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RESUMEN

El objetivo principal de la presente tesis doctoral es estudiar el impacto de los sesgos
culturales en el neurodesarrollo de los nifios y nifias del mundo arabe. Para ello, la tesis
se estructura de ocho capitulos agrupados en tres partes generales: una primera parte
de introduccion, una segunda parte empirica y, por ultimo, una tercera parte de

discusidn, observaciones finales y recomendaciones futuras.

En la primera parte, se conceptualiza el término de cultura, cdmo interacciona ésta con
la cognicidn y el cerebro, y la historia y estado actual de la neuropsicologia transcultural
(Capitulo 1). Posteriormente, en el Capitulo 2, se profundiza en el papel de la cultura
durante el neurodesarrollo infantil, los sesgos culturales que pueden influir en éste, y el
estado actual e importancia del estudio poblaciones no occidentales, concretamente el
mundo arabe, para una mayor comprension del desarrollo sano y patolégico infantil.
Finalmente, en el Capitulo 3 se justifica el propdsito de la tesis y se presentan los

objetivos generales y especificos de la presente tesis.

La segunda parte consta de tres capitulos correspondientes a tres estudios cientificos.
En el primer estudio, Capitulo 4, se presenta un estudio de revisién de la neuropsicologia
transcultural mediante una técnica de machine learning para sintetizar y clasificar la
literatura acumulada en el campo, encontrando una excesiva prominencia de estudios
en Estados Unidos, lenguaje inglés, y cultura americana. En segundo lugar, los estudios
con poblacién adulta aparecen alrededor de tres veces mas que los estudios con
poblacién infantil. Finalmente, se obtuvieron 25 temas de estudio recurrentes en el
campo de la neuropsicologia transcultural, entre los que destaca la evaluacion

neuropsicoldgica, entrenamiento y metodologia, y el estudio de la demencia.
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En el Capitulo 5, se estudian los sesgos culturales en la evaluacién de la inteligencia
infantil mediante la aplicacién de una prueba no verbal, y supuestamente “libre de
cultura” (Raven’s Coloured Progressive Matrices; CPM), a una muestra de nifos y nifas
marroquies de 7, 9 y 11 afios con un desarrollo sano. El propdsito del estudio fue
comparar las puntuaciones brutas y transformadas (rangos y Cl) de los participantes
mediante los baremos de tres paises no representativos: Espafia, Omadn, y Reino Unido.
En general, estos baremos provocaron errores de clasificacién, con los peores resultados
al aplicar las normas de Reino Unido: el 15.68% de los participantes cayeron en el rango
de “discapacidad intelectual” y el 62.50% “por debajo de la media”. El Cl transformado
también se vio sesgado, especialmente con los baremos britdnicos y en edades

superiores.

En el tercer y ultimo estudio, Capitulo 6, se lleva a cabo un metaandlisis para estudiar el
desarrollo de la inteligencia de nifios y nifias entre 6 y 11 afios en el mundo 4rabe, asi
como una comparacidon entre puntuaciones brutas y transformadas a Cl mediante
baremos no representativos britanicos de la CPM. Mientras que el metaanalisis y las
puntuaciones mostraron un desarrollo normal, con puntuaciones de inteligencia
relacionadas positivamente con la edad, se encontro el efecto contrario al transformar
estas puntuaciones a Cl: mientras que a los 6 afios el Cl estaba alrededor de 100 puntos,
este disminuyé con la edad hasta llegar a un Cl de 62 (mas de 2 desviaciones tipicas por
debajo de la media, considerado como supuesta “discapacidad intelectual”) a los 11

anos.

Finalmente, en la tercera parte, se discuten los resultados de manera general junto con

sus consecuentes implicaciones tedricas y prdcticas (clinicas y educativas) en el Capitulo
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7, para concluir planteando una lista de observaciones finales y recomendaciones

futuras basadas en los hallazgos obtenidos en el Capitulo 8.
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SUMMARY

The main objective of this doctoral thesis is to study the impact of cultural biases on
neurodevelopment of children from the Arab world. For this purpose, the thesis is
structured into eight chapters grouped into three general parts: an introduction part, an
empirical part, and finally, a third part based on the discussion, concluding remarks, and

future recommendations.

The first part conceptualizes the term culture, how it interacts with cognition and the
brain, and cross-cultural neuropsychology's history and current state (Chapter 1).
Subsequently, Chapter 2 delves into the role of culture in child neurodevelopment, the
cultural biases that may influence it, and the current status and importance of the study
of non-Western populations, specifically the Arab world, for a better understanding of
healthy and pathological child development. Finally, Chapter 3 presents the rationale

and objectives of this thesis.

The second part consists of three chapters for three scientific studies. Chapter 4
presents a review of cross-cultural neuropsychology using a machine learning technique
to synthesize and classify the accumulated literature in the field, finding an excessive
prominence of studies in the United States, English language, and American culture.
Studies with the adult population appeared about three times more than studies with
non-adults. Finally, 25 frequent topics in the field of cross-cultural neuropsychology
were obtained, among which neuropsychological assessment, training and

methodology, and the study of dementia stand out.
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In Chapter 5, cultural biases in the assessment of child intelligence are studied by
applying a nonverbal and supposedly "culture-free" test (Raven's Coloured Progressive
Matrices; CPM) to a sample of 7-, 9-, and 11-year-old Moroccan children with healthy
development. The purpose of the study was to compare the participants' raw and
transformed scores (ranks and 1Q) using the norms from three non-representative
countries: Spain, Oman, and the United Kingdom. Overall, these norms caused
misclassification errors, with the worst results when applying the UK norms: 15.68% of
participants fell into the "intellectual disability" range and 62.50% "below average."

Transformed IQ was also biased, especially when using the UK norms at higher ages.

In the third study, Chapter 6, a meta-analysis is conducted to study the intelligence
development of children aged 6-11 years in the Arab world, as well as a comparison
between raw and transformed scores to IQ using non-representative British WPC scales.
While the meta-analysis and scores showed normal development, with intelligence
scores positively related to age, the opposite effect was found when transforming these
scores to IQ: while at age 6, IQ was around 100 points, it decreased with age to an IQ of
62 (more than two standard deviations below the mean, considered as a presumed

"intellectual disability") at age 11.

Finally, in the third part, the results are discussed with their consequent theoretical and
practical (clinical and educational) implications in Chapter 7. Concluding remarks and

future recommendations based on our findings are presented in Chapter 8.
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INTRODUCTION
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CHAPTER T:

Cross-Cultural Neuropsychology

Parts of this chapter were included in:

Lozano-Ruiz, A., Fasfous, A. F., Puente, A. E., Perez-Garcia, M., & Daugherty, J. C. (2023).
Is Cross-Cultural Neuropsychology Globally Representative? A Text Mining

Review of the Literature. [Manuscript submitted for publication]
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CHAPTER 1:

Cross-Cultural Neuropsychology

Several neuropsychologists have explored the influence of culture on
neuropsychological performance in recent decades (Ardila, 1995; Puente & Agranovich,
2013; Uzzell et al., 2013). However, culture has been defined in different ways by various
fields, making it sometimes challenging to understand its relationship to
neuropsychology. Given the multiple definitions, how can we comprehend this complex

concept?

1. Definition of Culture

From a psychological perspective, Matsumoto & Juang (2004) define culture as “a
dynamic system of rules, explicit and implicit, established by groups to ensure their
survival, involving attitudes, values, beliefs, norms, and behaviors, shared by a group but
harbored differently by each specific unit within the group, communicated across
generations, relatively stable but with the potential to change across time.” Although
complex, this definition tries to operationalize in the most objective way possible the
different dimensions other authors have proposed after thorough reviews (for example,
the work by Soudijn et al., 1990, where they analyzed more than 100 definitions from

different theorists).

The definitions proposed by other fields are closely related. For instance, Peoples &
Bailey (2014) define culture from an anthropological perspective as “the socially
transmitted knowledge and behavior shared by some group of people.” On the other
hand, Schein (1991) proposes a definition of culture from a sociological perspective

structured in 6 points:
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" A pattern of shared basic assumptions,

invented, discovered, or developed by a given group,

as it learns to cope with its problems of external adaptations and internal
integration,

that has worked well enough to be considered valid, and, therefore,

is to be taught to new members of the group

as the correct way to perceive, think, and feel in relation to those problems.”

Ardila (2017) proposes that “culture is the specific way of living of a human group,”

covering three main dimensions:

1.

internal, which refers to the subjective and psychological representation of
culture, and which includes “thinking, feeling, knowledge, values, attitudes, and
beliefs,”

behavioral, which includes how culture is expressed through interactions and
relationships with others, and

cultural elements which are characteristic of a group (i.e., physical elements,

such as instruments or clothes).

Furthermore, it is essential to clarify that culture is not a static entity, but rather it

possesses a cyclical and dynamic nature. Culture can be seen as a constantly evolving

process of adaptation that reinforces itself through a cycle of reciprocity. This process is

influenced by various factors, including economic, political, and social conditions and

technological and environmental changes (Hofstede, 2001).
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In summary, culture is a complex and multifaceted concept defined and studied from
various perspectives, including psychology, anthropology, and sociology. While there
may be many different definitions of culture, they all highlight its central role in shaping

human behavior and social relationships and its potential to evolve and adapt over time.

2. Cultural Neuroscience

Cultural neuroscience investigates the bidirectional interaction of culture, brain, and
genes (Chiao & Ambady, 2007). In other words, it is an interdisciplinary field that
combines anthropology, cultural psychology, neuroscience, and neurogenetics (Chiao et
al., 2010). From this perspective, culture is perceived as an acquired ability for which the

human being is neurobiologically prepared (Ames & Fiske, 2010).

To consolidate and conceptualize the accumulated evidence on these interactions, Li
(2003; 2009) proposed a “cross-level dynamic biocultural coconstructivism” model
framework (Figure 1). This way, developmental plasticity occurs simultaneously across
levels and time scales. In other words, this takes place within the different lifespan
stages through neurobiological, cognitive, behavioral, and sociocultural interactions. At
the same time, bidirectional reciprocal biocultural influences are implemented
throughout these interconnected processes of plasticity, thus conforming to this cross-

level dynamic biocultural coconstructive framework.

Chiao et al. (2016) synthesized all the research in cultural neuroscience in a handbook,
covering the study of lower- and higher-order processes: emotion, cognition, social
cognition, intergroup processes, culture-genes interactions, and cultural disparities in

health. For instance, differences have been found between individualistic and
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collectivistic cultures in the serotonin transporter gene (5-HTTLPR) related to depression
and anxiety (Chiao & Blizinsky, 2010), or in visual processing, finding object-processing
(analytic) versus context-processing (holistic) styles for Westerns and East Asians,

respectively (Goh & Park, 2009).

SOCIAL SITUATIONAL CONTEXTS AND CULTURE-GENE COEVOLUTION
INDIVIDUAL COGNITION AND BEHAVIOR
Cultural and evolutionary plasticity
Behavioral and Cognitive Plasticity

GENETIC AND NEURONAL EPIGENESIS

Genetic and neural plasticity

Figure 1. Diagram of the cross-level dynamic biocultural coconstructivism framework.

Adapted from Li (2003).

One of the main purposes of cultural neuroscience is to reduce the research biases that
currently exist in neuroscience, where most studies have been conducted exclusively in
Western populations and do not consider cultural variables (Chiao, 2009; Chiao et al.,

2010).

Cross-cultural neuropsychology could be considered a subfield within cultural
neuroscience, primarily emphasizing the relationship between culture and

neuropsychological function. This is the focus of this doctoral thesis.

3. Cultural Variables and Neuropsychological Performance
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Puente & Agranovich (2013) state that "culture may play a much broader role than
possibly age and education in shaping neuropsychological function." Despite its
importance, the study of culture in neuropsychology has not always been a focus for all

researchers, with some overlooking its significance.

Although the different cultural factors influencing neuropsychological functioning have
yet to be objectively quantified, some authors have attempted to list the most important
ones. According to Ardila (2007), cultural variables that may affect neuropsychology
include patterns of abilities, cultural values, familiarity, language and differences in
language, and schooling. Ardila (2020) also mentions acculturation as an important

concept, although not directly a cultural factor.

Puente & Agranovich (2013) also point out five examples of trends in the field of cross-
cultural neuropsychology: time, attitude toward testing, values and meanings, modes of

knowing, and patterns of abilities.

The most relevant ones are summarized and explained below.

3.1. Patterns of Abilities and Modes of Knowing

The pattern of abilities refers to specific skills learned under a given culture, education,
and environment. This may be reflected in the performance of neuropsychological tests
and lead to differences between cultures or cohorts (Puente & Perez-Garcia, 2000). For
example, in the Arab (Rugh, 2002), Ecuadorian (Bojorque et al., 2021) and Chinese (Li &
Cutting, 2011) cultures, rote learning and "repeating pattern abilities" have been
traditionally widespread, while other cultures and more recent approaches advocate for

play-based pedagogies (Walsh et al., 2010).
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Similarly, modes of knowing influence how we define cognitive skills and, consequently,
how we create and develop tests to measure them. For instance, intelligence tests are
primarily created in western cultures, giving more importance to reasoning and memory

aspects than social aspects (van de Vijver & Tanzer, 2004).

3.2. Values, Meanings, and Familiarity

The concept we have about things, definitions and meanings can also affect
neuropsychological performance. Ardila (2005) lists eight cultural values that can affect
the psychometric properties of neuropsychological tests: one-to-one relationship,
background authority, best performance, isolated environment, type of communication,
speed, internal or subjective issues, and use of specific testing elements and testing
strategies. These cultural factors are closely related to psychometric testing, as they can

impact how we understand and interpret items or stimuli.

In this way, western tests can be misunderstood by non-western cultures even if these
tests are nonverbal since stimulus characteristics such as shape, aesthetics, or geometry

can influence the decisions made about the chosen response (Fernandez & Abe, 2018).

Finally, familiarity refers to strategies and attitudes required to solve problems and
success (Ardila, 2020), another factor closely linked to values and meanings. For
instance, Fasfous et al. (2013b) found that familiarity with psychological tests caused
cross-cultural differences in a nonverbal intelligence test between Spaniards and
Moroccans, showing that the abilities required to perform the task differed across these

cultures.
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3.3. Attitudes Toward Testing

Attitudes toward testing can have both a positive and a negative influence on
performance. For example, some cultures may not be accepting or consider appropriate
to converse with strangers (Puente & Agranovich, 2013). On the other hand, Hispanics
may perceive neuropsychological evaluation as a beneficial process in which they must

be actively involved (Puente & Ardila, 2000).

3.4. Language

Language has always been one of the most striking cultural variables in psychology,
partly because of the interest in bilingualism and its clinical implications in several

neuropsychological disorders (Rosselli & Ardila, 2018).

Languages differ in complexity, grammar, and phonology and generally modulate how
we perceive the world (Ardila, 2020). For instance, European languages vary
considerably in complexity. While German and Finnish present the most complex
morphology, Romance languages such as Italian, French, or Portuguese present
morphologically simple structures (Sadeniemi et al, 2008). In the same way, Romance
languages have a significantly more logical word order than Finno-Ugric languages,
which have a very flexible word order. For this reason, language complexity can delay

the acquisition and development of basic literacy skills (Spencer, 2007).

Similarly, different dialects of the same language can be spoken by similar cultures. For
example, in the 22 countries of the Arab world, each has its dialect, with some being
incomprehensible between Arab countries (Fasfous & Daugherty, 2022). Furthermore,

some countries are multilingual due to Western colonization and speak their dialect
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influenced by several languages, as in Morocco, where French is a language for formal
contexts. In contrast, Dariya, an Arabic dialect, is used in informal and social contexts,
the street and shops (Daniel & Ball, 2010). In short, language is not only a factor that
distinguishes cultures and places, but also populations within the same or similar

cultures.

Furthermore, reading habits can influence our conceptualization of temporal
references. People who write from left to right (e.g., English or Spanish speakers) place
the past on the left and the future on the right in their mental timeline. In contrast, right-
to-left readers, such as Arabic or Hebrew speakers, place these temporal moments in
reverse (Ouellet et al., 2010). Similarly, it has also been shown that these reading habits
can affect aesthetic preferences of static and mobile objects in simple image stimuli
(Chokron & De Agostini, 2000; De Agostini & Chokron, 2002). Thus, directional
tendencies can also affect the way in which we respond to stimuli in a

neuropsychological test (i.e., Rey-Osterrieth Complex Figure; Portex et al., 2017).

3.5. Education

Education is another variable that can differ across cultures and directly affects
neuropsychological function and tests (Ardila, 2007). Years of formal education have
been found to be positively related to multiple functions such as memory, working
memory, or verbal and semantic fluency, among others (Ostrosky-Solis et al., 1999),
even when tests are nonverbal (Rosselli & Ardila, 2003). On the other hand, illiteracy has
an inverse influence on cognition, and extensive literature has found poor performance

scores in most domains (Ardila, 2007; Julayanont & Ruthirago, 2018).
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In contrast, the quality of education can also influence neuropsychological performance
(Fernandez, 2022). Manly et al. (2002) demonstrated that the quality of education
measured by reading skills improved the neuropsychological performance of older
people compared to the number of years of education. Similar findings have been
replicated in the decrease in cross-cultural differences when controlling for this variable
(Cave & Grieve, 2009; Shuttleworth-Edwards, 2016). In this sense, complementing both

level and quality is necessary (Fujii, 2018).

Secondly, the education system also varies across cultures and countries. For example,
preschool education is not compulsory in some countries, such as Spain (Sandstrom,
2012), so not all children begin to have contact with formal learning before age 6.
Moreover, cognitive style and learning strategies can also modulate cognition (Riding &
Rayner, 2013). As explained before, patterns of abilities and modes of knowing, which
are acquired at school stages, can affect how an individual plans and solves a task and
the strategies we use to reach this goal. For example, Koster et al. (2020) found cross-
cultural differences between German and Cameroonian children in developing new
ideas, in favor of the first, where it was indicated that early access to individual thinking

compared with repetition-based learning had a positive impact.

