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Abstract 

Objective: The objective of this study was to develop norms for two neuropsychological tests of 

learning and memory in an Ecuadorian adult population. Method: 322 healthy individuals, ages 

between 18 and 84, were enrolled in the Metropolitan District of Quito. Participants were 

administered a comprehensive neuropsychological evaluation that included tests of learning and 

memory (Rey-Osterrieth Complex Figure Test [ROCF] and Hopkins Verbal Learning Test-

Revised [HVLT-R]). Backward stepwise multiple linear regression analyses were used to examine 

the influence of demographic variables age, education, and gender on test performance. Normative 

data was developed adjusting for demographic variables found to be significant in the final 

regression models. Results: The final multiple linear models revealed performance on tests of 

learning and memory worsened with age and improved as a function of education. A user-friendly 

Excel-based calculator is presented to calculate the z score and percentile automatically based on 

raw score and sociodemographic information. Conclusion: This is the first study that presents 

normative data for tests of learning and memory for an adult population in Ecuador. It is expected 

that these norms will help to improve the clinical practice of neuropsychology in Ecuador by 

limiting erroneous raw score interpretation and incrementing diagnostic accuracy. 

 

Keywords: Regression models, normative data, memory and learning, Ecuador, adult. 
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1. Introduction 

Learning and memory are essential cognitive functions that allow human beings to assimilate 

and store information continuously (Bailey, Bartsch, & Kandel, 1996). It is a dynamic process 

(Carrillo-Mora, 2010), interrelated with other cognitive functions, that grants the subject the ability 

to internalize and retain data obtained by perception of the external world (Etchepareborda & 

Abad-Mas, 2005; Lezak, 2012). Learning and memory are often characterized according to its 

sequential phases: encoding, storage, and retrieval during immediate and delayed periods, as well 

as the time-permanence of the information (Strauss, Sherman, & Spreen, 2006; Tirapu Ustárroz & 

Grandi, 2016). These sequential processes and temporal stores, acting in unison, allow the 

experiences of the subject to be conscious and associated with other aspects of cognition and 

behavior (Atkinson & Shiffrin, 1971). 

 In adults, impairment in learning and memory is the hallmark of several neurological 

disorders such Alzheimer's disease (Mayeux & Stern, 2012; Verny & Duyckaerts, 2020), traumatic 

brain injury (Dikmen et al., 2009; Hart & Sander, 2017; Millis et al., 2001), stroke (Evans, Wong, 

Lawson, Withiel, & Stolwyk, 2019;O’Brien et al., 2003; Sun, Tan, & Yu, 2014), and multiple 

sclerosis (Chiaravalloti, Moore, Weber, & DeLuca, 2019; DeLuca, Barbieri-Berger, & Johnson, 

1994; Minden, Moes, Orav, Kaplan, & Reich, 1990) among others. 

Several neuropsychological tools have been developed to assess learning and memory 

functioning across the lifespan (Mitrushina, Boone, Razani, & D'Elia, 2005; Strauss et al., 2006). 

Two of the most commonly used measures worldwide to evaluate these functions are the Rey-

Osterrieth Complex Figure Test (ROCF; Rey, 1941) and the Hopkins Verbal Learning Test-

Revised (HVLT-R; Benedict, Schretlen, Groninger, & Brandt, 1998).  
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The HVLT-R is a measure of verbal learning and memory in an auditory modality 

(Benedict et al., 1998) and its psychometric properties have been well established in adult 

populations (Benedict et al., 1998; Shapiro, Benedict, Schretlen, & Brandt, 1999; Woods et al., 

2005). It has also been utilized in research with a variety of clinical populations, including 

traumatic brain injury, Alzheimer’s disease, Parkinson’s disease, epilepsy, and HIV-related 

cognitive impairment (Collins et al., 1999; De Almeida et al., 2017; Gonzalez-Palau et al., 2013; 

McLachlan, Pigott, Tellez-Zenteno, Wiebe, & Parrent, 2010; Weintraub, Moberg, Culbertson, 

Duda, & Stern, 2004; Woods et al., 2005). Use of the HVLT-R has extended to multiple countries 

within most regions of the globe, including Latin America, North America, Europe, Asia, and 

Africa (Arango-Lasprilla et al., 2015; Dellagi et al., 2009; Kanmogne et al., 2010; Rieu, Bachoud-

Lévi, Laurent, Jurion, & Dalla Barba, 2006; Yepthomi et al., 2006). 

