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Abstract

Objective—Given the disproportionate impact of neurologic disorders such as HIV on racial/

ethnic minorities, neuropsychologists are increasingly evaluating individuals of diverse linguistic 

backgrounds. This study compares the utility of two brief and one comprehensive language 

measure to account for variation in English neuropsychological performance within a bilingual 

population.

Method—Sixty-two HIV+ English/Spanish bilingual Latino adults completed three language 

measures in English and Spanish: Self-Reported Language Ability; Verbal Fluency (FAS/PMR); 

and the Woodcock Munoz Language Survey-Revised (WMLS-R). All participants also completed 

an English language neuropsychological (NP) battery.

Results—It was hypothesized that the comprehensive English/Spanish WMLS-R language 

dominance index (LDI) would be significantly correlated with NP performance, as well as the best 

predictor of NP performance over and above the two brief language measures. Contrary to our 

hypothesis, the WMLS-R LDI was not significantly correlated to NP performance, whereas the 

easily administered Verbal Fluency and Self-Report LDIs were each correlated with global NP 

performance and multiple NP domains. After accounting for Verbal Fluency and Self-Report LDI 

in a multivariate regression predicting NP performance, the WMLS-R LDI did not provide a 

unique contribution to the model.
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Conclusions—These findings suggest that the more comprehensive WMLS-R does not improve 

understanding of the effects of language on NP performance in an HIV+ bilingual Latino 

population.
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Introduction

Despite the recognition that proficiency in the language of evaluation contributes uniquely to 

neuropsychological test performance, evaluating bilingualism has not been central to 

neuropsychological training or discourse. Additionally, much of the research on bilingual 

neurocognition treats bilingualism as a dichotomous variable and is not easily translated to 

clinical settings, where the degree of English language proficiency varies continuously 

(Suarez et al., 2014). As a result, there is a lack of clarity surrounding best practices for the 

evaluation of linguistic minorities (Brickman, Cabo, & Manly, 2006; Elbulok-Charcape, 

Rabin, Spadaccini, & Barr, 2014; Rivera Mindt, Byrd, Saez, & Manly, 2010).

The Latino/a community is currently the largest and fastest growing minority group in the 

United States, and Spanish is the most commonly spoken non-English language in the 

country (Shin & Kominski, 2010; US Census Bureau, 2010). As these trends alter the 

demographic composition of the United States, so too will they alter the populations served 

by neuropsychologists, highlighting the importance of understanding the impact of English 

language proficiency on neuropsychological performance.

One patient population where these issues are particularly relevant are patients with HIV/

AIDS, as, on the one hand, this condition can lead to neuropsychological impairment 

(Heaton et al., 2010), and, on the other hand, it disproportionately affects Latino/a adults 

(CDC, 2009). In New York, nearly one-third of people living with HIV/AIDS are Latino/a 

(CDC, 2009). Nationwide, Latina women have a rate of new HIV infections 4.2 times higher 

than non-Hispanic White females, and Latino men have a rate of new HIV infections 2.9 

times higher than non-Hispanic White males (CDC, 2013). Competently providing 

neuropsychological services to Latino/a individuals with HIV/AIDS and other neurologic or 

medical disorders requires appropriate measures and procedures, and an understanding of 

the cultural and linguistic factors known to influence performance within Latino/a groups.

In an effort to quantify language dominance, many researchers have included various 

language measures in their investigations with bilingual groups. These measures can be 

administered in a single language to assess absolute proficiency, or be compared across two 

languages to assess relative proficiency or language dominance. For example, Mungas, 

Reed, Haan, and Gonzalez (2005) found a self-report measure of English and Spanish 

language ability to have broad and robust associations with scores on the Spanish and 
English Neuropsychological Assessment Scales (SENAS). English language ability was 

significantly positively related to higher test scores and Spanish language ability was 

associated with lower test scores. When ethnicity alone was entered into a model predicting 

SENAS scores, significant ethnicity effects were detected for 12 out of 13 tests, with non-
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Hispanic White adults outperforming Latino/a adults. Entering basic demographic variables 

such as education, gender, and age somewhat reduced the independent effect of ethnicity, but 

not as dramatically as when English and Spanish ability were also entered in the model. 

Thus, the authors concluded that English and Spanish ability, along with education, 

essentially eliminated the effect of ethnicity in their sample (Mungas et al., 2005).

Rosselli et al. (2002) compared the reading and color naming speed of Spanish-dominant, 

balanced, and English-dominant bilingual adults with Spanish and English monolingual 

adults on the Stroop Color and Word Test in both languages. Generally, they found that 

bilinguals were slower than monolinguals in the English color naming condition. 

Specifically, Spanish-dominant bilinguals were significantly slower in all of the English 

Stroop test conditions, and English-dominant bilinguals were significantly slower in all of 

the Spanish conditions. So while a general conclusion was that bilinguals’ overall color 

naming performance was slower on the Stroop Test when compared to monolinguals, 

introducing language proficiency showed that only those individuals with lowered 

proficiency in the test language were slower, and that balanced bilinguals (i.e. those 

individuals equally proficient in both languages) performed similarly to the English-

dominant bilinguals in the English conditions and to the Spanish-dominant group in the 

Spanish conditions. It is to the authors’ credit that a measure of language dominance was 

included, as the results would otherwise point to a difference between bilingual and 

monolingual groups, when the issue was, in fact, one of language proficiency.

The aforementioned studies are two examples of a body of literature that points to the 

importance of language dominance and proficiency in the neuropsychological assessment of 

bilingual persons. Overall, research indicates that taking language variables into account 

explains performance differences between Latino/a and non-Hispanic White groups, as well 

as performance differences between bilingual and monolingual groups of the same ethnic 

background (Gasquoine, Croyle, Cavazos-Gonzalez, & Sandoval, 2007; Harris, Cullum, & 

Puente, 1995; Harris, Tulsky, & Schultheis, 2003; Mungas et al., 2005; Rosselli et al., 2002). 