3.6. Attitudes Toward Time

The influence of our perception of time is a variable that has been studied very little in
neuropsychology. Agranovich et al. (2007; 2011) found cross-cultural differences
between Americans and Russians on attitudes toward time and explored how these may
influence timed tests such as the Color Trail Test or the Ruff Figural Fluency Test. While

American culture is used to time-based activities, Russian culture is based more on
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"taking the necessary time,” which may directly affect neuropsychological tests in which
time is taken into account. Even more, half of the Russian sample reported never having
a timed test. The authors found that Americans outperformed Russians in timed tests,
while no differences were found on untimed tests. Therefore, time and the attitudes

and familiarity we have toward it can influence neuropsychological performance.

3.7. Acculturation

Acculturation was defined by Redfield et al. (1936) as “those phenomena which result
when groups of individuals having different cultures come into continuous first-hand
contact, with subsequent changes in the original culture patterns of either or both

groups.”

Acculturation can be seen as either a one-dimensional process of adopting a new culture
or as a bi-dimensional model that also considers the maintenance of an individual's
original culture (Berry, 1997; Celenk & Van de Vijver, 2011). Based on this, there are four
acculturation strategies that individuals may adopt: assimilation, marginalization,

separation, and integration (Berry et al., 2003).

Assimilation involves abandoning one's original culture in favor of adopting a new
cultural identity. In contrast, marginalization involves not only the rejection of one's own
culture but also a lack of interest in adopting the dominant culture. These two strategies

align with the adoption factor of acculturation.

Separation strategies involve maintaining one's own culture while ignoring the
dominant culture. On the other hand, integration strategies involve the maintenance of

an individual's original culture and adopting elements of the dominant culture. These
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two strategies correspond to the maintenance factor and together, they form a bi-

factorial model of acculturation (Berry et al., 2003).

Nevertheless, the mechanism behind acculturation’s influence on neuropsychological
performance is yet ambiguous. A systematic review by Tan et al. (2021) found
heterogeneity in its effects, although there is evidence that it generally influences
numerous verbal and nonverbal tests. Hence, it is important to consider acculturation

when carrying out a neuropsychological assessment.

4. History of Cross-Cultural Neuropsychology

Although the earliest interest in the importance of cultural variables on cognitive
performance could be attributed to Vygotsky, Luria's 1931 expedition to the Soviet
Republic of Uzbekistan (Luria, 1933) likely catalyzed cross-cultural neuropsychology
(Nell, 1999). The Uzbek investigations, which focused on studying the intellectual
abilities of a group of peasants, were replicated in 1984 with almost the same results by
Gilbert in KwaZulu, South Africa (1990). These findings suggested that the role of culture,
and education, were possibly more critical than the actual state of the brain itself
(Glozman, 2018). Unfortunately, in Nell's (1999) own words, Gilbert's findings "sank
quietly into oblivion, ignored by the neuropsychologists and other students of cognitive

processes who should be consulting them."

Due to the work of Luria or Gilbert, the impact of education and illiteracy on cognitive
performance began to be of special attention to other researchers in the field, especially
Alfredo Ardila (Ardila et al., 1989; Ardila et al., 1994; Ardila et al., 2010) and colleagues

(Matute et al., 2012; Ostrosky-Solis et al., 1998; Ostrosky-Solis et al., 2004; Rosselli,
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1993). These investigations were undoubtedly necessary for our understanding of

cognitive and brain organization in normal and clinical conditions.

Ardila was also the first to officially introduce the term "cross-cultural neuropsychology"
in a scientific article in 1993 (official year of publication: 1995). He played a leading role
in the field, being the most influential researcher in the formalization of cross-cultural
neuropsychology with his contributions. The author defined the discipline as the study
of "the influence of cultural variables on cognition from a neurological perspective"
(Ardila, 2020). His definition has brought to light issues which could be broadly covered

in 3 major questions:

1. how cultural conditions affect neuropsychological tests,
2. how brain organization and cognition vary across cultures, and
3. whether neuropsychological pathologies are affected similarly depending on the

culture.

Ardila (1995) concluded that "cross-cultural neuropsychology represents a critical new
direction of research and will challenge neuropsychologists in the twenty-first century."

The question remains, has Ardila’s prediction come to pass?

5. Current Status of Cross-Cultural Neuropsychology

With the turn of the century, there was a resurgence of interest in cross-cultural
neuropsychology. Three major books devoted to the field were published (Nell, 2000;
Fletcher-Janzen et al., 2000; Uzzell et al., 2013). Other manuals about specific
populations, such as Hispanics (Ponton & Leén-Carridn, 2001), Asian-Americans (Fuijii,

2011), and other diverse minority groups (Ferraro, 2002), or multicultural mental health
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(Paniagua & Yamada, 2013) contributed to the consolidation, thus establishing a firm
theoretical pillar to advance research in the sub-specialty. Recently, in 2022, two new
handbooks were published: one on the cultural influence on neuropsychological
performance (Ferndndez & Evans, 2022) and another on ethnically diverse communities

(Irani, 2022).

In addition to handbooks, other research emerged in a wide variety of topics and
methodologies, such as the study of differences between cultures within the same
country (Byrd et al., 2004) or between countries within the same culture (Buré-Reyes et
al., 2013); the influence of time attitudes on neuropsychological assessment
(Agranovich et al., 2011); the development of cross-cultural batteries for both children
(Fasfous et al., 2015) and adults (Nielsen et al., 2019); or systematic reviews about the
availability of neuropsychological tests in specific populations (Byrd et al., 2008; Fasfous
et al., 2017; Rachel et al., 2021). Additionally, new methodologies have emerged with a
particular focus on clinical implications, such as diagnostic errors and the misuse of
norms (Daugherty et al., 2017; Lozano-Ruiz et al., 2021; Norman et al., 2011), or cultural

considerations in forensic neuropsychology (Judd & Beggs, 2005).

The new emphasis on clinical improvement in recent years is also worth mentioning.
Fujii (2018) proposed the ECLECTIC framework to improve neuropsychological
evaluation in culturally diverse clients based on the following factors: "E: education and
literacy; C: culture and acculturation; L: language; E: economics; C: communication; T:
testing situation: comfort and motivation; I: intelligence conceptualization; and C: the
context of immigration." Some authors are already implementing the ECLECTIC in

pediatrics (e.g., Bordes Edgar et al., 2022; Moss & MacDonald, 2019), and others have
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already pointed out its utility in diverse older populations in Europe (e.g., Franzen et al.,

2022b; Nielsen, 2022).

Franzen et al. (2020) conducted a Delphi expert study on professionals in
neuropsychology from nine European countries. The experts agreed that cross-culturally
adapted tests and norms, as well as training and interpreters in clinical settings
throughout the continent, are urgently needed. These findings led to the foundation of
a European Consortium on Cross-Cultural Neuropsychology (ECCroN), whose mission is
to improve "the assessment of diverse individuals across Europe through collaborations
on test development, collection of normative data, cross-cultural clinical training, and

interpreter-mediated assessment" (Franzen et al., 2022b).

In conclusion, culture is a broad and complex concept. Its influence on cognition and the
brain is indisputable, and the interest in studying this interaction has been a growing
trend in recent decades by professionals from different fields. Cross-cultural
neuropsychology is an emerging discipline that explores how culture influences
neuropsychological performance, what are the differences and similarities across

cultures and contexts, and how neuropsychological pathologies are affected by culture.
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CHAPTER 2:

Culture and Neurodevelopment

1. Neurodevelopment

Neurodevelopment refers to the process by which the brain grows and develops over
time, starting from the early stages of gestation and continuing through childhood,
adolescence (Spear, 2013), and early adulthood (de Graaf-Peters & Hadders-Algra,
2006). It encompasses a wide range of brain structure and function changes, including
the formation of neural connections, the maturation of brain regions, and the

development of cognitive abilities and behaviors (Munakata et al., 2004).

Neurodevelopment is a dynamic and ongoing process influenced by genetic and
environmental factors (Martin et al.,, 2021; Munakata et al., 2004). Additionally,
neurodevelopment can be affected by other factors such as stressful living and housing
conditions, poor nutrition or inadequate health care (Rauh et al., 2008), and exposure
to toxins (Andersen et al., 2000; Grandjean & Landrigan, 2014). All these harmful
conditions can affect cognitive, physical, and social development, increasing disparities

between children across populations (Rauh & Margolis, 2016).

Understanding the factors that shape neurodevelopment and the ways in which it
changes over time is crucial for a range of disciplines, including psychology,

neuroscience, and child development.

2. The Influence of Culture on Neurodevelopment

According to Li (2003), culture interacts with biology to shape our minds and behavior

throughout our life. The coconstructivist paradigm proposed by this author has been put
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into practice in concrete empirical studies. For instance, the work of Boivin & Giordani
(2009) on African children suffering from cerebral malaria and HIV highlights the
importance of biocultural bidirectionality and what they call "universal brain/behavior

omnibus."

In this way, interactions with the environment within cultural contexts facilitate the
maturation of mental constructs and neural mechanisms that are essential for the
development of three different aspects: emotional, cognitive, and social development
(Chiao, 2018). From cultural neuroscience, the development of emotion has been seen
to be influenced by cultural styles of self-construal (individualistic versus collectivistic).
Khan et al. (2017) propose a biocultural framework showing the different emotional
domains influenced by culture, which may have a different developmental course across
individuals: meanings, recognition, production, subjective experience, priming

reactions, and genetic correlates.

Cultural styles of self-construal also can influence social processes, communication,
perception and understanding of the self and others in early childhood, the formative
processes of self and identity during adolescence, decision-making and social
interactions in adulthood, and how individuals perceive and respond to emotions of

others (Chiao, 2018).

Finally, culture can impact the neural basis of cognition, systems of thought (holistic
versus analytic), infant knowledge of the world, executive functions, and, in interaction
with genetics, mechanisms underlying the neurodevelopmental trajectory of cognitive

processes (Chiao, 2018).
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Therefore, the consideration of culture in the study of development, whether from the
level of analysis of neuroscience, psychology, or neuropsychology, is crucial for an

objective understanding of human development.

3. Cross-Cultural Differences in Child Development

Culture also plays a crucial role in consolidating cognitive development (Olson &
Jacobson, 2015). However, few studies have delved into neurocognitive differences

across cultures compared to those with adults.

Some investigations have studied cross-cultural differences by applying
neuropsychological batteries covering the main cognitive domains (e.g., NEPSY-II;
Korkman et al.,, 2007). For instance, Rosenqvist et al. (2017) found differences in
neurocognitive performance between Finland, Italy, and the United States, being more
pronounced at younger ages and alerting to different developmental curves across
domains. For example, language and visual tasks were more culturally sensitive to
culture than memory tasks. Other studies found similar results using the same battery
(e.g., Mulenga et al., 2001; Westman et al., 2008) and other neuropsychological

batteries (Pérez-Garcia et al., 2019).

All these differences and similarities may be influenced by cultural influences on brain
and cognitive maturation between cultures, resulting in different neurodevelopmental
curves. According to Byrd et al. (2008), the cultural developmental patterns of children
may follow a non-linear progression, thus following different rules that those of adults

(Baron, 2010).
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Despite these findings and the warnings by many authors about the applied and clinical
need for knowledge in this field (Byrd et al., 2008; Miller & Kinsbourne, 2012; Olson &
Jacobson, 2015; Rachel et al., 2021; Rosenqvist et al., 2017), research on cultural

influences during cognitive development is still scarce.

4. Cultural Bias in Child Development

The importance of culture in cognitive development has been evidenced, but its
applicability is even more critical for the practice of neuropsychology. Baron (2010)
states that “a model of normal development provides critical clinical context.” In this
way, knowing how a child's normal development works can help understand
neurodevelopmental problems better and create new instruments, diagnostics, and

interventions.

As explained before, this typical development pattern is not stable across cultures. By
analyzing the differences between cultures and considering how these may change with
age, we can better tailor our approach to improve the effectiveness of
neuropsychological instruments in different cultural contexts. However, before all that,

we must ensure that what we measure and compare is free of cultural bias.

van de Vijver & Tanzer (2004) proposed three typical sources of bias: construct, method,
and item bias. These should be considered in cross-cultural assessment during child

development to allow for an indeed, effective evaluation.
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4.1. Construct Bias

Construct bias occurs when the construct is not equivalent across cultures (Fernandez &
Abe, 2018). This can happen when the construct is not well-defined, skills required to
measure the construct are not adequately considered across cultures, the construct is
being underrepresented, or poor sampling (van de Vijver & Tanzer, 2004; Pedraza &
Mungas, 2008). For instance, the concept of intelligence varies across cultures
(Sternberg, 2007; Sternberg et al., 2001). Even more, neuropsychological abilities
required to perform intelligence tests can also differ across cultures (Fasfous et al.,

2013b).

4.2. Method Bias

Methodological issues can affect testing through three types of method bias: sample

bias, administration bias, and instrument bias (van de Vijver & Tanzer, 2004).

Sample bias refers to the incompatibility of the sample caused by nuisance factors, such
as motivation or differences in the educational system. For instance, Agranovich et al.
(2011) studied cross-cultural differences between Americans and Russians, finding that
the latest took more time to perform timed tests. This, however, was due to cross-
cultural differences in attitudes toward time. If this had not been controlled, which in
fact it was, since this was precisely the authors' purpose, sample bias could have been

presented.

Administration bias includes environmental conditions of the assessment, test
instructions, administrator expertise, and relationship and communication between the

examiner and the examinee. For example, racial socialization can underestimate
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children's neuropsychological performance due to the perceived stereotype threat

(Olson & Jacobson, 2015).

Finally, instrument bias refers to familiarity with stimuli, response procedures, and
response styles. These effects can be crucial when western tests are applied to non-

western populations (Fernandez & Abe, 2018).

4.3. Item Bias

Poor translation, nuisance factors, or inappropriate item content can cause differential
item functioning. In other words, item scores can vary while the score is the same in the
construct across cultures. Item bias can be improved through proper adaptation and
validation (e.g., following the International Test Commission Guidelines; ITC, 2017),
although a posteriori solution can be to replace the problem items (van de Vijver &

Tanzer, 2004).

Another solution related to inappropriate content, which also can affect construct bias,
is to avoid culture-specific stimuli and use widely applicable stimuli (Franzen et al.,
2022b). For example, the Computerized Battery for Neuropsychological Evaluation of
Children (BENCI; Fernandez-Alcantara et al., 2022; Fasfous et al., 2015) includes tasks in
which the stimuli are general animals (e.g., dog, horse, bird) that have been previously

proven not to be specific to a particular geographic location (e.g., leopard).

5. Current Status of Child Development in Cross-Cultural Neuropsychology

Despite findings on cross-cultural differences during childhood, and the warnings by

many authors about the applied and clinical need for knowledge in this field (Byrd et al.,
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2008; Miller & Kinsbourne, 2012; Olson & Jacobson, 2015; Rachel et al.,, 2021;
Rosenqvist et al., 2017), research on cultural influences during cognitive development,

as well as culturally adapted tests, are still scarce in comparison to that in adults.

Rachel et al. (2021) reviewed the availability of culturally adapted neuropsychological
tests among children aged 6-12. Most instruments were validated in the United States
(46.40%) and very few in non-western and lower- and middle-income countries. For
example, only 6 studies were found in Sub-Saharan Africa, and only 2 in the Arab world.
Overall, most of the measures showed a lack of any of the psychometric properties or

adequate adaptation.

Fasfous et al. (2017) already alerted about the low, though growing, availability of
adequately developed, translated, adapted, and standardized tests in Arab countries,
inciting the need for more work in the field due to the magnitude and heterogeneity of
the Arab-speaking community. The importance of studying non-western cultures, such
as the Arab world, could be a crucial point to understanding how cognition in children

and adults is related to culture.

It is positive to note the increasing interest in recent years in the Arab child population.
For example, Er-Rafiqi et al. (2021) studied the development of cognitive flexibility and
planning skills in Moroccan children, in addition to working memory and inhibition (Er-
Rafiqi et al., 2022). In both studies, the authors emphasize the lack of normative data,
in this case of executive functions, and the need for such evidence to better understand
development in North Africa. Similar findings are pointed out by Roukoz et al. (2021) in

a study of Lebanese children’s development.
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6. Cognitive Abilities as a Proxy to Understand the Impact of Culture on Child

Development

The importance of focusing on unstudied populations to understand the role of culture
during cognitive development is now on the table. However, the results are
heterogeneous across cultures, and most studies, either within the same context or
across cultures, have focused on studying specific functions, being very few that tried to
study cross-cultural differences in all cognitive domains (e.g., Pérez-Garcia, 2019 or

Rosenqvist et al., 2017).

For example, executive functions have been a central topic of interest and,
simultaneously, a source of heterogeneity of results. A review by Schirmbeck et al.
(2020) found 26 studies that investigated cross-cultural differences in the development
of executive functions during childhood. They found cross-cultural differences but also
a high disparity of outcomes because of the wide variety of tasks, subdomains, and

applied measurement formats (direct versus parent or teacher rating assessment).

Ardila (2018) discusses the heterogeneity in executive functions and how these, when
considered metacognitive functions, can be equivalent to intellectual abilities. For this
reason, intelligence measures are widely used as a general measure of cognitive abilities
worldwide. At the same time, the importance of intelligence during non-adult stages is
crucial as a guide to normal development (Birney & Sternberg, 2006). Even in countries
where neuropsychological testing is scarce or non-existent, the availability of
intelligence tests is not as sparing (e.g., nonverbal intelligence tests in the Arab world;

Fasfous et al., 2017).
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However, this feasibility is a double-edged sword: the use of intelligence tests, both
verbal and nonverbal, is widespread around the world either to estimate the
development of cognitive skills, general executive functions, or simply intelligence. On
the other hand, the availability of tests, especially nonverbal ones, make them cross
cultures without prior adaptation and validation, which continues to be done despite

having been warned decades ago (Greenfield, 1997).

Therefore, the use of intelligence tests can be beneficial from the point of view of cross-
cultural neuropsychology to address two of the major problems: to study the influence
of culture on cognitive development and to study the influence of culture on the
performance and measurement of the test itself. In addition, the application of
intelligence tests created in western cultures will be practical to understand how cultural
variables, and more importantly, cultural biases, may affect cognition during

development.

7. Impact of Culture on Child Development in the Arab World

The Arab world reached over 456 million people in 2021 (World Bank, 2022). Despite
representing more than 5% of the world's population, even more than countries such as
the United States, neuropsychological research in the Arab world is scarce and more

common in adult populations (Fasfous et al., 2017).

