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STRACT

Obijective. The main purpose of this research study was to assess the difference
between bilingual speakers and monolingual children who have sustained a TBI
and their performance on a measure of executive functioning. It is hypothe-
sized that 1) age would be a significant contributor to performance on execu-
tive functioning tasks, 2) neurocognitive performance on measures of executive
functioning will be lower for the TBI group as compared to the control group,
and 3) neurocognitive performance on measures of executive functioning will be
lower for monolingual as compared to bilingual peers. Method. The total sam-
ple consisted of 48 children. Each subject was administered the D-KEFS (1), as
part of a larger neuropsychological battery. The hypotheses were tested using
appropriate independent-samples tests to determine whether statistically signif-
icant differences existed in executive functioning performance between groups.
Furthermore, age was treated as a continuous variable, and was tested for nor-
mality. Results: Significant difference were found between the TBI and Control
groups for CW4 [t(36)=3.121, p =.003], TMT 2 [t(40)=3.175, p =.003], and TMT
3 [t(40)=3.259, p =.002]. When comparing the performance of monolinguals
and bilinguals, statistically significant results where found for the control group
(Mann Whitney U = 11, n =10, n =6, p=0.044), but not for the TBI group (Mann
Whitney U = 54, n =11, n =10, p=0.968). Age was not found to be be a significant
contributor to performance. Conclusion. Bilinguals without a TBI demonstrat-
ed a significant advantage in a verbal task of inhibition and switching. Overall
results demonstrate children’s higher order functioning abilities are significantly
impacted by a TBI. Interestingly, bilingual children seem to be at an increased
risk of executive functioning impairments after a TBI. This could be the result
of a newly acquired skill and the damage to a less mature region of the brain.
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Introduction

Acquired brain injuries occurring after 3 months
of age can be divided into traumatic brain injury
(TBI), caused by trauma to the brain, or non-trau-
matic brain injury (NTBI), due to medical pathol-
ogies (stroke, hypoxia, tumor) TBI results from
acute external forces to the skull resulting in ex-
tensive lesions to the neural tissue and diffuse
axonal damage3. TBI results in neurocognitive
deficits, affecting attention, motor performance,
executive functioning, visuospatial abilities, au-
ditory functioning, memory, language, emotional
regulation, and sleep functions & 45 9. Multiple
studies have demonstrated that the damaged
brain may never return to its previous trajectory
of development @.

Although TBI is devastating at any point in the
human development, research shows that young
brains might be more vulnerable to slower recover
and more severe, diffuse, and enduring deficits ®
»5). Sadly, there is a high incidence of TBIs during
childhood and early adulthood, time frames of rap-
id brain development 7. According to the Center
for Disease Control and Prevention (2016), chil-
dren younger than 4 years of age have the high-
est rates (2193.8 per 100 000) of any age group,
typically with almost twice the rate of those in the
next highest age group (15-24 year-olds). Thou-
sands of neural cells and synaptic connections
are formed during brain development. Longitudi-
nal analyses have shown that after a brain injury,
late maturing regions of the frontal and temporal
areas, fail to undergo expected cortical thinning
producing long-standing cognitive impairment ©.
Brain injury has the potential to affect subsequent
development and prevents the brain from return-
ing to its pre-injury baseline ?.

Interestingly, minorities in the United States of
America seem to be at a greater risk of suffering
a brain injury, as well as having worse predicted
recovery outcome related to independent living,
engagement in leisure activities, and return to
work or school ©@. Most of these minorities are bi-
lingual. The U.S. Department of Education (2013)
established that about 4.65 million individuals in
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the United States of America are identified as bi-
linguals. Bilingualism is defined as the constant
use of two (or more) languages . Bilingual pro-
ficiency varies across the Hispanic population in
the United States of America and it depends on
many variables, such as the language exposure at
school, language spoken at home, years of resi-
dence in countries with majority and minority lan-
guages, language deficits, and socioeconomic
status (SES) ™.

