both
language groups on vocabulary or delay tasks (Poulin-Dubois et al. 2011).

Research over the past three decades reveals a number of differences that emerge from
growing up knowing at least two languages (Grosjean 1989; Bialystok and Viswanathan
2009). In the most general terms, bilingualism leads to the development of strategies that are
adaptive to the unique problem space with which bilingual infants are faced.

Rosselli et al. (2002) compared the performance on the Stroop task between Spanish
and English monolinguals and Spanish–English bilinguals, taking into account their age of
acquisition and proficiency. Results showed that the bilinguals were slower in acquisition and
lower in proficiency than monolinguals; however, no significant differences were detected
between highly proficient and less proficient bilinguals on most of the Stroop tasks. Festman
et al. (2010) found a significant difference between proficient and non-proficient bilinguals,
in which Russian and German bilinguals were tested on a battery of executive function tasks
(including the Tower of Hanoi, Ruff Figural Fluency Task, Divided Attention, and Go/No
Go). These results showed that the proficient bilingual group had cognitive advantages over
the bilingual groupwith less proficiency of the second language; their performancewas faster
and they made fewer errors.

Carlson and Meltzoff (2008) compared English–Spanish bilinguals and an immersion
language group (in which half of the participants were given instructions in English while
the other half were given instructions in their first language, Spanish or Japanese) with 6-
year-old English monolinguals, testing the generality of a bilingual advantage on a wide
range of nine EF measures by administering a battery of tasks that included the Dimensional
Change Card Sort, Simon Says, Visually Cued Recall, Kansas Reflection/Impulsivity Scale,
Comprehensive Test of Nonverbal Intelligence, Attention Network Task, Delay of Gratifica-
tion, Statue (a task that measures the ability to suppress motor action during a delay), and
the Gift Delay with Cover task. The main findings revealed a significant bilingual advan-
tage on tasks that call for managing conflicting attentional demands (conflict tasks), and on
tasks that require memory, but no such advantage was found on tasks that require impulse
control (delay tasks); the results also showed that the immersion group generally performed
similarly to monolinguals. It is remarkable that the observed effect was robust even after
controlling for socioeconomic factors such as parent education level. This pattern of findings
suggests that conflict inhibition plays a role in the link between bilingualism and EF, and that
the effects of bilingualism in executive functioning might be found in conflict tasks but not
necessarily in delay tasks. This result further suggests that bilinguals have extensive practice
in exercising selective attention and cognitive flexibility, because the two languages are used
simultaneously (Green 1998; Costa 2005; Rodriguez-Fornells et al. 2006). Therefore, in the
current study we focus on examining these same abilities that have been studied previously.

In another study conducted by Bialystok and Viswanathan (2009), three groups of 8-
year-olds, monolinguals and bilinguals in Canada and bilinguals in India, were tested. The
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results indicated that both bilingual groups performed differently from themonolingual group
but equivalently to each other; they showed higher ability in executive control, where they
demonstrated higher skills in conditions requiring inhibitory control and switching. How-
ever, differences were not detected between the language groups in response to suppression
conditions.

Across a range of studies investigating a variety of abilities, it is clear that bilingualism
is an ability that has significant consequences for cognitive performance. However, until
recently, research on the cognitive performance of bilingual children had been tested mainly
only in English, Spanish, and Chinese speaking countries, with no research conducted on EF
among Arabic monolingual and English–Arabic bilingual children.

Defining bilingualism is difficult because there are many different aspects involved, some
involving language behavior and others involving social and cultural aspects. Several defin-
itions provide a strict description of bilingualism, whereby a bilingual person is considered
someone with a native-like control of two languages; this definition thus limits the number of
individuals who can be considered bilinguals. In contrast, other definitions consider individ-
uals as bilinguals if they are fluent in one language and can produce complete andmeaningful
utterances in another. This type of definition is more inclusive, and allows early-stage sec-
ond language learners to be included (Hakuta 1986). Hence, we will use this more inclusive
classification as our definition of bilingualism.

Our study therefore aims to answer the following questions. (1) Is there a difference
between Arabic–English bilingual and Arabic monolingual primary school students on a
battery of EFs? (2) Are there differences between age groups with regard to EFs? While
previous studies have indicated that EFs continue to develop throughout childhood, children
do not usually reach an adult level of performance until around age 15 (Huizinga et al. 2006).
The relationships between age and performance on most cognitive tests such as memory,
executive, and attentional abilities have been shown to be significant (Catale et al. 2012).
Overall, EFs improve consecutively through childhood through three growth periods: birth
until the age of two, age seven to nine, and during adolescence between the ages of 16 and
19 (Jurado and Rosselli 2007).