As previously mentioned, studying new populations and cultures is beneficial for several
reasons. First, it allows us to obtain new information on how culture may influence the
development and study normal and pathological development in new contexts. Second,

having new evidence in a previously unstudied culture allows us to develop the
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profession of neuropsychology from theory and practice (e.g., developing new
instruments). For instance, the number of culturally validated tests in the Arab child
population is very limited and nonexistent in some Arab countries (Fasfous et al., 2017;

Rachel et al., 2021).

In addition, studying the Arab population may be beneficial to better understanding
different cultural biases. For example, the study by Fasfous et al. (2013b) found that
familiarity with neuropsychological tests differed between Morocco and Spain, as
children from one country and the other used different strategies to solve the same
nonverbal intelligence test. These findings demonstrated how this familiarity with
assessments can affect the evidence of the measured construct, but more importantly,
this is a clear example of the advantages of studying child populations in non-western

cultures, specifically the Arab world.

The present thesis focuses on the study of neurodevelopment in the Arab world, a
population with an important and evident global representation, which requires further
research and development of the profession, and which can also be useful and beneficial

to better understand the role of culture in non-adult cognitive development.
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CHAPTER 3:

Rationale and Objectives

As stated in the introduction, there is a substantial gap in publications and research
focused on cross-cultural child neuropsychology (Byrd et al., 2008; Olson & Jacobson,
2015; Rachel et al., 2021). A few studies on this topic have found differences in the
development of neuropsychological functions influenced by culture (Pérez-Garcia, 2019;
Rosenqvist et al., 2017). Additionally, other limited publications have focused primarily
on comparing Americans versus other minorities in the United States or East Asians
(Miller & Kinsbourne, 2012; Rosengvist et al., 2017). Nevertheless, there is very little
published work on cross-cultural neuropsychology in the Arab world (Fasfous et al.,
2017), despite more than 456 million people across 22 countries coexisting (World Bank,

2022).

For all these reasons, the general objective of this doctoral thesis was to study the

cultural biases in the intelligence assessment of children from the Arab world.

To achieve this general objective, the following specific objectives were established

(Figure 1):

1. To study the state of cross-cultural neuropsychology through the distribution of
countries, cultures, and languages studied, studies in children versus adults, as well

as the most common topics of interest within the field.

To achieve this objective, a descriptive, objective review of the literature was carried

out.

The results of this study can be found in Chapter 4 and were submitted for publication:
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Lozano-Ruiz, A., Fasfous, A. F., Puente, A. E., Perez-Garcia, M., & Daugherty, J. C. (2023).
Is Cross-Cultural Neuropsychology Globally Representative? A Text Mining

Review of the Literature. [Manuscript submitted for publication]

2. To study whether cultural biases affect nonverbal intelligence tests in a sample of

healthy Moroccan children.

Based on previous findings showing misclassifications and diagnostic mistakes when
using non-representative norms in Moroccans (Daugherty et al., 2017; Fasfous et al.,
2013b), the hypothesis was twofold: first, raw scores from the Moroccan children will
differ from the normative data of other three countries with different cultural distance:
Spain, Oman and the UK; second, IQ scores based on non-representative norms from

these countries will result in the misclassification of Moroccan children.

The results of this study can be found in Chapter 5 and were published as a scientific

article:

Lozano-Ruiz, A., Fasfous, A. F., Ibanez-Casas, I., Cruz-Quintana, F., Perez-Garcia, M., &
Pérez-Marfil, M. N. (2021). Cultural bias in intelligence assessment using a
culture-free test in Moroccan children. Archives of Clinical Neuropsychology,

36(8), 1502-1510. https://doi.org/10.1093/arclin/acab005

3. To study the consequences of applying western norms to the intelligence scores of

Arab children throughout the 6-11 age range.

Previous research has shown an age-dependent increase in cognitive functions during

childhood (Rosengvist et al., 2017). However, some research has reported finding the
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opposite effect in the Arab world (Bakhiet et al.,, 2018). Thus, the hypothesis was

twofold: first, raw intelligence scores will increase as age increases; second, there will

be a supposedly age-dependent decrease in intelligence when transforming raw data

into IQ using non-representative, western norms.

The results of this study can be found in Chapter 6 and were submitted for publication:

Lozano-Ruiz, A., Fasfous, A. F., & Perez-Garcia, M. (2023). The Misuse of Norms in

Intelligence Testing: A Study and Meta-Analysis in Arab Countries [Manuscript

submitted for publication]
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Figure 1. General and specific objectives

OBJECTIVE 3

To study the consequences of
applying western norms to the
intelligence scores of Arab children
throughout the 6-11 age range

CHAPTER 6:
The Misuse of Norms in

Intelligence Testing: A Study and
Meta-Analysis in Arab Countries

61



62



PART II:
EMPIRICAL RESEARCH

63



64



CHAPTER A4:

Is Cross-Cultural Neuropsychology Globally
Representative? A Text Mining Review of the

Literature

Lozano-Ruiz, A., Fasfous, A. F., Puente, A. E., Perez-Garcia, M., & Daugherty, J. C. (2023).
Is Cross-Cultural Neuropsychology Globally Representative? A Text Mining
Review of the Literature. [Manuscript submitted for publication in the Journal of

the International Neuropsychological Society]

65



66



CHAPTER 4:
Is Cross-Cultural Neuropsychology Globally Representative? A Text Mining

Review of the Literature

1. Introduction

After reviewing the psychological literature, Guthrie (2004) reported that “even the rat
was white,” reflecting a psychology that espoused a narrow and privileged view of the
world. The question is now posed whether psychology’s largest and fastest growing
specialty, clinical neuropsychology, has similarly suffered from the same issues originally

raised by Guthrie.

Although cross-cultural neuropsychology seems to have proliferated rapidly, objective
information on the accumulated research in the field has yet to be brought to the table.
In this sense, what are the actual topics studied in the field? Most importantly, has cross-
cultural neuropsychology been adequately extended to various cultures -as its name

implies-?

Most psychology research is conducted in WEIRD societies (i.e., Western, Educated,
Industrialized, Rich, and Democratic), often assuming that it is sufficient to generalize to
the rest of the cultures while ignoring cognitive and affective discrepancies (Henrich et
al., 2010). According to Arnett (2016), most psychological research is concentrated in
the United States, which accounts for only 5% of the global population. A recent update
on this study concluded that World representation in top psychology journals has

climbed to 11%, which is still deficient (Thalmayer et al., 2021).
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Whereas these findings focus more generally on human behavioral sciences and
psychology, information about neuropsychology is still lacking. Thus, two critical
questions have emerged: 1) what cultures are more frequently studied in cross-cultural
neuropsychology, and 2) what is the distribution of topics investigated in the discipline?
To answer these questions, we pursued a topic modeling approach for conducting a
machine learning-assisted review of the accumulated research in cross-cultural

neuropsychology.

Thus, the objective of this study is twofold: first, to understand how cultures, ethnicities,
and countries are represented in the literature, and second, to categorize the literature
into topics. We hypothesize that the percentage of representation of non-American
populations will be higher than that of Arnett (2016) and Thalmayer et al. (2021). It
stands to reason that if we focus even more narrowly on the literature labeled as "cross-
cultural," the prominence of American or WEIRD populations would be less extreme, or,

at the very least, there would be more diversity and representation of other cultures.

2. Methods

A four-phased process was carried out (Figure 1): 1) search strategy and data gathering,

2) data preparation, 3) topic modeling, and 4) population classification.

We conducted the entire process and analysis using the R language, version 4.1.2 (R

Core Team, 2021), and specific R packages mentioned throughout the procedure.

2.1. Search Strategy and Data Gathering
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The search was conducted until January 2022 using four databases: Psycinfo, PubMed,

Scopus, and Web of Science.

The search strategy was based on a combination of neuropsychology and words related
to culture. For this step, we compiled and chose all cultural terms from the APA
Thesaurus of Psychological Index Terms (Tuleya, 2007) included in PsycInfo to develop a
final syntax adapted to each database. Only articles and book chapters in English were

selected.

Finally, all outputs were downloaded as a bibliographic file containing information about
the title, abstract, year, authors, and other metadata. The four databases were merged
into a single database. A total of 1,065 records were obtained, of which 757 remained
after removing duplicates, incomplete references, and other publications unrelated to

the field (Figure 1).

Two researchers carefully screened this dataset to eliminate studies that did not fit
cross-cultural neuropsychology using Rayyan software (Ouzzani et al., 2016), resulting
in a total of 424 articles. Using the R package citationchaser, we conducted backward
and forward citation chasing on these publications (Haddaway et al., 2022). After the
manual filtering, all records cited by the included articles, as well as all records that cited
these articles, were automatically retrieved. We then deduplicated and used the
previously indicated procedure to screen for eligible articles, resulting in a final dataset

of 1,337 documents.

All documents related to neuropsychological aspects from a cultural perspective were

considered. Only peer-reviewed articles and book chapters were included.
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2.2. Data Preparation

A rigorous pre-processing of the final dataset was carried out using the textclean R
package (Rinker, 2018) to delete the publisher’s information at the end of the abstracts.
As titles can yield important complementary information, these were merged with
abstracts into a single variable. Next, punctuation, double spaces, numbers, words with
two or fewer characters, and stopwords (for details, see Benoit et al., 2021), such as the
most frequent English words, abbreviations, contractions, prepositions, and action
verbs, were removed using lists provided in the gdapDictionaries R package (Rinker,
2018). Further, commonplace multi-word expressions (e.g., “neuropsychological
assessment”) were compounded (e.g., neuropsychological_assessment) using the
quanteda package (Benoit et al., 2018) to be counted as a single term. In parallel, the
total number of articles published per year was calculated to provide additional helpful

information.

Finally, a document-term matrix (i.e., the format required for topic modeling) was
created, and the tf-idf (term frequency-inverse document frequency) was generated.
The tf-idf is a statistical measure widely used in machine learning to avoid repeating

irrelevant words (for more information and the formula, see Blei & Lafferty, 2009).

2.3. Topic Modeling

Topic modeling involves mining text from a large dataset of articles to quantitatively
analyze semantic structures and patterns between documents. Using a three-level
hierarchical Bayesian model called Latent Dirichlet Allocation (LDA; Blei et al., 2003),

documents can be classified and analyzed efficiently (Blei & Lafferty, 2009) in a set of
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topics, with the additional advantage in terms of time when dealing with vast amounts

of information.

To define an optimal number of topics to generate based on our document-term matrix,
we ran a diagnosis following the guidelines provided by Silge (2018). The diagnosis was
based on four different parameters: exclusivity, semantic coherence, the likelihood for
held-out datasets, and residuals. It is considered to be a good number of topics in an
LDA model when the first three parameters are high (i.e., the topics are sufficiently
distinguishable from each other and the terms within each are semantically related)

together with low residuals. The optimum number of topics was k = 25.

Using the topicmodels package (Hornik & Griin, 2011), an LDA model setting k = 25 topics
was run. Terms were assigned to topics based on beta values (i.e., “per-topic-per-word
probabilities” or the probability of a term being found within a topic). Also, each
document obtained gamma values (i.e., “per-document-per-topic probabilities,” or the
proportion of terms within a document that take part in a topic) (Silge & Robinson,

2017).

Although the process up to this point was entirely automated using unsupervised
machine learning, we manually labeled each of these topics for better comprehension
and to aid the understanding of readers and professionals using this article (Table 1).
Two experienced researchers in cross-cultural neuropsychology applied their knowledge
to the most important terms within each topic and, when necessary, checked texts
assigned to each set of terms. When disagreements appeared, the authors collaborated

with a third author to reach a consensus.
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2.4. Population Classification

Four dictionaries were customized to account for the dataset's countries, languages,

ethnicities, and child/adult distribution:

Countries were imported from https://datahub.io/core/country-list, an open-source list

based on the official code list in ISO 3166-1, including 249 countries.

Languages were imported from https://datahub.io/core/language-codes, an open-

source list based on the official code list in ISO 639-2, including 184 languages.

Ethnicities were imported from Gosselin (2022), an open-source list based on the U.S.

Census Bureau and other official sources (see https://github.com/cgio/global-ethnicities

for more information), including more than 700 ethnicities.

Finally, child- and adult-related words were included in another dictionary with two

categories respectively. To create this, synonyms were searched in the Cambridge

dictionary (https://dictionary.cambridge.org), and the root of these words was

extracted (e.g., child*, infan*, adolescen*).

Then, using the quanteda R package (Benoit et al., 2018), these dictionaries were applied
to our document-term matrix, allowing us to calculate frequencies across all documents.

When a term appeared more than once in a document, it was only considered once.

3. Results

3.1. Publications by Year
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Figure 2 shows the final dataset's frequency of documents by year. Production has

increased over the last few decades, with minor ebbs and flows in recent years.

3.2. Population Classification

At least one nation was referenced in 479 of the 1,337 articles (35.83%). Of these, 128
mentioned the United States, which makes up 26.72% of the total articles, followed by
China (6.89%) and the United Kingdom (5.22%). The rest of the countries appeared from
4 to 0%, and 70% of the countries in the World were not mentioned within these 479

documents (Figure 3).
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Figure 2. Year distribution of publications

When we analyze the distribution of languages, we find a similar pattern (Figure 3). At

least one language was referenced in 585 of 1,337 documents. Of these, English
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appeared 148 times (25.29%), followed by Chinese (13.33%) and Spanish (14.19%). The
remaining languages appeared from 7 to 0%, and 27.72% were not mentioned within

these 585 documents.

We found 1,177 out of the 1,337 articles mentioned at least one ethnicity (88.03%). Of
these, 142 mentioned Americans (12.06%), followed by Hispanics (7.05%) and Chinese
(6.62%). The other ethnicities appeared from 4 to 0%, and 17.61% were not mentioned

within these 1,177 documents (Figure 3).

As can be seen in Figure 3, English, the United States, and the American culture are

exponentially in the top 3 compared to the rest of the World population.

Finally, 667 documents explicitly included terms related to children or adults. Of these,
486 included adults (72.86%), and 181 included children-related terms (27.14%). In

other words, children's studies appeared three times less than adult ones.

3.3. Topic Modeling

An LDA model of k = 25 topics was run. Table 1 shows all topics with their five most
important terms, the topic label determined by the authors, and gamma values. Figure

4 shows topics ordered from high to low gamma values.

Topics related to culture & brain (topic 8), dementia screening (topic 5), assessment
(topics 2 and 24), education (topic 14), and cognitive functioning in the elderly (topic 23)
are the most frequent ones with gamma values over .05 (i.e., over a 5% of probability of

appearing).

75



english -
american
united states
spanish 1
hispanic-
chinese-
african american 1
japanese-
asian
european
china-
brazilian -
african -
mexican
united kingdom
latino-
canada-
brazil
white/caucasian -
korean
japan-
french
turkish -

hong kong
arabic
spain
portuguese
indian -
german
russian
canadian
australian 1
MeXico
india -
australia
latin 1

danish
finnish -

Fad

0e

«

0.

0%

~l

22

1437

/:;."/‘
a (o) Sy o
D

-
w

- -

Lo
B
(&)

=
N
-
N

— 4 —
N= A
~

Y5

[{e]
-

Q
’148
142

128

76

N |
)]

50 75 100 125

Document Frequency

Figure 3. Frequency of populations

150

Category

@ Country
@ Ethnicity
@ Language



Topic 12 contains articles related to training, and together with topics 9 (tests &
batteries), 1 (norms), 10 (validity & reliability), 16 (test performance), and 18 (cultural
bias), we could identify a group of topics focused on methodology in cross-cultural

neuropsychology. All of these topics appeared with a probability between 3.49-4.97%.

Intelligence (topic 11), memory (topic 6), executive function (topic 15), and spatial
cognition (topic 3), from higher to lower gamma values, were the only cognitive
functions easily recognizable as topics. Topics such as aphasia (topic 17), HIV (topic 7),
or dementia (topics 5 and 20) highlight a clinical group, which also appears as a more

general topic (topic 21), all of them ranging between 2.7-5.8%.

Furthermore, other topics, such as 22 (English speakers), 19 (illiteracy), and 4
(bilingualism), are focused on the study of language differences and the effect of literacy
on cognition, mainly English-related. Further, topic 13 (Americans’ neuropsychological
performance) is linked to studying populations within American culture, interest related

to the findings in the Population Classification section.

Finally, socioeconomic status (topic 25) was the topic with the lowest gamma value

(.018).
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Table 1. Topics in Cross-Cultural Neuropsychology research

Topic Terms Topic label Gamma values
Topic 1 norms, scores, normative_data, normative, spanish-speaking Norms 0.040
Topic 2 assessment, issues, neuropsychological_assessment, hispanic, cultural Assessment 0.053
Topic 3 spatial, cognition, chinese, cognitive, numerical Spatial Cognition 0.026
Topic 4 bilingual, bilinguals, bilingualism, cognitive, monolinguals Bilingualism 0.025
Topic 5 dementia, mmse, screening, elderly, sensitivity_specificity Dementia Screening 0.058
Topic 6 memory, fluency, verbal_fluency, verbal, tasks Memory & Verbal 0.038

Fluency
Topic 7 hiv, neurocognitive, impairment, hiv-associated, central HIV 0.027
Topic 8 cultural, culture, brain, cognitive, social Culture & Brain 0.066
Topic 9 tests, neuropsychological_tests, battery, cross-cultural, assessment Tests & Batteries 0.044
Topic 10 validity, reliability, measures, clinical, scores Validity & Reliability 0.037
Topic 11 intelligence, wechsler, scores, subtests, tests Intelligence 0.048
Topic 12 neuropsychology, clinical, training, neuropsychological, development Training 0.050
Topic 13 american, differences, performance, subjects, Americans’ 0.028

neuropsychological_performance Neuropsychological

Performance
Topic 14 education, effects, gender, performance, variables Education 0.053
Topic 15 attention, working_memory, differences, processing, executive_functions  Executive Function 0.031
Topic 16 performance, groups, tests, differences, trail_making Test Performance 0.036
Topic 17 japanese, reading, aphasia, recognition, stimuli Aphasia 0.041
Topic 18 bias, items, factor, item, measurement Cultural Bias 0.035
Topic 19 chinese, illiterate, subjects, literacy, literate Illiteracy 0.035
Topic 20 dementia, ethnic, differences, minorities, minority Dementia 0.036
Topic 21 patients, groups, controls, clinical, disease Clinical Groups 0.035
Topic 22 english, speakers, languages, words, spanish English Speakers 0.036
Topic 23 cognitive, older_adults, status, scores, differences Cognitive Functioning 0.050

in the Elderly
Topic 24 culturally, cultural, diverse, asian, neuropsychological_assessment Assessment 0.058
Topic 25 ses, development, effects, socioeconomic_status, cognitive Socioeconomic Status 0.018
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4. Discussion

Despite the growing interest in cross-cultural neuropsychology, no quantitative
information about the accumulated research in this sub-specialty has ever been
published. This is the first study to use Latent Dirichlet Allocation (LDA), a computer-
based machine learning algorithm, to investigate the distribution of the populations and

main topics studied in the field using a dataset of 1,337 peer-reviewed documents.

