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Abstract

Objective: We investigated the impact of culturally-relevant social, educational and language
factors on cognitive test performance among Spanish-speakers living near the US-Mexico border.

Methods: Participants included 254 healthy native Spanish speakers from the
Neuropsychological Norms for the US-Mexico Border Region in Spanish (NP-NUMBRS)

project (Age: M=37.3, SD=10.4; Education: M=10.7, SD=4.3; 59% Female). A comprehensive
neuropsychological battery was administered in Spanish. Individual test scaled scores and T-scores
(based on region-specific norms adjusted for age, education, and sex) were averaged to create
Global Mean Scaled and T-scores. Measures of culturally-relevant factors included self-reported
indicator of educational quality/access (proportion of education in Spanish-speaking country,
quality of school/classroom setting, stopped attending school to work), childhood socioeconomic
environment (parental education, proportion of time living in Spanish-speaking country, childhood
socioeconomic and health status, access to basic resources, work as a child), and Spanish/English
language use and fluency.

Corresponding author: Maria J. Marquine, PhD, Department of Psychiatry, UCSD School of Medicine, 9500 Gilman Drive, La Jolla,
CA 92093-0603, USA, Phone: 858-534-6748, Fax: 858-534-5475, mmarquine@health.ucsd.edu.

The views expressed in this article are those of the authors and do not reflect the official policy or position of the Department of the
Navy, Department of Defense, nor the United States Government.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamalyan et al.

Page 2

Results: Several culturally-relevant variables were significantly associated with unadjusted
Global Scaled Scores in univariable analyses. When using demographically adjusted T-scores,
fewer culturally-relevant characteristics were significant. In multivariable analyses, being bilingual
(0=.04) and working as a child for one’s own benefit compared to not working as a child (p=.006)
were significantly associated with higher Global Mean T-score, accounting for 9% of variance.

Conclusions: Demographically-adjusted normative data provide a useful tool for the
identification of brain dysfunction, as these account for much of the variance of sociocultural
factors on cognitive test performance. Yet, certain culturally-relevant variables still contributed
to cognitive test performance above and beyond basic demographics, warranting further
investigation.

Keywords

Spanish-speaking; neurocognition; assessment; language; education; sociocultural

Introduction

In the United States, Hispanics/Latinx/Latinos/as, hereafter referred to as Latinos, comprise
the largest ethnic/racial minority group (US Census, 2018). Most Latinos are of Mexican
heritage (63%; Noe-Bustamante, Flores, & Shah, 2019), with approximately half of the

52 million Latinos in the US living in the US borderland region with Mexico (Brown &
Lopez, 2019; Krogstad, 2020; Stavans, 2018). Seventy percent of Latinos speak Spanish,
with more than half also reporting speaking English “very well” (US Census American Fact
Finding, 2017). While there are many characteristics that unite the US Latino experience,
considering the heterogeneity within the Latino population may be important for the
accurate identification of underlying brain dysfunction via neuropsychological testing.

Demographic factors such as age, education, and sex impact cognitive performance in
healthy individuals across racial/ethnic groups (Acevedo et al., 2007; Gasquoine, Croyle,
Cavazos-Gonzalez, & Sandoval, 2007; Gonzalez et al., 2015; Heaton, Miller, Taylor, &
Grant, 2004; Matallana et al., 2010; O’Bryant et al., 2018; Rivera Mindt, Byrd, Saez, &
Manly, 2010; Rivera Mindt et al., 2020; Touradji, Manly, Jacobs, & Stern, 2001). In order
to parcel out the impact of these variables on cognitive test performance, they are typically
adjusted for in neuropsychological normative corrections. Among non-Hispanic Whites and
Blacks, other factors such as quality of education and literacy (Glymour & Manly, 2008;
Glymour, Kawachi, Jencks, & Berkman, 2008; Manly et al., 2004), school environment, and
types of resources available (Glymour, 2004; Glymour & Manly, 2008; Sisco et al., 2015)
have shown to impact cognitive test performance beyond these demographic adjustments.
Aspects of early life such as childhood socioeconomic status (SES), maternal and paternal
years of education and occupation, family financial status, and childhood health have shown
to influence cognition in adulthood in non-Hispanic Whites and Blacks (Boone, Victor,
Wen, Razani, & Pont6n, 2007; Gonzalez, Tarraf, Bowen, Johnson-Jennings, & Fisher,

2013; Kaplan et al., 2001; Lou & Waite, 2005; Zhang, Hayward, & Yu, 2016). Studies

in children across Latin America have reported that parental levels of education were
positively associated with cognition (Arango-Lasprilla et al., 2017; Olabarrieta-Landa et al.,
2015; Rivera et al., 2017). However, research on the impact of culture-specific variables on

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.
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cognition among Latino adults living in the US has been limited (Boone et al., 2007; Luo &
Waite, 2005), and mostly focused on language and education.

Language use and its potential impact on cognitive test performance is an important
consideration in this population (Artiola i Fortuny & Mullaney, 1997; Echemendia &

Harris, 2004; Flores et al., 2017; Gollan, Montoya, & Werner, 2002; Suarez et al., 2020b).
There is a lack of a gold-standard, objective or performance-based assessment of this
construct, which may be a driving factor behind mixed findings when relating bilingualism
to cognitive performance (Gollan, Salmon, Montoya, & Galasko, 2011; Gollan, Montoya,
Cera, & Sandoval 2008; Harris & Llorente, 2005; Rivera Mindt et al., 2008, 2010).
Performance-based assessments have been recommended as best practices to assess degree
of bilingualism in Latinos (Artiola i Fortuny et al., 1999; Ostrosky-Solis et al., 2007; Pontdn,
2001), as compared to self-report of bilingualism. However, while performance-based tests
have been positively associated with cognition (Bialystok, Craik, Green & Gollan, 2009;
Bialystok, Abutalebi, Bak, Burke, & Kroll, 2016), they are also positively associated with
more years of education and higher SES (Suarez et al., 2020b). These findings may reflect
how the effect of bilingualism on cognition may be an indirect measure of educational
attainment and social class (Acevedo et al., 2007; Luo & Waite, 2005; Rosselli & Ardila,
2003; Saez, et al., 2014). Lack of independent implications of English-Spanish bilingualism
on cognitive performance when considered with other relevant social and educational factors
specific to US Latinos poses a need for a more detailed analysis.