However, these studies have examined language using widely different instruments and 

methodology, ranging from self-reported language preference, to single measure assessment 

(i.e. Boston Naming Test), to a comprehensive multi-domain language assessment measure 

(e.g. Woodcock Munoz Language Survey-Revised). Thus, although there is consensus across 

the literature that bilingual language abilities are important to assess, there is limited 

guidance regarding the best measures to do so (Marian, Blumenfeld, & Kaushanskaya, 2007; 

Rivera Mindt et al., 2008). More research is therefore needed to help inform best practices 

for the neuropsychological evaluation of linguistic minorities. The American Psychological 

Association’s 2003 Multicultural Guidelines state that clinicians should not test examinees 

in an inappropriate language and should make a referral if this is not possible. However, 

these recommendations lack guidance regarding what instruments to use to ascertain which 

language may be appropriate. It is clear that no examinee should be assessed in a language 

that they do not speak, but there is less clarity regarding bilingual examinees that are 

conversationally proficient in English.

This issue is important because neuropsychologists utilize test scores to differentiate 

between intact and impaired cognition. For example, in HIV, the diagnosis of HIV-
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associated neurocognitive disorder (HAND) is based on neuropsychological impairment 

(defined as test scores one standard deviation below the mean) and functional impairment 

(Antinori et al., 2007). Differential performances between racial/ethnic groups can lead to 

increased likelihood that an individual within a minority group will be misclassified as 

neuropsychologically impaired (Harris et al., 2003; Heaton, Taylor, & Manly, 2003; Low et 

al., 2012; Norman, Evans, Miller, & Heaton, 2000; Taylor & Heaton, 2001). Furthermore, 

there is evidence for higher rates of neuropsychological impairment in Latino samples than 

in samples containing greater proportions of non-Hispanic White participants (Rivera Mindt 

et al., 2008).

Rivera Mindt et al. (2008) point to the cultural biases of neuropsychological measures, 

methodological and/or sampling differences across studies, bio-behavioral factors associated 

with different Latino/a populations, and lowered cognitive reserve as potential explanatory 

factors for findings of poorer neuropsychological performance in Latino/a individuals, many 

of whom are bilingual. Inadequate language proficiency in the test language is another likely 

contributor, but is often overlooked, in part due to the lack of empirical evidence supporting 

any particular method of assessment. However, in bilingual samples, the issue of language 

dominance deserves careful attention. Understanding the influence of language on 

neuropsychological performance would improve the identification of neuropsychological 

impairment and ensure that diagnoses of HAND reflect true impairment and not cultural or 

linguistic artifacts.

We argue that accurately assessing an individual’s language dominance is an integral part of 

an evaluation for bilingual clients. Such an assessment can both clarify what language an 

individual should be tested in and aid in the interpretation of test performance, particularly 

when English language testing is the only available option. Although there appears to be 

emerging recognition in the literature of the importance of language dominance in 

neuropsychological assessment, empirically based guidelines are lacking. Furthermore, there 

are a variety of language measures to choose from, including self-report measures, single 

domain measures, and comprehensive batteries of multiple language domains. 

Administration time varies widely for these measures, from just a few minutes to closer to 

one hour. More information is needed to clarify whether self-report measures and/or single 

ability tests are sufficient, or whether comprehensive language proficiency measures best 

capture the effects of language on neuropsychological performance.

The aim of the current study was to compare the utility of two brief and one comprehensive 

language measure to account for variation in English neuropsychological performance 

within a bilingual (English–Spanish) HIV+ Latino/a population. By identifying the 

measure/s that best capture the effects of language dominance on test performance, it was 

our goal to make practical, empirically based recommendations regarding the most efficient 

way to competently assess language dominance among bilingual examinees.

We hypothesized that among HIV+ Spanish–English bilinguals: (1) higher levels of English 

language dominance on all language measures would be significantly and positively 

correlated with global and domain-specific NP performance; (2) degree of language 

dominance across all language measures would account for a significant amount of variance 
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in NP performance; and (3) the comprehensive English/Spanish WMLS-R language 

dominance index (LDI) would be the best predictor of NP performance over and above the 

self-reported and single language measures.

Methods

Participants

The current study sample included 62 HIV+ Latino/a adults who participated in the 

NIMHfunded Medication Adherence Study (MÁS; Grant #: K23MH079718; PI: M. Rivera 

Mindt, Ph.D.). Participants were recruited from two other HIV-related studies conducted at 

the Icahn School of Medicine at Mount Sinai, as well as community outreach in New York 

City, particularly East [Spanish] Harlem and self-referral.

All participants were HIV+, on stable antiretroviral therapy for at least 12 weeks, and self-

identified as being Latino/a (any race). All participants reported some degree of fluency in 

both English and Spanish, and all participants had at least conversational proficiency in 

English. Exclusion criteria included diagnosis with any of the following conditions: severe 

psychiatric disorders (e.g. schizophrenia, psychosis, bipolar disorder) or significant non-

HIV-related co-morbid neurologic or medical conditions (e.g. epilepsy, brain cancer or 

tumor, traumatic brain injury with loss of consciousness >60 min, neurosurgery, Lupus, 

Multiple Sclerosis, Parkinson’s disease).

Procedure

All participants provided written informed consent and completed a sociocultural and 

diagnostic interview (including the Beck Depression Inventory- Fast Screen; Beck, Steer, & 

Brown, 2000), language assessment and a comprehensive neuropsychological battery. Aside 

from the Spanish portion of the language assessment, all study procedures were conducted 

in English. Blood samples were collected, from which CD4 counts and HIV plasma viral 

loads were assessed. Study data were collected by trained, bilingual project staff. IRB 

approval for the MAS study was granted by both the Icahn School of Medicine at Mount 

Sinai and Fordham University. All participants were administered the following measures.