Our results on population distribution are only further evidence of a western, albeit
colonial, predominance. The United States, the English language, and American culture
appeared more often than any other nation or language. These results are comparable
to Arnett's (2016), which was recently updated by Thalmayer et al. (2021). As the
authors point out, most psychology papers focus on American culture, which accounts
for only 5% of the world's population. In our dataset, the United States occupied a
quarter of the studies, and 70% of countries had no representation in documents that
mentioned a nation. It would have been logical for this predominance to be lower in our
results since we examined culture-based literature, a more specific area of study than

that of Arnett's findings for general psychology.

Similarly, 27.72% of languages and 17.61% of ethnicities were not mentioned. This
approach does not support the standards espoused even by the American Psychological
Association and related organizations (AERA, et al, 2014: Standards for educational and
psychological testing). Surprisingly, and as stated before, this lack of representation is
still prevalent in an area where a main, and increasingly critical objective, is to study the
culture (Ardila, 2020). Undoubtedly, the rest of the world should play a more prominent

role, and research should also be carried out in non-Western zones such as South
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America, Asia, or Africa, where culturally adapted instruments are scarce or even

nonexistent (Fasfous et al., 2017; Rachel et al., 2021).

At the same time, it is essential to highlight the small number of publications focused on
child neuropsychology, which appeared three times less than adult research. Nearly two
decades ago, Byrd et al. (2008) flagged the importance of culture on development and
warned about the scarcity of cross-cultural tests for children. Rachel et al. (2021) also
highlighted this issue a decade later, demonstrating a restricted number of tests
available in low-to-middle-income countries (LMICs). There is now an accumulation of
evidence supporting the need to investigate non-adult groups to better understand the
relationship between culture and child development (Byrd et al., 2008; Olson &

Jacobson, 2015).

Most of the topics in cross-cultural neuropsychology literature can be covered by the
three main questions posed by Ardila (2020). In reference to the first question on how
neuropsychological performance and tests are influenced by culture (Ardila, 2020), we
identified topics related to training (topic 12), tests and batteries (topic 9), norms (topic
1), validity and reliability (topic 19), test performance (topic 16) or cultural bias (topic

18), which presented a probability of appearing between 3.49 and 4.97%.

Although there seems to be an interest in these issues at first glance, there are still some
alarming gaps that should be further investigated. For example, although batteries and
tests are being developed, and there is some interest in psychometric issues such as
validity or reliability, it is well known that many non-Western populations have little or
no assessment tools available. Along these lines, there are very few tests in the Arab

world (Fasfous et al., 2017) or for child populations in LMICs (Rachel et al., 2021), and
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those that exist lack methodological rigor, with high deficiencies in psychometric aspects
such as adaptation, reliability, validity, and equivalence. Research shows that the use of
non-representative norms can lead to diagnostic errors (Daugherty et al., 2017) or
misclassifications (Lozano-Ruiz et al., 2021) in situations where appropriate
standardized scores are not available for culturally diverse populations. Thus, there is a
critical need for more research on cross-culturally sensitive, valid, and standardized
neuropsychological tests, given the important practical implications for both research

and clinical work alike.

Notably, there has also been a great emphasis in recent years on improving practice
through training. Low professional training (Brickman et al., 2006) combined with the
aforementioned inadequate practices may also lead to unfavorable situations for
diverse populations. Approaches to assessing culturally diverse patients, such as the
ECLECTIC framework proposed by Fujii (2018), and adapting tests in other populations
to control for biases are indisputably necessary. In addition, guidelines for working with
interpreters would be beneficial for improving neuropsychological assessment (Franzen

et al., 2020; Franzen et al., 2022b).

Finally, in response to Ardila’s first question, research has also examined other topics,
such as bilingualism (topic 4), education (topic 14), illiteracy (topic 19), and
socioeconomic status (topic 25) as factors influencing cognition. The first three are well-
known objects of study, with findings on the effect of education and illiteracy on
neuropsychological performance dating back to early research in the field (e.g., Ardila
et al., 1989; Ardila et al., 2010). Socioeconomic status, while not directly cultural, has

also been shown to have a negative impact on cognition (e.g., Noble et al., 2007; Tella
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et al., 2018). It is, therefore, alarming that this topic was the least studied (1.8%) among

those that were identified in the present study.

The second major question proposed by Ardila (2020), “what are the differences in the
brain organization of cognition depending upon the culture” includes research on cross-
cultural differences (such as those across nations, languages, ethnic groups, etc.) or
differences within a population based on a particular cultural characteristic (e.g., North-
South or urban-rural differences). Numerous studies have compared different
populations, although, as we saw in the population distribution, there is a high
probability that many of them include English-speaking or American populations in their
studies. The cognitive functions found in our analysis of topics were intelligence (topic

11), memory (topic 6), executive function (topic 15), and spatial cognition (topic 3).

Intelligence is the most recurrent function across topics, likely the number of
publications that attempt to compare different countries or cultures based on cognitive
ability. It is important to note that many of these studies use nominally "culture-free"
tests, which have not undergone cultural adaptations nor validity analyses in non-
Western populations. This poses the consequent danger of producing misclassifications
(Lozano-Ruiz et al.,, 2021) or the previously mentioned diagnostic errors. Another
common mistake in these studies is the application of non-representative norms on 1Q
testing (e.g., applying UK norms to a non-Western sample), leading to construct
invalidity, scientific racism, and biases in cognitive ability estimation (Ebbesen, 2020).
Like any other neuropsychological test, intelligence tests should follow a systematic

validation process (e.g., International Test Commission guidelines; ITC, 2017; Standards
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for Educational and Psychological Testing; Wise & Plake, 2015) and not simply cross

cultures, especially if created in the West (Greenfield, 1997).

Furthermore, the topic of brain organization across cultures that is largely unexplored
in the field. In cultural neuroscience, some studies have differences in brain activity
across cultures. For example, in an East Asian vs. Western sample, neuroimaging studies
have assessed differences in brain activation during memory tasks (Gutchess & Indeck,
2009) and arithmetic processing (Tang et al., 2006). These studies can be categorized
within topic 8 (culture & brain). However, very little research on this topic has been
dedicated to assessing clinical samples and the neural underpinnings of differences in
cognitive performance. This lack of research may be linked to methodological
challenges, among which there is the need to minimize cross-site MRI scanner variation

(Chiao et al., 2010).

Thirdly, cross-cultural neuropsychology explores how brain pathology is manifested in
different cultural contexts. In other words, how cultural factors can influence different
pathologies or whether differences in clinical populations are high or low among
different cultures (Ardila, 2020). We detected several topics related to this question:
topic 21 (clinical groups), topic 17 (aphasia), topic 7 (HIV), and topics 5 and 20

(dementia).

Aphasia has been one of the most commonly studied pathologies, likely due to its
relationship with bilingualism (Johnson, 2020; Kotik-Friedgut, 2001) and illiteracy (e.g.,
Ostrosky-Solis et al., 1998), which were also identified as topics in our analyses.
Dementia was, however, the most frequent clinical topic, appearing in topics 5 and 20,

as well as partially related to topic 23 (cognitive functioning in the elderly). The

84



breakthrough in our field with dementia research is indisputable, with articles focusing
on screening and diagnostic accuracy in multicultural populations (e.g., Basic et al.,
2009; Nielsen et al., 2020; Rowland et al., 2006) or the development of cross-cultural
instruments (e.g., Araujo et al., 2020; Nielsen et al., 2019; Franzen et al., 2022a; Storey
et al.,, 2004). Nonetheless, the uniqueness of cultural, linguistic, and educational
peculiarities in some parts of the world, such as Europe, involves new challenges

(Nielsen, 2022).

Finally, a modest amount of research has also been dedicated to cultural considerations
in the diagnosis of HIV-associated disorders (Rivera Mindt et al., 2019) and
neuropsychological test performance of diverse HIV patients (e.g., Kamalyan et al., 2021;
Siewe Fodjo, 2021). Despite the evident importance of this topic, it was very rarely

recurrent (2.7%) in our analyses.

There are limitations to this study. First, it should be emphasized that there is no official
or direct approach to finding publications on "cross-cultural neuropsychology," as this
term is not an official keyword in any database. We used the backward and forward
citation chasing technique to confront this problem and find all the possible publications
in the field. To improve searches and give consistency to the discipline, we encourage
databases and thesauruses to add this concept as a keyword. Further, some topics have
not been explicitly mentioned because they are uncommon or appear so infrequently
that they cannot be detected (e.g., forensics). Scoping and systematic reviews on
specific topics within cross-cultural neuropsychology could be ideal for a more precise
exploration. Finally, it should be noted that the fact that English is the language of

science may also make it more likely to find articles in English-speaking populations.
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Despite these limitations, this paper will contribute to cross-cultural neuropsychology
by providing information on the most frequent populations and topics studied in the

field.

5. Conclusions

This is the first study to gather published research on neuropsychology and culture to
better understand the main populations and topics studied. Most research has been
primarily conducted in English-speaking and American populations, as well as adults and
older adults. More studies on children and the availability of evidence and empirical
studies in non-Western cultures are required. These findings do not support the
standards outlined by APA or even the aspirations of pioneers such as Luria and Ardila.
In failing to achieve these aims, the results of the current investigation support the
conclusion that neuropsychology, in general, and cross-cultural neuropsychology have
not failed to reach their potential in the global theater but that the specialty of
neuropsychology remains restrictive, non-generalizable, and limited in making an
impactful and robust understanding of the brain. It appears not only that “even the rat

was white,” but so is neuropsychology’s brain.
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CHAPTER 5:

Cultural Bias in Intelligence Assessment Using

a Culture-Free Test in Moroccan Children

Lozano-Ruiz, A., Fasfous, A. F., Ibanez-Casas, |., Cruz-Quintana, F., Perez-Garcia, M., &
Pérez-Marfil, M. N. (2021). Cultural bias in intelligence assessment using a
culture-free test in Moroccan children. Archives of Clinical Neuropsychology,

36(8), 1502-1510. https://doi.org/10.1093/arclin/acab005
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CHAPTER 5:
Cultural Bias in Intelligence Assessment Using a Culture-Free Test in

Moroccan Children

1. Introduction

Despite the wide availability of data from different countries, cultures, and contexts, the
influence of culture factors on cognitive abilities and intelligence performance, is still
unclear (Georgas, 2003). This is especially apparent during child development stages
(Fasfous et al., 2013a). According to Greenfield (1997), psychological tests are based
upon the values and behavioral expectations of western societies in which they were
developed, thus do not easily cross cultures. To highlight this point and prevent
misinterpretation of test scores, Fujii (2017) recommended that performances on
neuropsychological tests by diverse examinees should be referenced with “on western

tests.”

Sternberg (2004) argues that intelligent behavior is a culturally defined construct that is
directly tied to addressing challenges in one’s environment. This contention is supported
by studies with Kenyans (Sternberg et al., 2001) and Alaskan Natives (Grigorenko et al.,
2004) demonstrating that measures evaluating cultural specific characteristics of
intelligence were a better indicator of everyday functioning than western-based
cognitive tests. Moreover, performances on these tests were unrelated (Sternberg,

1990, 2007).

Numerous factors have been found to impact performance on western cognitive and
intelligence tests which can account for cross cultural differences including

socioeconomic status (SES) (Shuttleworth-Edwards et al., 2004; von Stumm & Plomin,
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2015), and educational factors such as academic achievement (Deary et al., 2007;
Strenze, 2007), parental education level and family social climate (Georgas, 2003),
quality of education (Rindermann, 2008), and literacy (Ardila et al., 2010). The
ubiquitous impact of such factors in addition to other social technological factors on test
performances over time has been documented across the globe and referred to as the
Flynn Effect (Flynn, 2012; Raven, 2000). Additionally, test results can be influenced by
other subtle cultural factors, such as attitudes toward time (Agranovich et al., 2011),
familiarity with previous psychological tests (Puente & Perez-Garcia, 2000), or

urban/rural environments (Melikyan et al., 2020).

To reduce the impact of these cultural variables on intelligence assessment, “culture
free” tests such as the Cattell Culture Fair Intelligence Test (Cattell, 1973), BETA-III
(Kellogg & Morton, 1999), and Raven’s Progressive Matrices (Raven, 1998) were
developed (Cattell, 1940; Cattell et al., 1941). These tests were deemed “culture free”
primarily due to the minimization of language requirements. However, studies with
samples from different non-English speaking countries have consistently reported
poorer performances when using U.S. norms (Daugherty et al., 2017; Fasfous et al.,
2013b), suggesting that these nonverbal tests are influenced by cultural variables
(Ardila, 2005; Rosselli & Ardila, 2003). Similar weaker performances have been found in
different non-English speaking cultures when applying the normative standards of

memory and executive function tasks in African Americans (Norman et al., 2011).

Raven’s Coloured Progressive Matrices (CPM) is one of the most widely used “culture-
free” cognitive ability tests for children between the ages of 5 and 11 (Raven et al.,

1998). Although the first normative data were collected in 1942, currently the most
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widely used norms come from a follow-up study conducted on 598 children from
Dumfries, UK (1982). CPM has been used internationally, with norms from Spain (Raven
et al,, 2011), Australia (Cotton et al., 2005), South Africa (Linstrom et al., 2008), Brazil
(Bandeira et al., 2004), and countries in the Arab world such as Oman (Kazem et al.,
2009), United Arab Emirates (Khaleefa & Lynn, 2008), Libya (Lynn et al., 2008), Sudan

(Bakhiet et al., 2017), and Egypt (Ziada et al., 2017).

Many studies, especially those conducted in the Arab world, still use the UK norms to
interpret CPM to generate 1Q scores (e.g., Bakhiet & Lynn, 2015; Bakhiet et al., 2017;
Khaleefa & Lynn, 2008), often referred to as the “Greenwich IQ” (Bakhiet et al., 2018).
However, this practice may be problematic due to the questionable appropriateness of
using norms from another country to interpret test scores even for “culturally fair” tests
(Daugherty et al., 2017; Norman et al.,, 2011). Additionally, some researchers have
emphasized that one set of norms may not be applicable to the total population of a
country, especially for multicultural countries. Instead, there should be multiple
normative options (Oliveri & von Davier, 2016; Solano-Flores & Li, 2013). The clinical
implications relating to the misuse and the unavailability of representative norms are
extremely important, especially during a period of growth in migration and globalization
in which we have reached the highest number of migrants in history (International

Organization for Migration, 2018).

This study aims to examine the potential misclassification of intelligence in
preadolescent Moroccan children when using non-representative norms to interpret
the purportedly “culture free” CPM. Norms from UK, Spain, and Oman were selected

due to contrasting cultural differences with Morocco. The first two countries belong to
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Western societies that differ substantially from Morocco in language, SES (World Bank,
2020), and quality of education (Walsh et al., 2010; Organisation for Economic
Cooperation and Development [OECD], 2019). Additionally, norms from these countries
were selected for their clinical utility. CPM norms from the UK are the original and most
widely used in previous research, whereas Spanish norms allow for practical application
due to the large Moroccan immigrant population in this neighboring country (Migration
Policy Institute, 2017). Oman is another Arab country sharing religion, language, values,
and focus of education (El-Kogali & Krafft, 2019) with Morocco, although the economy
is stronger. The inclusion of this Middle Eastern country provides a contrast with

countries that are culturally similar (Buré-Reyes et al., 2013).

We hypothesize: 1) raw scores from the Moroccan children will differ from the
normative data of the other three countries; and 2) IQ scores based on non-
representative norms will result in an over-classification of Moroccan children in lower

ranges versus the normal curve.

2. Methods

2.1. Participants

One hundred forty-seven school children ages 7 (n = 51; 25 boys and 26 girls), 9 (n = 48;
23 boys and 25 girls), and 11 (n = 48; 22 boys and 26 girls) from two middle class schools
in Chefchaouen were included in this study. This northern city is representative of the
culture and socio-economic conditions in Morocco which is based in tourism and trade
(Fasfous et al., 2015). Children in each age group were similar in sociodemographics such

as academic achievement, parental education, and parental employment status (Table
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1). There was no evidence of cognitive, psychological, or physical impairment in the
participants which is further supported by typical placement of Moroccan children with
developmental problems in adapted schools. Demographic information was procured in

interviews with parents and teachers.

A power analysis for a one-way analysis of variance was conducted using the following
parameters: number of groups k = 3, Cohen’s f = .4, significance level at .01, and a
minimal power of 80%. The effect size corresponds to a large effect, according to Cohen
(1988). An estimated sample size of at least n = 30 for each group was obtained. Thus,

our sample provided adequate power for analysis.