Calabria et al., ™ suggested that bilinguals uti-
lize a complex neural network involved in the use of
more than one language. According to this hypothe-
sis, each neural area is in charge of a specific cogni-
tive function. Research also found that in bilinguals
who sustained a brain injury, the level of activation
and inhibition of both languages was significantly
impaired 2. Tavano, et al., © proposed that exec-
utive functions appeared as a characterizing cog-
nitive sequel after brain injury. Banich ™ described
executive functioning as action planning towards a
goal, flexibility, sequencing, fluency, switching, inhi-
bition, concept formation, estimation, prediction,
and maintaining attentional sets. Executive control
and inhibition develops during early adulthood and
declines during aging. Such cognitive functions are
responsible for the management of more than one

Ianglu?ge gmdgm) the language processing of bilin-
gua g (14,15,16,17,15,19)

Recent studies have demonstrated that cogni-
tive reserve serves as an important moderator in
the correlation between brain damage and clinical
performance ©°. Extensive research suggests that
bilingualism acts as an important protective fac-
tor (cognitive reserve), delaying the manifestation
of the symptoms of Alzheimer’s disease 56202
2. According to this, the increased requirement
of managing two languages seems to modify the
clinical effects of brain damage ©*. However, re-
search has focused on two main issues, neurode-
generative diseases and bilingual aphasia. Up until
now, only a small number of available studies have
looked at the possible effects of bilingualism in
children after sustaining a TBI. Given the high in-
cidence of pediatric TBI, it is imperative to assess
possible protective factors.

© Editorial EI Manual Moderno Fotocopiar sin autorizacion es un delito.
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The main purpose of the current research study
was to evaluate the difference between bilingual
speakers and monolingual children who have sus-
tained a TBI and their performance on measures
of executive functioning. These results could be
used to evaluate expected outcomes after brain
injury and add information to the literature in an
attempt to provide children with appropriate mea-
sures and remediation after a TBI.

Based on the available scientific data pre-
sented above, the current study proposes three
hypotheses:

1. It is hypothesized that age would be a con-
tributor to performance on executive func-
tioning tasks among the TBI and control
groups.

2. Itwas hypothesized that neurocognitive per-
formance on measures of executive func-
tioning would be lower for the TBI group as
compared to the control group.

3. It was hypothesized that neurocognitive
performance on measures of executive
functioning would be lower for monolin-
guals as compared to bilingual peers.

Methodology

5 Archival data consisted of comprehensive neu-
g ropsychological testing completed at Jackson
s Memorial Hospital Pediatric Neuropsychology
8 Outpatient Clinic. Data collection also included
3 demographic information such as age, gender,
g grade level, educational status, ethnicity, family
= demographics, and dominant language, as well as

% related medical condition and diagnosis.

Participants

0 Fotocopiar

&€ The total sample consisted of 48 children with
3 a mean age of 14 (SD = 2.1) and ranged from 8 to
£ 17 years old. Of those subjects, 56% was male and
§ 44% was female. The range of education (in years)
8 was 3 to 12 years. The sample’s ethnicity consisted
g of Hispanic/Latino (49%), African American/Black
7 (25%), Caucasian/White (14%), and Multiracial (12%).
8 The children each spoke between 1and 4 languag-
3 es, with most speaking only 1 language. 26 (54%)
© spoke only 1language, 18 (37%) spoke 2 languages,

loderi

and 4 subjects (9%) spoke more than 2 languages.
Of all 48 individuals in the sample, 46 (96%) were
tested in the English language. The last two indi-
viduals were tested with English and Spanish mea-
sures. A list of variables can be found in Table 5-2.

The data consisted of neuropsychological and
intellectual measures from 2004 to 2017. Twenty
subjects were included in the control group and
met the following criteria: 1) medically healthy in-
dividuals with no previous history of TBI; 2) sub-
jects who were identified as monolingual English
speaker or bilingual speaker; and 3) subjects who
had completed the D-KEFS and BRIEF measures.
Exclusion criteria was based on history of a TBI
and diagnosis including Cognitive Disorder NOS,
Attention Deficit Hyperactivity Disorder (ADHD),
and Anxiety and Related Disorders. Twenty-eight
participants were included in the TBI group and
met the following criteria: 1) subjects with con-
firmed moderate to severe TBI; 2) subjects who
were identified as monolingual English speaker or
bilingual speaker; and 3) subjects who had com-
pleted the D-KEFS measure. Due to the variability
in presentation, not all subjects completed every
subtest of the D-KEFS, and for this reason, some
participants have missing scores for certain sub-
tests (Table 5-3). Comorbid psychological or med-
ical conditions were included to allow for greater
generalization of this research project (Table 5-4).