Language assessment

All participants completed three different measures of English and Spanish language that 

were used to compare different ways of assigning language dominance. All participants 

reported having sufficient English and Spanish language ability to complete all measures in 

both languages. For each measure, we calculated a continuous language dominance index 

(LDI) reflective of relative English fluency by dividing the English language score by the 

sum of English and Spanish language scores (e.g. English/(English + Spanish). The process 

of computing the LDI is illustrated in Figure 1, and the specific scores used to calculate the 

index for each measure are detailed below. The strengths of this index, detailed in Suarez et 

al. (2014), include placing language dominance on an easily interpretable scale ranging from 

0 to 1, where higher values correspond to higher relative English fluency.
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Self-reported language proficiency

Participants rated their English and Spanish ability on a 7-point Likert scale created for the 

purposes of the present study. Response options ranged from ‘almost none’ (1) to ‘like a 

native speaker’(7) in the domains of reading, writing, speaking, and understanding. The 

domains of reading and writing were averaged to create a Written Language domain rating, 

and the domains of speaking and understanding were averaged to create an Oral Language 

domain rating. LDIs were computed for these domains only for the presentation of 

descriptive statistics in Table 3. All domain ratings were averaged to generate the primary 

variables of interest, ‘Self-Reported English Ability’ and ‘Self-Reported Spanish Ability.’ 

The average English Ability rating was divided by the sum of the English and Spanish 

Ability ratings to compute the Self-Report LDI.

Single measure of verbal fluency

Participants completed the Controlled Oral Word Association Test (COWAT) in English 

(FAS) and Spanish (PMR). The COWAT (Gladsjo et al., 1999) is a measure of verbal 

fluency in which participants are asked to list as many words as possible beginning with the 

letter F, A, and S in English, and given one minute to do so for each letter (Gladsjo et al., 

1999). The total number of words from all three trials are summed and converted to a T-

score with demographic corrections for age, gender, education, and race (Heaton, Miller, 

Taylor, & Grant, 2004). The COWAT-PMR has an identical procedure but is conducted in 

Spanish and utilizes the letters P, M, and R and utilizes different normative data with 

demographic corrections for age and education (Artiola i Fortuny, Hermosillo, Heaton, & 

Pardee, 1999). The FAS T-score was divided by the sum of the FAS and PMR T-scores to 

compute the Verbal Fluency LDI.

Comprehensive measure of language proficiency

The Woodcock-Muñoz Language Survey- Revised (WMLS-R; Woodcock, Muñoz-

Sandoval, Ruef, & Alvarado, 2005) was designed to assess English and Spanish language 

proficiency across multiple domains. Participants completed the first four tests of the 

language survey in English and Spanish: Picture Vocabulary, in which participants identify 

and name a picture of an object; Verbal Analogies, in which participants listen to three 

words of an analogy and then must provide the appropriate fourth word to complete the 

analogy; Letter-Word Identification, in which participants identify and pronounce single 

letters and words; and Dictation, in which participants write letters, spell, and apply correct 

punctuation and capitalization rules. Picture Vocabulary and Verbal Analogies form the Oral 

Language subdomain, and Letter-Word Identification and Dictation form the Written 

Language subdomain. LDIs were computed for these domains only for the presentation of 

descriptive statistics in Table 3. All subtests combined provide an estimate of Broad English 

and Broad Spanish Ability, and take between 30 and 40 min to administer. Age-corrected 

norms (M = 100, SD = 15) were used and a T-score was provided for each domain. The 

Broad English Ability T-score was divided by the sum of the Broad English Ability and 

Broad Spanish Ability T-scores to compute the WMLS-R LDI.

The WMLS-R is a reliable and well-validated instrument with robust normative data and 

validation information presented in the manual (Woodcock et al., 2005). For the English 
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subtests, normative data were gathered from 8818 subjects ranging from age two to 80 from 

over 100 geographically diverse US communities. Based on this sample, the Broad English 

Ability score demonstrated strong split-half reliability (r = .96). A validation study with 200 

college students found that the WMLS-R Broad English Ability score was correlated with 

the Oral and Written Language Scales (OWLS) (r = .59–.67), the WAIS-3 VIQ (r = .81), and 

the WRAT-3 (r = .86 and .72). Spanish items were translated from English, calibrated on 

1,157 native Spanish speakers from around the world (e.g. US, Mexico, Argentina, Panama, 

Costa Rica, Colombia, and Puerto Rico), and equated to the English norms. In a sample of 

197 bilingual students grades K through 3, the Spanish and English WMLS (not the revised 

version) were significantly correlated with the Language Assessment Scales-Oral (LAS-O) 

and the IDEA Oral Language Proficiency Test-Oral (rs = .50–.80). When students were 

placed into six categories based on their language dominance, Monolingual English speakers 

achieved the highest WMLS English scores and the lowest WMLS Spanish scores, whereas 

Monolingual Spanish speakers demonstrated the opposite pattern.

Neuropsychological evaluation

Table 1 summarizes the well-validated English language neuropsychological test battery 

designed to assess the pattern of cognitive impairment common in HIV infection (Heaton et 

al., 2010). The battery consisted of nine tests in six ability domains: Executive Functioning, 

Processing Speed, Attention/Working Memory, Learning, Memory, and Motor Functioning 

(Woods et al., 2004). Analyses including Motor Functioning were reported in the tables, but 

will not be discussed in the text due to a lack of theoretical rationale. The seventh domain 

traditionally included in the battery, Language Functioning, was subsumed by the language 

measures, used here as predictors, and was therefore not included as an outcome measure or 

in calculating the Global NP T-score. Consistent with empirically supported methods, raw 

test scores were converted to age-, education-, and gender- corrected T-scores using the best 

available published normative data (see Table 1). All individual test T-scores were averaged 

to derive the Global NP T-score, which reflects global neuropsychological functioning.

Statistical analyses

The Statistical Package for the Social Sciences (SPSS) Version 18.0 was used to analyze the 

results. All variables were normally distributed with the exception of plasma HIV viral load, 

which was then log transformed. Pearson correlations and multiple linear regressions were 

computed. A p-level of .05 was used to determine statistical significance. Regarding 

potential covariates, bivariate correlations revealed that Beck Depression Inventory – Fast 

Screen (BDI-FS; Beck et al., 2000) was significantly correlated with Global NP (r = −.29, p 
= .02), Attention/Working Memory (r = −.38, p = .003), Learning (r = −.27, p = .03), and 

Executive Functioning (r = −.34, p = .01) and was therefore included as a covariate in 

relevant analyses. Education was significantly correlated with Attention/Working Memory (r 
= −.35, p = .01), and Executive Functioning (r = −.26, p = .04), and was therefore included 

as a covariate in relevant analyses. Plasma HIV viral load and CD4 count were not 

significantly related to any neuropsychological global or domain scores (all ps >.05). To 

address concerns about differing normative data sources or lack of normative data, bivariate 

correlations examined the relationships between years of education, age, and gender, with all 
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three LDI scores (i.e. Self-Report, Verbal Fluency, WMLS-R). Neither age, education, nor 

gender was significantly related to any of the language LDIs.