One of the major flaws of previous research is that most studies did not control for socio-
economic differences between the groups studied, because bilingualswere typically at a lower
socio-economic level thanmonolinguals (Millett 2010). In most Arab countries, however, the
case is reversed: Arabic–English bilinguals are usually at a higher socio-economic level than
monolinguals because English as a second language is mainly taught at private schools,which
typically have high tuition fees. Therefore, in this study we follow Peal and Lambert’s 1962
model to control for socioeconomic levels between groups. Furthermore, Arabic has a unique
feature known as “diglossia,” inwhich two levels of a language exist: the vernacular language,
which is used in everyday life, and the standard language, which is used in education, writing,
and religious ceremonies (Ferguson 1959). Children acquiring Arabic as a first language are
exposed to both levels at a very early age; thus we assume that such exposure may have
an effect on cognitive abilities similar to the effect of being exposed to two languages, or
bilingualism. In Saudi Arabia, where the current study was conducted, many children are
exposed to different languages and multiple Arabic dialects both in school and outside of
school in their daily lives, and they study classical (standard) Arabic grammar between the
ages of eight and nine (starting in the fourth grade).

Two other key issues that could also have an effect on a person’s EFs are religion and
culture, because they have significant effects on self-control ability, which influences EFs. For
example, Sabbagh et al. (2006) argued that the advanced performance ofChinese preschoolers
over their American counterparts on different EF tasks may stem from sociocultural factors,
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such as the tendency of Chinese parents to expect their 2-year-old children to master impulse
control. Moreover, giving children opportunities to exercise and practice EF skills is more
encouraged in Chinese preschool children than in their American counterparts. Therefore,
we hypothesize that Arabic–English bilingual EFs will differ from those of monolinguals.
Furthermore, we hypothesize that older age groups will perform better than younger age
groups in both language groups; to examine this hypothesis, we examine the correlation
between language proficiency and EF test results among the bilingual children.

Methods

Participants

Fifty Saudi normally developing children ranging from 7–10years of age participated in this
study: 25 Arabic speaking monolinguals (12 males and 13 females), divided into two age
groups (Group 1: mean age 7.9; Group 2: mean age 9.3), and 25 Arabic–English bilinguals
(11 males and 14 females), also divided into two age groups similar to the monolinguals. We
administered a background language questionnaire in Arabic to the parents or the caregivers
to examine the children’s exposure to their native and second languages, and also to obtain
information regarding the parents’ education and family income, which helped us to match
children between the groups. Both groups were equivalent with regard to native language
level, parents’ education (all were university graduates or above), and family income (all
above 15,000 Saudi Riyals per month, which is equivalent to approximately 4,500 USD.
Exposure to a second language among the monolingual participants was minimal and was
usually the result of watching cartoons or hearing it outside of the home on the streets or while
shopping with their families, but was never used as a means of communication at school, at
home, or anywhere else. Thebilingual participants, on the other hand,were exposed toEnglish
(their second language) either at home while communicating with their immediate family
members or siblings at least 50% of the time (but not with other family members), and when
studying at international schools where English was the primary language of teaching except
for Arabic language and religious studies classes taught in Arabic. Table 1 summarizes the
demographic characteristics and language backgrounds of the participants.AnArabic reading
test was used to ensure that both groups could adequately read Arabic; the test comprised a
paragraph from the third-grade reader used by both public and international schools in Saudi
Arabia, and the ability to read was assessed by measuring the time needed to finish reading
the paragraph along with the number of mistakes made by the participant. Results showed
that both groups were similar in their Arabic reading performance. An English reading test
was also used to ensure that the participants had sufficient English reading ability; the test
included a paragraph appearing in a storybook also used in third-grade classrooms. Similar
to the method used with the Arabic text, the participants’ ability to read English was also
scored by measuring the time needed to finish reading the paragraph while also noting the
number of mistakes made (see Table 1).