The overall goal of the present study was to examine the influence of culturally-relevant
educational, childhood socioeconomic and linguistic characteristics specific to Spanish-
speaking adults living in the US-Mexico border region on global cognitive test performance.
The present study expands the findings from the Neuropsychological Norms for the US-
Mexico Border Region in Spanish (NP-NUMBRS) Project by quantifying the effect of
culturally-relevant background factors (beyond basic demographics) on global cognitive
functioning in this group. We hypothesized that 1) markers of better educational quality

and access, higher childhood socioeconomic environment, and being bilingual would be
associated with higher global cognitive test scores unadjusted for demographics; and that 2)
these diverse culturally-relevant characteristics would also independently explain variance in
cognitive test scores above and beyond region-specific demographic normative adjustments.

Participants included 254 native Spanish-speaking adults between 19-60 years old living
in the US-Mexico border regions of Tucson, Arizona (7= 102) and San Diego, California
(n=152), enrolled in the Neuropsychological Norms for the US-Mexico Border Region
in Spanish (NP-NUMBRS) Project. Participants were recruited via flyers and in-person
presentations by study staff in community settings in Latino-serving organizations in the
border cities. Data were gathered between 1998 and 2009. Inclusion criteria were the
following: being between 19-60 years of age, being a native Spanish-speaker, and living
and/or spending time in the US on a regular basis. Exclusion criteria were the following:
being English-dominant (based on a higher ratio of English words recounted using the

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.
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Controlled Oral Word Association tests in English (letters F-A-S) and Spanish (letters P-M-
R) on the Controlled Oral Word Association Test [FAS/(FAS+PMR)] (Cherner, Marquine
et al., 2020), having a history of neurological, medical, or psychiatric conditions known

to impact the central nervous system or influence test performance (i.e. neurological/other
medical conditions with potential CNS effects, significant injuries or disabilities, serious
psychiatric conditions such as current psychosis). All data included in this manuscript

were obtained in compliance with the Helsinki Declaration and approved by the ethics
committee of the UCSD Institutional Review Board. For further details on participants and
methodology of the NP-NUMBRS project, see Cherner, Marquine et al., 2020.

Materials and Procedures

Neuropsychological Assessment—RParticipants completed comprehensive
neuropsychological assessments in Spanish, assessing domains of verbal fluency, speed
of information processing, attention/working memory, executive function, learning and
memory, visuospatial, and fine motor skills (Table 1). Cognitive tests were administered
by trained bilingual (English-Spanish) staff. Individual raw test scores were converted to
unadjusted scaled scores, and then to demographically-adjusted (age, years of education,
and sex) T-scores based on the current sample. Individual T-scores were averaged by
domain to create domain T-scores. Individual test scaled scores and T-scores were averaged
respectively to compute measures of overall cognition unadjusted (Global Mean Scaled
Score) and adjusted for basic demographic factors (i.e., Global Mean T-score). Further
details on the methods followed in the adaptation of tests from English to Spanish and
the development of scaled scores and demographically-adjusted T-scores are available in
Cherner, Marquine et al. (2020).

Demographic, Educational Quality/Access, Childhood Socioeconomic, and
Language Use Factors—Demographic factors, including age, total years of education,
and sex were assessed by self-report.

Educational guality and access indicators included: years of education completed in the US
and in the country of origin, type of school attended (i.e., [1] large: school with multiple
classrooms per grade and room to play; [2] regular: a school with at least one classroom
per grade and room to play; or [3] small: school with less than one classroom per grade
and no room to play), typical number of students in a class (i.e., < 30 and = 31 students),
and any history of need to discontinue school in order to work. Due to small numbers in
certain levels of these variables, type of school attended was recoded into two categories
(Good Physical Resources= large type of school, and Limited Physical Resources= regular
and small types of school).

Childhood socioeconomic background was ascertained via questions regarding maternal and
paternal years of education, years spent living in the country of origin and in the US,
perceived childhood SES (i.e. “as a child, your family was: very poor, poor, middle class

or upper class”), overall health status as a child (i.e. “poor physical health” [“very sick” or
“sick”] and “good physical health”[“regular”, “healthy”, or “very healthy”]), lack of access
to basic resources in childhood (i.e., lacking one or more of the following: running water,

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.
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electricity in the home and/or history of food insecurity as a child), and childhood work
history (i.e., having to work as a child and if so, for what reason - to help one’s family
financially or for one’s own benefit- and the age that started working as a child).

Language use was assessed in three ways: participant self-report, examiner-report, and an
objective measure of performance-based fluency in English and Spanish. Participants were
asked which language they currently understood and spoke better (i.e., “Spanish better than
English”, “Both languages with similar ease”, or “English better than Spanish”). They also
rated their current language use during various daily life activities (i.e., listening to the radio,
watching TV, reading, speaking with family and friends, praying, solving math problems,
thinking, expressing angry/upset emotion) utilizing a scale from 1 “Always in Spanish” to

5 “Always in English”, with 3 being “similarly in English and Spanish”. Daily average
language use was derived by averaging responses to the items for daily life activities.
Examiners were asked to rate the participant’s degree of fluency in Spanish and English
(i.e., “Spanish better than English”, “Both languages with similar ease”, or “English better
than Spanish™), and whether or not the participant was bilingual based on a single question
(i.e., “In your opinion, is the participant bilingual?”” with response options being “Yes; No”).
Examiners were provided no further guidelines, and they responded these questions based
on their interaction with the participant during the study visit. Performance-based fluency
was calculated using the Controlled Oral Word Association Test with letters F-A-S in
English (Strauss, Sherman, & Spreen, 2006) and P-M-R in Spanish (Artiola i Fortuny et al.,
1999; Strauss et al., 2006). We estimated Spanish fluency as the ratio of FAS to total words
in both languages [FAS/(FAS+PMR)], a published method that uses timed lexical retrieval
to operationalize degree of Spanish-English bilingualism (Suarez et al., 2020b; Suarez et
al., 2014). Higher scores correspond to higher English fluency, with scores higher than .66
indicating strong English dominance. Participants with scores less than .34 were considered
monolingual Spanish-speakers, and those with scores between .34 and .66 were considered
bilingual. Unfortunately, FAS scores were mistakenly discarded for a subset of participants
after they were classified as monolingual or bilingual at their screening visit for the purposes
of that study. As a result, while we were able to judge a majority of participants (n7= 203)
on their level of bilingualism, English fluency scores are unfortunately only available for

a subset of participants (n7= 170) and therefore degree of fluency was not considered in
analyses. Please see Suarez et al., (2020b) and Cherner, Marquine et al., (2020) for further
details.