Materials

A commonly used measure of executive functions
was analyzed in the current study: the Delis-Kaplan
Executive Function System (D-KEFS) The D-KEFS
(Delis, Kaplan, & Kramer, 2001) is a set of mea-
sures that was designed to be used by well-trained
clinicians in the comprehensive assessment of
verbal and nonverbal executive functions, in both
children and adults. The D-KEFS is composed of
nine tests that assess a wide spectrum of verbal
and nonverbal higher-order cognitive functioning.
Each test was designed to be a stand-alone instru-
ment that can be administered separately or to-
gether with other D-KEFS tests. For the purpose
of this study, only the following tests would be an-
alyzed: Trail Making Test; Verbal Fluency Tests; De-
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sign Fluency Tests; Color-Word Interference Test;
Twenty Questions Test; and Tower Tests.

Design and methods

IBM SPSS 23.0 was used to obtain descriptive sta-
tistics for the control and TBI groups. All analysis
were based on a Cronbach’s alpha 0.05. The hy-
potheses were tested using appropriate indepen-

| \Vol.
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dent-samples tests, which included t-tests for
parametric data and a Mann-Whitney U for non-
parametric analysis of data not meeting paramet-
ric assumptions to determine whether statistically
significant differences existed in executive func-
tioning performance between groups (bilingual
and monolingual subjects) on the D-KEFS. Fur-
thermore, age was treated as a continuous vari-
able and was tested for normality.

Table 5-1. Descriptive statistics for the age and education

N Minimum Maximum Mean Std. Deviation
Age  Control 20 8 16 1 2.70
(months)

TBI 28 12 17 16 1.64

Educafion ool 20 3 1 5 2.45

TBI 28 4 12 11 2.36

Table 5-2. Frequency statistics for the Control and TBI group
Control TBI
Variable N % N %
Male 1 55 16 57
Gender Female 9 45 12 43
Caucasian/White 3 15 4 14
Hispanic/Latino 9 45 14 50
Ethnicity /R

nicity/Race African American 5 %g 7 25
Multiracial 3 3 1
Monolingual m 55 15 583
# of Languages 2 Languages 6 30 12 43
Child Speaks 2+ Languages 3 15 1 4
English 12 60 16 57
Languages Spoken Spcnish—English 6 30 9 32
Other-English 5 10 3 n
) Right 18 90 26 93
Hand Dominance Loft 5 10 5 7

Note. N = 20 for control group analyses; N = 28 for TBI group analyses.

© Editorial EI Manual Moderno Fotocopiar sin autorizacion es un delito.
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Table 5-3. Frequency statistics for TBI group

© Editorial EI Manual Moderno Fotocopiar sin autorizacion es un delito.

Variable N %
Moderate 5 18
TBI Severity Severe 23 82
Total 28
Diffuse Axonal 7 25
Right Frontal 4 14.3
Left Frontal 2 7.2
Right Temporal 3 10.7
Location of Injury Left Temporal 1 3.5
(Imaging Results) Right Parietal 3 10.7
Multiple Location Right 2 7.2
Multiple Location Left 2 7.2
Bilateral Temporal 1 3.5
Multiple Locations/Hemispheres 3 10.7
Yes 23 82
Loss of Consciousness  No 4 14
Unknown 1 4
Table 5-4. Descriptive statistics for control and TBI group
Control TBI
Variable Mg;;i(:llg:jgcllml N Mean SD Median N Mean SD Median
Monolingual 9 958 103 900 9 928 6.67 940
Tower- Total Bilingual 6 950 126 950 8 963 1727 9.3
Total 15 955 10.9 90 17 944 1249 928
Monolingual 9 86.1 19.3 850 14 88.9 1842 900
CWa3- Inhibition Bilingual 6 100.8 4.9 1025 n 782 1991 817
Total 15 920 167 95 25 842 19.46 875
L Monolingual 10 90.0 13.7 950 n 786 18.85 833
gv\fivégi'n“;'b”'°”/ Bilingual 6 1042 86 1050 10 775 18.89 742
Total 16 953 13.7 975 21 78.1 18.40 83.3
Monolingual 8 969 122 950 12 88.8 1583 90.0
DF3- Switching Bilingual 5 100.0 71 95.0 9 939 11.93 970
Total 13 98.1 103 95 21 91.0 1420 92.9
Monolingual 1nm 877 157 85 13 919 18.09 86.7
VF1- Letter fluency Bilingual 6 1000 187 95 n 918 929 950
Total 17 921 173 90 24 919 1443 917
Monolingual 10 100.0 172 100.0 13 985 2357 938
VF2- Category fluency  Bilingual 6 950 100 950 n 882 1820 850
Total 16 98.1 147 975 24 93.8 2148 91.0
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Table 5-4. Descriptive statistics for control and TBI group
(continuation)