Apparatus

• Arabic reading test

A paragraph was chosen by the researchers as the text to be used to determine the reading
ability of all the children participating in the study. It consisted of a 10-line paragraph
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Table 1 Demographic characteristics and parental language and socio-economic background questionnaire

Variable Language group

Bilingual Monolingual

Age

Mean (SD) 8.6 (0.7) 8.9 (0.9)

Range 7–10 7–10

Sex 1.52 1.53

Mother education (median) High education High education

Father education (median) High education High education

Income (average) More than 15,000 SR More than 15,000 SR

More than 4,000 $ More than 4,000 $

Percentage of English use at home (average) (%) 50 0

English Proficiency (average) (%) 70 0

Arabic test time (SD) 64.7 (52.7) 63.9 (81.3)

Arabic error rate (SD) 2.6 (2.6) 3.5 (5.3)

English test time (SD) 23.16 (13.5) 0 (0)

English error rate (SD) 0.12 (0.1) 0 (0)

Percentage of English use at school (%) 100 0

from the third-grade reading book used by both international and Arabic schools in
Riyadh. The total number of errors and the time needed to complete the paragraph were
calculated.

• English reading test

The researchers chose another paragraph to be used as the text to determine the English
reading ability for all the children participating in the study, and also to confirm that the
bilingual children were competent in English and that the monolinguals did not know
English as a second language. The text consisted of a 10-line paragraph from the third
grade reading book used by international schools in Riyadh. The total number of errors
and the time needed to complete the paragraph were calculated.

In addition, the following battery of EF tasks was used, including both an inhibition of
improper response task and a number of behavioral operational control tasks, described
below.

Inhibition of Improper Response Task

• Stroop Task (Color Naming)

While the Stroop test is used in many different forms, all forms rely on color naming and/or
reading words written in incongruent colors (Bondi et al. 2002). This test aims to examine the
participant’s ability to change perception modes to match the different instructions provided,
which may be different from what is typically expected. This test was developed by J. Ridley
Stroop in 1935 in an original experiment in which 70 participants were presented with a
list of color words printed in incongruent colors (i.e., the word red printed in yellow), and
were then instructed to read the words. Afterwards the participants were given another list
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of words written in all black, and were asked to read the words again. Stroop found small
differences in the time needed to read both lists (Hoover-Dempsey et al. 2002).

This test is considered by cognitive psychologists to be an independent language task that
helps researchers to learn about executive attention systems through the naming of a set of
colored dots, as well as to learn about the ability to correctly name the color of ink used
to write the name of a color that is different than the color itself. Most participants find it
difficult to correctly read or say the actual color of ink when the two variables do not match.
This difficulty is called the Interference Effect, or the Stroop Effect (Anderson 1995).

Task description: In our version of this task, three white cards were used, each with six
rows of colored dots, and each dot being red, yellow, green, or blue. The test was divided into
parts. (1) The training part included a set of color words (all in Arabic), i.e., blue, green, red,
and yellow, printed in black and randomly distributed on the cards. The participants were
instructed to read the words. (2) In the second part, participants were presented with a card
on which the words were printed in incongruent colors (i.e., the color word and the actual
color used were different), and were instructed to read the name of the color while ignoring
the color of the ink in which it was written. (3) In the third part, the cards with printed colored
dots (blue, green, red, and yellow) were presented for color naming. (4) In the fourth part
participants were presented with the same cards used in part two, and were instructed to
name the color of the ink that the words were printed in (Hinkin et al. 1999; Perlstein et al.
1998). The time required to finish the task and the number of errors were measured for each
participant. The test took approximately 5min to complete.

Behavioral Operational Control Tasks

• Verbal Fluency Task

This test was chosen to examine participants’ ability to control behaviors under strict condi-
tions to illustrate inhibition ability. The test consisted of two parts. In the first part participants
were instructed to produce or write as many words as possible beginning with the letter S
in the Arabic language ( ) within 5min. In the second part they were instructed to produce
or write as many four-letter words beginning with a letter different from the letter S; for
example, participants could choose to write words that started with the letter F ( another
Arabic letter). After the instructions were given to the participants at the beginning of the
session, the researcher recorded all of the words produced. Two types of measurements were
considered: the degree of fluency, derived from the number of words produced, and the degree
of efficiency, derived from the number of different word categories used (Abdeltawab 2007;
Fama et al. 2000).

• Trail Making Test (TMT) Parts A and B

The Trail Making Test is a neuropsychological test of visual attention and task switching
that assess visual screening, visuospatial scanning, motor sequencing skills, and shifts in
organization. It is divided into two parts (Part A and Part B); both parts consist of 25 circles
distributed over a sheet of paper. Part A: the circles are numbered 1–25, and participants were
instructed to connect the numbers by drawing lines between them in ascending order. Part
B: the circles consist of both numbers (1–13) and letters (A–L); as in Part A, the participants
were again told to connect the circles in an ascending pattern, yet with the added task of
alternating between the numbers and letters (i.e., 1–A–2–B–3–C, etc.). Participants were
told to connect the circles as quickly as possible, without lifting their pencil from the paper,
and when an error was detected it was pointed out immediately; the participant was then
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allowed to correct the error, but it was still recorded, thereby affecting the participant’s score.
The test was scored by assessing the number of seconds required to complete the task and
the accuracy of performance. The test took about 5min to complete (Abdelkawi 2011).