Statistical Analyses.: We computed descriptive statistics for demographic, indicators of
educational quality and access, childhood socioeconomic background and language use
characteristics. Distributions of sample characteristics of continuous measurement scale
were examined for normality. To test Hypothesis 1, associations of Global Mean Scaled
Scores with indicators of educational quality and access, childhood socioeconomic and
language use characteristics were run using a series of univariable analyses. Continuous
variables were correlated with Global Mean Scaled Scores using Pearson product-moment
correlations. Global Mean Scaled Scores were compared between levels of categorical
variables using either two-way independent sample t-tests (for two-level categorical
variables) or analyses of variance (ANOVA) followed by pairwise comparisons with Tukey’s
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adjustments if significant (for categorical variables with more than two levels). To examine
whether culturally-relevant characteristics would independently explain variance in cognitive
test performance above and beyond region-specific demographic adjustments in this group
(Hypothesis 2), we first ran comparable univariable analyses on Global Mean T-scores using
the same methods as described above for analyses of Global Scaled Scores. Then we ran
separate multivariable linear regression models to test for all possible two-way interactions
between factors that showed univariable association with Global T-scores. Finally, we ran

a multivariable linear regression model on Global T-scores entering variables that were
univariably associated with Global Mean T-scores at a < .10 and any significant two-way
interactions among these variables. JMP version 13.0.0 was used for all analyses.

Demographic, Educational Quality/Access, Childhood Socioeconomic, and Language use
Characteristics of the Study Sample

Table 2 lists demographic, educational quality and access, childhood socioeconomic, and
language use characteristics of the study sample. Participants ranged from 19-60 years old,
over half were female, had between 0 and 20 years of education, and about 70% were
gainfully employed at the time of data collection. The majority of participants completed
more years of education in their country of origin than in the US, a little over half attended a
school with good physical resources and with class sizes of less than 30 students, and almost
a third of the sample had to stop attending school in order to work. The total average years
of parental education ranged six to seven years. Participants had lived the majority of their
lives in their country of origin, most participants described their childhood socioeconomic
status as middle class, and about a third reported having been poor or very poor as a child.
About 5% of participants reported poor physical health as a child, and 20% reported lack of
access to two or more basic resources as a child (i.e., lack of running water or electricity,

or food insecurity). Roughly half of the sample reported not working as a child, 20%
reported working as a child to help their families financially, and 30% worked for their own
benefit. The majority reported Spanish as the language they better understood. Daily average
language used in various everyday activities indicated that Spanish was the predominant
language used in daily life. Examiners reported that 80% of the sample understood and
spoke Spanish better than English, and considered about 56% of the sample bilingual.
Performance-based fluency measures indicated 62% of 203 participants with available data
as monolingual Spanish-speaking or strongly Spanish dominant, with the remaining 38%

as being bilingual. Of note, 181 participants had data on both examiner- and performance-
based measures of bilingualism.

Univariable associations with Global Mean Scaled Scores and T-Scores

Univariable analyses examining the association of demographic, educational quality and
access, childhood socioeconomic, and language use characteristic with Global Scaled Score
and Global T-score) are depicted in Table 3. Regarding analyses investigating the association
of demographic variables with Global Mean Scaled Scores, younger age, male sex, and
higher years of education were significantly associated with higher scores (ps < .02), with
no significant differences by current gainful employment (p = .48). Analyses on indicators

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.
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of educational quality and access, showed that more years of education in the country

of origin and in the US were associated with higher Global Scaled Scores (s < .01),

but having competed a higher proportion of one’s education in the country of origin was
associated with lower Global Scaled Scores (p=.0004). Attending a school with good
physical resources was associated with higher Global Scaled Scores (p=.007), and having
to stop attending school to work was associated with lower Global Scaled Scores (p = .008),
with no differences based on number of students in a class (p=.96). Regarding childhood
socioeconomic characteristics, more years of parental education was associated with higher
Global Scaled Scores (ps < .01), with no differences based on the proportion of lifetime
residing in the country of origin (p=.99). While an ANOVA examining the association
between perceived childhood SES and Global Scaled Scores was significant, follow-up
pairwise comparisons with Tukey’s correction showed no significant differences by levels
of this variable. Lacking running water, electricity, or food as a child was associated with
lower Global Scaled Scores (ps <.0001), as was lacking 2 or more these basic resources
compared to lacking 1 or less (p < .0001). Poor physical health as a child was also associated
with lower Global Scaled Scores (p=.03). There were also significant differences in Global
Scaled Scores based on childhood work history (p <.0001), with participants who worked

to help the family financially as children obtaining lower scores than those who reported
working for one’s own benefit and those who did not work as children (s < .001). Among
those who reported working as children, higher age at which participants started working

as a child was not significantly associated with Global Scaled Scores (p = .10). Regarding
language use variables, Global Scaled Scores differed significantly based on self-report of
current language comprehension and fluency, with participants who reported having better
comprehension and fluency in Spanish than English obtaining lower scores than those who
reported English better than Spanish or similar comprehension/fluency across languages (s
<.05). However, similar comparisons based on examiner’s self-report showed no significant
differences (p = .22). Participants who were considered bilingual based on examiner’s report
or performance-based measures obtained higher Global Scaled Scores than those who were
monolingual (ps<.0001).