2.2. Instrument

The Raven’s CPM (Raven et al., 1998) is a nonverbal test of intelligence commonly used
for the assessment of 5- to 11-year-old children, as well as elderly people. This task
consists of 36 items of increasing difficulty, which include an incomplete pattern with
six options below it, of which only one is correct. The total score is recorded and
classified into ranges based upon percentiles: range | = intellectually superior (above the
95th percentile); range Il = above average (between the 75th and 95th percentile); range
Il = on average (between the 25th and 75th percentile); range IV = below average
(between the 5th and 25th percentile); range V = intellectually impaired (under the 5th
percentile). Alternatively, IQ scores can be calculated from normative data. For this
study, the norms from the UK (Raven et al., 1998), Spain (Raven et al., 2011) and Oman
(Kazem et al., 2009) were used. While the reliability data for the British sample was
unavailable, the CPM has shown adequate psychometric properties in Spanish children

with a high Kuder—Richardson reliability index (K-21) equal to .92, a split-half reliability
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of .87, and a test—retest reliability of .71 (Gémez Fernandez, 1982). For the Oman study,
a Cronbach’s alpha of .88, a split-half reliability of .78, and a test—retest reliability of .56
were reported (Kazem et al., 2009). By contrast, Cronbach’s alphas of .88, .90, and .89
for the 7-, 9-, and 11-year-olds have been specifically presented. Considering these and
other reliability analyses conducted on the CPM in other countries, an average of around

.80 has been estimated (Cotton et al., 2005).

2.3. Procedure

The Delegation of Education of Chefchaouen selected two middle-class schools based
on demographic and SES data. From each of the schools, two classes from grades 2 (7-
years-old), 4 (9-years-old), and 6 (11-years-old) were selected. Applying stratified
sampling method to class rosters, the sample was subdivided considering gender and
academic achievement at three levels (low, medium, and high), and then the children
were randomly drawn from each stratum. Testing was conducted by an Arabic-speaking
neuropsychologist in a classroom at each of the schools during academic hours. All
participants were assessed with the paper-pencil CPM that followed the instructions for
the individual administration of this test (Raven et al., 1998). The total number of correct
items was recorded. The Research Ethics Committee at the University of Granada
approved this study. Formal permission to conduct the study in the two schools was
obtained from the Delegation of Education of the city and the schools’ directors. The
participation of the selected students was voluntary, and informed consent was

obtained from parents.
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Table 1. Sociodemographic variables of the Moroccan sample

Total 7-year-olds  9-year-olds 11-year- .
(N = 147) (n=51) (n=48)  olds(n=51) ~edifferences
Gender (n)
Boys 70 25 23 22 x2=.103
Girls 77 26 25 26 p=.95
Children’s academic achievement? F=.4
(M, SD) 6.93(1.32) 6.84(1.16)  7.07(1.42) 6.88 (1.4) p= 667
Father’s years of formal education (%)
Less than 6 years 57.8% 58.8% 58.3% 56.2%
2 =
Between 6-12 years 25.9% 25.5% 22.9% 29.2% ,)3(— 96575
More than 12 years 16.3% 15.7% 18.8% 14.6%
Mother’s years of formal education (%)
Less than 6 years 70.8% 68.6% 75% 68.7%
2 =
Between 6-12 years 22.4% 23.5% 14.6% 29.8% Xp _5;237
More than 12 years 6.8% 7.8% 10.4% 2.1%
Father’s employment status (%)
Self-employment 29.3% 31.4% 25% 31.3%
Family Business 2.7% 3.9% 0% 4.2%
Unskilled Manual Labor 14.3% 15.7% 8.3% 18.8%
2 =
Manual Labor 2.7% 3.9% 0% 4.2% Xp _1;627
Domestic Labor 0.7% 0% 2.1% 0%
Employee 35.4% 33.3% 39.6% 33.3%
Unemployed/Housewife 15% 11.8% 25% 8.3%
Mother’s employment status (%)
Self-employment 3.4% 2% 2.1% 6.3%
Family Business 1.4% 0% 2.1% 2.1%
Unskilled Manual Labor 1.4% 0% 2.1% 2.1%
2 =
Manual Labor 0.7% 2.7% 0% 0% Xp —126135
Domestic Labor 6.1% 5.9% 4.2% 8.3%
Employee 6.8% 3.9% 12.5% 4.2%
Unemployed/Housewife 80.3% 86.3% 77.1% 77.1%

Note. ? Grade point average (maximum of 10) during the academic year
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2.4. Statistical Analysis

To compare CPM group differences for Moroccan children, chi squares were conducted
to compare demographic data, and a one-way ANOVA was conducted with post-hoc
comparisons with a Bonferroni correction adjusted to a = .017. Multiple one sample t-
tests were performed to compare scores for Moroccan children with the other groups
using their norms. As the means and standard deviations of the three age groups were
not available from the UK norms, the following formula proposed by Luo et al. (2018)
was used to estimate the means by each age group’s percentiles: M = [0.7+(0.39/n)] x
[(q1 + q3)/2] + [0.3 — (0.39/n)]m, where g1 is the first quartile (25th percentile), g3 is the
third quartile (75th percentile), and m is the median (50th percentile). For the SD
estimations, the equation proposed by Wan et al. (2014) was applied: SD = (g3 - q1)/n(n),
where n(n) is a varying value given in Wan et al. (2014). These equations have been
proven to be the most accurate method of estimation for sample distributions close to
normality (McGrath et al., 2020). To control for potential inaccuracies due to the need
to use calculations compare the UK data, confidence intervals for the Moroccan scores
were adjusted to 99%. Additionally, effect sizes were also reported using the Cohen’s d

(Cohen, 1988).

Finally, to determine misclassification, the norms from these three foreign countries
were used to transform the Moroccan total CPM scores into ranges and 1Q, especially
focusing on the appearance of intelligence deficiencies. All statistical analyses were
performed using the R statistical software (R Core Team, 2020), with the addition of the
Basic Statistics and Data Analysis (BSDA) package (Arnholt & Evans, 2017) for the cross-

cultural comparisons.
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3. Results

3.1. Moroccan Data

No significant differences were found for parent’s education and occupation status for
the three age levels (see Table 1). The means and standard deviations of scores for the
three age groups in Morocco are presented in Table 2. A one-way ANOVA reported
significant differences between the three groups (F = 21.15, p < .001). Bonferroni post-

hoc comparisons indicated

significant differences between the 7- and 9-year-olds (p <.001) and the 7- and 11-year-
olds (p < .001), in favor of the older groups (Table 2). However, no significant differences

were found between children ages 9 and 11 (p = .417).

3.2. Cross-Cultural Differences

Multiple one sample t-tests were conducted to compare the Moroccan data with
normative data from the UK, Spain, and Oman (see Table 3). When comparing Moroccan
and the UK children, significant differences were only found in the 11-year- old group
with UK children demonstrating higher scores (t =6.118, p < .001, d = 1.197). Significant
differences were also found between Morocco and Spain, with higher scores for Spanish
children in both 7-year-old (t = 2.965, p =.003, d =.421) and 9-year-old groups (t = 2.785,
p =.005, d =.417). No comparisons were made with the 11-year-old group, as there is
no published data for this age group in Spain. Finally, when comparing the two Arab
countries, differences were only found in the 9-year-old group with the Moroccan

children scoring higher than the Omani group (t = 2.595, p =.01, d = .455).
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Table 2. Raw means, standard deviations, and a one-way ANOVA between age groups

in the Moroccan sample

CPM Total Score ANOVA
Age . s 2
M SD 95% ClI F ratio p Partial n Posthoc
(years)
7 51 20.92 6.48 [19.1, 22.74]
7 < 9%
9 48 26.04 5.35 [24.49, 27.6] 21.15 <.001 227
7 <11*
11 48 27.69 5.35 [26.5, 28.87]

Note. CPM = Raven's Coloured Progressive Matrices; Cl = confidence interval; ANOVA = analysis

of variance.

* p<.001

Table 3. Cross-Cultural comparisons between Morocco and UK, Spain, and Oman

Morocco  UK2  Spain® Omanc Morocco vs. UK Morocc_o vs- Morocco vs.
Spain Oman
Age M
(years) M (SD) (SD) M (SD) M (SD) t d t d t d
20.92 20 23.68 20.20
7 ' 4.57 ' ' 84 164 -2.965%* 421 682 11
6.48) )5 6.53) (6.50) % 6 965 68 8
27.6
26.04 4 2832 2325 o ars .
9 (5.35) (539  (5.59) (6.82) 1.363 .298 2.785 417 2.595 455
)
27.69 32 26.39
d : _ : - *%k % _ _
11 (4.08) (3.05 637) o118 1.197 1.34 243

Note. UK = United Kingdom; d = Cohen’s d effect size.
2Sample size for UK: n(7) = 55; n(9) = 37; n(11) = 55.

® Sample size for Spain: n(7) = 1373; n(9) = 1490.

¢ Sample size for Oman: n(7) = 137; n(9) = 154; n(11) = 177.
4No data published for the 11-year-olds in Spain.

*p < .05; **p < .01; ***p < .001.
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3.3. Misclassifications

Norms from the UK, Spain, and Oman were used to transform the total CPM score of
each subject into ranges through the procedure presented in manual (Raven et al.,
1998). Frequencies were computed to pay explicit attention to the percentage of
subjects falling into the ranges IV (“below average,” under the 25th percentile) and V
(“intellectual impaired,” under the 5th percentile) (Figure 1). IQ was also calculated

using the norms of the three foreign countries for each age group (Figure 2).

3.3.4. Applying the norms of UK

When the original norms from the UK were applied to the 7-year-old children, 23.53%
were classified as “below average” (range IV), and 15.69% of them were classified as
“intellectually impaired” (range V). In the 9-year-old group, 29.17% fell “below average”
(range 1IV), and 6.25% presented as “intellectually impaired” (range V). Finally, 62.5% of
the 11-year-olds were classified as “below average” (range IV) and 10.4% as
“intellectually impaired” (range V). Using the same UK norms, the IQ mean for the 7-

year-old group was 103, 96 for the 9-year-old group, and 79 for the 11-year-olds.

3.3.5. Applying the norms of Spain

When the norms from Spain were applied to the Moroccan 7-year-old group, 25.49% of
the children fell “below average” (range IV) and 15.68% were classified as “intellectually
impaired” (range V). For the 9-year- old group, 22.92% were classified as “below
average” (range IV) and 12.5% were “intellectually impaired” (range V). When

calculating 1Qs, both 7- and 9-year-old Moroccan children earned an 1Q score of 94.
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Figure 1. Misclassifications when transforming the Moroccan raw scores into ranges applying the norms

from UK, Spain, and Oman. No data published for the 11-year-olds in Spain.
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Figure 2. Moroccan raw scores transformed into I1Q applying the norms from the UK, Spain, and Oman.

No data published for the 11-year-olds in Spain.

3.3.4. Applying the norms of Oman

Classification using Omani norms resulted in 13.73% of the 7-year-old sample falling in

the “below average” (range IV) and 7.84% in the “intellectually impaired” (range V). The
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lowest classification for the 9-year-olds was “below average” (range 1V) with 6.25% of
children falling in this range. No 11-year-old Moroccan child scored lower than
“average” (range IV). Intelligence scores were 102, 106, and 103 points for the 7-, 9-,

and 11-year-old Moroccan samples, respectively.

4. Discussion

Both of our hypotheses concerning potential biases in the “cultural fair’ CPM when
using non-representative norms were supported. The raw scores of Moroccan children
were significantly lower than children from the UK (11-year-olds) and Spain (7- and 9-
year-olds). This pattern of findings is consistent with performances on other
international tests such as the Programme for International Student Assessment (PISA;
OECD, 2019), and the Progress in International Reading Literacy Study (PIRLS; Martin et

al., 2017), where Moroccan children perform lower than those from the UK and Spain.

Two related cultural factors that could be impacting CPM scores are economics and
quality of education (Manly et al., 2002). According to the World Bank (2020), the UK
and Spain are high-income countries, whereas Morocco’s economy falls within the low
to middle category. A country’s economy has been correlated with 1Q scores on western
tests (Meisenberg, 2012). Economics can significantly impact quality of education, as
countries with the strongest economies tend to have the best educational infrastructure
such as highly rated schools, educational expenditures per student, and broadband use,
thus would likely provide the best learning opportunities (McPhillips, 2017; OECD, 2016;
World Bank, 2020). In addition, educational curriculum could be another contributing

factor as pedagogies in Morocco are generally focused on rote-learning (Wagner, 1993;
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El-Kogali & Krafft, 2019), while other Western countries, such as the UK or Spain, place

more emphasis on active play-based and exploratory learning (Walsh et al., 2010).

An interesting finding when using UK norms, is the lack of significant differences in raw
scores for the 7- and 9-year-old cohorts, but significantly lower scores for the 11-year-
olds. A possible explanation for this differential pattern is the long- term impact of
educational quality on cognitive development. Studies have indicated that years of
education are a significant contributor to intelligence development (Cahan & Cohen,
1989; Ritchie & Tucker-Drob, 2018) and quality of education can have long-term impact
on cognition (Manly et al., 2002). Thus, it would be plausible that longer periods of
exposure to stronger education would result in better scores on intellectual testing over
time, as seen in our UK and Moroccan data. The stagnation of Moroccan scores between
9- and 11-year-olds would be supportive of this interpretation. More research is needed

to examine the long-term effects of educational quality.

In contrast to UK and Spanish children, Moroccan children significantly outperformed
the Omani 9-year-old group. This result is counterintuitive, given the cultural similarities
and Oman’s stronger economy and educational ranking (United Nations Development
Programme, 2020; World Bank, 2020). However, studies have demonstrated that
cognitive differences exist between countries that are culturally similar (Buré-Reyes et
al., 2013), for example in language, religion, and educational style (El-Kogali & Krafft,
2019; Porcaro, 2011). Our findings would indicate that there are unknown cultural
factors aside from educational and economic factors accounting for performances on
western tests. One key may be geographic proximity, as geographic distance between

countries has been found to be highly correlated with 1Q (Gelade, 2008).
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Our second hypothesis, 1Q scores based on non-representative norms will result in an
over-classification of Moroccan children in lower ranges versus the normal curve, was
partially supported. We found a large percentage of children falling “below average”
(range 1V) and classified as “intellectually impaired” (range V) when using the norms
from both the UK and Spain. These findings have important implications for the
assessment of both Moroccans living in their country and abroad. This test, together
with the already limited neuropsychological tools that have been properly adapted and
validated in Morocco (Fasfous et al., 2017), can potentially lead to errors of
measurement and test interpretation when using non- representative norms.
Additionally, considering the proximity of Morocco to Spain and the large number of
migrants reaching 707,000 by 2017 (Migration Policy Institute, 2017), there is also a high
probability for misclassification of Moroccan children emigrating to Spain who are

assessed for clinical or educational reasons.

Clinicians should also be cautious when using the original normative CPM data (UK) to
calculate the 1Q of the Moroccan children. While the Moroccan children obtained higher
raw scores at older ages, the opposite effect was shown when these scores were
transformed into a Greenwich IQ with mean 1Qs decreasing from “below average” at
age 7 to “intellectually impaired” at age 11 (almost 2 SDs under the mean). Given similar
findings, Bakhiet et al. (2018) concluded that 1Q decreases with age in the Arab world.
Our findings would suggest that this conclusion was erroneous based upon use of non-
representative norms for data interpretation and support Greenfield’s (1997)

determination that psychological tests may not cross cultures.
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Notwithstanding, this study has some limitations. First, is the small sample size and
limited number of age groups, particularly for the Spanish group. A broader age range
with larger samples would be important to ensure confidence in our pattern of findings.
Second, our cross-sectional design did not control for possible cohort effects which
could account for our findings. Third, weaknesses in the test—retest reliability of the
Omani norms would limit the validity of our findings. Finally, the demographic data for
the study groups were insufficient, which would limit our understanding of group

equivalency and group characteristics on test performance.

To increase the accuracy of intellectual assessment when assessing children from
different cultures, future studies should develop tests for specific cultures that follow
the International Test Commission guidelines for adapting tests (International Test
Commission, 2017) and gather norms for sub-cultures or minority groups within the
same population (Oliveri & von Davier, 2016). In addition, examining the impact of
contextual factors, for example, SES, educational differences, religion, values, behaviors,
or economics, on performance on western intelligence tests can both help to elucidate

influences on intellectual development and interventions to improve cognition.
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The Misuse of Norms in Intelligence Testing:

A Study and Meta-Analysis in Arab Countries
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Intelligence Testing: A Study and Meta-Analysis in Arab Countries [Manuscript

submitted for publication]
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CHAPTER 6:
The Misuse of Norms in Intelligence Testing: A Study and Meta-Analysis in

Arab Countries

1. Introduction

The study of human intelligence has long been of interest to researchers in social
sciences and psychology (Sternberg & Grigorenko, 1997), as well as other fields such as
genetics (Plomin & Von Stumm, 2018), economics and social behavior (Heckman et al.,
2006), and anthropology and human evolution (Cosmides et al., 2010). Intelligence plays
acrucial role in cognitive functioning and has significant implications for many important
life outcomes, including academic and occupational success, social and emotional well-
being, and health and longevity (Deary, 2012). Understanding the nature and
development of intelligence can provide insights into the cognition and brain, and
inform interventions and policies to improve outcomes for individuals and society

(Sternberg, 2003).

In psychology, most experimental studies on intelligence have focused on studying racial
(e.g., Richard Lynn’s work) or temporal differences in intelligence (Flynn, 2007).
Research on racial differences in intelligence has often been controversial and has been
used to support both sides of the argument about whether or not there are inherent
differences in intelligence among different racial groups (Gottfredson, 1997). Some
researchers, like Lynn (2006), argue that there are inherent differences in intelligence
among racial groups and that these differences are mainly due to genetics. However,

Lynn's work has been largely criticized by researchers who point to other factors, such
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as cultural and environmental differences (Herrnstein & Murray, 2010), as potential

explanations for observed differences in intelligence.

There has been research on the differences in intelligence over time, specifically
examining the trend of consistently increasing scores and the possible reasons for this
(Flynn, 2007). Several meta-analyses have been published supporting the Flynn Effect
(te Nijenhuis & van der Flier, 2013; Pietschnig & Voracek, 2015; Trahan, et al., 2014),
indicating that the causes could be due to genetic and environmental factors. These
studies have implications for our understanding of the nature of intelligence and how it
changes over the lifespan. However, some studies in the last few decades curiously
report a negative Flynn Effect, which refers to a decline in intelligence test scores over
time (Dutton et al., 2016). The causes of the negative Flynn Effect are not evident in
these investigations, although authors relate these to changes to the educational system
and dysgenic fertility, according to two studies in Kuwait and Sudan (Dutton et al.,

2017a; Dutton et al., 2017b).