• The Wechsler Memory Scale (WMS)

This test is a neuropsychological test to evaluate verbal and nonverbal memory abilities. In
addition, it evaluates attention functions using both auditory and visual stimuli. The test is
divided into several sections, each testing a different aspect of memory. (1) Visual Memory:
In this section, three geometric forms were presented to participants for 10 s each, and then
participants were instructed to draw the form before the next one is presented. For this section,
drawing times and error rates were recorded. (2) Immediate Memory: In this section, two
small stories were recited to the participants, who were then instructed to recall them. Errors
were measured by noting the number of sentences that could be correctly recalled. (3)Mental
Control: This section was divided into two parts. In the first part, participants were instructed
to count down from 20 to 1 in descending order. All errors were recorded. In the second
part, participants were instructed to count by adding four numbers at a time in an ascending
manner (i.e., 1–5–9–13, etc.). Scores were calculated according to the highest number the
participants reached after 2min, along with the errors made along the way (Abdelkawi 2011).

• Matrices from Wechsler for Children

This test is based on a subscale of the Wechsler Intelligence Scale for Children-Revised
(WISC-R), designed by Wechsler in 1974 and translated by Melika into Arabic in 1976; this
task consists of nine matrices, which measure planning ability and perceptual organization.
Each participant was asked to find his/her way out of each matrix using a pencil and paper.
The time required to complete each matrix and the error rates were calculated for all matrices
(Mileka 1998).

• Comparing Names Test

The Comparing Names Test comprises one of the tasks of the general aptitude battery that
was translated into Arabic by Zaki Saleh in 1971. It consists of two lists of 30 names, many
of which are the same in both lists while some are slightly different. For example, one of
the names on one of the lists is Hasan Mustafa, while on the other list the corresponding
name is Husin Mustafa. Participants were asked to find all such differences and circle them.
Completion times and error rates were calculated for each participant (Saleh 1971).

Procedures

Participants were tested individually either at King Saud University’s psychology lab or at
their school. The Arabic and English reading tests were administered first to ensure that all
bilingual children knew how to read both English and Arabic, and that the monolingual group
did not know how to read English. Then the six other main tests were conducted. The test
order was random; for example, one group of children started with the Stroop Test, while
another group started with the Verbal Fluency Task. All tasks were conducted in Arabic.

Results

A two-way analysis of variance was carried out to compare the two language groups (mono-
linguals and bilinguals) and the age groups on all EF tasks. Because gender had no signif-
icant influence on performance, this variable was not included in the following analyses.

123

Author's personal copy



J Psycholinguist Res (2015) 44:651–667 659

Table 2 Results of two-way ANOVA

Effect Value F Hypothesis df Error df Sig.

Intercept .995 157.515a 26.000 21.000 .000

Language group .504 .822a 26.000 21.000 .685

Age group .551 .992a 26.000 21.000 .513

Language group*age group .608 1.255a 26.000 21.000 .300

The results overall did not reveal significant differences between the groups on the majority
of tasks administered. Pearson Correlation was used to test language proficiency with the
variables of completion time and error rate for the bilingual participants.

The results revealed no significant differences between the language groups for the EFs
tested in this study ( f = 0.822). Results also showed no significant differences between the
two age groups ( f = 0.992). Finally, no significant differences were detected with respect
to the interaction between the language and age groups ( f = 1.25). (See Table 2).

Further testing also showed no significant differences between the groups on the Stroop
Task, Verbal Fluency Task, or various memory tasks. However, significant differences
between the monolingual and bilingual students were found for four of the EF tasks. The
first significant difference was detected in the time needed to complete the trail-making task
(Part A) ( f = 8.17, p = 0.006), which shows that the monolingual children took more
time to complete the task than the bilingual children did, yet both groups performed sim-
ilarly on Part B of the task. However, on the Comparing Names Test the results showed
significant differences between both language groups; specifically, the bilingual children
took more time to complete the task ( f = 6.06, p = 0.02), and they also made more errors
( f = 5.63, p = 0.02) compared with the monolingual children. This may have been because
the bilinguals read and write in English more than they do in Arabic because of their bilingual
education situation at school, in which Arabic is not used in reading and writing as frequently
as it is used as a means of verbal communication. As for the Mental Control task, results
showed that the number of errors produced by the monolinguals while counting in ascending
order was significantly higher than that of the bilinguals ( f = 5.13, p = 0.03). (See Table 3).