Comparable univariable analyses examining the association of demographic, indicators of
educational quality and access, childhood socioeconomic, and language use characteristics
with demographically-adjusted Global Mean T-Scores revealed many of the associations
presented above were no longer significant except for childhood work history (p=.002)

and performance-based bilingualism (p = .004). Similar to findings on Global Scaled Scores,
individuals who worked as a child for their own benefit had higher Global Mean T-scores

as compared to those who did not work as a child (p=.006) and to those who worked to

help their family financially (p=.006), and being bilingual (based on performance-based
assessments) was associated with higher Global mean T-scores.

Multivariable associations of Global and Domain Mean T-score

Analyses investigating the two-way interaction of variables associated with Global Mean
T-scores in univariable analyses at p<.05 (i.e., type of school attended, lack of basic
resources composite, childhood work history, and performance-based bilingualism), showed
no significant interactions. Since there was data missing for more than 10% of the sample on

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamalyan et al.

Page 8

bilingualism and childhood work history, we first ran a model in the overall sample (Table 4,
Model A), using as variables type of school attended and lack of basic resources composite.
Results showed that neither was significantly associated with Global Mean T-scores when
considered together (ps > .05).

Analyses in a subset of individuals with available childhood work history data (7= 191)
and performance-based language use showed that being bilingual (o =.04) and working

as a child for one’s own benefit (compared to not working as a child) (p=.006) were
significantly and independently associated with higher Global Mean T-score, while type of
school attended and lack of basic resources were not (s >.09) (Table 4, Model B). This
model accounted for an additional 9% of the variance in global cognition.

In post hoc analyses, we examined whether correlates of global cognition were associated
with specific cognitive domains (Table 5). We ran separate linear regression models on
cognitive domain T-scores with the same variables that were included in the multivariable
model on Global Mean T-scores presented in Table 4, Model B. As shown in Table 5,
attending a school with more resources (p = .03), being bilingual (o= .001), and working
as a child for one’s own benefit (p = .0004) were significantly associated with higher
processing speed T-scores. Being bilingual (p = .04) and working as a child for one’s own
benefit (p=.04) were also associated with higher executive functioning T-scores. Attending
a school with more resources was significantly associated with higher learning T-scores (p
=.03). Working as a child for one’s own benefit was also significantly associated with
working memory (p = .01) and higher visual spatial T-scores (p = .005). None of the factors
were significantly associated with memory, verbal fluency or fine motor skills (s > .05).

To further investigate whether the group of individuals who worked as a child for their own
benefit differed on other culturally-relevant factors, post hoc analyses examined associations
between childhood work history and culturally-relevant variables that were significantly
associated with Global Mean T-scores in univariable analyses. We also included stopped
attending school to work as it may be theoretically linked to childhood work history. Results
from Chi Square tests (Figure 1) showed that participants who reported working to help
their family financially were significantly more likely to lack access to two or more basic
resources, be monolingual Spanish-speaking and report having stopped attending school to
work, compared to both those who did not work and those who worked for their own benefit

(o5 < .01).

Discussion

The Neuropsychological Norms for the US-Mexico Border Region in Spanish (NP-
NUMBRS) Project developed region-specific demographically-adjusted norms for Spanish-
speakers living in the US-Mexico borderland on a comprehensive neuropsychological test
battery. The present study expands the NP-NUMBRS findings by quantifying the effect

of other culturally-relevant background factors (beyond basic demographics) on global

and domain cognitive functioning in this group. Partially consistent with our hypotheses,
present findings showed that several culturally-relevant indicators of educational quality
and access, childhood environment, and language factors were univariably associated with

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.
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levels of global cognition in Spanish-speaking adults enrolled in the NP-NUMBRS project.
However, the effects of these variables were considerably reduced when utilizing region-
specific cognitive T-scores adjusted for demographics (i.e., age, years of education, sex).

In multivariable analyses, being bilingual and working as a child for one’s own benefit

(as opposed to not working at all) were independently and significantly associated with
higher demographically-adjusted global T-scores. Furthermore, culturally-relevant factors
were differentially associated with specific domain T-scores. Working as a child for one’s
own benefit was significantly and positively associated with higher T-scores on four of seven
domains (i.e., processing speed, executive functioning, working memory and visuospatial
skills), being bilingual was significantly associated with higher processing speed and
executive functioning T-scores, and attending a school with good resources was significantly
and positively associated with processing speed and learning T-scores.

The use of population-specific demographically-adjusted normative data is an important
tool for accurate identification of brain dysfunction via neuropsychological tests (Cherner,
Marquine et al., 2020; Daugherty, Puente, Fasfous, Hidalgo-Ruzzante & Pérez-Garcia, 2017,
Kamalyan et al., 2020). Our results showed that region-specific demographically adjusted
cognitive scores accounted for much of the variance of culturally-relevant factors on
cognitive test performance. This is particularly important because many of these additional
culturally-relevant factors can be more difficult to ascertain compared to demographic
characteristics. There is a lack of standard assessments for many of these sociocultural
constructs, and some might be more time consuming to assess or require the collection of
sensitive data. Controlling for the influence of culturally-relevant factors on cognitive test
performance for this population may at least partly be accomplished by accounting for age,
sex, and years of education.

Of note, while our findings underscore the utility of adjustments of demographic
characteristics, they do not necessarily indicate that demographic characteristics are more
important than sociocultural factors to cognitive performance. Population-specific norms
that correct for basic demographics reflect a constellation of characteristics and can help
“adjust” for the impact of such factors. Global cognition and performance in certain
domains, particularly executive functioning and processing speed, were impacted by
cultural variables over and above demographic adjustments, suggesting their inclusion

is important when interpreting overall test performance. The incorporation of additional
culturally-specific variables (i.e., bilingualism, and childhood work history) explained an
additional 9% of the variance in global cognition for this population. In comparison, a
study investigating the impact of quality of education using a measure of reading ability on
test performance among older Blacks, indicated that this variable accounted for 9-40% of
the variance on demographically unadjusted individual test scores (Manly, Byrd, Touradji,
& Stern, 2004). Our results showcase that certain culturally-relevant constructs (beyond
normative adjustments) might be considered when interpreting cognitive data for the
identification of underlying brain dysfunction among Spanish-speakers in the US borderland
region with Mexico.