The ROCF (Rey, 1941) is a test of learning and visual memory, proven to have good 

psychometric properties across several studies (Berry, Allen, & Schmitt, 1991; Strauss et al., 

2006), and utilized in research with a number of pathologies, including traumatic brain injury 

(Ashton, Donders, & Hoffman, 2005; Schwarz, Penna, & Novack, 2009), Alzheimer’s disease 

(Bigler, Rosa, Schultz, Hall, & Harris, 1989; Cherrier, Mendez, & Dave, 1999), Parkinson’s 

disease (Mohr et al., 1990), and multiple sclerosis (Schulz, Kopp, Kunkel, & Faiss, 2006; 

Valentino et al., 2009) among others. Its extensive use, long trajectory, and good psychometric 

properties have made it a staple of clinical neuropsychological assessment (Lezak, 2012). The 

ROCF has also been utilized across many regions, including Latin America, Europe, and Asia 

(Caffarra, Vezzadini, Dieci, Zonato, & Venneri, 2002; Palomo et al., 2013; Rivera et al., 2015; 

Watanabe et al., 2005). 
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Norms for neuropsychological tests are abundant in English-speaking countries but less 

available for other regions (Fernández & Abe, 2018; Mitrushina et al., 2005; Strauss et al., 2006). 

This is problematic because clinicians in non-English speaking countries must often resort to using 

English language norms to evaluate their patients. Because the norms they use are not language or 

culturally appropriate, this can lead to errors in the interpretation of the results of the tests 

administered (Arango-Lasprilla, Stevens, Morlett Paredes, Ardila, & Rivera, 2017). Although 

some efforts to develop norms for Spanish-speaking populations have been previously undertaken 

(Cherner et al., 2007; Pontón et al., 1996), only until recently have large-scale studies been 

conducted in Spanish-speaking regions (Loureiro et al., 2018; Palomo et al., 2013; Peña-Casanova 

et al., 2009a; Rivera & Arango-Lasprilla, 2017, Morlett et al., 2020) aimed at the standardization 

of neuropsychological tests in each country. 

The main basis for this type of research is to improve the ability of clinicians to capture the 

true capacity of the individual, by using context-appropriate norms, in order to avoid erroneous 

interpretation of scores and potential misdiagnoses. Neuropsychology in Ecuador is currently in a 

state of growth, as evidenced by greater availability of services and increased research efforts 

(Ramos-Galarza, 2017). However, to the best of the authors’ knowledge, there are currently no 

norms available for most neuropsychological tests in an adult Ecuadorian population. The 

objective of this research is to address this need by making available demographically- adjusted 

norms for both the HVLT-R and the ROCF in this population. The availability of this data is likely 

to improve the clinical practice of neuropsychology in the country, as interpretation of scores will 

more accurately reflect individual performance in assessment.  
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2. Method 

2.1 Participants 

The sample consisted of 322 healthy individuals who were recruited from Quito, Ecuador. 

Participants’ age ranged from 18 to 84 years (M = 41.3, SD = 18.2). The majority were women 

(54.04%), primarily urban 82.8%, and education ranged from 2 to 25 years (M = 13.2, SD = 4.6). 

The maximum error of sample size was ≈ .055 (accuracy level ≈ 94.5%). The maximum error was 

established using classical estimation assuming infinite (very large) population sizes, where the 

case of maximum uncertainty was assumed (π = 1 -π = .5) and a confidence interval of 95% 

(Arrufat, Guàrdia-Olmos, & Blanxart, 1999). 

The sociodemographic characteristics of the participants (age, education, and gender) can 

be found in Table 1. 