Regarding age group differences, the results showed no significant differences in the Trail
Making, Memory, Comparing Names, and Mental Control tasks. However, the results of the
Stroop Task indicate that the younger age group took more time to complete Part 1 compared
with the older age group ( f = 6.71, p = 0.01). The results also indicated that the verbal
fluency of the older age group was significantly higher than that of the younger age group,
especially with regard to recalling words beginning with the letter S ( f = 4.58, p = 0.04).
(See Table 4).

Language proficiency was measured by assessing the time required to complete each task
and the errors produced by the bilingual participants. We conducted a statistical analysis
to find any correlation between error rates and completion times when performing the EF
tasks. Results showed no significant correlation between both types of measurements, with
the exception of the Fluency Test 1 (r=0.48, p = 0.05), Fluency Test 2 (r = 0.46, p = 0.05),
and the Counting Test (r=0.43, p = 0.05), for which significant differences were detected
in the error rates. (See Table 5).

These results show that children with greater error rates performed better on the fluency
task, indicating that their command of Arabic was higher than that of English.
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Table 3 Language group results

Source Dependent variable Type III sum of squares Df Mean square F Sig.

Language group Stroop1_time 1.041 1 1.041 .004 .951

Stroop1_errors .038 1 .038 .039 .844

Stroop2_time 14.213 1 14.213 .049 .827

Stroop2_errors .049 1 .049 .025 .876

Stroop3_time 8.620 1 8.620 .106 .746

Stroop3_errors .483 1 .483 .803 .375

Stroop4_time 379.432 1 379.432 2.025 .162

Stroop4_errrors 9.078 1 9.078 2.790 .102

Trail making1_time 23,119.941 1 23,119.941 8.176 .006

Trail making1_errors 3.977 1 3.977 1.493 .228

Trail making2_time 27,098.625 1 27,098.625 .869 .356

Trail making2_errors 24.120 1 24.120 1.093 .301

Verbal fluency1 2.610 1 2.610 .058 .811

Verbal fluency2 3.152 1 3.152 .267 .608

Comparing name time 203,828.754 1 203,828.754 6.067 .018

Comparing name errors 72.530 1 72.530 5.636 .022

Matrices time 29,132.874 1 29,132.874 .696 .408

Matrices errors 1.336 1 1.336 .073 .789

Memory, story1 764.455 1 764.455 1.123 .295

Memory story2 .000 1 .000 .000 1.000

Count forward time 4.577 1 4.577 .040 .842

Count forward errors 23.296 1 23.296 5.137 .028

Count time 64.951 1 64.951 .184 .670

Count errors 16.412 1 16.412 2.552 .117

Visual memory time 1,175.145 1 1,175.145 .311 .580

Visual memory errors 11.296 1 11.296 3.756 .059

On the other hand, the task completion time results also showed a correlation in the Stroop
Task 1 and Stroop Task 2 (r=0.56, r=0.45; p = 0.05), and this result generally indicates
that proficient bilinguals take less time to complete the Stroop tasks.

Discussion

In this research we aimed to investigate the effect of bilingualism on some aspects of EFs, and
we hypothesized that the EFs of bilinguals would be different from that of monolinguals, and
that older age groups would perform better than younger age groups. Therefore, participants
were divided into two age groups and were matched according to their parents’ education and
family income levels; we did this because previous research had found that parent educational
status influenced their children’s EFs (Catale et al. 2012). Overall, our results did not show
any significant differences between monolinguals and bilinguals or between the younger and
older age groups on most EF tasks.
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Table 4 Age group results

Source Dependent variable Type III sum of squares Df Mean square F Sig.

