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Abstract 

Objective: Knowing the prevalence of low scores on neuropsychological tests that are 

administered jointly can help avoid erroneous interpretations of test scores. The 

objective of the study was to determine the prevalence of low scores in a Latino 

population for two neuropsychological commonly used to evaluate executive functions 

and to compare the number of low scores obtained using normative data from a 

Spanish-speaking population versus an English-speaking population. Method: Healthy 

adults (N=5402) from 12 countries in Latin-America were recruited and administered 

the Modified Wisconsin Card Sorting Test (M-WCST) and Stroop Color-Word 

Interference Test. Two-thirds were women, and the average age was 53.5±20.0 (range 

18-95) years. Each participant was categorized based on his/her number of low scoring 

tests in specific percentile cutoff groups 25th, 16th, 10th, 5th, and 2nd. Results: Between 

32.8% (Puerto Rico) and 48.6% (Guatemala) scored below the 16th percentile on one or 

more scores. Between 22.7% (Paraguay) and 34.8% (El Salvador) scored below the 10th 

percentile on at least 1 of the 5 scores. Between 12.9% (Puerto Rico) and 20.3% 

(Honduras) scored below the 5th percentile on one or more scores. In addition, the 

number of low scores at each percentile cutoff was higher when estimated using 

normative data from an English-speaking population versus a Spanish-speaking 

population. Conclusions: Consistent with existing research on interpretation of multiple 

tests administration, having low scores on measures of executive functioning can be 

common. Clinicians working with Spanish-speaking adults should take into account the 

higher probability of low scores on measures of executive functions to reduce false-

positive diagnoses of cognitive deficits in an individual.  
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Introduction 

Executive functions are those cognitive abilities that allow a person to engage in 

self-directed purposeful behavior (Baddeley, 1996; Lezak, 2012a; Shallice et al., 1996). 

There are differing views on the precise nature of executive functions, but most authors 

describe them as composed of several interrelated subprocesses (Jurado & Rosselli, 

2007). Core executive skills include inhibitory control, working memory, and cognitive 

flexibility (Diamond, 2013), but some authors also include behavioral dimensions such 

as volition, purposive action, and decision-making as essential aspects as well (Lezak, 

2012a). While there is some disagreement on the unitary versus heterogenous nature of 

these abilities, evidence from neuropsychological and imaging studies suggest there is 

both unity and diversity in their functioning (Friedman & Miyake, 2017). Executive 

functions typically are associated with frontal lobe functioning and executive networks, 

and include the capacity for establishing goals, developing plans, and executing them in 

an effective manner (Hofmann et al., 2012; Stuss, 2011). As such, they are essential for 

adaptive behavior and independent functioning, which makes them necessary domains 

to assess in a neuropsychological evaluation.  

Proper measurement of executive functioning, including the appropriate 

interpretation of test results using advanced psychometric methods, is essential for 

many diagnostic considerations across the lifespan, including (but not limited to) 

developmental disorders (e.g., autism spectrum disorder, fetal alcohol spectrum 

disorder, attention disorders, epilepsy, Tourette’s syndrome), acquire brain injuries 

(e.g., stroke, traumatic brain injury, toxic exposure), psychiatric disorders (e.g., 

schizophrenia, depression, post-traumatic stress disorder, anxiety disorders, bipolar 

disorder), brain tumors, and dementias (e.g., frontal-temporal dementia, Lewy Body 

dementia, vascular dementia) (Baron, 2018; Horton & Wedding, 2008; Kolb & 
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Whishaw, 2015; Morgan & Ricker, 2018; Yeates et al., 2010). There are a wide variety 

of neuropsychological instruments to assess executive functions (Lezak, 2012b; Strauss  

et al., 2006; Rabin et al., 2016), among them are the Modified Wisconsin Card Sorting 

Test (M-WCST; Nelson, 1976; Schretlen, 2010) and the Stroop Color and Word Test 

(Golden & Freshwater, 2002; Stroop, 1935), both of which are commonly used. 

The M-WCST is a test that measures abstract thought, cognitive set shifting, 

learning from feedback, goal-oriented behavior, and response inhibition (Nelson, 1976; 

Strauss et al., 2006).  The M-WCST has been used to investigate multiple pathologies in 

studies, including depression (Fossati et al., 2001), schizophrenia (Hartman et al., 

2003), mild cognitive impairment (Borkowska et al., 2009), Huntington’s disease 

(Peinemann et al., 2005), Alzheimer’s disease (Bondi et al., 1993), and Parkinson’s 

disease (Gotham et al., 1988). It has also been utilized in several countries including 

Argentina, Bolivia, Chile, Cuba, El Salvador, Guatemala, Honduras, Mexico, Paraguay, 

Peru, Puerto Rico, Brazil, Spain, Italy, and Japan (Arango-Lasprilla et al., 2015; 

Cianchetti et al., 2007; del Pino et al., 2016; Kado et al., 2004; Nakayama et al., 1990; 

Zimmermann et al. , 2015). 

The Stroop test (Stroop, 1935) is a measure of executive functions that assesses 

cognitive control, selective attention, and response inhibition (Lezak, 2012a; Strauss et 

al., 2006). The test requires naming colors, reading color words (e.g. red, green), and 

lastly naming the color of the ink in which a color word is printed when these are 

mismatched. There have been various versions of this test, which vary by number of 

trials, colors utilized, and type of stimuli (Strauss et al., 2006). 