Control TBI
Variable ngplingtljal N Mean SD Median N Mean SD Median
ilingua
Monolingual 7 900 71 900 7 900 1555 917
VF3-Category switching  Bilingual 4 950 245 950 10 90.5 1.4 917
Total 1 918 147 95 17 903 1281 917
Monolingual 10 1015 20.3 105.0 14 761 1631 775
TMT2-Nomber Bilingual 6 908 163 950 823 1992 780
equencing
Total 16 975 191 100 25 78.8 17.87 769
~ Monolingual 10 96.5 17.8 100.0 14 746 1759 763
TMT3-Letter Sequencing  gjjin o qf 6 867 191 925 N 741 1729 740
Total 16 928 183 975 25 744 1710 75.0
Monolingual 8 925 212 850 12 833 1875 90.0
gwj;i:‘;mbe”e”er Bilingual 6 808 222 800 N 732 1692 725
Total 14 875 216 85 23 785 18.24 82.0
Monolingual 10 935 173 97.5 12 971 1469 101.0
Twenty- Total Bilingual 5 920 168 95 n 955 1635 983
Total 15 930 166 95 23 963 1517 100.0

Note. 1) Tower- Total Achievement Score; 2) Color Word3- Inhibition; 3) Color Word4- Inhibition/Switching; 4) Designfluency3-
Switching: Total Correct; 5) Verbal- VF1- Letter fluency: Total Correct; 6) Verbal- VF2- Category fluency: Total Correct; 7) Verbal- VF3-
Category switching: total correct responses; 8) TMT2- Number Sequencing; 9) TMT3- Letter Sequencing; 10) TMT4- Number-Letter

Switching; and 11) Twenty Total Weighted Achievement Score.

Hypothesis 1

It is hypothesized that age would be a significant
contributor to performance on executive func-
tioning tasks among the TBI and control groups.

Descriptive statistics and results of the statisti-
cal tests are shown in Table 5-5. Age was treated as
a continuous variable, and was tested for normali-
ty. It was found to be normally distributed for both
TBI and control groups. The mean age for the TBI
group was 192.3 months (SD = 18.3), and the medi-
an was 197 months. The mean age for the control
group was 146.1 months (SD = 32.1), and the median
was 144 months.

Regression analyses were used to fit models
to each outcome variable, with age as a predictor,
separately for TBI and control groups. The mod-
el-predicted values are plotted against the actu-
al values for each outcome variable, with TBI and
control groups presented together.

The models have reasonably good fits to the data.
Even so, the R-squared values were relatively poor,
with the highest value of 14.7% for Verbal - VF1. This
is likely the result of having a smaller sample size. Re-
sults indicate that there were no statistically significant
associations between the outcome variables and Age.

Hypothesis 2

It was hypothesized that neurocognitive performance
on measures of executive functioning will be lower for
the TBI group when compared to the control group.
Results are compiled into Table 5-6.

Statistical comparisons of mean difference from
the control group to those of the TBI group were made
for each of the variables in Table 5-4. The results indi-
cated a significant difference between groups for CW4
[t(36)=3121, p =.003], TMT 2 [t(40)=3.175, p =.003],and
TMT 3 [t(40)=3.259, p =.002]. In each instance, the
mean difference between the control and TBI groups
was 17 points or higher in the control group.

© Editorial EI Manual Moderno Fotocopiar sin autorizacion es un delito.
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Table 5-5. Regression Models and Statistical Tests for outcome measures by age (months)

© Editorial EI Manual Moderno Fotocopiar sin autorizacion es un delito.