 

Insert Table 1 

 

To be eligible to participate, individuals had to have met the following requirements: (a) 

were between 18 to 85 years of age, (b) were born and currently live in Ecuador, (c) spoke Spanish 

as their native language, (d) had completed at least 1 year of formal education, (e) according to 

self-report, were able to read and write at the time of evaluation, (f) scored ≥23 on the Mini-Mental 

State Examination (MMSE; Folstein, Folstein, & McHugh, 1975; Villaseñor-Cabrera, Guàrdia-

Olmos, Jiménez-Maldonado, Rizo-Curiel, & Peró-Cebollero, 2010), (g) scored ≤4 on the Patient 

Health Questionnaire–9 (PHQ-9; Kroenke, Spitzer, & Williams, 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 subjects’ 

medical history and health status. Subjects were determined to be ineligible if they reported or 

endorsed the following: (a) history of neurological or psychiatric conditions, (b) history of alcohol 

abuse or other psychotropic substances (c) history of systemic disease (e.g., diabetes mellitus), (d) 

regular use of medications that may impact cognitive functioning, (e) severe visual and/or hearing 

deficit and/or f) history of developmental problems or learning disabilities. All participants were 

community volunteers who did not receive financial compensation for participation. 

 

2.2 Procedure 

The present study was conducted as part of a larger study to generate statistical normative 

data for a series of neuropsychological measures in Spanish-speaking populations (Guardia-

Olmos, Peró-Cebollero, Rivera, & Arango-Lasprilla, 2015; Rivera & Arango-Lasprilla, 2017). 

The Ethics Committee of the Universidad San Francisco de Quito approved the study. 

Participants were volunteers from the community recruited through announcements distributed in 

local business, community centers, and through the university staff. All the persons that showed 

interest in participating were contacted by a member of the research team, who explained the nature 

of the study and answered any questions that the person might have. People that agreed to 

participate signed the informed consent, according to the Helsinki Declaration, and then their 

sociodemographic data was collected followed by the application of screening tests to verify 

inclusion and exclusion criteria. The neuropsychological tests were applied to the participants that 

satisfied the criteria. The assessment lasted between 80 and 120 minutes and the tests were 

administered in Spanish. The research was conducted in the facilities of the Universidad de Las 
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Américas, Quito. No compensation was provided for participation in the study. Data collection 

started on May 2017 and ended on March 2019. 

 

2.3 Measures 

The Hopkins Verbal Learning Test-Revised (HVLT-R; Brandt & Benedict, 2001). The 

administration contains three free recall learning trials consisting of 12 semantically categorized 

words, followed by a 20-minute delayed recall trial, concluding with a yes/no recognition trial. 

The yes/no recognition task has a total of 24 words, incorporating 12 words from the recall list, 

six words that are semantically related to the recall items but were not included in the initial trials, 

and six unrelated words. The HVLT-R yields several scores including a total recall, delayed recall, 

and recognition. The test has six forms with different word lists to avoid practice effects in repeated 

administration. In this study, the Spanish version of the HVLT-R form 5 was used because a pilot 

testing supported that all words included on the HVLT-R form 5 were known and used in Latin 

American Spanish-speaking countries (Arango-Lasprilla et al., 2015; Rivera et al., 2019). 

 

Rey-Osterrieth Complex Figure Test (ROCF; Rey, 1941). The ROCF includes 18 

elements, and the maximum score for each of the two tasks (copy and three-minute delayed recall) 

is 36. Two points are given when the element is correctly reproduced; one point when the 

reproduction is distorted or incomplete but placed properly, or complete but placed poorly; half a 

point is credited when the element is recognizable, but distorted or incomplete, and placed poorly. 

A zero score is given when the element is absent or is not recognizable (Osterrieth, 1944). In this 

study the Spanish version of the ROCF was used, which included a copy trial and three-minute 

delayed recall (Rey, 2009). 
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2.4 Statistical Analyses 

2.4.1 Exploratory data analysis 

In the exploratory data analysis phase, means and standard deviations were computed for 

the HVLT-R (total recall, delayed recall, and recognition) and ROCF (copy and three-minute 

delayed recall) scores. Further Pearson correlations between the HVLT-R, ROCF scores and the 

sociodemographic (age, education, and gender) variables were computed. 