The Stroop Color and Word Test has also been utilized globally in countries 

such as Argentina, Bolivia, Chile, Cuba, El Salvador, Guatemala, Honduras, Mexico, 

Paraguay, Peru, Puerto Rico, Italy, Spain, the Netherlands, Portugal, South Africa, 
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Japan, and India (Brugnolo et al., 2016; Ikeda et al., 2011; Llinas-Regla et al., 2013; 

Maqbool et al., 2015; Paulo et al., 2011; Rivera et al., 2015; Savitz & Jansen, 2003). 

Normative data on these tests were obtained predominantly in English-speaking 

regions; however, recent studies have obtained normative data for Spanish-speaking 

adults for both the M-WCST and the Stroop Color and Word Test (Arango-Lasprilla et 

al., 2015; del Pino et al., 2016; Peña-Casanova et al., 2009; Rivera et al., 2015; Rognoni 

et al., 2013). The availability and utilization of proper norms reduces the potential for 

misinterpretation of scores when evaluating this population.  

Another common source of score misinterpretation in neuropsychological 

assessment is to draw inferences about cognitive performance based on single scores of 

a neuropsychological battery rather than performance across all measures 

simultaneously (Binder et al., 2009; Brooks & Iverson, 2010; Ingraham, 1996; Schretlen 

et al., 2008). Statistically, the probability of obtaining an impaired score on one measure 

increases as the number of tests administered also increases, a fact proven empirically 

through multiple studies investigating the base rates of low scores, also called the 

multivariate base rates (MVBRs), when administering multiple tests to healthy 

individuals (Binder et al., 2009; Brooks et al., 2013; Brooks & Iverson, 2010; Brooks et 

al., 2012; Brooks et al., 2013; Cook et al., 2019; Holdnack et al., 2017; Karr et al., 

2017). Most of the data on base rates of low scores in a healthy population has been 

collected in English-speaking countries and, to the best of the authors’ knowledge, there 

is data on MVBRs of low scores on Spanish-speakers in language (Olabarrieta-Landa et 

al., 2019) and memory (Rivera et al., 2019) domains, however there is no data on 

MVBRs of low scores focused in executive function on Spanish-speakers.  

This study will examine MVBRs in a Spanish-speaking adult Latino sample 

across 11 countries and the commonwealth of Puerto Rico who completed the Stroop 
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Color and Word Test and the M-WCST and to compare the number of low scores 

obtained using normative data from a Spanish-speaking population versus an English-

speaking population. Filling this vacuum in the literature will further limit the potential 

for misinterpretation of findings in the neuropsychological evaluation of this population. 

In order to facilitate this, an appendix with low scores MVBRs for simultaneous 

administration of the tests will be included.  

Method 

Participants 

The sample consisted of 5,402 healthy individuals who were recruited from 

Argentina, Bolivia, Chile, Colombia, Cuba, El Salvador, Guatemala, Honduras, Mexico, 

Paraguay, Peru, and Puerto Rico. The demographic characteristics (age, education, and 

sex) by country can be found in Table 1.  

 

Insert Table 1 

 

To be eligible for study participation, individuals must have met the following 

requirements: (a) were between 18 to 95 years of age, (b) were born and currently live 

in the country where the protocol was conducted, (c) spoke Spanish as their native 

language, (d) had completed at least one year of formal education, (e) were able to read 

and write at the time of evaluation, (f) scored ≥ 23 on a Spanish version of the Mini-

Mental State Examination (MMSE; Folstein et al., 1975; Villaseñor-Cabrera et al., 

2010), (g) scored ≤ 4 on a Spanish version of the Patient Health Questionnaire–9 (PHQ-

9; Kroenke et al., 2001), and (h) scored ≥ 90 on the Barthel Index (Mahoney & Barthel, 

1965). 
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A self-report questionnaire was administered to collect information about the 

participants’ medical history and health status. Participants were excluded if they 

reported or endorsed the following: (a) medical services received for diagnosed 

neurological or psychiatric conditions, (b) daily consumption and/or use of an illicit 

substance, (c) history of chronic disease (e.g., diabetes mellitus), (d) regular use of pain 

or other medications that may impact cognitive functioning, and/or (e) severe visual 

and/or hearing deficit. All participants were community volunteers who did not receive 

financial compensation for participation.  

Measures 

The Modified Wisconsin Card Sorting Test (M-WCST). It consists of four 

stimulus cards and 48 response cards. Each card varies in shape (cross, circle, triangle, 

or star), color (red, blue, yellow, or green), and number (one to four). The objective is to 

classify correctly the stimulus card according to certain rule until completion of a 

category. The test continues until all six categories are classified or until the whole 

volume has been used (Schretlen, 2010). The test allows for calculation of the number 

of categories, perseverations, and total errors. 