Age-group Stroop1_time 1,804.538 1 1,804.538 6.711 .013

Stroop1_errors .170 1 .170 .177 .676

Stroop2_time 121.910 1 121.910 .417 .522

Stroop2_errore .867 1 .867 .434 .513

Stroop3_time 202.855 1 202.855 2.493 .121

Stroop3_errore .410 1 .410 .682 .413

Stroop4_time 80.824 1 80.824 .431 .515

Stroop4_errrors 1.725 1 1.725 .530 .470

Trail making 1 time 3,641.370 1 3,641.370 1.288 .262

Trail making 1 errors 1.452 1 1.452 .545 .464

Trail making 2 time 951.336 1 951.336 .030 .862

Trail making 2 errors 3.795 1 3.795 .172 .680

Verbal fluency1 206.296 1 206.296 4.588 .038

Verbal fluency2 28.048 1 28.048 2.372 .130

Comparing names time 100,308.776 1 100,308.776 2.986 .091

Comparing names score 2.827 1 2.827 .220 .641

Matrices time 30,992.229 1 30,992.229 .741 .394

Matrices errors 16.520 1 16.520 .898 .348

Memory, story1 774.558 1 774.558 1.138 .292

Memory, story2 20.169 1 20.169 1.573 .216

Count forward time 145.558 1 145.558 1.285 .263

Count forward errors 5.458 1 5.458 1.204 .278

Count time 257.264 1 257.264 .729 .398

Count errors 12.713 1 12.713 1.977 .166

Visual memory time 59.181 1 59.181 .016 .901

Visual memory errors 4.609 1 4.609 1.533 .222

The results generally showed no differences in performance of the Verbal Fluency Task
between both language groups, whichmight be one of the reasonswhywe found so few statis-
tically significant results between the language groups on the EF tasks. Previous research has
found a relationship between vocabulary size, fluency, and EFs (Bialystok and Feng (2009),
and vocabulary size has also been found to play an important role in recall; when vocab-
ulary level is controlled for, the differences between monolinguals and bilinguals usually
disappear (Bialystok and Feng 2009). This effect was evident in our results as well, because
no significant differences were detected for either the visual or immediate memory tasks.
Thus, we are in agreement with Xue et al. (2004), who found that Chinese monolinguals and
Chinese–English non-proficient bilinguals showed similar performance on memory tasks
when they were presented in their native language. Similarly, in our current study the chil-
dren were tested in their native language, and therefore no differences were detected in their
task completion times.

Our findings may also have been influenced by language frequency and language input.
This is because Arabic was the main language used for communication by the majority of the
people around the bilingual participants in their daily lives, except in school where English

123

Author's personal copy



662 J Psycholinguist Res (2015) 44:651–667

Table 5 Language proficiency through error results

Test English
errors

Test English
errors

Stroop1_time Pearson correlation .008 Fluency2 Pearson correlation 0.4613−

Sig. (2-tailed) .969 Sig. (2-tailed) .020

Stroop1_errors Pearson correlation .142 Name_time Pearson correlation −.216

Sig. (2-tailed) .498 Sig. (2-tailed) .299

Stroop2_time Pearson correlation −.241 Name_score Pearson correlation −.056

Sig. (2-tailed) .246 Sig. (2-tailed) .789

Stroop2_errore Pearson correlation .301 Matrices_time Pearson correlation −.073

Sig. (2-tailed) .144 Sig. (2-tailed) .730

Stroop3_time Pearson correlation −.072 Matrices_errors Pearson correlation −.012

Sig. (2-tailed) .733 Sig. (2-tailed) .956

Stroop3_errore Pearson correlation .033 Story1 Pearson correlation −.085

Sig. (2-tailed) .876 Sig. (2-tailed) .688

Stroop4_time Pearson correlation .133 Story2 Pearson correlation −.284

Sig. (2-tailed) .527 Sig. (2-tailed) .169

Stroop4_errrors Pearson correlation .297 Count forward_time Pearson correlation −.124

Sig. (2-tailed) .150 Sig. (2-tailed) .553

Trail1_time Pearson correlation −.303 Count forward_errors Pearson correlation −.103