In the multivariable model that included notable culturally-relevant factors, participants
classified as bilingual via performance-based English and Spanish fluency tests scores
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obtained higher demographically adjusted cognitive test scores than those who were
monolingual Spanish-speaking. While prior studies have yielded mixed findings (De Bruin,
Treccani, & Della Sala, 2015; Naeem, Filippi, Periche-Tomas, Papageorgiou & Bright,
2018; Samuel, Roehr-Brackin, Pak & Kim, 2018), present results lend support to the notion
that bilingualism might provide a cognitive advantage among native Spanish-speakers living
in the US borderland. Some of the purported mechanisms of this advantage include that the
cognitive control processes involved in managing and switching between two languages may
strengthen executive skills to be more efficient (Prior & Gollan, 2011; Zahodne, Schofield,
Farrell, Stern & Manly, 2014), which is consistent with our findings showing significant
positive associations of bilingualism with executive functioning and processing speed.
Suarez and colleagues (2020b) specifically investigated whether degree of English-Spanish
bilingualism among this same sample impacted individual test scores, finding that higher
degree of bilingualism remained independently associated with better T-scores on some
tests, even after correcting for differences in education and SES (Suarez et al., 2020b). Our
analyses add to these findings by incorporating other culturally-relevant factors in the model,
and showing that the positive association between bilingualism and global and domain
cognitive T-scores continued to be significant after including these additional variables.
Although we investigated how bilingualism is associated with cognition in conjunction

with other culturally-relevant factors, it is important to note that the NP-NUMBRS project
was not originally designed to study the effects of bilingualism on cognition and that

we included only primarily Spanish-speaking individuals. Future studies including Latinos
along the spectrum of bilingualism (i.e. from primarily Spanish-speaking to primarily
English-speaking) along with assessments of culturally-relevant factors would be best suited
to determine the potential advantage of bilingualism on cognition in this population. Lastly,
the objective measure of bilingualism calculated using data from FAS/PMR was the only
language use factor significantly associated with global cognition. Verbal fluency measures
are commonly administered in standard cognitive assessments (Marquine et al., 2020a;
Suarez et al., 2020b), and as such, might be relatively easy to incorporate as performance-
based assessments of bilingualism in clinical and research settings. We found a discrepancy
between examiner-report of bilingualism (56%) and performance-based bilingualism (38%),
which is likely partly driven by the way these variables were measured. Examiner-report of
bilingualism was based on a single question, and it was left to the examiner to determine
what “bilingual” meant. Further, while the monolingual-bilingual categorization utilized in
our analyses was based on a continuous measure, issues with the data precluded us from
considering it as a continuous variable in the present paper. It is possible that if we had

used a different cutoff score for determining bilingualism, this might have more closely
aligned with the examiners’ ratings. Further, there were data missing in both the examiner
report measure of bilingualism and the performance-based measure of bilingualism, with
181 participants having data in both variables. The important question of disentangling
which type of measure might more accurately capture the effect of bilingualism on cognition
(Gollan et al., 2012, 2011; Rivera Mindt et al., 2008; Suarez et al., 2014; Surrain & Luk,
2019) would be best addressed in future research that includes bilingualism assessments that
have been validated and allow for the consideration of bilingualism in a continuous fashion.
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Participants who reported working as children for one’s own benefit obtained higher
demographically adjusted global cognitive scores (and higher scores on several cognitive
domains, including processing speed, executive function, working memory and visual
spatial skills), as compared to those who reported not working as children and those who
reported working during childhood to help their family financially, when several other
culturally-relevant factors were also considered. The reasons why working in childhood for
one’s own benefit is associated with better cognition in adulthood are likely to be varied
and difficult to ascertain based on present findings. One hypothesis worth investigating in
future work might be that choosing to work as a child for one’s own benefit is a potential
indicator of grit, conscientiousness, or a motivation for one to “do their best”, which may
have implications for the development of cognitive capacity or reserve (Rhodes, Devlin,
Steinberg, & Giovannetti, 2017). Though not analyzed in our study, working for one’s
own benefit may be related to personality characteristics such as self-reliance and desire to
improve one’s lot in life through personal effort, while working to help support the family
may be less of a choice, and may prevent or interfere with learning in other contexts.
Consistently, we found that those who worked to help their family financially were more
likely to report having stopped attending school. These are empirical questions that remain
open to further data collection and analysis. Importantly, these results may not generalize to
other sub-populations in the US warranting further study. Our findings indicate additional
investigation is needed into how individual personality factors may play a role in cognitive
test performance particularly in diverse Latino populations living in the US (Soubelet &
Salthouse, 2011).

Importantly, present findings relating work history with cognitive performance indicate that
merely asking whether one worked as a child would not fully capture the complexity of

this construct among native Spanish-speakers living near the US-Mexico border. Rather,
understanding the reasons for working during childhood may provide important information
that reflects the intersection of early socioeconomic circumstances associated with cognitive
performance in adulthood (Fujishiro, Xu, & Gong, 2010; Ritchie et al., 2011). This notion
is further supported by post-hoc analyses investigating differences in other cultural factors
relevant to cognitive performance by childhood work history. These analyses showed that
participants who worked for one’s own benefit were comparable to those who did not work
during childhood in terms of access to basic resources and being bilingual. In contrast,
those who worked during childhood to help their family financially, had less access to basic
resources and were less likely to be bilingual than both participants who did not work in
childhood, and those who did so for their own benefit.

Two other factors (i.e., school type and lack of two or more basic resources) were associated
with demographically-adjusted global cognitive scores in univariable analyses, but did not
independently contribute to variance in global cognition when considered together with
bilingualism and childhood work history. Of note, analyses on cognitive domains showed
that attending a school with better resources was associated with higher processing speed
and learning T-scores. Type of school attended was conceptualized as an indicator of
educational quality, which is a construct that has been associated with cognition in prior
studies (Artiola i Fortuny, Heaton, & Hermosillo, 1998; Luo & Waite, 2005; Ostrosky-Solis,
Ardila, Rosselli, Lopez-Arango, & Uriel-Mendoza, 1998). Not many individuals in our
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sample reported attending small schools with less than one classroom per grade (n = 11).