The original version of the test (Berg, 1948; Heaton et al., 1993) contained 2 

decks of 64 cards and included ambiguous stimuli that could be matched to more than 

one principle or category, potentially obfuscating interpretation of the deficits and 

increasing participant frustration. In order to address these problems, the M-WCST 

removed ambiguous stimuli and shortened the amount of response cards to minimize 

participant fatigue. The M-WCST has demonstrated high specificity (98.7%) and good 

sensitivity (45.6%) to brain lesions (Van den Broek et al., 1993) and was able to 

adequately discriminate between Korsakoff patients and controls (Shoqeirat et al., 

1990), as well as between patients with frontal lesions and controls (Zubicaray & 



8 
 

Ashton, 1996). A factor analysis by Nagahama et al. (2003) found that the number of 

perseverative errors a participant makes represents an aspect of executive dysfunction in 

Alzheimer`s disease and mild cognitive impairment. The M-WCST also demonstrated 

robust age effects in hierarchical modeling with controls (Rhodes, 2004).  

The Stroop Color and Word Test. The test consists of three pages, each with 100 

components randomly organized into five columns. In the first page the participant must 

read aloud the words “Red”, “Green”, and “Blue” printed in black ink. In the second 

one, “color naming”, the color (blue, green, or red) of each element “XXXX” must be 

named. And in the last one, “interference”, the task is to name the color of the ink, 

inhibiting the reading of the word, which corresponds to the name of another color. The 

subject has 45 seconds to read aloud, as quickly as possible, the columns from left to 

right. Finally, the Interference Index was calculated with the formula: WC – 

[(W×C)/(W + C)], and indicates the degree to which the person has control over 

interference (Golden, 2007).  

The Stroop Color and Word Test has demonstrated good psychometric 

properties, (for a review see Strauss et al., 2006), and has been utilized in studies of 

numerous pathologies including traumatic brain injury (Ben-David et al., 2011; Guise et 

al., 2014; Ripley et al., 2014), Parkinson’s disease (Sisco et al., 2016), Alzheimer’s 

disease (Ben-David et al., 2013; Bondi et al., 2002), and stroke (de Bruijn et al., 2014; 

Rostamian et al., 2015). For this manuscript Total Word-Color and Interference index 

were considered. 

Procedure  

The participants completed the M-WCST and Stroop Color and Word Test as 

part of a large battery of neuropsychological tests that includes the Brief Test of 

Attention, Rey-Osterrieth Complex Figure test, Phonological and Semantic Verbal 
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Fluency Test, Boston Naming Test, and Stroop colour and words test, M-WCST, 

Symbol digit modalities test and Hopkins verbal learning test – Revised (see Guàrdia-

Olmos et al., 2015). In order to attain a standard management process of the battery, the 

following tools and visual aids were established: (a) a randomized list to determine the 

order of test administration for each participant in order to avoid order bias and 

cognitive conditioning, (b) a template in Microsoft Excel for entering information to 

limit bias input information, (c) examples showing the most frequent errors in the 

administration and scoring of tests, and other tools to maintain standardization in the 

administration of tests. For further information regarding the study’s procedure, see 

Arango-Lasprilla and Rivera (2015) and Guàrdia-Olmos et al. (2015). The University of 

Deusto’s (Bilbao, Spain) Ethics Committee approved this study. 

Statistical Analyses 

Demographic variables’ effect on neuropsychological performance. The 

database was randomly divided into two subsamples (A=90% & B=10%). Subsample A 

(n=4,866) was used to estimate the effect of demographic variables. The effects of 

demographic variables on M-WCST (Categories, Perseverations, and Total Errors) and 

Stroop Color and Word Test (Total Word-Color and Interference) scores were evaluated 

by means of multiple linear regression analyses. The full regression models included the 

following as predictors: age, age2, level of education, sex, and all two-way interactions 

between these variables. Age was centered (= calendar age – mean age in the sample by 

country) before computing the quadratic age to avoid multicollinearity (Kutner et al., 

2005). Education was dummy coded into a variable of 0 and 1: 1 if the participant had > 

12 years of education and 0 if the participants had 1-12 years of education (Guàrdia-

Olmos et al., 2015), and Sex was dummy coded as male = 1 and female = 0. 

Independent variables that were not statistically significant in the multiple regression 
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model were removed from the model, and the reduced model was fitted again. In the 

stepwise model-building procedure, no predictor was removed if it was also included in 

a higher order term in the model (Aiken et al., 1991). The full regression model can be 

formally described as: 𝑦𝑦𝑖𝑖 = B0 + B1 · (𝐴𝐴𝐴𝐴𝐴𝐴 − �̅�𝑥𝐴𝐴𝐴𝐴𝐴𝐴 𝑏𝑏𝑏𝑏 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑏𝑏)𝑖𝑖 + B2 ·  �𝐴𝐴𝐴𝐴𝐴𝐴 −

�̅�𝑥𝐴𝐴𝐴𝐴𝐴𝐴 𝑏𝑏𝑏𝑏 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑏𝑏�𝑖𝑖
2

+ B3 · (𝐿𝐿𝐴𝐴𝐿𝐿𝐴𝐴𝐿𝐿 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)𝑖𝑖 + B4 · 𝑆𝑆𝐴𝐴𝑥𝑥𝑖𝑖 + B𝑘𝑘 ·  𝐼𝐼𝐸𝐸𝐸𝐸𝐴𝐴𝐼𝐼𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝑖𝑖 + 𝜀𝜀𝑖𝑖. A 

Bonferroni-corrected alpha-level of .005 (=. 05 / 10) was used. The model assumes that 

the residuals 𝜀𝜀𝑖𝑖 are normally distributed with mean 0 and variance 𝜎𝜎𝜀𝜀2, i.e., 𝜀𝜀𝑖𝑖 ∼

𝑁𝑁(0,𝜎𝜎𝜀𝜀2).  