Results

Table 2 summarizes the demographic, sociocultural, and clinical characteristics of the 

sample. On average, the sample was majority male, middle-aged, and high school educated. 

Seventeen percent of the sample met criteria for an AIDS diagnosis (CD4 < 200). All 

participants self-identified as Latino/a, with 79% of participants describing themselves as 

Puerto Rican. A majority of participants were born in the US, with those born outside of the 

US having been living in the US for an average of 29 years.

As illustrated in Table 3, the sample has slight overall English dominance, reflected by LDI 

values above .5. Language dominance indices (LDI) were highly variable for each measure, 

as indicated by the standard deviation and range. In terms of the participants’ overall 

neuropsychological functioning, mean performance levels for the global and 

neuropsychological domains were in the low average to average range (T-score mean = 50, 

SD = 10).

Table 4 details the results of a series of partial correlational analyses (see table for 

covariates), which revealed that Verbal Fluency LDI and Self-Report LDI were significantly 

correlated with Global NP performance (r = .32 and r = .30, ps < .05). WMLS-R LDI was 

not significantly correlated with Global NP performance, or that of any NP domains (all ps 

> .05). Verbal Fluency LDI was significantly correlated with Processing Speed and Memory 

(r = .32, r = .25, ps < .05). Self-report LDI was significantly correlated with Processing 

Speed (r = .35, p < .01).

Prior to conducting a series of multiple regression analyses with the three language 

dominance indices as independent variables, a series of bivariate correlations were computed 

to examine the associations between the three variables. The results revealed significant 

positive associations between the three indices ranging from .63 to .83 (ps < .01). The effect 

sizes for all associations were in the large range. However, multicollinearity among these 

variables was not a significant problem in any of the following regression models (all VIFs < 

5).

As illustrated in Table 5, multiple regression analyses revealed that the more comprehensive 

WMLS-R LDI did not significantly contribute to the model predicting Global NP, after 

accounting for the Verbal Fluency and Self-Report LDI (FΔ (1, 56) = 1.21, , p > .

05). Although adding the WMLS-R LDI did not account for significantly more variance, the 

combined model of all three language dominance indices accounted for 21% of the variance 

in Global NP T-score (F (4,56)=3.68, p = .01). This combined model significantly predicted 

all NP domains (all ps < .05) except for Learning and Memory. In terms of these domain-

specific models, Verbal Fluency LDI was a trend level predictor for Memory (b = 36.42, p 
< .10). Self-Report LDI was a significant predictor for Processing Speed (b = 45.64, p < .

05). WMLS-R LDI was not a significant predictor of any NP domains (all ps > .10).
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Discussion

The goal of the present study was to investigate the utility of two brief and one 

comprehensive language measures to account for variation in English neuropsychological 

performance within a bilingual (English/Spanish) HIV+ Latino/a population. This issue is 

especially important within diverse clinical populations, as the treatment of cultural and 

linguistic variables can considerably impact the conclusions drawn from a 

neuropsychological evaluation. The impact of language dominance is a particularly nuanced 

question for many within our sample, who on average had balanced bilingual abilities and 

would most likely be tested in English in clinical and research settings.

In terms of this study’s key findings, the results from the bivariate correlational analyses 

highlight the substantial impact of language dominance on neuropsychological performance. 

Those participants with higher English dominance, based on Verbal Fluency and Self-Report 

Language Dominance Indices (LDI), had better global and domain-specific 

neuropsychological performance. This partially confirmed our first hypothesis that higher 

levels of English language dominance would be significantly and positively correlated with 

global and domain-specific NP performance, with the notable exception that this relationship 

was not borne out for our more comprehensive measure of language proficiency, the 

Woodcock Muñoz Language Survey-Revised (WMLS-R). This measure was not 

significantly related to any global or domain-specific NP performance, which was surprising 

as it was the most comprehensive instrument included.

It is important to note that the robust associations between language dominance and 

neuropsychological performance were observed within a generally balanced bilingual 

Latino/a sample. Thus, the current findings suggest that some assessment of language 

dominance should be undertaken with all linguistic minority individuals (including highly 

proficient bilinguals) as part of routine neuropsychological evaluation. In knowing the 

language dominance of a patient, neuropsychologists would be better able to consider their 

own competence to evaluate an individual, select appropriate tests and normative data, and 

interpret low scores appropriately. In this study, all participants self-identified as bilingual 

and were capable of conversing in English, but the relationship between English language 

dominance and neuropsychological performance was present nevertheless. This is in line 

with prior research suggesting that even native-English-speaking Latinos/as experience 

deflated neuropsychological performance relative to non-Hispanic White peers (Boone, 

Victor, Wen, Razani, & Ponton, 2007). Given this positive and significant relationship, it is 

clearly important to recognize the unique contribution of language dominance to test 

performance in order to avoid over-pathologizing bilinguals and other linguistic minority 

individuals.

It is also important to highlight that all of the neuropsychological domains (both verbal and 

non-verbal), with the exception of Attention/Working Memory, were related significantly or 

at the trend level to language dominance as measured by either Verbal Fluency LDI or Self 

Report LDI. In regards to the multivariate regression model, our model of language 

dominance, which included the verbal fluency, self-report, and WMLS-R LDI scores, 

accounted for a significant amount of variance in global and domain-specific NP 
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performance. Contributions of the entire model ranged from 19% (Processing Speed) to 36% 

of the variance (Attention/Working Memory), and supported our second hypothesis that 

degree of language dominance across all measures would account for a significant amount of 

variance in NP performance. This was true for all domains except Learning (trend-level) and 

Memory (non-significant). The substantial contribution of language dominance to the model 

is consistent with the robust correlational relationship between language measures and 

neuropsychological outcomes. This is in line with the view that language is not a variable 

that can be divorced from the testing process, and that even more ‘non-verbal’ domains are 

subject to influences by language and culture (Gasquoine, 2001; Rivera Mindt et al., 2008; 

Rosselli & Ardila, 2003).