Sig. (2-tailed) .141 Sig. (2-tailed) .625

Trail1_errors Pearson correlation −.109 Count_time Pearson correlation −.039

Sig. (2-tailed) .604 Sig. (2-tailed) .854

Trail2_time Pearson correlation −.142 Count_errors Pearson correlation 0.4317∗

Sig. (2-tailed) .498 Sig. (2-tailed) .031

Trail2_errors Pearson correlation .007 Visual_time Pearson correlation .111

Sig. (2-tailed) .974 Sig. (2-tailed) .598

Fluency1 Pearson correlation 0.4889∗− Visual_errors Pearson correlation −.005

Sig. (2-tailed) .013 Sig. (2-tailed) .982

English
_time

English
_time

Stroop1_time Pearson correlation 0.5697∗∗ Fluency2 Pearson correlation −.026

Sig. (2-tailed) .003 Sig. (2-tailed) .902

Stroop1_errors Pearson correlation .207 Name_time Pearson correlation .260

Sig. (2-tailed) .321 Sig. (2-tailed) .209

Stroop2_time Pearson correlation 0.4519∗ Name_score Pearson correlation −.227

Sig. (2-tailed) .023 Sig. (2-tailed) .275

Stroop2_errore Pearson correlation .071 Matrices_time Pearson correlation −.072

Sig. (2-tailed) .734 Sig. (2-tailed) .733

Stroop3_time Pearson correlation .022 Matrices_errors Pearson correlation −.272

Sig. (2-tailed) .916 Sig. (2-tailed) .189

Stroop3_errore Pearson correlation .225 Story1 Pearson correlation −.036

Sig. (2-tailed) .281 Sig. (2-tailed) .865

Stroop4_time Pearson correlation .108 Story2 Pearson correlation −.282

Sig. (2-tailed) .607 Sig. (2-tailed) .172
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Table 5 continued

English
_time

English
_time

Stroop4_errrors Pearson correlation .252 Count forward_time Pearson correlation −.309

Sig. (2-tailed) .224 Sig. (2-tailed) .132

Trail1_time Pearson correlation .047 Count forward_errors Pearson correlation −.102

Sig. (2-tailed) .825 Sig. (2-tailed) .629

Trail1_errors Pearson correlation −.093 Count_time Pearson correlation .032

Sig. (2-tailed) .659 Sig. (2-tailed) .881

Trail2_time Pearson correlation −.211 Count_errors Pearson correlation .117

Sig. (2-tailed) .311 Sig. (2-tailed) .577

Trail2_errors Pearson correlation −.274 Visual_time Pearson correlation .027

Sig. (2-tailed) .184 Sig. (2-tailed) .899

Fluency1 Pearson correlation −.081 Visual errors Pearson correlation −.195

Sig. (2-tailed) .700 Sig. (2-tailed) .349

was the main language of education, or when one of the parents communicated with them
in English to practice it at home. In addition, their second language fluency could also be a
major factor. In previous studies, highly proficient bilinguals usually performed better than
less proficient bilinguals on cognitive functions (Millett 2010), and less proficient bilinguals
performed similarly to monolinguals on some EF aspects, such as when generating words
starting with specific letters within a time period of 60s (Luo et al. 2010; Mishra et al. 2012).
In our current study, the results showed that the less proficient bilinguals performed better on
the fluency task than the highly proficient bilinguals; these results agree with these previous
studies (i.e., Millett 2010; Luo et al. 2010; Mishra et al. 2012).

When comparing monolinguals and bilinguals, we detected an advantage to bilinguals
with respect to completion time in the Trail Making Task, indicating a greater ability of
selective attention in bilinguals. This effect has been mentioned by other researchers who
have suggested that bilinguals have extensive practice in exercising selective attention, which
gives them cognitive flexibility because they are used to using two languages simultaneously
(Green 1998; Costa 2005; Rodriguez-Fornells et al. 2006). While in our current study such a
difference was only detected in Part A of the task and not in Part B, where performance was
not significantly different, this discrepancy could have been related to the difficulty of the
Part B task, which is typically usually used with older age groups. Yet, to a certain degree,
our results still show that bilinguals have greater selective attention, which is in agreement
with the results of Carlson and Meltzoff (2008), who found that English–Spanish bilinguals
showed better attention performance than English monolinguals and an immersion language
group, and that both of these groups did not differ significantly. We can look at our bilingual
group as being similar to the immersion group described in the Carlson and Meltzoff study
because the Arabic–English group in our study had more similarities to their immersion
group than to the bilingual group in their study. Some subjects in school are taught in English
while others are taught in Arabic, and the children’s first language is the main language
of communication. These aspects might therefore be part of the reason that we found no
significant differences between the error rates produced by both language groups.

Our findings also indicate that monolinguals produced more errors than bilinguals when
counting in ascending order; this result agrees with Bialystok (2005), who found that bilin-
guals produced fewer errors than monolinguals when counting, and particularly when count-
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ing down in descending order. This finding was because bilinguals usually focus and control
their thoughtsmorewhile counting; it is thought therefore that these counting abilities demon-
strated by bilinguals are related to their attention abilities, which are usually higher than those
of monolinguals (Bialystok 2005).