However, there is not only theoretical literature claiming to find negative effects on
intelligence over time. Bakhiet et al. (2018) report finding an inverse relationship
between age and intelligence in the Arab world, which they christen the Simber Effect.
In their study, the researchers claimed that intelligence test scores tended to decline
with increasing age in the Arab population, a pattern that differed from the generally
positive relationship between age and intelligence in normal development (Rosengvist
et al.,, 2017). Bakhiet et al. (2018) suggest that this may be due to cultural and
environmental factors specific to the Arab world, although this finding has not been

consistently replicated in other studies.
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Both approaches to the study of negative changes in intelligence (temporal and age-
related) are alike: both rely on transformed 1Q scores that are based on normative data
from the UK on the Raven’s Progressive Matrices (Raven, 1998). This means that all
conclusions and data interpretations are made by using non-representative norms from
a different culture. As seen before, the misuse of intelligence norms can lead to
impossible 1Q estimates and flaws (Ebbesen, 2020) and misclassification of children

populations (Lozano-Ruiz et al., 2021).

The aim of this study is twofold: first, to investigate whether the development of
intelligence in the Arab world is really negative or, alternatively, positive through a meta-
analysis. The second objective, which is linked to the first, is to test whether the
transformation from raw scores to IQ using the UK scales behaves differently for
different ages. We hypothesize that the curve in the raw scores will be positive when
comparing the minimum and maximum ages and that there will also be a positive
development when studying the mean raw score at different ages during childhood.
However, we hypothesize that this relationship with age will be inverse when
transforming all contiguous age groups to 1Q, supporting through this contrast that the

cause may be linked to the misuse of the norms.

2. Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement

(PRISMA-P; Moher et al., 2015) was followed for this study.

2.1. Literature Search
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The search was performed on April 2020 (no date limits) on four databases: Scopus,
PsycINFO, ScienceDirect, and ProQuest Dissertations and Theses Global (n = 692). An
additional search was performed on Google Scholar (n = 261), both in English and Arabic

(Figure 1).

For the search, terms related to intelligence, development, and the Raven’s Coloured
Progressive Matrices test (CPM) were included (Table 1). For instance (Psycinfo):
((intelligence OR iq OR "cognitive abilit*" OR "intellectual abilit*") AND (child* OR
development*) AND ("coloured progressive matrices" OR cpm)) AND noft(("coloured
progressive matrices” OR "CPM") NOT ("standard progressive matrices" OR "SPM" OR

"advanced progressive matrices" OR apm)).

Once all searches were performed, the results were exported in a bibliographic file for
each database. The screening process was performed in two parallel ways according to
the language. On one hand, the English results were imported into RStudio to be
managed by the revtools package, a powerful tool for screening articles (Westgate,
2019). On the other side, Arabic results were imported into Excel to be directly screened

by a native Arabic speaker.

After removing duplicates (n = 779), a topic screening was conducted to delete articles
not matching our field of study (e.g., artificial or emotional intelligence, developmental
disorders, adults, etc.), excluding a total of 365 articles. Then titles, abstracts, and full

texts were screened.
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Electronic Databases (n = 692)

Searching electronic databases (Scopus, Psycinfo,
ScienceDirect, ProQuest Dissertations and Theses) using
combinations of search terms relating to intelligence AND
children AND “Coloured Progressive Matrices” (see Table 1

for more terms).

Records After Duplicates Removed
(n=779)

v

Other Sources (n = 261)
Google Scholar (English: n = 218;
Arabic: n = 43)

Criteria For Study Inclusion
o *  Must be in English or Arabic
o *  Must use children as participants
'E ¢ Children must be from a country in the Arab world
": ¢ Children must be healthy and without any cognitive, neurclogical, or developmental problem
o ¢ Children must be between 6 and 11
g ¢ Mustinclude data from 6 to 11
T;:’ «  Must include raw scores (mean, standard deviation, and sample size for each age group) for the Coloured Progressive
- Matrices test
«  Alternatively, must include percentiles for each age group
Articles after Title |, Excluded by Title (n = 281) & Topic Screening (n = 365)
and Abstract
Screening -
(n = 74) e Excluded by Abstract Screening (n = 59)

o Full Text Articles Evaluated but Excluded (n = 66)
E’ . Not children as participants

""" . Children were not part of an Arab country

. Children presented cognitive, neurclogical or developmental
Full Text Articles ———— i‘;:t;'r"';'jgh g grouns
after E?a_h'fa_md for . No raw scores for the Coloured Progressive Matrices test
Eligibility . Missing data to calculate effect sizes
(n=8)
A J

=]

% Articles Included

3

< (n=28)

£

|

Figure 1. PRISMA-P flow diagram
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Table 1. Literature search terms

Main concepts Measurement Population Exclusions

Standard Progressive

intelligence Coloured Progressive Matrices child* .

Matrices

intellectual Raven’s Coloured Progressive Matrices non-adult* SPM

" o Advanced Progressive

cognitive abilit* CPM development . &
Matrices

intellectual abilit* development* APM
elderly

A total of 8 articles meeting the inclusion criteria were then scanned for data extraction.
A final database was created containing references, methodological information, and

results.

2.2. Selection Criteria

All studies included in this meta-analysis were selected according to the PICOS

categories (Moher et al., 2015). See Figure 1 for inclusion criteria.

Only articles reported in English or Arabic languages were included. Both published and
not published articles and theses or chapters of books were also considered for

inclusion.

Geographical conditions were also applied so that only articles containing data collected
in countries from the Arab world were selected (World Bank, 2022): Algeria, Bahrain,

Comoros, Djibouti, Egypt, Iraqg, Jordan, Kuwait, Lebanon, Libya, Mauritania, Morocco,
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Oman, Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tunisia, United Arab

Emirates, and Yemen.

Finally, only studies containing raw scores for the CPM test's minimum and maximum
age group were selected: 6 and 11 (not all articles included 5- and 12-year-olds). These

data could be presented in two options:

e Raw scores: Mean, standard deviation, and sample size for each age group.
e Alternatively, percentiles (containing at least the 25th, 50th, and 75th

percentiles) and sample size for each age group.

The CPM test was selected because it is the most widely used intelligence test in
research and clinical practice for the age range of 6-11 years, and there is a large amount

of data available for it from various parts of the world (Raven et al., 1998).

2.3. Data Extraction and Effect Sizes

These data were directly extracted when means, standard deviations, and sample sizes

were presented in the documents.

Data were converted into means and standard deviations when only percentiles were
found. For the mean estimation, the following formula proposed by Luo et al. (2016)

was used:

0.39\ g, + 0.39
M =0.7 (T) ©vds (0.3 ——)m

where q; is the 25th percentile, g3 is the 75th percentile, m is the median (50th

percentile), and n is the sample size.
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For the standard deviation estimations, the following formula was applied (Wan et al.,

2014):

qz + g1

b= n(n)

where n(n) is a value included in Wan et al. (2014).

When data was presented separated by gender (boys and girls) or different subgroups
within the same age (e.g., 6- and 6.5-years-old), the following equations presented in
the Cochrane Handbook (Higgins et al., 2019; Table 7.7.a) were used to pool the sample

sizes, means, and standard deviations, respectively:
N=N;+N,

_ (NiMy) + (N M5)

M
N; + N,

N;N
N; — 1)SD? + (N, — 1)SD? + —1 -2
(1 ) 1 (2 ) 2 N1+N2

N +N,—1

(M? + M2 — 2M, M,)
SD =

Once all the mean, standard deviations, and sample sizes were computed for each age

groups, Hedges’ g effect sizes were calculated using the esc package (Lidecke, 2019).

2.4, Statistical Analyses

2.4.1. Meta-Analysis

A random effect meta-analysis was conducted to study the overall effect size of the age
differences in intelligence. Egger’s regression test was conducted, and a funnel plot was

generated to study publication bias.
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All the analyses were conducted using the meta package (Schwarzer et al., 2015) for R

software (R Core Team, 2021).

2.4.2. Transformations into 1Q

Average raw scores for each age group from 6 to 11 were transformed into 1Q using the

UK norms from Raven’s CPM (Raven et al., 1998).

Finally, both variables were rescaled to the same range (0 to 1) to be graphically

interpretable.

3. Results

The random-effects meta-analysis showed an overall effect size of g = 1.48, 95% ClI

[1.124; 1.836], p < .001, indicating a very large positive effect (Cohen, 1988).

However, between-study heterogeneity was extremely high: Q(s) = 190.540, p < .001; I
=94.82%, T’ = . 242, 95% CI [.095; 1.024]. Overall and specific effect sizes were plotted

in a forest plot (Figure 2).

Finally, we conducted Egger’s regression test for funnel plot asymmetry (Figure 3),

finding no publication bias: z=-.253, p = .800.

3.1. Meta-Analysis

3.2. Transformations into I1Q

Table 2 shows the raw scores mean average and the IQ of these scores transformed

using the UK norms for all the included countries merged.
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Figure 2. Forest plot of 6- to 11-years-old differences
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Table 2. Raw scores and transformed IQ scores using UK norms for each age group

Age group
6 7 8 9 10 11
Raw scores 17.22 18.84 20.46 22.20 23.95 24.58
British 1Q 101 96 91 84 83 62

As can be seen in Figure 4, raw scores increased with age, while 1Q lowered on average
as age increased. The decrease in IQ means has its crossover point at age 9, with its

lowest value in 11 years (as previously shown in Table 2).

1,00 = Raw scores
Transformed 1Q

0,75 4
0,50 +
0,25 +
0,00 -4 I I I I I

6 7 8 9 10 11

Age Group

Figure 4. Curves for raw scores and transformed 1Q scores using rescaled variables (.00-1.00)
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4. Discussion

The present study aimed to examine the relationship between age and cognitive ability
in children in the Arab world. Our meta-analysis indicated a positive relationship
between these variables. However, we obtained the opposite results when we
transformed the raw scores of 6- to 11-year-old children to IQ using non-representative
norms. This finding supports our hypothesis that inappropriate norms can lead to an

inaccurate and biased cognitive ability assessment.

The meta-analysis showed a very large, significant effect size, thus demonstrating a
positive development in the CPM test in these countries. Although these are
independent cohort data, one would expect intelligence scores, as with any other
function, to differ across age groups during childhood. This development is "especially
rapid before age 9 or 10 for most neurocognitive functions" (Rosengquvist et al., 2017), so
the importance of finding this data behavior is crucial for healthy, normal development.
Additionally, there is evidence that interventions aimed at improving cognitive ability in
infancy can have long-term benefits (Grantham-McGregor et al., 2007). Therefore,
understanding the relationship between age and cognitive ability in infancy is essential
for identifying potential areas for intervention and for optimizing cognitive development

in early life in different cultural contexts.

Our second objective was to investigate whether there is a difference between the
relationship between age and mean raw scores, or age and scores transformed into Q.
We found that while raw intelligence scores linearly increased for each age group, as
expected based on the results of our meta-analysis, the British 1Q scores were inversely

related to age. This suggests that when applying non-representative norms, children are
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perceived to become less intelligent as they grow, an alleged phenomenon referred to

as the Simber Effect by Bakhiet et al. (2018).

However, using non-representative norms, which are based on Western percentiles and
should not "cross cultures" (Greenfield, 1997), is inappropriate for transforming
normative raw data into 1Q. This may lead to misclassification (Lozano-Ruiz et al., 2021),
can be influenced by sample bias (van de Vijver & Tanzer, 2004), can be seen as a poor
measure of cognitive ability (Hampshire et al., 2012), and finally, can lead to scientific

racism (Ebbesen, 2020).

Furthermore, the decrease in IQ scores was particularly pronounced in the older group,
with a mean 1Q of 62 (more than 2 standard deviations below the mean), which
according to Raven, is considered intellectually impaired. The contrast with the 6-year-
old group that is actually at a normal I1Q (i.e., around 100), even using non-representative
scales, makes it clear that what happens in the first case is not reasonable. These low
scores are similar to those of Ebbesen (2020) and our study, in which we attempted to
make the same transformations with another Arab country, Morocco (Lozano-Ruiz et
al., 2021). One possible explanation for the more significant decrease at older ages could
be the more prolonged exposure of children to their cultural and educational context,
which may impact their development (Manly et al.,, 2002). In this way, nonverbal
intelligence tests may be more affected by the influence of culture at older ages. For
instance, the educational system or learning styles, as well as the quality of education

(Fernandez, 2022), can cause cross-cultural differences (Koster et al., 2020).

Finally, we found high between-study heterogeneity in our meta-analysis. While the

absence of publication bias suggests that this is not the cause of the variability (Egger et
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al., 1997), other potential reasons exist for this variation. For example, the lack of control
over other influencing variables in the included studies may have contributed to the
heterogeneity (van Hemert, 2011). Cultural variables, such as education, or other
variables, such as socioeconomic status, may vary across different cultural contexts and
could have a moderating effect on cognitive ability development. Therefore, it is
important to consider cultural covariates in cross-cultural meta-analyses to control for
their influence on effect sizes through subgroup meta-analysis (categorical variables) or

meta-regression (continuous independent variables).

This study has several limitations that should be noted. Firstly, many studies included in
the meta-analysis have significant methodological issues, such as a lack of reported
psychometric values or a lack of evidence of cultural adaptation. Some studies report
reliability and internal consistency, but none address validity. This lack of basic
information makes it difficult to control for cross-cultural variability and limits the
generalizability of the findings. Secondly, the high heterogeneity in the items included
in the studies also hinders the ability to control for cultural differences. Despite these
limitations, the main aim of this study was to examine the directionality of intelligence
development and cultural differences among populations with relatively close cultural

distance (i.e., the Arab world).

Future research should prioritize using culturally adapted and validated norms to ensure
the accuracy and fairness of cognitive assessments in different cultural contexts (e.g.,
following the ITC guidelines, 2017). However, it is also essential to consider new
psychometric perspectives beyond culture-specific norms (Fernandez & Abe, 2018). In

addition, meta-research methods such as those that examine measurement errors,
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heterogeneity (such as this study), or p-hacking (e.g., p-curves analyses) could be
valuable in assessing the quality of published findings and the validity of evidence. These
efforts will help to combat scientific racism and cultural biases in research, as well as to
improve the psychological and neuropsychological assessment of developing children in

both educational and clinical settings.
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CHAPTER 7:

General Discussion

The main aim of this thesis was to investigate the impact of culture on child development
in Arab children. To accomplish this goal, we carried out a series of studies that
employed a range of approaches and new methodologies in the field of child
neuropsychology. Our research aimed to shed light on the complex relationship
between culture and child development through three studies: a review of the
accumulated literature in cross-cultural neuropsychology, an empirical study on new
cross-cultural comparisons in intelligence assessment and the consequences of using
non-representative norms, and a meta-analysis of intellectual development in the Arab

world.

Our findings revealed an excessive emphasis on American culture and English-Speaking
populations. Also, children's research was three times less frequent than that of adults,
thus showing little interest in neurodevelopment from a cultural perspective. Regarding
the main topics of study within the field, we identified 25 key areas of focus, the most
prominent being neuropsychological assessment, methodological and training issues,
and dementia as the most commonly studied clinical issue. Our results are similar to
Arnett's (2016) and Thalmayer et al. (2021), who found that most psychology papers
focus on American culture, and those by Chiao (2009), who showed the predominance
of WEIRD populations in neuroscience studies. However, the fact that this is happening
within the field of cross-cultural neuropsychology, which aims precisely to study culture,

is counterproductive and alarming. New investigations in unstudied populations,
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especially non-Westerns, as well as children, are needed to provide more information

and a better understanding of the role of culture in cognition and the brain.

Building on these findings, we aimed to study how culture affects nonverbal intelligence
tests. Between-subject comparisons showed normal development in Moroccan children
(second study) and Arab children (third study), finding higher scores as children get
older. However, when non-representative norms were applied, many healthy children
were wrongly classified as intellectually impaired or below average, with the
misclassification rate increasing with age. Similarly, 1Q scores decreased when UK norms
were applied, being lower at older ages. These results have two major reasons for
comment: that the CPM is not a "culture-free" test, and that culture may have a greater

impact at older ages, and thus on the probability of obtaining biased IQ values.

It is important to consider that nonverbal intelligence tests may behave differently and
may even be misunderstood across cultures (Fernandez & Abe, 2018). As seen
previously, familiarity and experience with psychological tests can be different across
populations; therefore, prior experience and even the skills needed to solve the tests
may differ between Western and non-Western cultures (Fasfous et al., 2013b). In our
second study, we applied three different norms to our sample, finding more
misclassifications when applying the British ones than those from Spain and Oman,
another Arab country. These results are consistent with the third study, where the same
UK norms were applied to the Arab countries. The Arab population likely differs from
the British population in terms of familiarity with testing or even in the quality of

education (Fernandez, 2022). Either way, and as Greenfield (1997) warned decades ago,
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these results demonstrate that Western tests should not cross cultures, even if they are

nonverbal.

Finally, and linked to the previous findings, our results demonstrate that there may be
differences in intelligence between cultures regardless of cultural distance. The raw
scores of Moroccan children differed from published normative data in the UK, Spain,
and Oman at some ages, although higher in the 11-year-old group. Similarly, our meta-
analysis showed high heterogeneity between Arab countries. This may be one of the
reasons why when norms from other countries are applied to these raw scores,
misinterpretations occur. For instance, using UK scales caused Moroccan children to
have a very low IQ at age 11, and the IQ of children in the Arab countries to drop
increasingly from age 6 to 11, the latter being below 2 standard deviations. It may be
possible that, as children grow in age and are exposed to their culture, they become
more influenced by cultural and educational factors, such as the educational system
(Koster et al., 2020; Manly et al., 2002). This may make the differences, and thus the

likelihood of finding biased 1Q, increase with age.

Overall, these findings contribute to our understanding of the influence of culture on
cognitive development and have several implications for theories and practices in cross-

cultural neuropsychology.

1. Theoretical Implications

This doctoral thesis has several implications for research on cross-cultural
neuropsychology. Our first findings highlight the low representation of several

countries, cultures, and languages worldwide, many of which have never been studied.
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This underrepresentation may also potentially perpetuate ethnocentrism and biased
outcomes by creating new biased research in Psychology (Teo & Febbraro, 2003). Within
cross-cultural neuropsychology, the problem is even more significant, as the main
objective is precisely to understand the role of culture in cognition in different contexts.
Therefore, future research in cross-cultural neuropsychology must strive for more
excellent representation and inclusion of diverse cultural groups to reduce the risk of

ethnocentrism and increase the generalizability of findings.