However, the results did not support our third hypothesis that a comprehensive battery of 

language dominance, the WMLS-R, would account for unique variance in 

neuropsychological test performance, above and beyond self-reported and single domain 

(verbal fluency) measures. After accounting for the Verbal Fluency and Self-Reported LDI 

scores, the WMLS-R LDI did not provide a unique contribution to the model. This is not to 

say that the WMLS-R does not explain variance in neuropsychological performance, only 

that it fails to uniquely contribute to the prediction of NP performance than the more quickly 

and easily administered verbal fluency or self-report measures. This was surprising, as the 

four subtests of the WMLS-R provide a measure of both Reading/Writing and Oral 

Language and would appear to better characterize what is a complex and multifaceted 

variable. Together, the current bivariate and multivariate findings do not support the utility of 

the WMLS-R LDI as a measure of language dominance for better contextualizing 

neuropsychological performance of bilingual individuals.

A possible explanation for the poor utility of the WMLS-R in this study sample is the 

measure’s emphasis on cognitive-academic language proficiency (CALP), which goes 

beyond conversational proficiency to include context-reduced and more cognitively 

demanding language skills. Although important when assessing language proficiency in 

academic settings, it may be less meaningful in individuals with diverse language histories, 

many of whom may have limited academic experience in one or both of their languages. 

Conversely, verbal fluency and self report measures may more directly tap the constructs of 

facility of production and frequency of use, respectively. More research is needed to clarify 

why self-report and verbal fluency measures are more predictive of NP performance, even 

though all three language measures given were significantly intercorrelated. However, the 

findings of the current study suggest that despite the comprehensiveness of the WMLS-R, 

neuropsychologists would not be sacrificing any additional information by using briefer 

measures to capture the likely impact of language dominance on neuropsychological 

performance.

Clinical implications

Considering the impact of HIV/AIDS and other neurologic disorders (i.e. stroke, Parkinson’s 

disease, traumatic brain injury, etc.) on ethnic/racial minority groups, neuropsychologists are 

frequently expected to competently evaluate examinees from diverse cultural and linguistic 

backgrounds (Burke, Brown, Lisabeth, Sanchez, & Morgenstern, 2011). The issue of 
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identifying important cultural and linguistic variables that influence neuropsychological 

performance is an issue of clinical competence and standard of care (Manly, 2008). As this 

study and others have shown, language dominance is undoubtedly one of those influential 

variables. Hence, the findings of strong relationships between language variables and 

neuropsychological performance reinforce the importance of assessing language dominance 

in order to accurately and fairly interpret the results of an evaluation, even for individuals 

who are proficient in English. Specifically, within an HIV+ bilingual group, greater levels of 

English language dominance were related to better performance on a comprehensive 

neuropsychological test battery.

Despite increasing recognition of language proficiency as a variable of interest, there is a 

lack of clarity surrounding good practices for the evaluation of bilingual individuals (Rivera 

Mindt et al., 2010). There is theoretical reason to believe that a comprehensive measure of 

language proficiency is necessary to fully capture what is a complex construct. However, the 

results of this investigation cast doubt on the ability of such a measure (the WMLS-R) to 

significantly account for variance in NP performance when compared with simpler and more 

briefly administered measures. As a result, when choosing between similar measures in their 

research and practice, neuropsychologists may be able to accurately assess language 

proficiency with brief measures, such as those used in this study (verbal fluency or self-

report). The WMLS-R, despite being comprehensive and significantly related to other 

language measures, did not appear to provide additional clinically useful information in our 

study population.

Study limitations

The fact that all study participants were HIV+ makes the conclusions particularly relevant to 

the clinical questions at hand. However, it also reduces the clarity of the conclusions as the 

virus and other complicating factors, not just language proficiency, are at play. Although 

speech and language functioning is for the most part unaffected in HIV+ adults (Woods, 

Moore, Weber, & Grant, 2009), verbal fluency tasks such as the COWAT-FAS are also used 

as a way to examine the effects of the virus on brain functioning and potentially quantify the 

word-finding difficulties and slowed thinking reported by HIV+ adults (Lopez, Wess, 

Sanchez, Dew, & Becker, 1998; Mapou, Law, Martin, & Kampen, 1993; Millikin, Trépanier, 

& Rourke, 2004; Van Gorp, 1997). However, the use of the dominance index was designed 

to minimize this concern.

An additional limitation is that this study sought to compare measures that were not 

developed, scored, or normed in easily comparable ways. For example, while the self-report 

measure generated ratings and did not utilize norms, the WMLS-R and COWAT utilized 

normative data. The normative scores differed between these two measures, however, in that 

the English (FAS) and Spanish (PMR) version of the COWAT each utilized their own 

normative data that controlled for education, whereas the WMLS-R utilized the Rasch 

model to equate norms across Spanish and English versions without controlling for 

education. The Language Dominance Index (LDI) and inclusion of education as a covariate 

were designed to minimize these concerns.
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A major theoretical issue is the complex nature of bilingualism. Different aspects of an 

individual’s language history, such as fluency, daily use, and cognitive-academic language 

proficiency all contribute to his or her language profile, and likely impact 

neuropsychological performance in unique ways. Teasing these effects apart is an important 

goal, and could enhance the theoretical rationale for using different measures in different 

situations.

This study included a relatively small, linguistically balanced, and homogeneous sample. 

Seventy-nine percent of the study sample was of Puerto Rican descent, somewhat limiting 

the external validity of the current findings for Latinos/as from other countries of origin and 

based in other parts of the country. However, because Latinos/as of Caribbean origin/descent 

in the NYC region are disproportionately impacted by the HIV epidemic, this study provided 

important information about an understudied demographic group. In addition, 68% of the 

sample was male, limiting the applicability of our findings to female participants. The 

present study should be replicated in a more nationally representative sample in order to 

better understand the current findings as they relate to women.