A contrary, but not surprising, finding was observed in the Comparing Names Task,
whereby the monolinguals required less time to complete the task and recognize the dif-
ferences between the names compared with the bilingual children. These results, however,
are in agreement with Ivanova and Costa (2008), who found that Spanish monolinguals
named pictures faster and more accurately than Spanish–Catalan bilinguals. Despite the fact
that the tasks used in each study were different, they still fall under the same category of
‘lexicon access’; specifically, in our task, participants were instructed to access the words
and find the differences between them, while in Ivanova and Costa (2008) participants were
required to access the lexicon to name pictures. Ivanova and Costa (2008) argue that their
finding is related to the frequency effect. We agree with this argument because our results are
also associated with reading and writing skills that are affected by frequency. As mentioned
earlier, bilinguals do not read and write Arabic as frequently as monolinguals, and thus their
performancemight not be as high as it would usually be if the task were conducted in English,
despite their reading skills being tested and not found to be significantly different. Within
the Comparing Names Task, reading skills are not the only skills required; lexicon access
is actually a skill that is more important to successfully completing the task. In addition,
reading skills in this case may fall within the domain of language impairment, whereby chil-
dren with impaired reading skills usually have problems with their EFs (Reiter et al. 2004;
Abdelgafar 2004, 2008). Another aspect that should be taken into consideration with respect
to this specific task is the fact that the two writing systems are different: the alphabets are
entirely different, and words in Arabic are written from right to left, while words in Eng-
lish are written from left to right. Therefore, bilinguals require more time to complete such
tasks because these differences make the transfer of literacy skills more difficult. Moreover,
because reading skills for bilinguals depend on the writing systems of the two languages, our
bilingual participants will take more time to complete such tasks (Bialystok et al. 2005).

The Vocabulary Fluency Task did not show a significant difference between the two
groups. This result is not in agreement with those of Carlson andMeltzoff (2008), who found
that Spanish–English bilingual children showed fewer verbal abilities comparedwith English
monolingual children. In addition, Poulin-Dubois et al. (2011) showed similar results inwhich
English–French bilingual infants were found to have a smaller number of words compared
with English and French monolinguals. The differences detected between the results of our
study and these previous studies may be related to the fact that our participants were exposed
to Arabic more frequently than the other bilinguals were exposed to the language they were
being tested on, or their dominant language. Additionally, the bilinguals in our study are
considered bilinguals because of their education rather than their need to communicate with
others in their community, in which Arabic is their first and dominant language, and also the
language in which all tests were conducted.

The general findings of our study reveal some significant bilingual advantages with regard
to a few EF tasks. First, this study is one of the first to examine the role of Arabic–English
bilingualism on certain aspects of EFs, and the findings suggests that there are a number of
significant differences between Arabic monolinguals and Arabic–English bilinguals, despite
the overall results not being as expected because most differences were not found to be
statistically significant. As explained earlier, our findings could be partly because language
proficiencywas not controlled for. Another possible reason for the similarities found between
both groups is the frequency of exposure to both languages, whereby bilinguals were exposed
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to Arabic more than they were to English because they live in an Arab community. As
mentioned above, they are considered bilinguals because of their education, and at least 50%
of their time at home is spent communicating in English as the chief means of communication
with their families; however, when communicating with others outside of the immediate
family, Arabic is usually the main language used.

An additional reason for our lack of significant findings could be the Arabic diglossia
situation, in which children learn classical Arabic grammar in school that is to some extent
different from their vernacular grammar (Moawad 2006); thus, their minds might be dealing
with these differences just as bilinguals deal with another language. To avoid this possible
factor, other groups should be added to the groups to be compared. For example,monolinguals
that have a strong command of classical Arabic (which would usually be through receiving
specific education in some schools) could be compared with a group that has not yet studied
the classical formbut that still uses the vernacular in their everyday lives as their first language.
In other words, adding two such groups would allow for the control of language input because
of its role in some aspects of EFs (Carlson and Meltzoff 2008). More studies are needed in
this area to better measure the differences between Arab monolinguals and bilinguals, while
keeping in mind the unique Arabic situation known as diglossia.

Our findings have both theoretical and practical implications. At the theoretical level, the
findings contribute to the understanding of EFs and bilingualism within a different language,
as well as highlight some of the factors that contribute to the development of EFs among
bilinguals, such as language frequency, input, and proficiency. At the practical level, the
findings indicate a minor advantage of bilinguals over monolinguals in some EFs, which
might help parents to decide how to better bring up their children as bilinguals, as well as to
help the education sectorwhen developing policies regarding bilingual education, particularly
in the face of the growing numbers of bilinguals.
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