 

2.4.2 The effects of demographic variables and the derivation of normative data 

HVLT-R (total recall, delayed recall, and recognition) and ROCF (copy and three-minute 

delayed recall) scores were computed separately. The effects of demographic variables on each 

score were evaluated by means of multiple linear regression analyses. The full regression models 

included as predictors: age, age2, education, education2, gender, and all two-way interactions 

between these variables. Age and education were centered (= calendar age in years — mean age 

in the sample; education in years — mean education in the sample) before computing the quadratic 

age and education to avoid multicollinearity (Aiken, West, & Reno, 1991). Squared terms of age 

and years of education were added in the full model to allow for quadratic effects between these 

independent variables and tests scores. Gender was dummy coded as man = 1 and woman = 0. The 

full regression model can be formally described as: 𝑌𝑌𝑖𝑖 = 𝐵𝐵0 + 𝐵𝐵1 · (𝐴𝐴𝐴𝐴𝐴𝐴 − �̅�𝑥𝐴𝐴𝐴𝐴𝐴𝐴)𝑖𝑖 + 𝐵𝐵2 ·

 �𝐴𝐴𝐴𝐴𝐴𝐴 − �̅�𝑥𝐴𝐴𝐴𝐴𝐴𝐴�𝑖𝑖
2

+ 𝐵𝐵3 · (𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − �̅�𝑥𝐸𝐸𝐸𝐸𝐸𝐸)𝑖𝑖 + 𝐵𝐵4 ·  (𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − �̅�𝑥𝐸𝐸𝐸𝐸𝐸𝐸)𝑖𝑖2 +  𝐵𝐵5 · 𝐺𝐺𝐴𝐴𝐸𝐸𝐸𝐸𝐴𝐴𝐺𝐺𝑖𝑖 +

𝐵𝐵𝑘𝑘 ·  𝐼𝐼𝐸𝐸𝐸𝐸𝐴𝐴𝐺𝐺𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝑖𝑖 + 𝜀𝜀𝑖𝑖, with the subscript i referring to the participants (i = {1, 2, …, 𝐸𝐸𝑖𝑖}, and 

𝐸𝐸𝑖𝑖 the number of participants), the subscript k referring to the regression parameters (k = {1, 2, …, 

K}, and K = the number of fixed-effects in the model including the intercept), and the term 

𝐼𝐼𝐸𝐸𝐸𝐸𝐴𝐴𝐺𝐺𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝑖𝑖 being a short-hand notation to refer to all two-way interactions between the fixed 
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effects. The model assumes that the residuals 𝜀𝜀𝑖𝑖 are normally distributed with mean 0 and variance 

𝜎𝜎𝜀𝜀2, i.e., 𝜀𝜀𝑖𝑖 ∼ 𝑁𝑁(0,𝜎𝜎𝜀𝜀2). 

Independent variables that were not statistically significant in the multiple regression 

model were removed, and a reduced model was fitted again. A Bonferroni-corrected alpha-level 

of 0.005 (=. 05 / 10) was used. In the stepwise model-building procedure, no predictor was 

removed as long as it was also included in a higher order term in the model (Aiken et al., 1991). 

For all multiple linear regression models, the following assumptions were evaluated: (a) 

multicollinearity, by checking that the Variance Inflation Factor (VIF) was not greater than 10 and 

the collinearity tolerance values were not greater than 1 (Kutner, Nachtsheim, Neter, & Li, 2005), 

(b) homoscedasticity, by grouping the participants into quartiles of the predicted scores and 

applying the Levene test on the residuals, (c) normality of the standardized residuals, by using 

Kolmogorov–Smirnov test, and (d) the existence of influential values, by calculating the maximum 

Cook’s distance in the sample. The maximum Cook’s distance value was subsequently related to 

an 𝐹𝐹(𝑝𝑝,𝐸𝐸 − 𝑝𝑝) distribution, where p is the number of regression parameters (including the 

intercept) and n is the sample size. Influential values are considered when the obtained percentile 

value is equal or higher than 50 (Kutner et al., 2005). An alpha level of .005 was used in all 

analyses. 