Future directions

There is much work still to be done to: (1) disentangle the influence of language and other 

sociocultural variables; (2) reach a consensus surrounding the measurement tools most 

capable of tapping those constructs; and (3) translate findings into additional empirically 

based recommendations for the clinical evaluation of cultural and linguistic minorities.

Clarification of the construct of language dominance and its relationship to other related 

variables is a priority, but closely related and equally important is achieving a consensus 

surrounding the merit of different measurement tools. This study examined three common 

ones, but many more exist that are frequently used to quantify language dominance, 

including the Peabody Picture Vocabulary Test (PPVT) and Boston Naming Test (BNT; 

Mungas et al., 2005; Rosselli et al., 2002). In order to achieve some degree of agreement, a 

comparison would need to be extended to include other popular language measures.

A final direction involves translating these research findings into clinically useful guidelines. 

For example, the present study has identified the COWAT-FAS/PMR and self-report as tools 

to quantify English language dominance, and the Language Dominance Index (LDI) as a 

helpful index for comparing language abilities in two different languages. A useful extension 

of this research would be to identify a cut-off point for second language dominance over 

which neuropsychological performance fails to be an accurate representation of functioning. 

Although the current study provided findings applicable to the HIV+ community, extending 

these findings to a non-clinical population will also be important.

Conclusion

The present study highlights the influence of language dominance on neuropsychological 

performance – both in terms of global neuropsychological function and across numerous 

neuropsychological domains, including Executive Functioning, Processing Speed, Attention/

Working Memory, Learning, and Memory. It also suggests that rather than a comprehensive 

multi-domain language assessment, the briefly administered COWAT-FAS and PMR and 
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Self Report questionnaire are sufficient to account for the effects of language dominance on 

task performance. This is just a first step in beginning to build an empirical foundation for 

the clinical assessment of linguistic and cultural minority individuals. As this country 

becomes increasingly diverse, it will be important to broaden the understanding of which 

variables, beyond traditional ones, to include as important for individuals of non-majority 

cultural and linguistic experiences. This involves elucidating, prioritizing, operationalizing, 

and translating this research into practical guidelines. Failure to do so would be a missed 

opportunity to move neuropsychology toward a more theoretically and clinically inclusive 

stance, with the necessary tools to competently examine those in need.

Acknowledgments

The authors would like to thank Letty Mintz, A.N.P. and Rhonda Burgess, MA; our community partners through the 
Manhattan HIV Care Network, the Harlem Community Academic Partnership; and most importantly, all of the 
individuals who participated in this study.

Funding

This research was supported by a K23 from NIMH [grant number K23MH07971801]; Early Career Development 
Award from the Northeast Consortium for Minority Faculty Development (to MRM) [grant number R24MH59724], 
[grant number U01MH083501], [grant number N01MH22005]; Clinical Research Center of the Mount Sinai 
School of Medicine [grant number M01-RR00071].

References

Antinori A, Arendt G, Becker J, Brew B, Byrd D, Cherner M, Wojna V. Updated research nosology for 
HIV-associated neurocognitive disorders. Neurology. 2007; 69:1789–1799. [PubMed: 17914061] 

Artiola i Fortuny, L.; Hermosillo, D.; Heaton, R.; Pardee, R. Manual de normas y procedimientos para 
la batería neuropsicológica en Español [Manual of norms and procedures for the Spanish 
neuropsychological battery]. Tucson, AZ: Psychology Press; 1999. 

Beck, AT.; Steer, RA.; Brown, GK. Manual for the beck depression inventory-fast screen for medical 
patients. San Antonio, TX: Psychological Corporation; 2000. 

Benedict, R. Brief Visuospatial Memory Test-Revised. Odessa, FL: Psychological Assessment 
Resources; 1997. 

Benedict R, Schretlen D, Groninger L, Brandt J. Hopkins verbal learning test-revised: Normative data 
and analysis of inter-form and test-retest reliabilty. The Clinical Neuropsychologist. 1998; 12:43–
55.

Boone K, Victor T, Wen J, Razani J, Ponton M. The association between neuropsychological scores 
and ethnicity, language, and acculturation variables in a large patient population. Archives of 
Clinical Neuropsychology. 2007; 22:355–365. [PubMed: 17320344] 

Brickman AM, Cabo R, Manly JJ. Ethical issues in cross-cultural neuropsychology. Applied 
Neuropsychology. 2006; 13:91–100. [PubMed: 17009882] 

Burke JF, Brown DL, Lisabeth LD, Sanchez BN, Morgenstern LB. Enrollment of women and 
minorities in NINDS trials. Neurology. 2011; 76:354–360. [PubMed: 21209376] 

CDC. HIV Surveillance Report. 2009. Retrieved from http://www.cdc.gov/hiv/surveillance/resources/
reports/2009report/pdf/2009SurveillanceReport.pdf

CDC. HIV in the United States: At a glance. 2013. Retrieved from http://www.cdc.gov/hiv/resources/
factsheets/PDF/stats_basics_factsheet.pdf

Diehr M, Cherner M, Wolfson T, Millier S, Grant I, Heaton R. the 50 and 100-item short forms of the 
Paced Auditory Serial Addition Task (PASAT): demographicaly corrected norms and comparisons 
with the full PASaT in normal and clinical samples. Journal of Clinical and Experimental 
Neuropsychology. 2003; 25:571–585. [PubMed: 12911108] 

Miranda et al. Page 13

Clin Neuropsychol. Author manuscript; available in PMC 2016 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/hiv/surveillance/resources/reports/2009report/pdf/2009SurveillanceReport.pdf
http://www.cdc.gov/hiv/surveillance/resources/reports/2009report/pdf/2009SurveillanceReport.pdf
http://www.cdc.gov/hiv/resources/factsheets/PDF/stats_basics_factsheet.pdf
http://www.cdc.gov/hiv/resources/factsheets/PDF/stats_basics_factsheet.pdf


Elbulok-Charcape MM, Rabin LA, Spadaccini AT, Barr WB. Trends in the neuropsychological 
assessment of ethnic/racial minorities: A survey of clinical neuropsychologists in the United States 
and Canada. Cultural Diversity and Ethnic Minority Psychology. 2014; 20:353–361. [PubMed: 
25045947] 

Gasquoine P. Research in clinical neuropsychology with hispanic American participants: A review. 
The Clinical Neuropsychologist. 2001; 15:2–12. [PubMed: 11778577] 

Gasquoine P, Croyle K, Cavazos-Gonzalez C, Sandoval O. Language of administration and 
neuropsychological test performance in neurologically intact hispanic American bilingual adults. 
Archives of Clinical Neuropsychology. 2007; 22:991–1001. [PubMed: 17900857] 

Gladsjo J, Schuman C, Evans J, Peavey G, Miller S, Heaton R. Norms for letter and category fluency: 
Demographic corrections for age, education, and ethnicity. Assessment. 1999; 6:147–178. 
[PubMed: 10335019] 

Van Gorp WG. Subjective complaints versus actual cognitive deficits in predominantly symptomatic 
HIV-1 seropositive individuals. Neurosciences. 1997; 9:37–44.