Age Descriptive Statistics Inferential Statistics
Control TBI Control TBI
Variable N Mean SD N Mean SD F df P-Value F df P-Value
Tower- Total 15 955 109 17 944 12.5 0.001 14 0972 0.135 16 0718
CW3- Inhibition

15 920 167 25 842 195 0955 14 0.346 0.033 24 0.857

CW4-Inhibition/Switching 14 933 137 21 781 18.4 0078 15 0784 0208 22 0.653

DF3- Switching 13 981 103 21 91.0 142 0597 12 0456 0037 20 0.849

VF1- Letter fluency 17 921 173 24 919 14.4 2420 16 0.141 3781 23 0.065
VF2- Category fluency 16 98.1 147 24 93.8 215 1507 15 0240 0766 23 0.39]
VE3-Category switching 1 91.8 147 17 903 12.8 0401 10 0543 0568 16 0.463

TMT2-Number Sequencing 14 975 19,1 25 78.8 179 0.131 15 0723 3.284 24 0.083

TMT3-Lefter Sequencing 16 92.8 183 25 744 171 0.632 15 0440 1468 24 0.238
TMT4-Number-Letter

Switching 14 875 21.6 23 785 182 0302 13 0592 0208 22 0.653
Twenty- Total 15 030 166 23 963 152 1.469 14 0247 0002 22 0.963

Note. * = p < .05; 1) Tower- Total Achievement Score; 2) Color Word3- Inhibition; 3) Color Word4- Inhibition/Switching; 4)
Designfluency3- Switching: Total Correct; 5) Verbal- VF1- Letter fluency: Total Correct; 6) Verbal- VF2- Category fluency:
Total Correct; 7) Verbal- VF3- Category switching: total correct responses; 8) TMT2- Number Sequencing; 9) TMT3- Letter
Sequencing; 10) TMT4- Number-Letter Switching; and 11) Twenty Total Weighted Achievement Score.

Table 5-6. Statistical comparison of neurocognitive performance on measures of executive functioning
for the control and TBI groups

Variable Df t p N(‘:::filf f_er_;_aé\ Ic;e

Tower- Total Achievement Score 31 0.253 0.802 1.05
Color Word3- Inhibition 39 1.291 0.204 7.80
Color Word4- Inhibition/ Switching 36 3.121 0.003* 17.22
Designfluency3- Switching: Total Correct 33 1.565 0.127 7.12
Verbal- VF1- Letter fluency: Total Correct 40 0.037 0.971 0.18
Verbal- VF2- Category fluency: Total Correct 39 0.710 0.482 4.38
Verbal- VF3- Category switching: total correct

responses 27 0.290 0.774 1.52
TMT2- Number Sequencing 40 3.175 0.003* 18.70
TMT3- Letter Sequencing 40 3.259 0.002* 18.41
TMT4- Number-Letter Switching 36 1.358 0.183 9.02
Twenty Total Weighted Achievement Score 37 0.633 0.531 -3.30

Note. * =p <.05
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Hypothesis 3

It was hypothesized that neurocognitive perfor-
mance on measures of executive functioning will
be lower for monolinguals as compared to bilin-
gual peers. Descriptive statistics and results of the
statistical tests are shown in Table 5-7.

Color Word 4 - Inhibition/Switching The
data for this variable were tested for normal-
ity and found to be non-normally distributed. A
Mann-Whitney U test was used to compare mono-
lingual children to bilingual children. There were

m \Vol. 2, No. 1, enero-junio 2019.

found to be statistically significant results for the
control group (Mann Whitney U = 11, n =10, n =6,
p=0.044), but not for the TBI group (Mann Whit-
ney U = 54, n =11, n =10, p=0.968). This indicates
that the Color Word 4 score representing inhibi-
tion/switching was affected by the TBI, such that
mono- and bi-lingual children did not differ in the
TBI group, whereas mono- and bi-lingual children
significantly differed in the control group.

There were found to be no statistically signifi-
cant results for the rest of the variables for either
the control group or TBI group.