Calculation of adjusted Z-score. Adjusted Z-scores for each raw score were 

calculate using the information provided in each final regression model in a three-step 

procedure (Rivera & Arango-Lasprilla, 2017; Van Der Elst et al., 2006a, 2006b): 1. The 

expected test score (𝑌𝑌�𝑖𝑖) is computed based on the fixed effect parameter estimated of 

the established final regression model: 𝑌𝑌�𝑖𝑖 = 𝐵𝐵0 + 𝐵𝐵1𝑋𝑋1𝑖𝑖 + 𝐵𝐵2𝑋𝑋2i + ⋯+  𝐵𝐵K𝑋𝑋Ki. 2. To 

obtain the residual value (𝐴𝐴𝑖𝑖), a subtraction between the raw score of the 

neuropsychological test (𝑌𝑌𝑖𝑖) and the predicted value (𝑌𝑌�𝑖𝑖) previously calculated was 

performed as shown in the following formula: 𝐴𝐴𝑖𝑖 =  𝑌𝑌𝑖𝑖 −  𝑌𝑌�𝑖𝑖. 3. Using the residual 

standard deviation (𝑆𝑆𝑆𝑆𝐴𝐴) value provided by the regression model, residuals were 

standardized: 𝑧𝑧𝑖𝑖 = 𝐴𝐴𝑖𝑖 /𝑆𝑆𝑆𝑆𝐴𝐴. This three-step process was applied to each score (M-

WCST Categories, M-WCST Perseverations, and M-WCST Total Errors, Stroop Total 

Word-Color, Stroop Interference) separately for each country. In case scores were not 

affected by demographic variables, the standardization of the score (𝑧𝑧𝑖𝑖) was performed 

using the formula 𝑧𝑧𝑖𝑖 =  𝑥𝑥𝑖𝑖 − �̅�𝑥𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐴𝐴 𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐴𝐴⁄ . 

Multivariate base rates. The exact percentile corresponding to the Z-score 

previously calculated was obtained using the standard normal cumulative distribution 

function (if the model assumption of normality of the residuals was met in the 
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normative sample), or via the empirical cumulative distribution function of the 

standardized residuals (if the standardized residuals were not normally distributed in the 

normative sample). Percentiles that are routinely used in clinical practice or research as 

indicator of low performance were analyzed in this study: (a) below the 25th percentile, 

(b) below the 16th percentile, (c) below the 10th percentile, (d) below the 5th percentile, 

and (e) below the 2nd percentile.  

The prevalence below each of these percentiles was calculated. This base-rate 

analysis was calculated involving examination of executive function performance on the 

five Z-scores (M-WCST Categories, M-WCST Perseverations, and M-WCST Total 

Errors; Stroop Total Word-Color, Stroop Interference) simultaneously, not each score in 

isolation.  

Comparative low scores. Subsample B (n=506) was used to estimate the low 

scores of each participant using the resulting models from subsample A. Then, the low 

scores were estimated using the normative data from the Stroop test (Golden & 

Freshwater, 2002; Levine et al., 2004) and the M-WCST (Schretlen, 2010) for the 

English-speaking population. Finally, a Chi-Square test (𝑋𝑋2) and Wilcoxon Signed-

Rank Test were performed to compare the number of low scores obtained using the 

normative data based on Spanish-speaking population and on the English-speaking 

population for each specific percentile cutoff groups (25th, 16th, 10th, 5th, and 2nd). 

Wilcoxon Signed-Rank Test allows to show the differences between the distributions in 

the low scores without assuming normal distribution. All analyses were performed 

using SPSS version 23 (IBM Corp., 2015). 

 

Results 
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 Table 2 shows the final regression models for each score (M-WCST Categories, 

M-WCST Perseverations, and M-WCST Total Errors, Stroop Total Word-Color, Stroop 

Interference) by country. The amount of variance explained in scores ranged from 3.6% 

(in El Salvador on the Stroop Interference score) to 43.8% (in Paraguay on the Stroop 

Total Word-Color). The following scores did not show demographic effects: Stroop 

Interference [in Honduras (Mean= 1.83; SD= 5.81) and Guatemala (Mean= -1.40; SD= 

8.91)], M-WCST Perseverations (In Honduras; Mean= 7.42; SD= 6.50) and M-WCST 

Total errors (In Honduras; Mean= 15.61; SD= 9.86). 

 

Insert Table 2 

 

The base rates of low test scores on the executive functioning performance are 

presented in Table 3. Between 49.4% (Puerto Rico) and 77.7% (Argentina) of the 

sample have at least 1 of the 5 scores below the 25th percentile, and between 32.8% 

(Puerto Rico) and 48.6% (Guatemala) scored below the 16th percentile on one or more 

scores. Moreover, between 22.7% (Paraguay) and 34.8% (El Salvador) scored below the 

10th percentile on at least 1 of the 5 scores. Between 12.9% (Puerto Rico) and 20.3% 

(Honduras) scored below the 5th percentile on one or more scores. Finally, between 

4.8% (Cuba) and 10.6% (Guatemala) scored below the 2nd percentile on at least one of 

the five scores. 