Harris J, Cullum M, Puente A. Effects of bilingualism on verbal learning and memory in Hispanic 
adults. Journal of the International Neuropsychological Society. 1995; 1:10–16. [PubMed: 
9375204] 

Harris, J.; Tulsky, D.; Schultheis, M. Assessment of the non-native english epeaker: Assimilating 
history and research findings to guide clinical practice. In: Tulsky, S.; Saklofske, D.; Chelune, G.; 
Heaton, R.; Ivnik, J.; Bornstein, R.; Prifitera, A.; Ledbetter, M., editors. Clinical interpretation of 
the WAIS-II and WMS-II. San Diego, CA: Academic Press; 2003. p. 343-390.

Heaton RK, Clifford DB, Franklin DR Jr, Woods SP, Ake C, Vaida F, Grant I. HIV-associated 
neurocognitive disorders persist in the era of potent antiretroviral therapy: Charter study. 
Neurology. 2010; 75:2087–2096. [PubMed: 21135382] 

Heaton, R.; Miller, S.; Taylor, M.; Grant, I. Revised comprehensive norms for an expanded Halstead–
Reitan battery: Demographically adjusted neuropsychological norms for African American and 
Caucasian adults, professional manual. Odessa, FL: Psychological Assessment Resources; 2004. 

Heaton, R.; Taylor, M.; Manly, J. Demographic effects and use of demographically corrected norms 
with the WAIS-III and WMS-III. In: Tulsky, D.; Saklofske, D.; Chelune, G.; Heaton, R.; Ivnik, J.; 
Bornstein, R.; Prifitera, A.; Ledbetter, M., editors. Clinical interpretation of the WAIS-III and 
WMS-III. San Diego, CA: Academic Press; 2003. p. 183-209.

Kongs, S.; Thompson, L.; Iverson, G.; Heaton, R. Wisconsin Card Sorting Test-64 Card Computerized 
Version. Odessa, FL: Psychological Assessment Resources; 2000. 

Lopez OL, Wess J, Sanchez J, Dew MA, Becker JT. Neurobehavioral correlates of perceived mental 
and motor slowness in HIV infection and AIDS. The Journal of Neuropsychiatry and Clinical 
Neurosciences. 1998; 10:343–350. [PubMed: 9706543] 

Low L-F, Harrison F, Kochan NA, Draper B, Slavin MJ, Reppermund S, Brodaty H. Can mild 
cognitive impairment be accurately diagnosed in English speakers from linguistic minorities? 
Results from the Sydney memory and ageing study. American Journal of Geriatric Psych. 2012; 
20:866–877.

Manly J. Critical issues in cultural neuropsychology: Profit from diversity. Neuropsychological 
Review. 2008; 18:179–183.

Mapou RL, Law WA, Martin A, Kampen D. Neuropsychological performance, mood, and complaints 
of cognitive and motor difficulties in individuals infected with the human immunodeficiency virus. 
The Journal of neuropsychiatry and clinical neurosciences. 1993; 5:86–93. [PubMed: 8428141] 

Marian V, Blumenfeld H, Kaushanskaya M. The language experience and proficiency questionnaire 
(LEAP-Q): Assessing language profiles in bilinguals and multilinguals. Journal of Speech, 
Language, and Hearing Research. 2007; 50:940–967.

Millikin CP, Trépanier LL, Rourke SB. Verbal fluency component analysis in adults with HIV/AIDS. 
Journal of Clinical and Experimental Neuropsychology. 2004; 26:933–942. [PubMed: 15742543] 

Mungas D, Reed B, Haan M, Gonzalez H. Spanish and English neuropsychological assessment scales: 
Relationship to demographics, language, cognition, and independent function. Neuropsychology. 
2005; 19:466–475. [PubMed: 16060821] 

Miranda et al. Page 14

Clin Neuropsychol. Author manuscript; available in PMC 2016 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Norman M, Evans J, Miller W, Heaton R. Demographically corrected norms for the California verbal 
learning test. Journal of Clinical and Experimental Neuropsychology (Neuropsychology, 
Development and Cognition: Section A). 2000; 22:80–94.

Rivera Mindt M, Arentoft A, Germano K, D’Aquila E, Scheiner D, Pizzirusso M, Gollan T. 
Neuropsychological, cognitive, and theoretical considerations for evaluation of bilingual 
individuals. Neuropsychology Review. 2008; 18:255–268. [PubMed: 18841477] 

Rivera Mindt M, Robbins R, Morgello S, Byrd D, Ryan E, Monzones J, Henniger D. Characterization 
and sociocultural predictors of neuropsychological test performance in HIV+ hispanic individuals. 
Cultural Diversity and Ethnic Minority Psychology. 2008; 14:315–325. [PubMed: 18954167] 

Rivera Mindt M, Byrd D, Saez P, Manly J. Increasing culturally competent neuropsychological 
services for ethnic minority populations: A call to action. Clinical Neuropsychology. 2010; 
24:429–453.

Rosselli M, Ardila A. The impact of culture and education on non-verbal neuropsychological 
measurements: A critical review. Brain and Cognition. 2003; 52:326–333. [PubMed: 12907177] 

Rosselli M, Ardila A, Santisi M, Del Rosario Arecco M, Salvatierra J, Conde A, Lenis B. Stroop effect 
in Spanish–English bilinguals. Journal of the International Neuropsychological Society. 2002; 
8:819–827. [PubMed: 12240746] 

Shin, H.; Kominski, R. Language use in the United States: 2007 American community survey reports, 
ACS-12. Washington, DC: U.S. Census Bureau; 2010. 