Additionally, research focused on intelligence study has significant flaws due to the
misuse of 1Q to carry out cultural comparisons with the consequent biased deductions.
As it has been already seen, 1Q scores can be an inaccurate measure of intelligence
(Ebbesen, 2020), and the use of these is a perfect excuse that can give rise to scientific
racism in our field and other related fields where intelligence is the object of study
(Belhir, 1994). As seen in our second and third studies, these biases can particularly

affect non-Western cultures such as the Arab world.

These bad practices in research may be linked to the misconception of “culture-free”
tests. As Greenfield (1998) stated, nonverbal intelligence tests can also be based on
cultural constructs, so Western tests should not be applied to other cultures. Our results
with the Raven’s Coloured Progressive Matrices are consistent with this affirmation,
showing that cultural distance can also increase cross-culture differences. Also, the lack
of psychometric properties, especially validity, impacts these measurement biases (van
de Vijver & Tanzer, 2004). As tests that are not adequately validated may not accurately
measure the construct of interest, most research on this topic could not correctly

measure the concept of intelligence.
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Finally, our results in Moroccan children and other Arab countries follow a similar
pattern previously explained: biases are lower in low age groups, while differences and
biases in 1Q start to become noticeable from 9-10 years old. Studies such as Boivin &
Giordani (2009) have also shown the presence of developmental patterns in clinical
populations of African children. These authors detail these findings as evidence for the
"brain/behavior omnibus model," giving importance to a universal model that benefits
the understanding of cognitive development and cultural influence in cross-cultural
neuropsychology. This omnibus, based on the cross-level dynamic biocultural
coconstructivism proposed by Li (2003), could be studied from other cultures and both
healthy and pathological populations. These findings will then be extended to the
lifespan and contribute to the advancement and development of the theoretical

framework of cross-cultural neuropsychology.

2. Practical Implications

2.1. Clinical Implications

Clinicians must consider tests' cultural applicability and norms when interpreting test
results. Our investigations on the use of non-representative norms led to the
misclassification of Moroccan children's intelligence scores, highlighting the potential
for cultural bias in test results. Misclassifications in intelligence can be the perfect trigger
for significant problems in clinical practice, such as a diagnosis of intellectual disability.
The DSM-IV (APA, 1994) included a score of 2 standard deviations below the population
mean in 1Q (<65-70) as one of the criteria (criterion A) for the diagnosis of an intellectual
disability. The DSM-5 (APA, 2013) improved upon this criterion by specifying the need

to use "psychometrically valid, comprehensive, and culturally appropriate tests." The
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ICD-11 (WHO, 2019) includes the requirement for an IQ score "two or more standard
deviations below the mean," which should be based on "appropriately normed,
individually administered standardized tests" as a criterion for intellectual disability.
However, these general guidelines do not provide sufficient detail on ensuring that tests

are culturally appropriate and valid.

Furthermore, it is common for clinicians to rely on norms from other countries (e.g., UK
norms) when evaluating immigrants due to a lack of available norms specific to their
country of origin. This, combined with deficits in adaptive functioning (as defined by
criterion B), may contribute to misdiagnosis. It is important to consider the possibility
that maladaptive behaviors and functioning observed in immigrant populations may be
the result of the acculturation process (Aronowitz, 1984; Berry, 2007) rather than a
disorder, and thus should be taken into account when conducting a neuropsychological

evaluation to avoid making hasty conclusions.

Another clinical implication specific to Spain is the application of assessment tools to
immigrant populations from Morocco, the majority of immigrants in Spain (Migration
Policy Institute, 2022). Our results showed that using UK and Spanish CPM test norms
can lower 1Q scores in Moroccan children with typical development, which could result
in a biased diagnosis for children from this country. Similarly, for a child from an Arab
country that migrates to another country, there may be difficulties in assigning an 1Q
score, mainly if the child is closer to 11 compared to 6 years old. Thus, it is necessary to
develop and validate assessment tools specifically for use with these populations to

ensure that test results are accurate and reliable.

2.2. Educational Implications
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There is extensive evidence of the relationship between intelligence and academic
achievement (Hattie, 2008). However, cultural differences also exist in academic
performance (Herrera et al., 2020; Chen & Stevenson, 1995), making this intelligence-
education relationship more complex than many authors think. In this way, assumptions
about the influence of intelligence on academic achievement based on non-

representative norms can lead to a "domino effect" of biases.

For example, some articles have shown a relationship between intelligence and the
Programme for International Student Assessment (PISA), Trends in International
Mathematics and Science Study (TIMSS), or Progress in International Reading Literacy
Study (PIRLS) informs (Rindermann, 2007), to some extent that some authors use these
scores as synonyms of intelligence in their articles (e.g., Dutton et al., 2016) to reach
conclusions about cognitive abilities performance in concrete cultures. In the same way,
the Ministry of Education from the United Arab Emirates (UAE) tried to validate the CPM
test (Eid, 1999; published in Arabic) and assumed poor performance issues in the UAE

children based on inappropriate British 1Q transformations.

Therefore, based on the previous clinical implications and our findings, professionals in
education need to consider the cultural appropriateness and validity of assessment tools
when evaluating children's cognitive abilities to avoid triggering bias or inequality. On
the one hand, children may be misclassified and moved to a lower or higher grade based
on these biased scores. On the other hand, the labeling of intelligence ranges, especially
all those below average, can lead to stereotyping of minority populations. Ensuring fair

and culturally accurate assessment of children is crucial for their academic success and
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future opportunities. Thus, professionals must consider these issues when selecting and

applying intelligence tests.
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CHAPTER 8:

Concluding Remarks and Future Recommendations

1. Concluding Remarks

Based on the results obtained in this thesis, we can conclude the following remarks:

=

The study of new cultural populations will help better understand the impact of
culture on cognition and the brain, as well as its development.

More research in non-adult populations is needed to better understand the impact
of culture on neurodevelopment.

Nonverbal intelligence tests are not “cultural-free.”

Nonverbalintelligence tests should be culturally adapted and validated for the target
population.

Using non-representative norms of nonverbal intelligence tests can lead to
misclassifications and biased 1Q scores.

Biased IQ scores are more probably to occur at older ages.

IQ scores can decrease to unreasonable values (even considered "intellectually
impaired") around 11 years of age.

Intelligence development can differ across cultures, even if they are close (e.g.,

across Arab countries).

. Future Recommendations

This doctoral thesis provides new findings on the influence of culture on the cognitive

development of children in the Arab world from the field of cross-cultural

neuropsychology. The results suggest that more research is needed from this
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perspective, as well as new methodologies and study populations to better understand

the impact of culture on neurodevelopment.

First, it would be very interesting and important to investigate and compare cultures
that have not been studied or received little attention, especially non-Western
populations such as the Arab world. Using non-adult populations that have been little
studied may yield new information on what neurodevelopmental curves look like in
different contexts and, in this way, better understand the role of culture in cognitive
development and how to encompass different neurodevelopmental pathologies, or
simply how normal development works. This recommendation is not only focused on
comparing different cultures but also populations within the same culture or

populations with a short cultural distance, such as the aforementioned Arab countries.

Secondly, it is necessary to develop and adapt new neuropsychological assessment tests
for those populations where tests are unavailable, or their availability is very limited. To
this end, new approaches should be considered that attempt to validate and culturally
adapt tests that properly measure the construct as it is perceived by the culture to which
the test is to be applied to eliminate cultural biases. For this, it is recommended to
always consider some specific guidelines for adaptation, such as the ITC guidelines
(2017). Similarly, this would eliminate biases related to biased scores, such as the case
of 1Q, when using norms from other cultures. Related to this, cross-cultural norm
approaches should be considered over culture- or race-specific norms (Fernandez &

Abe, 2018).

Moreover, new research studying other cultures should consider the different cultural

biases that may influence the sample and the research. For this, researchers could follow
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the taxonomy proposed by van de Vijver & Tanzer (2004) to encompass three general
types of bias (i.e., construct, method, and item bias) and the recommendations by
Fernandez & Abe (2018). These considerations are also very important to consider when
adapting and validating new instruments. New work can focus on studying the source of
various biases in populations, comparisons, or validations of specific tests. Similarly,
making this taxonomy fashionable will allow for a better understanding of how these

cultural biases operate, as well as collaborate in improving good practices.

Similarly, we recommend opening a line of research in the field of cross-cultural
neuropsychology related to meta-science, which helps to quantify and better
understand the publication biases within the field. For instance, meta-analyses can
synthesize evidence and better explain the influence of some cultural factors in
heterogeneity across populations (van Hemert, 2011). Some exciting examples could be
the quality of education, acculturation, or cultural distance. Furthermore, p-hacking
research using p-curves analysis can help to clarify whether only significant results are
published and whether there is publication bias in specific topics (e.g., whether only
studies are published where cross-cultural differences are found in a certain domain
such as intelligence). This type of research can be doubly beneficial: on the one hand, to
better understand the role of culture and cultural biases, and on the other hand, to

consolidate the research framework in the field.

Finally, from practice, it is recommended to always consider the influence of the possible
three major biases and how different cultural variables may be affecting them. The use
of the ECLECTIC framework proposed by Fujii (2018) can help considerably to improve

the effectiveness of neuropsychological assessment in minority populations, considering
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8 important factors in clinical practice: "E: education and literacy; C: culture and
acculturation; L: language; E: economics; C: communication; T: testing situation: comfort
and motivation; I: intelligence conceptualization; and C: the context of immigration." On
the other hand, it is recommended to complement this with information on other
cultural variables that may influence cognitive performance, such as those explained by
Ardila (2007; 2020) and Puente & Agranovich (2013), as well as the specific cultural
factors and recommendations explained by Olson & Jacobson (2015) for a proper,

culturally pediatric neuropsychological assessment.

140



141



142



REFERENCES

143



144



REFERENCES

Agranovich, A. V., Panter, A. T., Puente, A. E., & Touradji, P. (2011). The culture of time in
neuropsychological assessment: Exploring the effects of culture-specific time attitudes
on timed test performance in Russian and American samples. Journal of the
International Neuropsychological Society: JINS, 17(4), 692.

https://doi.org/10.1017/51355617711000592

Agranovich, A. V., & Puente, A. E. (2007). Do Russian and American normal adults perform
similarly on neuropsychological tests? Preliminary findings on the relationship between
culture and test performance. Archives of Clinical Neuropsychology, 22(3), 273-282.

https://doi.org/10.1016/j.acn.2007.01.003

Al-Madani, K.M. (2016). The Standardization of Raven's Coloured Matrices on Libyan children

in Misurata (in Arabic). Journal of College of Arts, Misurata University 1, 34-60.

American Educational Research Association (AERA), American Psychological Association, &
National Council on Measurement in Education. (2014). Standards for educational and

psychological testing. Washington, DC: American Educational Research Association.

American Psychiatric Association, DSM-5 Task Force. (2013). Diagnostic and statistical manual
of mental disorders: DSM-5™ (5th ed.). American Psychiatric Publishing, Inc.

https://doi.org/10.1176/appi.books.9780890425596

Ames, D. L., & Fiske, S. T. (2010). Cultural neuroscience. Asian journal of social psychology, 13(2),

72-82. https://doi.org/10.1111/j.1467-839X.2010.01301.x

145



Andersen, H. R., Nielsen, J. B., & Grandjean, P. (2000). Toxicologic evidence of developmental
neurotoxicity of environmental chemicals. Toxicology, 144(1-3), 121-127.

https://doi.org/10.1016/5S0300-483X(99)00198-5

Araujo, N. B., Nielsen, T. R., Barca, M. L., Engedal, K., Marinho, V., Deslandes, A. C., & Laks, J.
(2020). Brazilian version of the European Cross-Cultural Neuropsychological Test Battery
(CNTB-BR): Diagnostic accuracy across schooling levels. Brazilian Journal of Psychiatry,

42, 286-294. https://doi.org/10.1590/1516-4446-2019-0539

Ardila, A. (1995). Directions of research in cross-cultural neuropsychology. Journal of clinical
and experimental neuropsychology, 17(1), 143-150.

https://doi.org/10.1080/13803399508406589

Ardila, A. (2005). Cultural values underlying psychometric cognitive testing. Neuropsychology

Review, 15(4), 185-195. https://doi.org/10.1007/s11065-005-9180-y

Ardila, A. (2007). The impact of culture on neuropsychological test performance. In Uzzell, B.,
Ponton, M., and Ardila, A. (eds.), International Handbook of Cross-Cultural

Neuropsychology, 23, 44. Psychology Press.

Ardila, A. (2018). Is intelligence equivalent to executive functions? Psicothema.

https://doi.org/10.7334/psicothema2017.329

Ardila, A. (2020). Cross-cultural neuropsychology: History and prospects. BectHuk Poccuinckoro
yHUBepcuTeTa Apyxb6bl Hapogos. Cepus: [llcuxonoaus u nedazoeuxka, 17(1), 64-78.

https://doi.org/10.22363/2313-1683-2020-17-1-64-78

146



Ardila, A., Bertolucci, P. H., Braga, L. W., Castro-Caldas, A., Judd, T., Kosmidis, M. H., Matute, E.,
Nitrini, R., Ostrosky-Solis, F., & Rosselli, M. (2010). llliteracy: The neuropsychology of
cognition without reading. Archives of Clinical Neuropsychology, 25(8), 689-712.

https://doi.org/10.1093/arclin/acq079

Ardila, A., Rosselli, M., & Puente, A. E. (1994). Neuropsychological evaluation of the Spanish

speaker. Springer Science & Business Media.

Ardila, A., Rosselli, M., & Rosas, P. (1989). Neuropsychological assessment in illiterates:
Visuospatial and memory abilities. Brain and Cognition, 11(2), 147-166.

https://doi.org/10.1016/0278-2626(89)90015-8

Arnett, J. J. (2016). The neglected 95%: Why American psychology needs to become less
American. In A. E. Kazdin (Ed.), Methodological issues and strategies in clinical research

(pp. 115-132). American Psychological Association. https://doi.org/10.1037/14805-008

Arnholt, A. T., & Evans, B. (2017). BSDA: Basic statistics and data analysis. R package version

1.2.0. https://CRAN.R-project.org/package=

Aronowitz, M. (1984). The social and emotional adjustment of immigrant children: A review of
the literature. International Migration Review, 18(2), 237-257.

https://doi.org/10.1177/019791838401800203

Bakhiet, S. F. A., Abdelrasheed, N. S. G., Cheng, H., Lynn, R., Essa, Y. A. S., & Blahmar, T. A. M.
(2017). Sex differences on the coloured progressive matrices in Sudan. Mankind

Quarterly, 57(4), 581.

147



Bakhiet, S. F. A., Dutton, E., Ashaer, K. Y. A, Essa, Y. A. S., Blahmar, T. A. M., & Hakami, S. M.
(2018). Understanding the Simber effect: Why is the age-dependent increase in
children’s cognitive ability in Arab countries than in Britain? Personality and Individual

Differences, 122, 38-42. https://doi.org/10.1016/j.paid.2017.10.002

Bakhiet, S. F. A., & Lynn, R. (2015). Regional differences in intelligence in Sudan. Intelligence, 50,

150-152. https://doi.org/10.1016/j.intell.2015.03.007

Bandeira, D. R., Alves, I. C. B., Giacomel, A. E., & Lorenzatto, L. (2004). Matrizes progressivas
coloridas de Raven-escala especial: Normas para Porto Alegre, RS. Psicologia em estudo,

9(3), 479-486. https://doi.org/10.1590/s1413-73722004000300016

Baron, I. S. (2010). Maxims and a model for the practice of pediatric neuropsychology. In K. O.
Yeates, M. D. Ris, H. G. Taylor, & B. F. Pennington (Eds.), Pediatric neuropsychology:

Research, theory, and practice (2nd ed., pp. 473-498). Guilford.

Basic, D., Rowland, J. T., Conforti, D. A., Vrantsidis, F., Hill, K., LoGiudice, D., Harry, J., Lucero, K.,
& Prowse, R. J. (2009). The validity of the Rowland Universal Dementia Assessment Scale
(RUDAS) in a multicultural cohort of community-dwelling older persons with early
dementia. Alzheimer Disease & Associated Disorders, 23(2), 124-129.

https://doi.org/10.1097/WAD.0b013e31818ecc98

Belkhir, J. (1994). Race, Sex, Class &. In J. A. Belkhir, Race, Sex & Class (pp. 53—-83).

https://www.jstor.org/stable/41680221

148



Benoit, K., Watanabe, K., Wang, H., Nulty, P., Obeng, A., Miiller, S., & Matsuo, A. (2018).
guanteda: An R package for the quantitative analysis of textual data. Journal of Open

Source Software, 3(30), 774. https://doi.org/10.21105/joss.00774

Benoit, L., Muhr, D., & Watanabe, K. (2021). stopwords: Multilingual Stopword Lists.

https://CRAN.R-project.org/package=stopwords

Berry, J. W. (1997). Immigration, acculturation, and adaptation. Applied Psychology, 46(1), 5—

34. https://doi.org/10.1111/j.1464-0597.1997.tb01087.x

Berry, J. W. (2003). Conceptual approaches to acculturation. In K. M. Chun, P. B. Organista, & G.
Marin (Eds.), Acculturation: Advances in theory, measurement and applied research (pp.

17-37). American Psychological Association. https://doi.org/10.1037/10472-004

Berry, J. W. (2007). Acculturation strategies and adaptation. In J. E. Lansford, K. Deater-Deckard,
& M. H. Bornstein (Eds.), Immigrant families in contemporary society (pp. 69—82). The

Guilford Press.

Birney, D. P., & Sternberg, R. J. (2006). Intelligence and cognitive abilities as competencies in
development.  Lifespan  Cognition:  Mechanisms of Change, 315-330.

https://doi.org/10.1093/acprof:050/9780195169539.003.0022

Blei, D. M., & Lafferty, J. D. (2009). Topic Models. In A. N. Srivastava & M. Sahami (Eds.), Text
Mining: Classification, Clustering, and Applications. Chapman & Hall/CR.

https://doi.org/10.1201/9781420059458.ch4

Blei, D. M., Ng, A. Y., & Jordan, M. I. (2003). Latent dirichlet allocation. The Journal of Machine

Learning Research, 3, 993-1022.