 

Insert Table 3 

 

Wilcoxon Signed-Rank Tests showed significant differences between low-score 

distributions depending on whether English-Speaking or Spanish-speaking normative 
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data were used for their estimation (p’s<.001; see Table 4). Chi-Squares showed that the 

number of low scores (No low score; one or more, two or more, three or more low 

scores, Four or more low scores, five low score) at each specific percentile cutoff group 

(25th, 16th, 10th, 5th, and 2nd) varied depending on the normative data used to obtain 

them. For example, using normative data for a Spanish-speaking population, 56.4% of 

the sample obtained at least 1 low score, while using normative data for an English-

Speaking population raised that proportion to 100%. Table 4 shows the possible over-

estimation of number of low scores when using normative data from an English-

Speaking population in a Spanish-speaking sample. 

 

Insert Table 4 

 

Discussion 

Measurement of executive functioning is one of the core domains of a 

neuropsychological assessment. Executive functioning represents a set of abilities that 

are necessary for appropriate behavior and independent functioning and can be 

negatively impacted across the lifespan in neurodevelopmental disorders (e.g. O'Hearn 

et al., 2008), acquired brain injuries (e.g. Rabinowitz, & Levin, 2014), and dementias 

(e.g. McKinlay et al., 2010). Therefore, accurate measurement of this domain is 

imperative and has provided the impetus for Latino-specific normative samples to 

minimize the likelihood of false positives by neuropsychological assessments.  

Considering the multivariate base rates of low scores is another well-established 

psychometric method for reducing false positives when interpreting test performance 

(Brooks et al., 2013). When simultaneously considering performance in this large 

Latino sample across the five scores generated from the M-WCST (M-WCST 
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Categories, M-WCST Perseverations, and M-WCST Total Errors) and the Stroop Color 

and Word Test (Stroop Total Word-Color and Stroop Interference), it was found that 

approximately half of those healthy Latino adults had one or more scores <1SD. This is 

certainly a high number and should bring caution to interpreting a single isolated low 

score as being suggestive of problematic executive functioning. It was not considered 

‘uncommon (<5% of the sample) until there were 4 or more scores <25th percentile, 3 or 

more scores <16th or <10th percentiles, 2 or more scores <5th percentile, or 1 or more 

scores <2nd percentile.  

Although there is literature considering the multivariate base rates across broad 

batteries of tests (Brooks & Iverson, 2010; Brooks et al., 2013; Holdnack et al., 2017), 

the number of studies specifically considering a battery of executive measures is limited 

in number and is specific to primarily white samples from the United States. Despite the 

paucity of literature, the existing studies of multivariate base rates on executive 

functioning measures are supportive of similar findings to the present Latino sample. 

Brooks and colleagues considered the base rates of low scores in adults and older adults 

on the Test of Verbal Conceptualization (TVCF; Brooks et al., 2012), a four-subtest 

battery of executive measures (i.e., Category Fluency, Letter Naming, Classification, 

and Trails C). When simultaneously considering all five age-adjusted scores from the 

TVCF (i.e., Category Fluency Total Correct, Letter Naming Total Correct, 

Classification–Number of Items Correct, Classification–Number of Perseverative 

Errors, and Trails C–Total Time), they reported that more than one-quarter of adults and 

more than one-third of older adults had one or more scores <1SD. There were modest 

differences across education level (standard scores were not adjusted for years 

education), where those adults and older adults with fewer years of formal schooling 

had higher rates of low scores.  
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Multivariate base rates of low scores on the Delis-Kaplan Executive Function 

System (DKEFS; Delis et al., 2001) have also been examined previously (Crawford et 

al., 2011; Karr et al., 2017; 2018). Regardless of whether the full DKEFS battery (nine 

subtests) or an abbreviated four-subtest battery were considered, having low scores 

across these executive functioning measures was very common (Karr et al., 2017; 

2018). For example, having one or more scores <1SD was found in 83% of the sample 

for the full nine DKEFS subtests (16 total achievement scores) and in 72% of the 

sample when considering only four subtests (nine total achievement scores). Consistent 

with a considerable amount of prior literature, the rates of low scores increased with 

lower intellectual abilities and fewer years of education. For example, nearly 100% of 

healthy adults and older adults with low average IQ scores or no more than 8 years of 

education had one or more scores <1SD when given the full DKEFS. In fact, in those 

with lower intelligence and/or the fewest years of education, it was not considered 

‘uncommon’ (i.e., occurring in fewer than 5% of the sample) until there were 11 or 

more scores <1SD, 10 or more scores ≤9th percentile, 8 or more scores ≤5th percentile, 

or 6 or more scores ≤2nd percentile. Clearly these findings have implications for the 

interpretation of multiple test scores in the domain of executive functioning, but even 

greater caution is needed when assessing and interpreting test performance in those who 

fall outside the typical range of functioning for the average English-speaking North 

American.  