Table 5-7. Statistical tests for hypotheses

Control Group TBI Group
Mono-or  Statistical Test
Variable Bilingual Test Test Statistic df P-Value  Statistic df P-Value
Monolingual M Z-score Z-score
Tower- Total Bilingual ann 0.177 1,n2=9,6 0.857 0.289 B 0.772
Whitney U U=05 U=32 2 n1,n2=9,8
Monolingual t-test t t
CW3- "
B Bilingual -1.806 13 0.094 1.398 23 0.175
Inhibition
CWA4- Monolingual " Z-score Z-score
Inhibition/  Bilingual ann -2.007  n1,n2=10,6 0.04*4 0.035 0.968
Switching Whitney U " el n1,n2=11,10
Monolingual t-test t t
DF3- Bilingudl -0.515 l 0617  -0.814 19 0.426
Switching:
VET-L Monolingual M Z-score Z-score
- Letter [ ann
Bilingual : -1.106 1,n2=11,6 0.267  -0.406 0.682
fluenc 9 Whitney U nine=tl, =
y yu oo M n1,n2=13,11
VF2- Monolingual t-test t t
Category Bilingual 0.645 14 0.529 1.178 22 0.251
fluency
VF3- Monolingual t-test t t
Category Bilingual -0.522 9 0.614 -0.077 15 0.940
switching
TMT2- Monolingual t-test t t
Number Bilingual 1.090 14 0.294 -0.856 23 0.401
Sequencing
TMT3- Monolingual t-test t t
Letter Bilingual 1.041 14 0.316 0.078 23 0.938
Sequencing
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Table 5-7. Statistical tests for hypotheses

Mono-or  Statistical

Variable Bilingual Test Test Statistic
TMT4- Monolingual t-test t
Number- Bilingual 0.998
Letter
Switching
T Monolingual Z-Score
wenty- i, ann
Totdl Bilingual Whitney U 0.122

Control Group TBI Group
Test
df P-Value  Statistic df P-Value
t
12 0.338 1.358 21 0.189
Z-Score
n1,n2=10,5 0.904 0.154 n1n2=12,11 0.880

U=63

Note. * = p < .05; 1) Tower- Total Achievement Score; 2) Color Word3- Inhibition; 3) Color Word4- Inhibition/Switching; 4)
Designfluency3- Switching: Total Correct; 5) Verbal- VF1- Letter fluency: Total Correct; 6) Verbal- VF2- Category fluency: To-
tal Correct; 7) Verbal- VF3- Category switching: total correct responses; 8) TMT2- Number Sequencing; 9) TMT3- Letter Se-
quencing; 10) TMT4- Number-Letter Switching; and 11) Twenty Total Weighted Achievement Score.

Discussion

Based on the understood relationship between
age and neurocognitive performance, it was hy-
pothesized that age would be a significant con-
tributor to executive functioning among the
current TBI sample. Research has previously sug-
gested that bilingualism promotes the integrity
of white and grey matter in elderly individuals,
increasing their cognitive reserve abilities @ 2.
s However, due to the practice effect, the bilingual
T advantage has been found to be stronger in older
£ adults as opposed to younger bilinguals. Contrary
§ to what research suggests, this study did not gen-
g erate S|gn|ﬁcant results. A plausible explanation
; for these surprising results could be related to the
3 older age of the participants of this study and the
@ small sample size. Given these characteristics, the
g current finding might not be generalizable to the
8 8 general population.

rno Fot

The main purpose of the current research in-
3 vestigation was to evaluate the difference be-
E tween bilingual speakers and monolingual children
“ who have sustained a TBI and their performance
8 on two measures of executive functioning. It was
g hypothesized that neurocognitive performance
§ On measures of executive functioning would be
8 lower for the TBI group as compared to the con-
'° trol group. Supporting this hypothesis, results of
o the current study revealed that within the current

population examined, there was a clinically signif-
icant difference in certain measures of executive
functioning between patients with a TBI, as com-
pared to those without a TBI. Explicitly, clinically
significant differences were found in three verbal
and non-verbal subtests of the DKEFS. The results
of this study, demonstrated that the control group
had higher scores as compared to the TBI group.
Tavano, et al., ©® suggested that the frontal lobe’s
higher order abilities seem to be a common cogni-
tive sequel after a brain injury. Commensurate, this
study found that the mean of a measure of verbal
inhibition and switching was 17 points higher, while
the mean of two tasks of non-verbal sequencing
was 18 points higher. These results demonstrate
children’s higher order functioning abilities were
significantly impacted by a TBI. These results are
consistent with previous research demonstrating
that TBI is most likely to involve frontal and tem-
poral brain areas which are the last to prune @.