Using the final regression model that is obtained at the end of the stepwise procedure, 

normative data that are adjusted for demographic variables were established by means of a four-

step procedure (Rivera et al., 2019; Van Breukelen & Vlaeyen, 2005; Van der Elst, van Boxtel, 

Van Breukelen, & Jolles, 2006a,b): (a) The expected test score (𝑌𝑌�𝑖𝑖) is computed based on the fixed 

effect parameter estimates of the established final regression model: 𝑌𝑌�𝑖𝑖 = 𝐵𝐵0 + 𝐵𝐵1𝑋𝑋1𝑖𝑖 + 𝐵𝐵2𝑋𝑋2𝑖𝑖 +

⋯+  𝐵𝐵𝐾𝐾𝑋𝑋𝐾𝐾𝑖𝑖. (b) To obtain the residual value (𝐴𝐴𝑖𝑖), a subtraction between the raw score of the 
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neuropsychological test (𝑌𝑌𝑖𝑖) and the predicted value previously calculated was performed (𝑌𝑌�𝑖𝑖), as 

shown in the following formula: 𝐴𝐴𝑖𝑖 =  𝑌𝑌𝑖𝑖 −  𝑌𝑌�𝑖𝑖. (c) Using the residual standard deviation (𝑆𝑆𝑆𝑆𝐴𝐴) 

value provided by the regression model, residuals were standardized: 𝑧𝑧𝑖𝑖 = 𝐴𝐴𝑖𝑖 /𝑆𝑆𝑆𝑆𝐴𝐴. (d) Finally, 

using the standard normal cumulative distribution function, the exact percentile corresponding to 

the z-score previously calculated was obtained (if the model assumption of normality of the 

residuals was met in the 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). This four-step process was applied to the HVLT-R (total recall, delayed recall, 

and recognition) and ROCF (copy and three-minute delayed recall) scores separately. Adjusted R-

squared values are provided for all final models. All analyzes were performed using SPSS Version 

23 (IBM Corp., Armonk, NY) and R 3.4.2 for Windows (R Development Core Team, 2013). 

 

2.4.3 Calculator of Normative Data  

The four-step normative procedures explained above offer the clinician the ability to 

determine an exact percentile for a participant who has a specific score on the HVLT-R and ROCF 

scores. However, this method can be prone to human error due to the number of required 

computations by hand. To enhance user-friendliness, the authors created a calculator in Microsoft 

Excel using these steps in which the clinician must include the following information: raw score 

HVLT-R (total recall, delayed recall, and recognition) and ROCF (copy and three-minute delayed 

recall) scores, age, education, and gender to calculate the z score and percentile automatically. This 

tool is freely available for all users and may be downloaded at www.masked.com. 
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3. Results 

3.1 Exploratory data analysis 

The mean (SD) for HVLT-R total recall, HVLT-R delayed recall, HVLT-R recognition, 

ROCF copy, and ROCF of three-minute delayed recall scores equaled to 21.69 (4.83), 7.68 (2.42), 

10.94 (2.02), 30.38 (5.95), and 18.33 (7.69), respectively. Pearson correlations coefficients showed 

intercorrelations between HVLT-R (total recall, delayed recall, and recognition), ROCF (copy and 

three-minute delayed recall) scores and the sociodemographic variable education were 

significantly positive (r’s ≥ .167; p’s < .005). There was a significant negative correlation between 

the HVLT-R (total recall, delayed recall, and recognition), ROCF (copy and three-minute delayed 

recall) scores and the variable age (r’s ≥ -.495; p’s < .05). Finally, the variable gender did not 

correlate significantly with any score (see Table 2).  