An example is provided to facilitate comprehension of the use of low scores and 

its clinical utility. Calculation of low scores may be tedious and increase the chance for 

making mistakes due to the multiple computations that need to be conducted. Therefore, 

authors created a calculator in Microsoft Excel in which the clinician must include the 

following information: country, age, education, sex, and raw scores, to calculate the z 
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score, percentile, and number of low scores. This tool is freely available for all users 

and can be downloaded at https://neuropsychologylearning.com/datos-normativos-

archivos-descargables/ 

Example: A Colombian man of 55-year-old with 13 years of education obtained 

the following scores: Stroop Word-Color = 30, Stroop Interference = -5, M-WCST 

Categories = 1, M-WCST Perseverations = 11, and M-WCST Total errors = 15. Once 

the number of low scores is obtained using the calculator (see Figure 1), Table 3 should 

be consulted. Suppose you are interested in the number of low scores below the 10th 

percentile. In this case, this person obtained two low scores below the 10th percentile, 

indicating that he belongs to the 12.4% of the Colombian sample who obtained the same 

result.  

 

 

Insert Figure 1. 

 

This study highlights the importance of using appropriate normative data for 

each population. Using normative data from a different population can lead to over or 

underestimation of low scores there by increasing the probability of coming up to an 

erroneous diagnosis of cognitive deficit. There are several differences between countries 

and cultures that may explain these low-score distribution variances, such as 

socioeconomic status, health-system, nutrition and safety, literacy, quality of education, 

familiarity with testing environment, among others (Rivera et al., 2019).  

These results should be interpreted in the light of the following limitations: (a) 

In this study, the MVBRs were calculated for two of the most commonly used tests to 

measure executive functioning processes; however, we do not know if these results are 
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similar or different when other tests are used. (b) The number of tests used in the 

present study was five, and thus it is possible that to the extent that more scores from 

other executive functioning tests were included, these results could even be lower. (c) 

The present study was conducted with a large Spanish-speaking population from 11 

Latin American countries and Puerto Rico, and for this reason it is not possible to 

generalize these results to those countries outside of the present sample or those whose 

language is not Spanish (e.g., Brazil). (d) It is possible that the low scores found in this 

study could be explained by some variables that were not measured or not considered 

when carrying out the study, such level of bilingualism and the quality of education, 

among others. (e) Education was used as a dummy coded, dichotomous variable (i.e., 12 

or > 12 years of education), and as such, future studies should include education as a 

continuous variable.  Finally, (f) the sample was not stratified by intellectual level, 

which has been shown to be associated with different base rates of low scores on 

cognitive measures (Brooks et al., 2013; Brooks et al., 2011; Brooks et al., 2009; 

Brooks et al., 2008; Guàrdia-Olmos et al., 2015; Rivera & Arango-Lasprilla, 2017). 

Future research will consider MVBRs in Latino samples with varying levels of 

intellectual abilities.  

Reducing misdiagnosis of executive dysfunction through appropriate normative 

samples and multivariate base rate interpretation will advance neuropsychological 

assessments with Spanish-speaking adults from Argentina, Bolivia, Chile, Colombia, 

Cuba, El Salvador, Guatemala, Honduras, Mexico, Paraguay, Peru, and Puerto Rico. 

The results of this study are similar to other studies with the TVCF and DKEFS in 

North American samples, which provides support that interpretation of isolated low 

scores in the absence of knowledge about multivariate base rates can lead to spuriously 

high rates of executive impairment. We support using multivariate base rates, in 
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collaboration with clinical judgment, other findings, and relevant history, as an 

appropriate clinical tool. The wide differences in the number of low scores obtained 

when using normative data from countries or cultures different from those of the patient 

highlight the need to develop, using updated methodologies, normative data specific to 

each country or culture. 
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Table 1.  

Sample distribution by country, age, education, and sex. 

 n  

Age Education Sex 

Mean (SD) Mean (SD) 
Male Female 

n (%) n (%) 

Argentina 320 45.7 (19.5) 13.8 (4.5) 96 (30.0%) 224 (70.0%) 

Bolivia 274 55.8 (22.0) 8.5 (4.4) 99 (36.1%) 175 (63.9%) 

Chile 320 55.1 (19.6) 10.0 (5.2) 134 (41.9%) 186 (58.1%) 

Colombia 1425 58.2 (19.6) 9.6 (5.3) 610 (42.8%) 815 (57.2%) 

Cuba 306 53.0 (19.7) 11.7 (3.7) 142 (46.4%) 164 (53.6%) 

El Salvador 257 56.0 (20.7) 8.9 (5.3) 100 (38.9%) 157 (61.1%) 

Guatemala 214 53.2 (17.4) 11.5 (5.7) 95 (44.4%) 119 (55.6%) 

Honduras 184 48.6 (18.8) 8.6 (5.6) 67 (36.4%) 117 (63.6%) 

Mexico 1270 52.5 (20.5) 9.3 (4.7) 422 (33.2%) 848 (66.8%) 

Paraguay 263 53.0 (14.8) 9.5 (4.4) 101 (38.4%) 162 (61.6%) 

Peru 245 43.4 (20.6) 14.1 (3.7) 87 (35.5%) 158 (64.5%) 

Puerto Rico 294 50.9 (18.5) 13.2 (4.2) 126 (42.9%) 168 (57.1%) 
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Table 2. 

Beta coefficients and R2 for each score and country (n=4,866). 