Suarez PA, Gollan TH, Heaton R, Grant I, Cherner M. HNRC Group. Second-language fluency 
predicts native language stroop effects: Evidence from Spanish–English bilinguals. Journal of the 
International Neuropsychological Society. 2014; 20:342–348. [PubMed: 24622502] 

Taylor M, Heaton R. Sensitivity and specificity of WAISñIII/WMSñIII demographically corrected 
factor scores in neuropsychological assessment. Journal of the International Neuropsychological 
Society. 2001; 7:867–874. [PubMed: 11771630] 

US Census Bureau. [Retrieved November 1, 2011] 2010 census briefs. 2010. from www.census.gov/
prod/cen2010/

Woodcock, R.; Muñoz-Sandoval, A.; Ruef, A.; Alvarado, C. Woodcock-Munoz language survey-
revised. Itasca, IL: Riverside; 2005. 

Woods S, Moore D, Weber E, Grant I. Cognitive neuropsychology of HIV-associated neurocognitive 
disorders. Neuropsychology Review. 2009; 19:152–168. [PubMed: 19462243] 

Woods S, Rippeth J, Frol A, Levy J, Ryan E, Soukup V, Marcotte T. Interrater reliability of clinical 
ratings and neurocognitive diagnoses in HIV. Journal of Clinical and Experimental 
Neuropsychology. 2004; 26:759–778. [PubMed: 15370374] 

Miranda et al. Page 15

Clin Neuropsychol. Author manuscript; available in PMC 2016 December 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.census.gov/prod/cen2010/
http://www.census.gov/prod/cen2010/


Figure 1. 
Computing language dominance indices (LDI) from three English and Spanish language 

measures.

Note: Language Dominance Index (LDI) = English/(English + Spanish); 0= complete 

Spanish dominance, .5= balanced, 1= complete English dominance.
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Table 1

Neuropsychological test battery and normative data sources by ability domain.

Neuropsychological domain and tests Normative data sources

Abstraction/executive functioning

  Wisconsin card sorting task-64 item version
Kongs, Thompson, Iverson, and Heaton (2000)

1,2

  Trail making test (part B)
Heaton et al. (2004)

1,2,3,4

Attention/working memory

  WAIS-III letter number sequencing
Heaton et al. (2003)

1,2,3,4

  PASAT total correct
Diehr et al. (2003)

1,2,4

Learning

  Hopkins verbal learning test-revised (total recall)
Benedict et al. (1998)

1

  Brief visuospatial memory test-revised (total recall)
Benedict (1997)

1

Delayed recall

  Hopkins verbal learning test-revised (delayed recall trial)
Benedict et al. (1998)

1

  Brief visuospatial memory test-revised (delayed recall trial)
Benedict (1997)

1

Speed of information processing

  WAIS-III digit symbol
Heaton et al. (2003)

1,2,3,4

  WAIS-III symbol search
Heaton et al. (2003)

1,2,3,4

  Trail making test (part A)
Heaton et al. (2004)

1,2,3,4

Motor functioning

  Grooved pegboard
Heaton et al. (2004)

1,2,3,4

Note: Superscript number indicates which normative demographic corrections were made: 1Age; 2Education; 3Gender; 4Race.

Clin Neuropsychol. Author manuscript; available in PMC 2016 December 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Miranda et al. Page 18

Table 2

Demographic, sociocultural, and clinical characteristics of the sample (N = 62).

M (SD) Range % or IQRd

Age 46 (6.2) 31–60

Education (years) 12 (2.2) 8–18

Gender

  Male 68%

  Female 32%

Birthplace

  US 63%

  Other 37%

Age when moved to USc 15 (11.3) 1–38

Years living in USc 29 (12.3) 7–46

Country of Origin

  Puerto Rican 79%

  Dominican 3%

  Cuban 2%

  Mexican 6%

  South American 5%

  Central American 5%

CD4 counta 456.5 50–1,397 285.7; 577.2†

  CD4 <200 17%

Plasma HIV a viral loadb 1.4 1.3–6.1 1.4; 2.4d

  Detectable (>49 copies/mL) 40%

Notes: N = 22;

a
Median;

b
Log10 transformed;

c
Only non-US born participants;

d
Interquartile range.
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Table 3

Language dominance indices (LDI) and neuropsychological (NP) average T-scores (N = 62).

M SD Range

Language dominance indices

  Verbal fluency (COWAT) .52 .08 .33–.68

  Self-report .54 .10 .32–.75

    Oral language .52 .07 .33–.70

    Written language .57 .15 .26–.88

  WMLS-R .52 .06 .42–.70

    Oral language .53 .06 .38–.68

    Written language .51 .06 .38–.66

Average NP T-scores

  Global NP 43.28 6.73 29.36–59.18

  Executive function 43.37 8.24 19.00–61.00

  Processing speed 46.04 9.38 26.67–66.00

  Attention/working memory 43.45 7.32 29.60–63.42

  Learning 41.50 9.39 25.21–66.15

  Memory 42.08 9.64 19.19–62.44

  Motor functioning 42.48 9.98 19.00–70.50

Note: COWAT: Controlled oral word association test; WMLS-R: Woodcock-Munoz language survey-revised.
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Table 4

Correlations between global and domain neuropsychological (NP) T-scores and language dominance indices 

(N = 62).

Language dominance indices

Verbal fluency Self-report WMLS-R

Global NPa .32* .30* .22***

Executive Functiona,b .23*** .24*** .14

Processing Speed .32* .35** .25***

Attention/WMa,b .22 .19 .07

Learninga .24*** .25*** .18

Memory .25* .15 .13

Motor Functioning .11 −.00 .02

a
Beck depression inventory-fast screen (BDI-FS) entered as covariate;

b
Education entered as covariate; WMLS-R: Woodcock Munoz language survey-revised; WM = Working memory.

**
p < .01

*
p < .05

***
10 < p ≥ .05.
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