 

Insert Table 2 

 

3.2 Model assumptions 

The assumptions of multiple linear regression analysis were largely met for all final 

models. There was no multicollinearity (the VIF values in all models were at most 1.528, and thus 

well below the threshold value = 10 that is indicative for multicollinearity; collinearity tolerance 

values did not exceed the value of 1) or influential cases (the maximum Cook’s distance value was 

0.125; relating this value to an F(2,320) distribution yields percentile value 12, which is well-below 

the threshold percentile value = 50 that is indicative for the presence of influential cases). The 

Levene test suggested that there was no heteroscedasticity in all models except in the ROCF copy 
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score. Standardized residuals of the models were normally distributed (as evaluated with the 

Kolmogorov-Smirnov test) except for HVLT-R recognition and ROCF copy. 

 

3.2.1 HVLT-R 

The final multiple linear regression models for HVLT-R total recall, delayed recall, and 

recognition scores were significant (see Table 3). HVLT-R total recall score was negatively 

influenced by age and increased linearly as a function of education. The amount of variance 

(adjusted for the number of predictors in the final model; adjusted R2) explained by these predictors 

was 27%. HVLT-R delayed recall score was negatively influenced by age and increased linearly 

as a function of education. The interaction between age and education also affected the score, so 

that young people with more years of education scored higher than those with fewer years of 

education. However, as the age progresses, the performance of the people progressively equaled 

independently of the education (see Figure 1). The participant’s gender also affected HVLT-R 

delayed recall score, such that women scored higher than men. The amount of variance explained 

by these predictors was 30%. Finally, HVLT-R recognition score increased linearly as a function 

of education. Age, quadratic age, gender, and interactions did not affect the model. The amount of 

variance explained by these predictors was 2.5%. 

 

Insert Table 3 

 

3.2.2 ROCF  

The final multiple linear regression models for ROCF copy and ROCF three-minute 

delayed recall scores were significant (see Table 4). ROCF copy score was negatively influenced 
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by quadratic age and increased linearly as a function of education, showing a subtle decrease of 

scores until 50 years of age and a steeper decrease of 50 to 80 years, with people with more years 

of education performing better than people with fewer years of education. ROCF three-minute 

delayed recall score was negatively influenced by age and increased linearly as a function of 

education (see Figure 2). The amount of variance explained by these predictors for ROCF copy 

and ROCF three-minute delayed recall scores were 22.4% and 30%, respectively. 

 

Insert Table 4 

      

 

4. Discussion 

The purpose of this study was to generate normative data for an adult Ecuadorian 

population ages 18 to 85 for two of the most common neuropsychological tests of learning and 

memory: the HVLT-R and the ROCF. The effect of sociodemographic variables, such as age, 

gender, and education, was also analyzed and considered accordingly when developing the norms.  

Linear regression models for the HVLT-R explained 2.5 to 30% of the variance. The model 

for recognition recall explained the smallest amount, while the other two models (total and delayed 

recall) accounted for a similar range. Consistent with those results, Duff (2016) derived 

demographically corrected norms for the HVLT-R and found recognition to have the lowest 

variance explained of all other subtests by a ratio of approximately 3 to 1. Results indicated age 

had a negative impact on total and delayed recall, which is in line with prior research on Latin 

American and other populations (Arango-Lasprilla et al., 2015; Ryan et al., 2020; Strauss et al., 

2006; Vanderploeg et al., 2000). Interestingly, the impact of education was lessened in older adults 
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for delayed recall, which could be related to lower sample size and reduced variance in older age 

ranges. Nevertheless, education maintained a linear and positive relationship with performance on 

all three models, consistent with results from Arango-Lasprilla et al. (2015), which found this 

relationship on 10 of the 11 countries surveyed in Latin America. Gender was only significantly 

and positively related to delayed recall, making it the only test for which all demographic variables 

were significant. 

On the ROCF, regression models explained 22.4 to 30% of the variance. Age was 

negatively related to performance on both copy and three-minute delayed recall ROCF conditions. 