If we had a greater proportion of individuals who attended smaller schools with fewer
resources, we might have been able to capture a greater range of educational quality and
this factor might have had a broader impact on cognition. Furthermore, the item asked about
both “room to play”, which can be fairly subjective, and number of grades per classroom,
which is a more objective criterion. It is possible that this item did not fully capture
important aspects of educational quality for Spanish-speakers living in the US-Mexico
border region and requires additional study.

Our study had several limitations. We used a non-validated self-report measure to capture
childhood background experiences. At the time of data collection (1998 and 2009), the
inclusion of this self-report measure served the authors’ current appreciation of potentially
important culturally-relevant background information. As our field moves forward,

future studies should work to develop standardized assessments that accurately measure
educational quality, access to socioeconomic resources, adverse childhood experiences,

and language use. Additionally, our culturally-relevant characteristics required participants
to retrospectively recall details from their childhood. This can introduce bias in the
interpretations of items and may not entirely capture their environment well (Raphael,
1987). As an example, a small proportion of the sample responded “yes” to the item

“did you ever go hungry as a child” (n = 28), but we do not know the degree nor

duration of food insecurity for these respondents. Similarly, while about half of our

sample reported working as children (n = 131), we do not know what job they held and

for how long, how much income they earned, at what level of education they began to

work, if the job prevented consistent attendance at school, etc. Relatedly, perception of
childhood SES was ascertained with a single question with response options being “very
poor, poor, middle class or upper class”. The ranges for these SES levels may not have

been uniformly understood by participants. Providing anchors for each of these levels
might help assure that perceptions are uniformly rated across participants. Further research
should explore the potential complexities of childhood work history, lack of basic resources,
socioeconomic status and educational quality with more thorough items. Furthermore, our
performance-based bilingualism fluency measure was only available for subset of the sample
and some of the collected data were not available for analyses, which precluded us from
investigating the influence of degree of Spanish/English fluency. Lastly, the large number of
univariable predictors of cognition carries an increased probability for Type I error. For full
transparency, we report all p-values, significant and non-significant.

Crucially, Latinos living in the US are a highly heterogenous group, therefore, caution
should be taken when applying the NP-NUMBRS norms or extending these associations
with cognition to other subgroups of Spanish-speakers living in the US. Furthermore, our
study was cross-sectional in design, and causal predictions of poor cognitive performance
from sample characteristics cannot be inferred. Future longitudinal research on life-course
factors and their relation to cognitive changes among diverse samples of Spanish-speakers
across the socioeconomic spectrum would further clarify this significant association and
elucidate any potential causal relationships.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamalyan et al.

Page 13

Strengths of our study include identifying the unique and combined effects of culturally-
relevant variables such as educational quality and access, bilingualism, and socioeconomic
disadvantage (Echemendia & Harris, 2004; Flores et al., 2017; Suarez et al., 2020b) on
adjusted cognitive performance. Additionally, we employed the use of a comprehensive
neuropsychological battery and region-specific demographic adjustments that were created
based on the sample included in these analyses (Cherner, Marquine et al., 2020).
Investigating the relationship of these variables at both the unadjusted scaled score and
adjusted global mean T-score levels increases confidence in the utility of these population-
specific corrections as they significantly account for the influence of cultural factors in
this population. Nevertheless, clinicians and researchers are encouraged to consider other
relevant sociocultural factors, particularly the psychological and language- use factors
identified here, in the interpretation of cognitive test results, as these factors explained an
additional 9% variance in demographically-adjusted cognitive test scores.

In conclusion, adjusting for the effect of a small number of demographics (i.e., age, years
of education, and sex) accounted for the impact of several culturally-relevant characteristics
(i.e., indicators of educational quality and access, childhood socioeconomics, and language
use) on cognitive test performance in Spanish-speaking adults living in the U.S.-Mexico
border. This highlights the utility of basic demographic adjustments in accounting for

the effect of a host of factors that are often difficult to ascertain and that impact test
performance, but are not the result of an underlying brain disorder. Our findings also
underscore the utility of adopting a culturally-informed approach in the development of
neuropsychology test norms and the application of existing normative data (Marquine et
al., 2021). While normative adjustments represent an important tool, their use requires
careful consideration of aspects of a patient’s background that might impact cognitive test
performance that are not represented in normative adjustments. In our study, bilingualism (as
assessed by a performance-based measure) and childhood work history (whether and why
a person worked as a child) emerged as important factors to consider when evaluating
Spanish-speakers living in the US-Mexico border region. It is our aspiration that the
utilization of NP-NUMBRS normative data along with the consideration of important
sociocultural background data will help enhance the practice of clinical neuropsychology
in this group. ldentifying which are the most important factors that ought to be considered
in normative adjustments across cultural/linguistic groups is an important step of future
research aimed at developing diagnostic tools for the accurate identification of underlying
brain dysfunction via neuropsychological data.
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Table 1:

Comprehensive Neuropsychological Test Battery and Normative Data

Domain NP-NUMBRS Nor mative Data

Fine Motor Skills

Grooved Pegboard: Dominant & Non-Dominant Hand (Klgve, 1963)

Finger Tapping (Reitan & Wolfson, 1993) Heaton et al., 2020

Working Memory

Pasat-50 and 200 (Gronwall, 1977) Gooding et al., 2020
WAIS-1I1 L-N Sequencing (Wechsler, 1997)
WAIS-R Arithmetic (Wechsler, 1981) Scott et al., 2020

Speed of Information Processing

Trail Making Test A (Reitan & Wolfson, 1993) Suarez et al., 2020a

WAIS-I11 Digit Symbol (Wechsler, 1997)

WAIS-I11 Symbol Search (Wechsler, 1997) Rivera Mindk et al., 2020

Verbal Fluency

Animal Fluency (Benton, Hamsher & Sivan, 1994)

Letter Fluency (Benton, Hamsher & Sivan, 1994) Marquine et al., 2020a

Executive Functioning

WCST-64 Perseverative Responses (Kongs, Thompson, Iverson, & Heaton, 2000) Marquine et al., 2020b
Trail Making Test B (Reitan & Wolfson, 1993) Suarez et al., 2020a
Halstead Category Test (Defilippis & McCampbell, 1979); (Reitan & Wolfson, 1993)  Morlett-Paredes et al., 2020

Learning

Hopkins Verbal Learning Test-Revised: Total Learning (Brandt & Benedict, 2001)

Brief Visuospatial Memory Test — Revised: Total Learning (Benedict, 1997) Diaz-Santos et al., 2020

Memory

Hopkins Verbal Learning Test-Revised: Delayed Recall (Brandt & Benedict, 2001)

Brief Visuospatial Memory Test-Revised: Delayed Recall (Benedict, 1997) Diaz-Santos et al., 2020

Visual-spatial Skills

WAIS-R Block Design (Wechsler, 1981) Scott et al., 2020

Note. NP-NUMBRS= Neuropsychological Norms for the US-Mexico Border Region in Spanish.
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Table 2.