Score   Argentina Bolivia Chile Colombia Cuba El 
Salvador Guatemala Honduras Mexico Paraguay Peru Puerto 

Rico 

St
ro

op
 T

ot
al

 W
or

d-
C

ol
or

 

Intercept 38.839 32.252 29.993 32.167 35.167 27.094 32.399 28.749 34.818 28.242 39.100 37.795 

Age -0.223 -0.349 -0.354 -0.417 -0.422 -0.212 -0.251 -0.209 -0.355 -0.114 -0.337 -0.465 

Age2 -0.006 -- -- -0.003 -- -- -0.008 -- -- -- -- -- 

Education 4.985 -- 11.266 4.910 3.106 10.765 6.135 5.795 4.264 10.536 -- -- 

Sex -- -- -- -- -- -- -- -- 2.481 -- -- -- 

Age x Edu -- -- -- -- 0.397 -- -- -- -- -0.293 -- -- 

R2 .341 .215 .418 .371 .246 .269 .219 .226 .304 .438 .272 .376 

St
ro

op
 In

te
rf

er
en

ce
 Intercept -1.581 3.009 -1.245 -1.478 0.852 0.581 -- -- 0.581 -4.648 0.174 1.626 

Age -0.120 -- -0.113 -0.090 -0.086 -0.079 -- -- -0.130 -0.001 -0.151 -0.212 

Age2 -- -- -- -- -- -- -- -- -- -- -- -- 

Education 2.681 -- 4.551 -- -1.723 -- -- -- -- 3.636 -- -- 

Sex -- -- -- 2.768 -- -- -- -- 2.401 -- -- -- 

Age x Edu -- -- -- -- 0.249 -- -- -- -- -0.316 -- -- 

R2 .142 -- .137 .071 .044 .036 -- -- .080 .197 .098 .134 

M
-W

C
ST

 
C

at
eg

or
ie

s 

Intercept 5.443 4.369 5.235 3.438 4.496 3.275 3.950 3.109 4.572 5.054 3.778 5.155 

Age -- -0.024 -0.018 -0.030 -0.024 -0.018 -- -0.040 -0.027 -0.020 -0.032 -0.030 

Age2 -- -- -- -- -- -- -- -- -4E-03 -0.001 -- -- 

Education 0.395 -- -- 1.035 0.702 2.090 1.406 1.048 0.712 0.658 1.189 -- 

Sex -- -- -- -- -- -- -- -- -- -- -- -- 

R2 .050 .089 .070 .195 .138 .183 .142 .208 .130 .224 .329 .140 
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M
-W

C
ST

 P
er

se
ve

ra
tio

ns
 Intercept 5.115 7.072 3.048 8.262 5.191 7.994 7.914 -- 4.707 7.319 3.756 4.596 

Age 0.037 0.103 0.039 0.088 0.083 0.066 -0.033 -- 0.107 0.062 0.046 0.086 

Age2 -- -- -- -- -- -- -0.003 -- 0.001 -- 0.002 -- 

Education -2.491 -- -- -3.141 -- -5.214 -6.246 -- -2.088 -2.705 -2.152 -2.421 

Sex -- -- -1.568 -- -- -- -- -- -- -1.084 2.406 - 

Age x Edu -- -- -- -- -- -- 0.237 -- -- --  -- 

Age2 x Edu -- -- -- -- -- -- 0.011 -- -- -- -- -- 
Age x Sex           0.112  

R2 .112 .099 .058 .110 .056 .153 .137 -- .124 .350 .350 .109 

M
-W

C
ST

 T
ot

al
 

E
rr

or
s 

Intercept 9.177 14.566 8.847 17.394 13.481 18.956 14.818 -- 13.181 13.148 15.016 9.275 

Age 0.054 0.146 0.115 0.131 0.136 0.103 -- -- 0.176 0.191 0.190 0.198 

Age2 -- -- -- -- -- -- -- -- -- 0.007 -- -- 

Education -4.030 -- -- -5.413 -4.388 -11.924 -7.106 -- -4.041 -4.556 -4.659 -- 

Sex -- -- -2.739 -- -- -- -- -- -- -2.329 -- -- 

R2 .149 .082 .100 .151 .113 .217 .104 -- .142 .414 .254 .138 
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Table 3. 

Cumulative percent with the specified number of adjusted executive function low scores below the specified percentile cutoff (n=4,866). 