The current study was particularly interest-
ed in examining the impact of TBI on a bilingual
versus a monolingual brain. For this reason, it was
also hypothesized that neurocognitive perfor-
mance on measures of executive functioning will
be lower for monolinguals as compared to bilin-
gual peers. Partially supporting hypothesis Ill, this
study found a clinically significant difference in the
control group, in which bilingual children outper-
formed monolinguals in the scores for the DKEFS
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Color Word 4 - Inhibition/Switching, a measure
of verbal executive functioning. The Color Word
4 task is believed to be a measure of both men-
tal flexibility and the ability to inhibit a dominant
response. Researchers propose this is a skill that
bilinguals actively practice when switching/inhibit-
ing a second language 7,

Not surprisingly, the Stroop Task, which is simi-
lar to the DKEFS Color Word 4 - Inhibition/Switch-
ing subtest of the DKEFS, have been used multiple
times in research to compare executive function-
ing of monolinguals versus bilinguals.

Wang, et. al. @3 explains:

Stroop effect is a combined result of cogni-
tive control and word recognition suggests
that the reduction of the Stroop effect in bi-
linguals is caused not only by their enhanced
cognitive control (Bialystok et al., 2008), but
also by their delayed word recognition. Bi-
linguals enjoy better cognitive control than
monolinguals, which helps to better inhibit
the interference of the irrelevant lexical se-
mantic information from the printed word
and in turn to reduce the Stroop interference.
In addition, as bilinguals have slower word
recognition than monolinguals due to their
reduced frequency of use in either of their
languages (e.g., Gollan et al., 2008), the rec-
ognition of the irrelevant word should be de-
layed, leading to a further reduction of the
Stroop effect. (p. 99)

Bialystok ® concluded that the most consis-
tent finding about the neurocognitive advantage
of bilingual children is the favorable selective at-
tention and inhibition. Putting this evidence to-
gether, might explain why bilinguals outperformed
monolinguals in a verbal task of inhibition and
switching and why that advantage was not seen
in other non-verbal measures that are common-
ly used, such as the DKEFS Trails and Tower. Trails
test is a measure of switching rather than inhibi-
tion. Also, it does not have a verbal component,
on the other hand, the Tower test measures orga-
nization and planning. These findings suggest that

® Vol. 2, No. 1, enero-junio 2019.

Color Word 4 is the measure that best captures
the bilingual advantage, as it includes inhibition of
irrelevant information, as well as it requires word
recognition. This finding has important implica-
tion for neuropsychological work with bilingual
populations. The results of this study implicate
that the DKEFS Color Word 4 - Inhibition/Switch-
ing subtest should be included in neuropsycholog-
ical batteries used with bilinguals.

This study did not find significant differences
in any of the verbal measures of executive func-
tioning. Previous research has shown that bilin-
guals have slower responding and that the verbal
abilities of bilinguals are deficient in both languag-
es when compared to monolinguals @4. Lauch-
lan @9 found that the effortful steps required for
word searching among a massive vocabulary bank
(accumulative vocabulary of the two languages)
might explain stammering, as inhibitory control
is not fully developed in the early stages of lan-
guage development, which in the current study,
was expected to impact the performance of bi-
lingual children in the Verbal Fluency subtests as
measured by the DKEFS.

Asignificant finding from the current study was
the lack of evidence to support that bilingualism
acts as a protective factor after a TBI. These re-
sults suggest that bilingual children without a TBI
history may benefit from being bilinguals, where-
as that advantage was not found for bilingual chil-
dren after sustaining a TBI. Research has found
that cognitive sequels of a TBI are correlated with
the current developmental stage. The results of
this study might be explained by the development
of the brain. The frontal lobe, the part of the brain
responsible for higher-order cognitions, is not ful-
ly developed in children. Thus, after sustaining
a TBI the frontal lobe might fail to undergo the
expected pruning and myelination . Pruning is
characterized by the loss of grey matter volume,
which in turn, is correlated with the development
of complex cognitive abilities, such as executive
control @. Previous research and this current study
concur in that damage to less mature regions of
the brain (such as the frontal lobe) is likely to pro-
duce life long difficulties in cognitive functions
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and emotional control @, that counteracts with
the bilingual advantage observed in the control
group. As opposed to children, bilingual adults
have been found to able to endure higher brain
damage before cognitive functioning impairment,
as opposed to those with lower cognitive reserve
(monolinguals) . Other than brain development,
this contrast might also be related to adults hav-
ing the opportunity to practice being bilinguals for
a longer time. Luo, L., Luk, G. & Bialystok, E. ©®
suggested that longer duration of bilingualism is
associated with the bilingual advantage.