Demographic, Educational Quality and Access, Childhood Socioeconomic, and Language Use Characteristics
(N=254)

Demogr aphic Characteristics M (SD) or n (%)
Age 37.3(10.2)
Sex [F] 149 (59%)
Total years of education 10.7 (4.3)
0,
Currently gainfully employeda 154 (68.4%)
Educational Quality and Access
Years of education in country of origin‘3 8.5(4.8)
Years of education in the U.S. & 25(4.7)
Proportion of education in country of originab 08(0:3)
Type of school attended
Good physical resources® 135 (55.6%)

0,
Limited physical resources’® 108 (44.4%)

Number of students in the class

Less than 30 135 (54.7%)
31+ 112 (45.3%)
0,
Had to stop attending school to work? 64 (28.6%)
Childhood Socioeconomic Background

Mother’s years of education? 5.8 (3.7)
Father’s years of education? 6:8(5.1)
Proportion of lifetime in country of origind 0.7(0:3)
Perceived childhood SES

\ery poor 15 (6.0%)

Poor 68 (27.1%)

Middle class 146 (58.2%)

Upper class 22 (8.8%)
Poor physical health 14 (5.6%)

Lack of access to basic resources in childhood® 49 (19.6%)

Lack of access to running water 27 (11%)
Lack of access to electricity 21 (8.4%)
Food insecurity 28 (11.2%)

Childhood work history?

Did not work as a child 118 (52%)
Worked for own benefit 61 (26.8%)
Worked to help family financially 48 (21%)
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Demogr aphic Characteristics M (SD) or n (%)
Age started working as a childaf 12932)
Started work before age 12 53 (42%)
Language Use
Participant Self-Report
Current language comprehension and fluency
Spanish better than English 206 (82.4%)
Similar in both languages 35 (14%)
English better than Spanish 9 (3.6%)
Daily average language use? 172(08)
Examiner Report
Current language comprehension and fluency
Spanish better than English 187 (80%)
Similar in both languages 37 (15.8%)
English better than Spanish 9 (3.8%)
Examinee considered bilinguala
128 (55.9%)

Performance-based fluency a

0,
Classified as Spanish dominantﬁ 126 (62.1%)

Classified as biIinguaI/7 77 (37.9%)

Note:
a . .
10% or more of the overall sample’s data was not available for this item
b - - .
years of education in country of origin / total years of education

c, . . .
‘good physical resources’ refers to large school that had many classrooms and room to play; ‘limited physical resources’ refers to a school of
smaller size that had at least one classroom per grade and room to play and/or a small school with less than one classroom per grade

dyears lived in country of origin / age
Ecomprised of whether individuals did not have two or more of the following as a child: running water, electricity, and/or remember going hungry
fof those reported having worked as a child, n = 131

gaverage of language used for radio, TV, media, praying, expressing anger/disgust, thinking, doing math, and speaking with family in Spanish, on a

scale of 1-6, lower scores indicating always Spanish, higher scores indicating always English

hSpanish Dominant: FAS/FAS+PMR value < 0.33; Bilingual: 0.34< FAS/FAS+PMS value < 0.66
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Table 3.

Univariable Associations of Demographic, Educational Quality and Access, Childhood Socioeconomic, and
Language Use Characteristics with Global Mean Scaled Scores and Demographically-Adjusted Global Mean
T-scores

Characteristics Mean Scaled Score Mean T-score

ridmz M (SD)  r/dm? M (SD)

Demogr aphics

Age? -024% - -0.004 -

sex? 035" 0.02
Male 11.7 (2.3) 49.9 (5.2)
Female 10.9 (2.3) 49.8 (5.6)

Total years of education? 0.65™ -- -0.01 --

Currently gainfully employedb 0.13 -0.22
Yes 11.3 (2.4) 49.6 (5.1)
No 11.0 (2.3) 50.8 (6.1)

Educational Quality and Access

Years of education in country of origin? 032" - -0.008 -
Years of education in the US? 028 - -0.02 -
Proportion of education in country of origina -023 " - -0.01 -
Type of school attendedb 035~ 0.25 "
Good physical resources 11.6 (2.2) 50.5 (6.0)
Limited physical resources 10.8 (2.4) 49.2 (4.7)
Number of students in the class” 0.00 -0.09
Less than 30 11.2 (2.4) 49.7 (5.1)
30+ 11.2 (2.2) 50.2 (5.8)
Had to stop attending school to work? 043~ -0.24
No 11.6 2.2) 497 (5.0)
Yes 10.6 (2.6) 51.0 (6.4)

Childhood Socioeconomic Background

Mother’s years of education? 036 " - 0.04 --
Father’s years of education? 028 7 - -0.01 --
Proportion of lifetime in country of origin? -0.002 - 0.09 -
Perceived childhood SES® 003" 0.004
Very poor 9.9 (2.2) 49.4 (4.7)
Poor 10.8 (2.5) 50.1(6.2)
Middle class 11.5(2.2) 49.7 (5.2)

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kamalyan et al.