Number of 
low scores Argentina Bolivia Chile Colombia Cuba El 

Salvador Guatemala Honduras Mexico Paraguay Peru Puerto 
Rico 

<2
5th

 p
er

ce
nt

ile
 

None 22.4% 40.7% 42.9% 41.2% 44.4% 35.2% 37.6% 37.3% 45.5% 40.9% 48.2% 50.6% 

1+ 77.7% 59.3% 57.1% 58.9% 55.6% 64.7% 62.4% 62.7% 54.6% 59.2% 51.9% 49.4% 

2+ 42.9% 35.4% 38.6% 37.4% 34.1% 31.4% 39.1% 35.9% 36.6% 34.4% 34.9% 28.3% 

3+ 23.5% 18.1% 20.4% 17.4% 21.1% 18.1% 20.6% 18.3% 21.2% 15.8% 20.7% 21.9% 

4+ 8.4% 6.2% 8.0% 8.4% 7.0% 6.2% 7.9% 4.6% 8.5% 7.1% 10.6% 14.0% 

5 2.0% 2.1% 1.1% 2.6% 2.6% 2.4% 3.7% 1.3% 4.1% 2.1% 3.7% 5.7% 

<1
6th

 p
er

ce
nt

ile
 

None 63.2% 59.3% 58.5% 57.9% 63.0% 51.9% 51.3% 51.6% 61.3% 59.9% 61.0% 67.2% 

1+ 36.8% 40.8% 41.5% 42.2% 37.0% 48.1% 48.6% 48.4% 38.8% 40.2% 39.0% 32.8% 

2+ 19.1% 20.6% 24.0% 22.2% 21.8% 20.0% 23.2% 26.2% 23.1% 16.6% 22.9% 18.5% 

3+ 8.4% 9.1% 10.2% 8.9% 11.4% 9.0% 10.5% 11.8% 10.1% 8.7% 10.1% 14.0% 

4+ 3.4% 2.5% 0.7% 3.1% 1.8% 1.9% 4.2% 2.0% 3.7% 3.3% 3.7% 9.1% 
5 0.7% 0.4% 0.0% 0.8% 0.7% 0.5% 0.5% 0.0% 1.6% 0.0% 1.4% 3.4% 

<1
0th

 p
er

ce
nt

ile
 

None 72.2% 72.8% 73.5% 71.0% 74.1% 65.2% 69.8% 66.7% 72.6% 77.3% 73.9% 75.8% 

1+ 27.7% 27.1% 26.6% 29.0% 25.9% 34.8% 30.1% 33.4% 27.3% 22.7% 26.2% 24.1% 

2+ 13.3% 15.6% 14.2% 12.4% 10.3% 11.0% 13.2% 13.8% 13.4% 9.9% 12.0% 12.4% 

3+ 4.9% 3.3% 5.1% 4.0% 5.9% 4.3% 3.1% 3.3% 5.7% 5.8% 6.0% 9.4% 

4+ 1.6% 0.4% 0.0% 0.7% 1.1% 1.0% 0.5% 1.3% 1.6% 0.8% 1.9% 4.9% 

5 0.3% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0% 0.5% 1.9% 
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<5
th

 p
er

ce
nt

ile
 

None 84.6% 82.7% 84.4% 83.4% 87.0% 84.3% 82.0% 79.7% 84.3% 86.8% 84.4% 87.2% 

1+ 15.4% 17.3% 15.7% 16.8% 13.0% 15.7% 18.0% 20.3% 15.7% 13.2% 15.7% 12.9% 

2+ 6.7% 7.0% 6.2% 5.6% 6.0% 4.3% 7.4% 6.6% 6.1% 5.8% 7.4% 7.6% 

3+ 1.0% 0.8% 0.7% 1.2% 2.3% 0.5% 1.6% 1.4% 2.0% 2.1% 2.8% 4.6% 

4+ 0.0% 0.0% 0.0% 0.3% 0.4% 0.0% 0.5% 0.7% 0.2% 0.0% 0.0% 2.3% 

5 0.0% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 

<2
th

 p
er

ce
nt

ile
 

None 90.0% 91.4% 93.8% 92.8% 95.2% 92.4% 89.4% 91.5% 93.3% 91.7% 93.6% 93.2% 

1+ 10.0% 8.7% 6.2% 7.1% 4.8% 7.6% 10.6% 8.5% 6.7% 8.3% 6.5% 6.9% 

2+ 4.0% 2.1% 2.2% 1.9% 2.6% 1.9% 3.7% 2.0% 1.9% 2.9% 4.2% 3.1% 

3+ 0.7% 0.0% 0.0% 0.3% 0.4% 0.5% 0.5% 0.7% 0.4% 0.4% 0.5% 2.0% 

4+ 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 

5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 
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Table 4. 

Comparative cumulative percent with the specified number of adjusted executive 
function low scores below the specified percentile cutoff (n=506) 

Number of low 
scores 

Cumulative percent Chi-Square Test Wilcoxon Signed-Rank 
Test 

Latin-Americans U.S.A. 𝑿𝑿𝟐𝟐 p value V Z p value 

<25th 
percentile 

None 43.6% 0.0% 

329.97 <.001 328 -11.467 <.001 

1+ 56.4% 100.0% 
2+ 36.0% 78.2% 
3+ 18.8% 30.1% 
4+ 6.3% 2.4% 
5 2.2% 0.0% 

<16th 
percentile 

None 60.8% 0.2% 

482.48 <.001 388 -15.839 <.001 

1+ 39.2% 99.8% 
2+ 19.0% 64.4% 
3+ 9.1% 17.2% 
4+ 4.0% 0.6% 
5 0.4% 0.0% 

<10th 
percentile 

None 76.0% 1.0% 

598.13 <.001 412 -17.987 <.001 

1+ 24.0% 99.0% 
2+ 12.7% 47.1% 
3+ 4.6% 9.1% 
4+ 0.8% 0.2% 
5 0.0% 0.0% 

<5th 
percentile 

None 84.4% 3.0% 

671.69 <.001 427 -16.619 <.001 

1+ 15.6% 97.0% 
2+ 7.5% 32.3% 
3+ 1.6% 3.6% 
4+ 0.2% 0.2% 
5 0.0% 0.0% 

<2th 
percentile 

None 91.9% 11.9% 

635.75 <.001 414 -20.005 <.001 

1+ 8.1% 88.1% 
2+ 2.6% 20.0% 
3+ 0.4% 1.2% 
4+ 0.0% 0.0% 
5 0.0% 0.0% 
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Figure 1. Calculator of low scores. 
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