In conclusion, bilinguals without a TBI demon-
strated a significant advantage in a verbal task of
inhibition and switching. Overall results demon-
strate children’s higher order functioning abilities
are significantly impacted by a TBI. Interestingly,
bilingual children seem to be at an increased risk
of executive functioning impairments after a TBI.
This could be the result of a newly acquired skill
and the damage to a less mature region of the
brain. For this reason, bilingual children who are
in the process of acquiring a new skill (a second
language), might fail to benefit from the “advan-
tage” of being bilingual if they sustain a TBI and
may have more deficits when compared to mono-
lingual children.

 Limitations of the study

s un delito.

8 In general, the TBI group had older subjects, which
3 contrary to what it is suggested, should demon-
& strate improved executive functioning abilities.
3 However, a very important factor that was not
B p055|ble to be analyzed with this sample is the age
Qof injury, which was not available in the archival
8 data. One of the most salient limitations to the
u. £ current study was the sample size. As only 48 chil-
= dren were included in this study, a larger sample
'e size would increase the power to the statistical
E analysis. Another limitation of the study was that
“ the population examined was a clinical sample. Al-
8 though certain measures were put in place, such
g as including a control group, results obtained may
I not generalize to a non-clinical population. Addi-
8 tionally, there was a variety of condltlons/dlagno—
u'g ses within the disorders included in the sample,
© due to the overall characteristics of the clinical

group. Research has found that certain disorders,
such as ADHD, have an impact on the performance
of executive functioning measures. In this study,
certain subjects in the TBI group had a diagnosis
of ADHD, which was used as an exclusion criteri-
on for subjects in the control group. Even though
the control group that was included was meant to
help understand the difference between monolin-
gual and bilingual children with and without a TBI,
given the clinical characteristics of this sample
and the differences in demographics (e.g. educa-
tional level, age), it is believed to be a weakness of
this present study and not a good representation
of these differences.

Additionally, the bilingual group was considered
to be heterogeneous as some subjects spoke more
than two languages. Although it was not possible
in this study due to the small sample size, it would
be interesting to divide the groups by monolingual,
bilingual, and multilingual. Moreover, proficiency
level was not taken into consideration for the cur-
rent study. This limitation was based on available
measures to assess for language proficiency. Al-
though some subject did complete the Woodcock
Johnson Oral Language, not all subjects included
in this study had completed the measure. It is well
known that language proficiency, that which is self
reported and that is reported by parents, might
be inaccurate during neuropsychological evalua-
tions. However, to the best of the licensed clinical
neuropsychologist knowledge, reported language
proficiency was accurate.

Future recommendations

The inconsistent results found could be further in-
vestigated by controlling for the age of injury. It is
well known that young brains might be vulnerable
to more severe and enduring deficits as new abilities
are emerging. Additionally, skills established at one
stage form the foundation for later-developing abil-
ities. Based on this, if a child has a brain injury at a
younger age, the higher order cognitions might not
developed to its fullest, as opposed to a brain injury
at a later stage of development. Since this study is
among the first to examine executive functioning in
amonolingual and bilingual clinical population, future
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research should examine a larger sample size and at-
tempt to compare bilinguals versus multilingual with
both clinical and non-clinical populations. It would be
extremely valuable in the future to compare the ex-
ecutive functioning performance between balanced
versus unbalanced bilinguals, as well as explore the
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differences and similarities between the languages
spoken by the sample. Careful consideration should
be taken when considering the clinical implications
of these results, as the performance on standard-
ized tests differs between Caucasians and individuals
from other ethnicities.
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