This relationship was quadratic in the copy condition, meaning that the decline in performance 

was more pronounced in older age groups. Consistent with prior research, performance on three-

minute delayed recall was also positively related to education (Ardila, Rosselli, & Rosas, 1989; 

Caffarra et al., 2002; Rivera et al., 2015). In this study, gender was not associated with ROCF 

performance. These findings are consistent with studies in the overwhelming majority of Latin 

American countries (Rivera et al. 2015), Spain (Peña-Casanova et al., 2009b), and English-

speaking sample (e.g., Berry et al., 1991). 

Both level of education and age were significantly related to performance on most models, 

which is not a surprising finding in light of well-established work in this area (Arango-Lasprilla et 

al., 2015; Duff, 2016; Kuslansky et al., 2004; Rivera et al., 2015; Strauss et al., 2006). 

Consequently, norms presented in this study are broken down both by age and education in data 

tables and of course considered in the calculator as well.  

This study presents some strengths when compared to prior norming efforts in Latin 

America; for instance, the majority of the previous studies were done with small sample sizes (i.e. 

Allegri et al., 1997; Rosselli, Ardila, Florez, & Castro, 1990), did not control for some important 



16 
 

variables on the analyses such age, age2 education, education2 and gender, did not consider the 

interaction effects and the curvilinear relationships between predicted variables and 

neuropsychological scores (Arango-Lasprilla et al., 2015; Rivera et al., 2015), and/or reported 

normative data based on means and standard deviations (i.e. Beltrán Dulcey & Solıs-Uribe, 2012; 

Fernández & Marcopulos, 2008). The most comprehensive norming effort for tests of learning and 

memory in Latin America was conducted by Arango-Lasprilla et al. (2015), which obtained 

normative information from 11 Latin American countries for the tests considered here, but Ecuador 

was not part of the sample. Given variations in performance between countries in that study, it is 

not clear that results from other Latin American countries would necessarily be applicable to 

Ecuador. Additionally, this study presents with a larger age distribution, collinearity was controlled 

for, and interaction effects were considered in the model. Lastly, the current study provides a 

calculator to derive norms instead of using tables.  

 

4.1 Limitations 

The results of this study should be interpreted considering the following limitations. First, the 

study was conducted solely in the Distrito Metropolitano de Quito, and the sample was mostly 

urban (82.8%), with secondary (23%) and post-secondary (48%) education, so results should be 

generalized to other regions of the country with caution. Second, the influence of bilingualism was 

not considered either. Ecuador is a country with a diversity of languages and there is evidence that 

performance in neuropsychological tests for bilingual patients differs from that of monolinguals 

(Kohnert, Hernandez, & Bates, 1998; Vega-Mendoza, West, Sorace, & Bak, 2015). However, the 

percentage of bilingualism in Ecuador is limited, and more so in urban regions. Third, although 

the cross-validation technique was not used to generate models, the low sample-size error of the 
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models permits statistical inferences to populations with similar characteristics to the study sample. 

Fourth, another limitation of the study is the failure to include a 30-minute delayed recall trial on 

the ROCF. Although delayed recall is important for many of the clinical populations in which 

these tests are used, it was not included in this study because the Spanish version only includes a 

three-minute delayed recall. Future studies with this population should include the 30-minute 

delayed recall. Lastly, education in this study was measured using the number years of education. 

However, the quality of education could vary greatly between people from different regions and 

socioeconomic status and it is possible that this factor could also influence the performance on this 

test. For this reason, future studies should consider how to adequately capture quality of education 

(e.g., number of students per class, infrastructure, resources, etc.) in the analyses. 

 

4.2 Conclusion 

To the best of the author’s knowledge, this is the first study to develop norms for both the 

HVLT-R and ROCF in an Ecuadorian adult population. Age and education were found to be strong 

predictors of performance on most models, and thus they were included in the demographic 

corrections where appropriate. A calculator is provided for the clinician to facilitate deriving 

normative scores with ease and decrease the possibility of user error when utilizing data tables. 

The current study is expected to improve the clinical practice of neuropsychology in Ecuador by 

limiting erroneous raw score interpretation and incrementing diagnostic accuracy due to the 

availability of norms derived from the appropriate population. 
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FIGURES. 
 
Figure 1. Predicted scores for Hopkins Verbal Learning Test-Revised (delayed) (N=322). 

Figure 2. Predicted scores for Rey-Osterrieth Complex Figure Test (three-minute delayed recall) 

(N=322). 

 



Table 1. Demographic characteristics of the sample (N=322). 

Age group n (%) 
Age Education Gender 

Mean SD Mean SD Female Male 
n n 

20 ± 2 year 41 (12.7%) 20.1 1.4 12.7 3.1 22 19 
25 ± 2 year 62 (19.3%) 24.9 1.4 13.6 3.7 26 36 
30 ± 2 year 30 (9.3%) 29.8 1.5 15.0 4.4 19 11 
35 ± 2 year 30 (9.3%) 35.0 1.4 14.1 5.2 17 13 
40 ± 2 year 26 (8.1%) 39.9 1.4 12.2 4.1 14 12 
45 ± 2 year 26 (8.1%) 44.6 1.1 13.3 4.2 14 12 
50 ± 2 year 20 (6.2%) 50.1 1.6 13.2 4.7 14 6 
55 ± 2 year 20 (6.2%) 55.7 1.4 14.1 6.2 13 7 
60 ± 2 year 16 (5.0%) 60.3 1.2 14.5 4.6 9 7 
65 ± 2 year 13 (4.0%) 64.5 1.5 13.4 6.0 7 6 
70 ± 2 year 11 (3.4%) 68.5 0.7 11.8 5.0 6 5 
75 ± 2 year 11 (3.4%) 75.2 1.4 11.5 6.8 5 6 
>78 year 16 (5.0%) 81.2 1.9 9.6 3.7 8 8 

Total 322 (100%) 41.3 18.2 13.2 4.6 174 148 
Note. SD=Standard deviation 

 



Table 2. Pearson correlations coefficients between all scores and demographic variables (N=322). 

Score Age Education Gender 

HVLT-R  
total recall -.466*** .305*** -.006 

HVLT-R  
delayed recall -.450*** .309*** -.101 

HVLT-R  
recognition -.199* .167** -.080 

ROCF  
copy -.382*** .281*** 4.9E-04 

ROCF  
three-minute delayed recall -.495*** .294*** .098 

Note. ***= p< 0.001; **= p< 0.01; * = p< 0.05.  
Note. HVLT-R = Hopkins Verbal Learning Test-Revised; ROCF = Rey-Osterrieth Complex 
Figure Test. 
 



Table 3. Final multiple linear regression models for Hopkins Verbal Learning Test-Revised (N=322). 

Score Variable B Std. Error Stand. B t Sig. Adjusted R2 

HVLT-R 

total recall 

Constant 21.686 .229  94.554 <.001 

.274 Age -.115 .013 -.434 -9.051 <.001 

Education .264 .051 .250 5.224 <.001 

HVLT-R 

delayed  

recall 

Constant 7.97 .155  51.411 <.001 

.299 

Age -.060 .006 -.446 -9.313 <.001 

Education .165 .026 .312 6.329 <.001 

Gender -.715 .228 -.147 -3.131 .002 

Age X Edu -.004 .001 -.144 -2.893 .004 

HVLT-R 

recognition 

Constant 10.937 .111  98.642 <.001 
.025 

Education .073 .024 .167 3.023 .003 

Note. HVLT-R = Hopkins Verbal Learning Test-Revised  

 

 



Table 4. Final multiple linear regression models for Rey-Osterrieth Complex Figure Test (N=322). 

Score Variable B Std. Error Stand. B t Sig. Adjusted R2 

ROCF copy 

Constant 31.476 .425  74.13 <.001 

.224 

Age -.076 .020 -.231 -3.842 <.001 

Age2 -.003 .001 -.216 -3.556 <.001 

Education .273 .065 .210 4.189 <.001 

ROCF  
three-minute 
delayed recall 

Constant 18.326 .36  50.965 <.001 

.295 Age -.197 .02 -.466 -9.86 <.001 

Education .394 .079 .235 4.974 <.001 

Note. ROCF = Rey-Osterrieth Complex Figure Test. 
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