Characteristics

Mean Scaled Score

Mean T-score

rldin? M (SD)  r/din?2 M (SD)
Upper class 11.6 (1.9) 50.7 (4.8)
Lack of access to basic resources compositeb -1.08 " -0.28"
Lack of 1 or less 9.4 (2.1) 48.7 (4.8)
Lack of 2+ 11.7 (2.1) 50.2 (5.5)
Lack of access to running Waterb -110 % -0.26
Yes 9.1(1.9) 48.7 (4.9)
No 11.6 (2.2) 50.1 (5.4)
Lack of access to electricityb -0.47 " -0.42"
Yes 8.9 (2.0) 47.8 (5.3)
No 11.4 (2.2) 50.1 (5.4)
Food insecurityb -0.42% -0.31"
Yes 9.2(2.2) 48.4 (4.9)
No 115 (2.2) 50.1 (5.5)
Childhood physical health? 029 * 0.33
Relatively healthy 11.3(2.3) 50.0 (5.4)
Poor physical health 9.7 (2.4) 48.2 (5.2)
Childhood work history® 0.08 ** 0.05 *
Did not work as a child 11.6 (2.1) 49.3 (5.0)
Worked for own benefit 12.0(2.1) 52.0 (5.6)
Worked to help family financially 10.2 (2.5) 48.8 (6.0)
Age started working as a child? 015" - -0.01 -
Language Use
Participant Self-Report
Current language comprehension and fluencyc 0.05 * 0.0002
Spanish better than English 11.0 (2.4) 49.9 (5.5)
Similar in both languages 12.1(1.8) 49.8 (5.5)
English better than Spanish 12.9(1.8) 495 (4.1)
Daily average language use? 033 - 0.01 -
Examiner Report
Current language comprehension and quencyc 0.02 0.01
Spanish better than English 10.9 (2.3) 49.9 (5.4)
Similar in both languages 11.9 (2.5) 49.6 (5.9)
English better than Spanish 11.8(1.3) 48.2 (3.7)
Examiner categorization” -0.70 ** -0.11
Examinee considered Spanish dominant 10.3 (2.4) 49.5(5.1)
Examinee considered bilingual 11.8 (2.1) 50.2 (5.6)
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Characteristics Mean Scaled Score

Mean T-score

rldin? M (SD)

ridig> M (SD)

Performance-based fluency b
Classified as Spanish dominant 093 ¥  105(24)

Classified as bilingual 12.5(1.8)

040 F  49.4(5.7)
51.5(4.8)

Note.Effect sizes determined by
a .

Pearson r correlations tests
b

two-sample t-tests, and
‘ANovA
A

indicates p < .10

*

indicates p <.05

*:

indicates p <.001.
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Table 4:

Educational Quality and Access, Childhood Socioeconomic and Language Use Correlates of
Demographically-Corrected Global Mean T-scores

Model A (n = 242)3 Coefficient (SE) t df p-value

School Type [Good Physical Resources] 1.02 (0.70) 1.46 239 0.15
Lack of Basic Resources -1.48 (0.87) -1.70 239 0.09

_ b
Model B (n =191)

School Type [Good Physical Resources] 1.34(0.78) 1.72 185 0.09
Lack of Basic Resources -1.89 (1.13) -167 185 010
Bilingual [Spanish Dominant] 1.70 (0.83) 2.05 185 0.04
Worked as a Child to Help Family Financially ~ 0.20 (1.12) 0.18 185 0.86
Worked as a Child for Own Benefit 2.48 (0.89) 2.78 185  (.006**

Page 26

Note. Results based on multivariable linear regression models including culturally-relevant factors that were associated with Global Mean TS at
p<.10 in univariable analyses

%1, 238 =342, p =.06; R2agj = 0.01

bF5, 185 = 4.97, p =.0003; RZ;dj = 0.09

Reference group for Model B is Did Not Work as a Child

*
indicates p < .05

*:

indicates p <.0001

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.



Page 27

Kamalyan et al.

100"> d sajeaipul

FKE

G0'> d sajealpul
*¥

(3S) g wssaidal sanjeA 810N

. . . . . . . . . . . . . . . . [P11uo e se oM 10N pial gsusg
(6T'T) 9€'T (ov'1) 82°0- xx (EBT) TS (05°T) £8°0 (87'T) £8°0 v ege (1€ 992 erx TETELY UMO 10J PIIY) © S8 PO
[pyo
(05'T) 62°0- (2L7)98°T- (¥z'2) szo (z6'T) €TO- (06'T) 89°0 (6LT) 12T (99°7) 820 (S9T) 20T © se 30M 10N pi1a] Ajjeroueurd
Ajiwed djaH 0} p1yo e se pasIop
(TT1) 20 (0£'1) 850 (sz0)erT (zr'1)zLo (ov'T) 82°0- (ze1) 28T L (05T) 87T e CTT)TOY [yueuiwoq ysiueds] fenbuijig
(05°T) 60°2- (LLT) evo- (Tz'2) e8'1- (e8'T) G9'2- (08'T) v6'2- (08'T) 15°2— (L97) LL'T- (59'T) 82'2- $32N0say dlseq JO Xoe]
. . . . . . . . . . . . . . . . [sa01nosey
(€0 20T @eniet (091 82T (0eDesz L. (82T)9€E (ez) 2ro- (STT) 86T e T 99T [eosfiud poos] adAL 00ues
(7= (6v7=U) (teT=1)
(T6T=U) (T61=U) (e91=v) A10UB BUIU | Aowe (6'1=u) uonoung (0gT=V)
Jolo N 8ul4 fouen|4 feqen  [elreds [ensiA : Buisiom BAIIN0BXT paads fusseo0.d

$8109s-] 21193dS-urewoq paldalod-A|[ealydesfowaq Jo sare|allo) asn abenbue] pue J1LOUOIB0II0S POOYP[IYD ‘SS829Y pue Alljend) [euoneanp3

Author Manuscript

Author Manuscript

‘g 9|geL

Author Manuscript

Author Manuscript

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 September 29.



	Abstract
	Introduction
	Method
	Participants
	Materials and Procedures
	Neuropsychological Assessment
	Demographic, Educational Quality/Access, Childhood Socioeconomic, and Language Use Factors
	Statistical Analyses.



	Results
	Demographic, Educational Quality/Access, Childhood Socioeconomic, and Language use Characteristics of the Study Sample
	Univariable associations with Global Mean Scaled Scores and T-Scores
	Multivariable associations of Global and Domain Mean T-score

	Discussion
	References
	Figure 1 Caption.
	Table 1:
	Table 2.
	Table 3.
	Table 4:
	Table 5:



