STROOP COLOR-WORD TEST NORMS FOR THE DOMINICAN POPULATION
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The aim of this study was to standardize Golden’s version of the Stroop test in the Dominican Republic (DR), taking under consideration the possible influence that gender, educational level and age may have on performance. Two hundred thirty-nine Spanish speaking, healthy Dominicans, between 16 and 80 years of age, were recruited from the major provinces. Our results indicate that age and educational level influence performance. Our findings emphasize the necessity of standardizing neuropsychological tests, in order to conduct valid assessments. Overlooking cultural context and demographic variables can result in inaccurate diagnoses.

Resumen
El objetivo de este estudio fue estandarizar la versión Golden del Stroop en la República Dominicana, tomando en cuenta la posible influencia que variables como el sexo, el nivel educativo y la edad, pueden tener sobre el rendimiento en la prueba. Se reclutaron a 239 dominicanos, todos sanos e hispanoparlantes, entre los 16 y 80 años de edad, de las provincias más importantes. Nuestros resultados indican que tanto la edad como el nivel educativo influyeron significativamente sobre el rendimiento. Nuestras conclusiones destacan la necesidad de realizar estandarizaciones de pruebas neuropsicológicas, para poder llevar a cabo valoraciones válidas. Obviar la influencia del contexto cultural y las variables demográficas puede resultar en diagnósticos incorrectos. 



























Introduction 
The Stroop test (Stroop, 1935), created by John Ridley Stroop, is an executive functioning test that is commonly used to evaluate information processing speed, working memory, selective attention, flexibility and cognitive inhibition (Llinás-Reglá, Vilalta-Franch, López-Pousa, Calvó-Perxas, & Garre-Olmo, 2013; Martín et al., 2012; Rivera et al., 2015; Strauss, Sherman, & Spreen, 2006). Since its development, it has become one of the most frequently used psychometric tests in neuropsychological assessments (Lezak, Howieson, Bigler, & Tranel, 2012; Llinás-Reglá et al., 2013; Rabin, Paolillo, & Barr, 2016). Currently, there are different versions of the Stroop that are also used on clinical settings, such as the Victoria Stroop Test (VST; Regard, 1981), the Comalli version (Comalli, Wapner, & Werner, 1962) and the Golden version (Golden, 1978). 

For the present study, we selected the Spanish adaptation of the Golden version of the Stroop test (Golden, 2010), since it is the most commonly used in the international panorama (Morrow, 2013; Scarpina & Tagini, 2017).  It consists of three tasks. The first task evaluates the speed in which the color names are read, while the second task assesses the speed in which the colors of groups of “XXXX’s” are named. Lastly, the third task evaluates the interference, given that the subject must name the ink color in which a word is printed, ignoring the meaning of the word itself (Buré-Reyes et al., 2013; Morrow, 2013; Rognoni et al., 2013; Strauss et al., 2006). Therefore, the test presents a challenge in automatic and controlled processing, attention and response to stimulus dimension (MacLeod, 2015; Washburn, 2016). Consequently, the “Stroop effect”, based on the test’s third task, is defined as an index of cognitive flexibility, given that in this phase, the difficulty increases, along with the probability of conveying error-prone answers (MacLeod, 2015).

Several brain areas are involved in the execution of the Stroop test, such as the inferior frontal cortex, the prefrontal dorsolateral cortex and the anterior cingulate cortex (Rivera et al., 2015). Consequently, various studies have identified that performance on this test is affected in patients with brain damage (Soeda et al., 2005), in individuals with subjective memory decline (Ferreira et al., 2017) and in pathologies such as schizophrenia (Frydecka et al., 2015; Mosiolek, Gierus, Koweszko, & Szulc, 2016), depression (Borkowska & Rybakowski, 2001), Parkinson’s disease (Yoo et al., 2015), Huntington’s disease (Beglinger et al., 2010; Sitek et al., 2013), chronic alcoholism (Acheson et al., 2014), multiple sclerosis (Denney & Lynch, 2009), attention deficit hyperactivity disorder (Homack & Riccio, 2004; Thursina et al., 2015), Alzheimer’s disease (Bondi et al., 2002; Schecker, Kochler, Schmidtke, & Rauh, 2014) and mild cognitive impairment (Ramos-Goicoa, Galdo-Álvarez, Díaz, & Zurrón, 2016), among others. 

In addition to this, it has been suggested that variables, such as age, gender and educational level, could influence the results obtained on this test (Strauss et al., 2006). Many studies have indicated that age could influence the information processing speed, which is reduced in advanced age, and could serve as a predictive factor for the number of mistakes on the test (Andrews, Shuttleworth-Edwards, & Radloff, 2012; Brugnolo et al., 2016; Morrow, 2013; Ramos-Goicoa et al., 2016; Seo et al., 2008; Tremblay et al., 2016; Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2006). Furthermore, aging has been associated with color denomination disturbance and an increase of the interference effect (Llinás-Regla et al., 2013; Peña-Casanova et al., 2009; Rivera et al., 2015; Strauss et al., 2006), due to a possible reduction in the visual ability of individuals (Van Boxtel, ten Tusscher, Metsemakers, Willems, & Jolles, 2001). Similarly, some studies suggest that the interference effect is age related and could be explained as an inverted U-shaped pattern, being at its greatest during childhood, decreasing with the acquirement of literacy and into adulthood, and increasing again during advanced age (Comalli et al., 1962; Ikeda, Okozumi, Kokobun, & Haishi, 2011). However, there is still one precedent that suggests that age is not a moderating variable at all (Rognoni et al., 2013). 

On the subject of gender, more contradicting results have been found. Whereas some studies have indicated that men perform better and are less susceptible to interference than women (Llinás-Reglas et al., 2013), others suggest that women perform faster when reading color names (Andrews et al., 2012), when naming colors (Llinás-Regla et al., 2013; Moering, Schinka, Mortimer, & Graves, 2004; Strauss et al., 2006; Van der Elst et al., 2006), and overall on the three tasks that constitute the test (Seo et al., 2008; Tremblay et al., 2016). Furthermore, some authors have stated that their results on the subject of gender are ambiguous (Rivera et al., 2015), while others do not even identify significant differences concerning this variable (Brugnolo et al., 2016; Daniel, Pelotte, & Lewis, 2000; Morrow, 2013; Peña-Casanova et al., 2009; Rognoni et al., 2013). 

In regard to education, a positive correlation with performance on the Stroop test has been reported (Brugnolo et al., 2016; Llinás-Regla et al., 2013; Rivera et al., 2015). Therefore, the educational level has been associated to an increment in interference (Peña-Casanova et al., 2009; Rognoni et al., 2013; Tremblay et al., 2016). Additionally, Seo et al. (2008) found that a lower educational level and advanced age could be associated with poorer performance on this test. They further explained that executive functioning and the speed to which we process information could decline with age, which could be delayed in individuals with a higher educational level. However, other studies have not found significant results concerning the educational level (Morrow, 2013).

In addition, other factors that could influence subject’s performance on the test are cultural and linguistic diversity. For example, several studies have found discrepancies in performance on cognitive tests due to differences at a transcultural level (Lucas et al., 2005). For instance, on the Stroop test, differences have been found between: Spanish speaking participants from different countries (Buré-Reyes et al., 2013), African-American and Caucasian samples (Norman et al., 2011) and bilingual and monolingual participants, specifically in the color naming task (Rosselli et al., 2002). 

For all these reasons, several normative studies have been carried out for the Stroop test. Among these studies, numerous populations have been examined, specifically: African-Americans and Caucasians (Lucas et al., 2005; Moering et al., 2004; Morrow, 2013; Norman et al., 2011; Steinberg et al., 2005), Arabic (Al-Ghatani, Obonsawin, Binshaig, & Al-Moutaery, 2011), Catalan (Llinás-Reglá et al., 2013), Dutch (Van der Elst et al., 2006), Flemish (Miatton, Wolters, Lanoo, & Vingerhoets, 2004), French (Bayard et al., 2011), Greek (Zalonis et al., 2009), Iranian (Malek, Hekmati, Amiri, Pirzadeh, & Gholizadeh, 2013), Italian (Amato et al., 2006; Brugnolo et al., 2016), Korean (Seo et al., 2008), Latin-American (Henao-Arboleda et al., 2010; Rivera et al., 2015) and Spanish (Peña-Casanova et al., 2009; Rognoni et al., 2013). Also, given its extensive use, the test has been translated into other languages such as Arabic (Al-Ghatani et al., 2011), Hebrew (Ingraham, Chard, Wood, & Misky, 1988), Spanish (Rosselli et al., 2002) and Vietnamese (Doan & Swerdlow, 1999), among others (see Mitrushina, Boone, Razani, & D’Elia, 2005). 

In spite of the many normative studies and the examination of various populations, the field of neuropsychology has widely attributed a universal approach of cognition without taking into account the rapidly changing populations with diverse cultural and linguistic background (Manly, 2008). This is an understandable fact, since “several thousands of cultures have been described by anthropology (e.g. Bernatzik, 1957) and contemporary humans speak over 3,500 different languages (Swadesh, 1967)” (Ardila, 1995, p. 144). This great cultural and linguistic diversity limits the suitability of all tests, due to a poor “universal” factor, and our understanding of how cultural issues may impact neuropsychological performance (Ardila, 1995). 

In summary, even though there are numerous normative studies in many Asian, European and Latin-American countries, there is no normative data of the Stroop test for the Dominican population. Establishing these Stroop norms according to demographic variables such as age, gender and educational level will not only benefit Dominicans that reside in the DR, but also the large populations of Dominicans that now live as adult immigrants in countries like the United States (941,000), Spain (151,000) and Italy (42,000) (Migration Policy Institute, 2015).

 Therefore, the aim of this study is to establish Stoop test norms for the Dominican population, as part of a normalization project conducted by Pontificia Universidad Católica Madre y Maestra’s (PUCMM) Neuroscience and Behavior Research Program.

Methods 
Participants 
The sample consisted of 239 healthy Spanish speaking participants recruited from the major provinces in the Dominican Republic (Santo Domingo, Santiago, La Vega, San Cristobal, Puerto Plata, San Pedro de Macorís, Duarte, San Juan, Espaillat, La Romana and Azua). The selection criteria included a) being between 16 and 80 years of age, b) being born and raised in the Dominican Republic, c) being literate, d) a score of ≥ 22 on the Mini-Mental State Examination test (MMSE; Folstein, Folstein, & McHugh, 1975) and e) no self-report of neurological or psychological problems, or significant history of alcohol and substance abuse. Every participant signed a written informed consent in order to be included in this the study. The Dominican Republic’s National Health Council on Bioethics (CONABIOS) approved this study. Of the participants, 117 were male (49%) and 122 were female (51%). The average age was 47.83 years (SD = 18.85) and the average education was 10.39 years (SD = 5.12). 

Materials and procedures
Neuropsychological measures. All participants answered a clinical history questionnaire, in order to ensure that they met the inclusion criteria. The MMSE (Folstein et al., 1975) was used as a screening tool, since it is one of the most commonly administered psychometric screening tests of cognitive functioning (O’Bryant et al., 2008). The original cut-off score of the MMSE (27) was lowered to a cut-off score of 22, in order to prevent cultural bias, as suggested by several studies (Ostrosky-Solis, Lopez-Arango, & Ardila, 2000; Villaseñor-Cabrera, Guàrdia-Olmos, Jiménez-Maldonado, Rizo-Curiel, & Peró-Cebollero, 2010). All participants with scores lower than 22 on this instrument were excluded.

In addition to the Stroop test, participants completed a comprehensive protocol to assess multiple cognitive components, including language, verbal and non-verbal visuospatial memory, attention, executive functioning, visuospatial skills and motor skills, as shown in Table 1.  

Table 1
Neuropsychological tests administered 
	Cognitive Function
	Tests

	Language
	Controlled Oral Word Association Test (COWAT) & Animals 
(Benton & Hamsher, 1976) 
Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983)


	Intelligence
	Test of Non-Verbal Intelligence 2 (TONI-2) 
(Brown, Sherbenou, & Johnsen, 2009)

	Executive functioning & attention
	Symbol Digit Modality Test (SDM) (Smith, 2002)
Trail Making Test A & B (TMT-A & TMT-B) (Reitan, 1958)
Benton Visual Retention Test (BVRT) (Benton, 1974)
Action Fluency Task (Piatt, Fields, Paolo, & Tröster, 1999)

	Learning & Memory
	Test de Aprendizaje Verbal España-Complutense (TAVEC) 
(Benedet & Alejandre, 1998)
Rey-Osterrieth Complex Figure Test (delayed reproduction) 
(Rey, 2009)
Serial Digit Learning Test (SDLT) 
(Benton, Sivan, Hamhser, Varney, & Spreen, 1994)


	Visuospatial skills
	Rey-Osterrieth Complex Figure Test (copy) (Rey, 2009)
Line Orientation Test (LOT) (Benton, Varney, & Hamsher, 1978)



Undergraduate psychology students completed a one-week exhaustive training for all neuropsychological tests used in this study, which included administration procedures, correction and scoring protocols for each test. All examiners administered all tests under the same conditions. Both the examiners and the lead researcher verified all scoring procedures. 

Stroop. Golden’s version of the Stroop test (Golden, 1978) was selected for this study. This version consists of three pages: one with words, one with colored “XXXX’s” and another that combines colors and words. Each page has five columns, containing 20 items, for a total of 100 items per page. The first page has the words “red”, “green” and “blue” printed in black ink. The participants are asked to read the words in the columns. The second page has a group of “XXXX’s” printed in either red, blue or green ink. The participants are asked to name the ink color. The third page has the words “red”, “green” and “blue” printed in ink that does not correspond with the written word. Here participants are asked to name the ink color each word is printed in. In each task, they must answer as fast as they can without making any mistakes. The evaluator registers the person’s progress during that time and corrects the participant if a mistake is made. The score of each task is the number of items named correctly within a 45-second period. After each participant’s results are registered, the interference score is calculated. The interference index is calculated following Golden’s classic formula (Words x Colors)/(Words + Colors). Then, the interference index is subtracted from the Word Color Total and the final outcome is the interference value (Llinàs-Reglà et al., 2013).

Statistical analysis
To verify the effect of the demographic variables age, gender and educational level on the Stroop scores, we ran an ANOVA with a multivariate general lineal model procedure. The levels of Age corresponded to the proportions in the sample: Age was given four levels: 16-30 years (N = 54), 31-50 years (N = 76), 51-70 years (N = 73) and 71-80 years (N = 36). Gender had two categories: Male and Female. Also, in accordance with the proportions of the sample, Educational level was given three levels: 0-6 years (Up to Primary, N = 77), 7-12 years (Secondary, N = 80) and 13+ years (College and more, N = 82).

The variables with main significant effects on the Stroop scores were used to stratify the normative data. To obtain the norms, the raw scores were transformed to Z scores and then to T scores by running the respective SPSS 17.0 procedures. We ran a Cronbach’s Alpha to establish the reliability of the Stroop four subscales and reported the correlations among the subscales.

Standardization rationale 
To control for demographics, we used the classic standardization, based on the generation of normative data for each reference group. The reference groups were those who obtained statistical significance influence upon the dependent variables. Our groups were not arbitrary strata but appropriate proportions of the real population on age, educational level and gender.

We justified elsewhere (Silvestre, Iglesias, & Silvestre, 2018) the use of this methodology due to the limitations of the use of regression coefficients combined with the standard deviation of the residual to obtain percentiles. Our use of the T distribution, with a mean of 50, and a standard deviation of 10, is very similar to the percentage scale, but is completely equivalent to the standard values.

Results
Demographic effects
On Table 2, we can find a summary of the ANOVA results giving the sources, F, degree of freedom, partial Eta2 and the power of the analysis. As shown on Table 2, age and educational level had significant effects on the different Stroop scores. According to the partial Eta2, age explained 25% of the variance of the Color scores, 24% of the variance of the Word-Color scores but only 11% of the variance of the Word scores. Age had no significant effect on the Interference scores. Education explained 43% of the variance of the Word scores, a good deal of the Color scores (29%) and the Word-Color scores (20%) but only 4% of the Interference scores.


Table 2
Summary of the ANOVA results on the effect of sex, education and age on the Stroop scores
	Source
	F
	df
	Sig.
	Partial Eta2 
	Power

	Age: Word
	8.81
	3, 215
	.000
	.109
	.995

	Age: Color
	25.01
	3, 215
	.000
	.251
	1.000

	Age: Word-Color
	22.77
	3, 215
	.000
	.241
	1.000

	Educational level: Word
	80.19
	2, 215
	.000
	.427
	1.000

	Educational level: Color
	44.33
	2, 215
	.000
	.292
	1.000

	Educational level: Word-Color
	4.04
	2, 215
	.000
	.200
	1.000

	Educational level: Interference
	3.91
	2, 215
	.022
	.036
	.720



On Figure 1, we can observe the effect of age on the different Stroop scores. In general, as age increases, these scores decrease. With the post hoc multiple comparisons, using the Bonferroni correction, we confirmed that the means on Words were always greater for the 16-30 group, than those of the 31-50 group, which, in turn, we’re greater than those of the 51-70 group. Nevertheless, the Words means for this last group were not different from those of the 71-80 group. This happened with all the scores except with the Interference scores, which were not different from each other. Consequently, we only calculated norms for three groups of age: 16-30, 31-50 and 51-80. 



Figure 1. Effect of age on the Stroop scores

Figure 2 presents the effect of educational level on the different Stroop scores. Inversely to what happened with age, this time the Stroop scores increase as education increases. The multiple comparisons confirmed that the mean scores for the three levels of education were different among themselves for the Word, Color and Word-Color scales. Although the ANOVA presented a very small effect of the educational level on the Interference scores, the multiple comparisons did not show any significant differences among the means from the three levels of education on these scores. For this reason, the norms for the Interference scores must not contemplate any level of education.



Figure 2. Effect of education on the Stroop scores

Therefore, there are nine groups of norms for each of the scores of Word, Color and Word-Color, according to the three levels of education and the three levels of age, in other words, 27 tables of norms. The Interference scores will have only one norm for the total of the sample. We show these groups of norms on Table 3.

Table 3
Groups of Norms for the Stroop According to Age and Education
	Educational Level
	0-6
	7-12
	13+

	Age
	16-30
	31-50
	51-80
	16-30
	31-50
	51-80
	16-30
	31-50
	51-80

	N
	16
	25
	36
	18
	27
	35
	20
	24
	38

	Group
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Word
	W1
	W2
	W3
	W4
	W5
	W6
	W7
	W8
	W9

	Color
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9

	Word-Color
	WC1
	WC2
	WC3
	WC4
	WC5
	WC6
	WC7
	WC8
	WC9

	Interference
	Total
	
	
	
	
	
	
	
	


Note: W = Word; C = Color; WC = Word-color.

Reliability
The Cronbach Alpha reliability index among the four Stroop scores was high enough (Alpha = .69), but when calculated without the Interference score (three items), this index was even higher (Alpha = .81).

Normative data
A total of 10 tables of norms for the Stroop test are presented in the Supplementary Data. 

Discussion 
The aim of our study was to establish the normative data of the Stroop test (Golden’s version) for the Dominican population, taking into account the possible influence that demographic variables such as age, gender and educational level may have on Stroop performance. 

In our sample, age had a significant effect on Color, Word, and Word-Color scores, but had no significant effect on the Interference scores. Therefore, an increase in age was associated with a decrease on the Stroop tasks scores, as the younger group performed significantly better on them. These findings are in line with studies with Latin American populations (Rivera et al. 2015), Spanish speaking samples (Peña-Casanova et al., 2009; Ramos-Goicoa et al., 2016), and with other previous normative studies (Moering et al., 2004; Seo et al., 2008; Van Boxtel et al., 2001; Van der Elst et al., 2006). 

Likewise, the educational level had a significant effect on the scores of the three Stroop tasks, but not a significant one on the Interference scores. These results indicate that as education increases, the Stroop scores improve for the Word, Color and Word-Color tasks, similar to results found on previous studies (Llinás-Regla et al., 2013; Rivera et al. 2015; Steinberg et al. 2005). Therefore, our findings suggest that education plays an important role on Stroop performance (Norman et al., 2011). 

On the contrary, gender had no significant effect on the Stroop scores, in agreement with results found on previous studies (Brugnolo et al., 2016; Daniel et al., 2000; Hankee et al., 2016; Morrow, 2013; Peña-Casanova et al., 2009; Rognoni et al., 2013). For this reason, Rivera et al. (2015) proposed that gender norms should not be calculated for Latin American populations. However, there is considerable evidence that suggests that women tend to be faster than men on all trials of the Stroop test (Andrews et al., 2012; Oosthuizen & Phipps, 2012; Tremblay et al., 2016;), specifically on the color naming task (Bezdicek et al., 2015; Llinás-Regla et al., 2013; Moering et al., 2004; Van der Elst et al., 2006). The differences found between studies may be due to a number of factors, such as the use of different versions of the Stroop, sample size, different age ranges and cross-cultural influence.

There are, however, some limitations that must be accounted for. Our sample excluded participants who were illiterate, under the age of 16, or that had a history of neurological conditions. Therefore, these findings cannot be generalized to them. Also, the influence of bilingualism on Stroop performance was beyond the scope of this study, so it wasn’t taken into account. Furthermore, it is important to acknowledge that Intelligence Quality (IQ) based norms, instead of educational level-based norms, could be more accurate for the Stroop test (Steinberg, Bieliauskas, Smith, & Ivnik, 2005). However, all of the normative studies previously mentioned, including ours, have still established norms based on educational level (Norman et al., 2011; Rivera et al., 2015). 

On the subject of literacy, both the Stroop test used in this study and the other versions previously mentioned are all language-based. New alternative tests have been developed, such as the Colored Number Test (CNT; Kulaif & Valle, 2008), in which the participant is not required to read, but instead must identify certain colors and digits (Kulaif & Valle, 2008) and the 5 Digit Test or Digital Stroop (5DT; Sedó, 2004), meant for “illiterate, color-blind, color-anomic and dyslexic participants” (Sedó, 2004, p. 827). The development and application of these alternative tests is vitally important because it will allow the assessment of the “Stroop Effect” of a previously ignored but substantial population, since approximately 750 million youth and adults still cannot read and write worldwide (UNESCO, 2017), which is more of a reality in countries such as ours.

In conclusion, we found that age and educational level influenced the performance on the Stroop test and, as a result, norms were developed accordingly. In addition, our findings can only emphasize the necessity of standardizing neuropsychological tests, in the interest of conducting valid assessments in clinical settings and providing accurate diagnoses. The clinical implication of overlooking the important influence that cultural context and demographic variables can have on performance, would only result in inaccuracy and detriment of the diagnoses of the populations at hand. 
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