149



Boivin, M. J., & Giordani, B. (2009). Neuropsychological assessment of African children:
Evidence for a universal brain/behavior omnibus within a coconstructivist paradigm.

Progress in Brain Research, 178, 113-135. https://doi.org/10.1016/S0079-

6123(09)17808-1

Bojorque, G., Gonzales, N., Wijns, N., Verschaffel, L., & Torbeyns, J. (2021). Ecuadorian
children’s repeating patterning abilities and its association with early mathematical
abilities. European Journal of Psychology of Education, 36(4), 945-964.

https://doi.org/10.1007/s10212-020-00510-4

Bordes Edgar, V., Meneses, V., Shaw, D., Romero, R. A., Salinas, C. M., & Kissel, A. (2022). Clinical
utility of the ECLECTIC framework in providing culturally-informed autism spectrum
disorder evaluations: A pediatric case-based approach. The Clinical Neuropsychologist,

36(5), 1148-1171. https://doi.org/10.1080/13854046.2021.1936187

Brickman, A. M., Cabo, R., & Manly, J. J. (2006). Ethical issues in cross-cultural neuropsychology.

Applied Neuropsychology, 13(2), 91-100. https://doi.org/10.1207/s15324826an1302 4

Buré-Reyes, A., Hidalgo-Ruzzante, N., Vilar-Lépez, R., Gontier, J., Sanchez, L., Pérez-Garcia, M.,
& Puente, A. E. (2013). Neuropsychological test performance of Spanish speakers: Is
performance different across different Spanish-speaking subgroups? Journal of Clinical
and Experimental Neuropsychology, 35(4), 404-412.

https://doi.org/10.1080/13803395.2013.778232

Byrd, D., Arentoft, A., Scheiner, D., Westerveld, M., & Baron, I. S. (2008). State of multicultural
neuropsychological assessment in children: Current research issues. Neuropsychology

Review, 18(3), 214-222. https://doi.org/10.1007/s11065-008-9065-y

150



Cahan, S., Cohen, N., & Cattell, R. B. (1989). Age versus schooling effects on intelligence

development. Child Development, 60(5), 1239-1249. https://doi.org/10.2307/1130797

Cattell, R. B. (1940). A culture-free intelligence test. I. Journal of Educational Psychology, 31(3),

161. https://doi.org/10.1037/h0059043

Cattell, R. B. (1973). Culture-fair intelligence test. Institute for Personality and Ability Testing.

Cattell, R. B., Feingold, S. N., & Sarason, S. B. (1941). A culture-free intelligence test: Il.
Evaluation of cultural influence on test performance. Journal of Educational Psychology,

32(2), 81. https://doi.org/10.1037/h0058456

Cave, J., & Grieve, K. (2009). Quality of education and neuropsychological test performance.

New Voices in Psychology, 5(1), 29-48.

Celenk, O., & Vijver, F. J. (2011). Assessment of acculturation: Issues and overview of measures.

Online Readings in Psychology and Culture, 8(1), 1-22. https://doi.org/10.9707/2307-

0919.1105

Chen, C., & Stevenson, H. W. (1995). Motivation and mathematics achievement: A comparative
study of Asian-American, Caucasian-American, and East Asian high school students.

Child Development, 66(4), 1215—-1234. https://doi.org/10.2307/1131808

Chiao, J. Y. (2009). Cultural neuroscience: A once and future discipline. Progress in brain

research, 178, 287-304. https://doi.org/10.1016/50079-6123(09)17821-4

Chiao, J. Y. (2018). Developmental aspects in cultural neuroscience. Developmental Review, 50,

77-89. https://doi.org/10.1016/j.dr.2018.06.005

151



Chiao, J. Y., & Ambady, N. (2007). Cultural neuroscience: Parsing universality and diversity

across levels of analysis.

Chiao, J. Y., & Blizinsky, K. D. (2010). Culture—gene coevolution of individualism—collectivism and
the serotonin transporter gene. Proceedings of the Royal Society B: Biological Sciences,

277(1681), 529-537. https://doi.org/10.1098/rspb.2009.1650

Chiao, J. Y., Hariri, A.R., Harada, T., Mano, Y., Sadato, N., Parrish, T. B., & lidaka, T. (2010). Theory
and methods in cultural neuroscience. Social Cognitive and Affective Neuroscience, 5(2—

3), 356-361. https://doi.org/10.1093/scan/nsq063

Chiao, J. Y., Li, S. C., Seligman, R., & Turner, R. (Eds.). (2016). The Oxford handbook of cultural

neuroscience. Oxford University Press.

Chokron, S., & Agostini, M. (2000). Reading habits influence aesthetic preference. Cognitive

Brain Research, 10(1-2), 45-49. https://doi.org/10.1016/50926-6410(00)00021-5

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Erlbaum.

Cosmides, L., Barrett, H. C., & Tooby, J. (2010). Adaptive specializations, social exchange, and
the evolution of human intelligence. Proceedings of the National Academy of Sciences,

107(supplement_2), 9007-9014. https://doi.org/10.1073/pnas.0914623107

Cotton, S. M., Kiely, P. M., Crewther, D. P., Thomson, B., Laycock, R., & Crewther, S. G. (2005).
A normative and reliability study for the Raven’s coloured progressive matrices for
primary school aged children from Victoria, Australia. Personality and Individual

Differences, 39(3), 647—-659. https://doi.org/10.1016/j.paid.2005.02.015

152



Daniel, M. C., & Ball, A. (2010). The Moroccan educational context: Evolving multilingualism.
International  Journal  of  Educational  Development,  30(2), 130-135.

https://doi.org/10.1016/j.ijedudev.2009.04.014

Daugherty, J. C., Puente, A. E., Fasfous, A. F., Hidalgo-Ruzzante, N., & Pérez-Garcia, M. (2017).
Diagnostic mistakes of culturally diverse individuals when using North American
neuropsychological tests. Applied Neuropsychology: Adult, 24(1), 16-22.

https://doi.org/10.1080/23279095.2015.1036992

De Agostini, M., & Chokron, S. (2002). The influence of handedness on profile and line drawing
directionality in children, young, and older normal adults. Brain and Cognition, 48(2-3),

333-336. https://doi.org/10.1006/brcg.2001.1372

Deary, I. J. (2012). Intelligence.  Annual Review of Psychology, 63.

https://doi.org/10.1146/annurev-psych-120710-100353

Deary, I. J,, Strand, S., Smith, P., & Fernandes, C. (2007). Intelligence and educational

achievement. Intelligence, 35(1), 13-21. https://doi.org/10.1016/j.intell.2006.02.001

Dutton, E., Bakhiet, S. F., Essa, Y. A. S., Blahmar, T. A, & Hakami, S. M. A. (2017a). A Negative
Flynn Effect in Kuwait: The same effect as in Europe but with seemingly different causes.
Personality and Individual Differences, 114, 69-72.

https://doi.org/10.1016/j.paid.2017.03.060

Dutton, E., Bakhiet, S. F., Ziada, K. E., Essa, Y. A. S., & Blahmar, T. A. M. (2017b). A negative Flynn
effect in Khartoum, the Sudanese capital. Intelligence, 63, 51-55.

https://doi.org/10.1016/j.intell.2017.05.003

153



Dutton, E., Linden, D., & Lynn, R. (2016). The negative Flynn Effect: A systematic literature

review. Intelligence, 59, 163—169. https://doi.org/10.1016/j.intell.2016.10.002

Dutton, E., Linden, D., Madison, G., Antfolk, J., & Menie, M. A. W. (2016). The intelligence and
personality of Finland’s Swedish-speaking minority. Personality and Individual

Differences, 97, 45—49. https://doi.org/10.1016/j.paid.2016.03.024

Ebbesen, C. L. (2020). Flawed estimates of cognitive ability in Clark et al. Psychological Science,

2020. https://doi.org/10.31234/0sf.io/tzr8c

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias in meta-analysis detected by a
simple, graphical test. Bmj, 315(7109), 629-634.

https://doi.org/10.1136/bmj.315.7109.629

Eid, A. (1999). The Coloured Progressive Matrices (in arabic). Ministry of Education and Youth.

Elbanna, L. M. A,, Bakhiet, S. F. A, Ali, S. A. T., Cheng, H., & Lynn, R. (2018). Gender Differences

in Intelligence in a Sample of 5-12 Year Olds in Sudan. Mankind Quarterly, 59(1).

El-Kogali, S. E. T., & Krafft, C. (Eds.). (2019). Expectations and aspirations: A new framework for

education in the Middle East and North Africa.

Er-Rafiqi, M., Guerra, A, Le Gall, D., & Roy, A. (2022). Age-related changes of cognitive flexibility
and planning skills in school-age Moroccan children. Applied Neuropsychology: Child,

11(4), 669-680. https://doi.org/10.1080/21622965.2021.1934471

Er-Rafiqgi, M., Guerra, A., Le Gall, D., & Roy, A. (2022). Development of inhibition and working
memory in school-age Moroccan children. Child Neuropsychology, 1-24.

https://doi.org/10.1080/09297049.2022.2039112

154



Fasfous, A. F., Al-Joudi, H. F., Puente, A. E., & Pérez-Garcia, M. (2017). Neuropsychological
measures in the Arab world: A systematic review. Neuropsychology Review, 27(2), 158—

173. https://doi.org/10.1007/s11065-017-9347-3

Fasfous, A. F., & Daugherty, J. C. (2022). Cultural Considerations in Neuropsychological
Assessment of Arab Populations. In Cultural Diversity in Neuropsychological Assessment:

Developing Understanding through Global Case Studies (pp. 135-150).

Fasfous, A. F., Hidalgo-Ruzzante, N., Vilar-Lopez, R., Catena-Martinez, A., & Pérez-Garcia, M.
(2013a). Cultural differences in neuropsychological abilities required to perform
intelligence tasks. Archives of Clinical Neuropsychology, 28(8), 784-790.

https://doi.org/10.1093/arclin/act074

Fasfous, A. F., Peralta-Ramirez, M. I., Pérez-Marfil, M. N., Cruz-Quintana, F., Catena-Martinez,
A., & Pérez-Garcia, M. (2015). Reliability and validity of the Arabic version of the
computerized Battery for Neuropsychological Evaluation of Children (BENCI. Child

Neuropsychology, 21(2), 210-224. https://doi.org/10.1080/09297049.2014.896330

Fasfous, A. F., Puente, A. E., Pérez-Marfil, M. N., Cruz-Quintana, F., Peralta-Ramirez, |., & Pérez-
Garcia, M. (2013b). Is the color trails culture free? Archives of Clinical Neuropsychology,

28(7), 743-749. https://doi.org/10.1093/arclin/act062

Fernandez, A. L. (2022). Education, the most powerful cultural variable?. In A. L., Férnandez &
J. Evans (eds.), Understanding Cross-Cultural Neuropsychology: Science, Testing, and

Challenges (pp. 44-58). http://dx.doi.org/10.4324/9781003051497-5

155



Fernandez, A. L., & Abe, J. (2018). Bias in cross-cultural neuropsychological testing: Problems

and possible solutions. Culture and Brain, 6(1), 1-35. https://doi.org/10.1007/s40167-

017-0050-2

Fernadndez, A. L., & Evans, J. (Eds.). (2022). Understanding Cross-cultural Neuropsychology:

Science, Testing and Challenges. https://doi.org/10.4324/9781003051497

Ferndndez-Alcdntara, M., Albaladejo-Bldzquez, N., Ferndndez-Avalos, M. I., Sanchez-
SanSegundo, M., Cruz-Quintana, F., Pérez-Martinez, V., & Pérez-Marfil, M. N. (2022).
Validity of the Computerized Battery for Neuropsychological Evaluation of Children
(BENCI) in Spanish Children: Preliminary Results. European Journal of Investigation in
Health, Psychology and Education, 12(8), 893-903.

https://doi.org/10.3390/ejihpe12080065

Ferraro, F. R. (Ed.). (2002). Minority and cross-cultural aspects of neuropsychological

assessment. CRC Press.

Fletcher-Janzen, E., Strickland, T. L., & Reynolds, C. R. (Eds.). (2000). Handbook of cross-cultural

neuropsychology. Springer Science & Business Media.

Flynn, J. R. (2007). What is intelligence?: Beyond the Flynn effect. Cambridge University Press.

Flynn, J. R. (2012). Are we getting smarter?: Rising 1Q in the twenty-first century. Cambridge

University Press. https://doi.org/10.1017/CB09781139235679

Franzen, S., Bekkhus-Wetterberg, P., Berg, E., Calia, C., Canevelli, M., Daugherty, J. C., Fasfous,
A. F., Goudsmit, M., Ibanez-Casas, |., Lozano-Ruiz, A., Mukadam, N., Narme, P., Nielsen,

T. R, Papma, J. M., Pomati, S., & Watermeyer, T. J. (2022a). Cross-cultural

156



neuropsychological assessment in Europe: Position statement of the European
Consortium  on  Cross-Cultural  Neuropsychology  (ECCroN. The  Clinical

Neuropsychologist, 36(3), 546-557. https://doi.org/10.1080/13854046.2021.1981456

Franzen, S., Berg, E., Bossenbroek, W., Kranenburg, J., Scheffers, E. A., Hout, M., & Papma, J. M.
(2022b). Neuropsychological assessment in the multicultural memory clinic:
Development and feasibility of the TULIPA battery. In The Clinical Neuropsychologist (pp.

1-21). https://doi.org/10.1080/13854046.2022.2043447

Franzen, S., Papma, J. M., Berg, E., & Nielsen, T. R. (2020). Cross-cultural neuropsychological
assessment in the European Union: A Delphi expert study. In Archives of Clinical

Neuropsychology. https://doi.org/10.1093/arclin/acaa083

Fujii, D. (2017). Conducting a culturally informed neuropsychological evaluation. American

Psychological Association. https://doi.org/10.1037/15958-000.

Fujii, D. E. (Ed.). (2011). The neuropsychology of Asian-Americans. Psychology Press.

https://doi.org/10.4324/9780203848593

Fujii, D. E. (2018). Developing a cultural context for conducting a neuropsychological evaluation
with a culturally diverse client: The ECLECTIC framework. The Clinical Neuropsychologist,

32(8), 1356—1392. https://doi.org/10.1080/13854046.2018.1435826

Gelade, G. A., & Georgas, J. (2008). 1Q, cultural values, and the technological achievement of

nations. Intelligence, 36(6), 711-718. https://doi.org/10.1016/j.intell.2008.04.003

Georgas, J., Weiss, L. G., Van de Vijver, F. J., & Saklofske, D. H. (Eds.). (2003). Culture and

children'’s intelligence: Cross-cultural analysis of the WISC-III. Elsevier.

157



Gilbert, A. J. (1990). Psychology and social change in the Third World: A cognitive perspective.

Glozman, J. M. (2018). A reproduction of Luria’s expedition to Central Asia. Psychology in Russia:

State of the Art, 11(2), 4-13. https://doi.org/10.11621/pir.2018.0201

Goh, J. 0., & Park, D. C. (2009). Culture sculpts the perceptual brain. Progress in Brain Research,

178, 95-111. https://doi.org/10.1016/S0079-6123(09)17807-X

GOmez Fernandez, D. (1982). Propiedades psicométricas del “PMC-Raven” a partir de
respuestas emitidas por escolares gallegos de EGB. Revista de Psicologia General y

Aplicada, 37(5), 943-956.

Gosselin, C. (2022). Global Ethinicities. https://github.com/cgio/global-ethnicities

Gottfredson, L. S. (1997). Mainstream science on intelligence: An editorial with 52 signatories,

history, and bibliography. Intelligence, 24(1), 13-23. https://doi.org/10.1016/S0160-

2896(97)90011-8

Graaf-Peters, V. B., & Hadders-Algra, M. (2006). Ontogeny of the human central nervous
system: What is happening when? Early Human Development, 82(4), 257-266.

https://doi.org/10.1016/j.earlhumdev.2005.10.013

Grandjean, P., & Landrigan, P. J. (2014). Neurobehavioural effects of developmental toxicity.

The Lancet Neurology, 13(3), 330-338. https://doi.org/10.1016/S1474-4422(13)70278-

3

Grantham-McGregor, S., Cheung, Y. B., Cueto, S., Glewwe, P., Richter, L., Strupp, B., & Group, .

C. D. S. (2007). Developmental potential in the first 5 years for children in developing

158



countries. The Lancet, 369(9555), 60-70. https://doi.org/10.1016/S0140-

6736(07)60032-4

Greenfield, P. M. (1997). You can’t take it with you: Why ability assessments don’t cross

cultures. American Psychologist, 52(10). https://doi.org/10.1037/0003-066x.52.10.1115

Greenfield, P. M. (1998). The cultural evolution of IQ. In U. Neisser (Ed.), The rising curve: Long-
term gains in IQ and related measures (pp. 81-123). American Psychological Association.

https://doi.org/10.1037/10270-003

Grigorenko, E. L., Meier, E., Lipka, J., Mohatt, G., Yanez, E., & Sternberg, R. J. (2004). Academic
and practical intelligence: A case study of the Yup’ik in Alaska. Learning and Individual

Differences, 14(4), 183—207. https://doi.org/10.1016/].lindif.2004.02.002

Gutchess, A. H., & Indeck, A. (2009). Cultural influences on memory. Progress in Brain Research,

178, 137-150. https://doi.org/10.1016/5S0079-6123(09)17809-3

Guthrie, R. V. (2004). Even the rat was white: A historical view of psychology. Pearson Education.

Haddaway, N. R., Grainger, M. J., & Gray, C. T. (2022). Citationchaser: A tool for transparent and
efficient forward and backward citation chasing in systematic searching. Research

Synthesis Methods, 13(4), 533-545. https://doi.org/10.1002/jrsm.1563

Hammad, I.M.A. (2012). Standardization of Colored Progressive Matrices test in the Palestinian

environment. Unpublished MA Thesis. Islamic University: Gaza, Palestine.

Hampshire, A., Highfield, R. R., Parkin, B. L., & Owen, A. M. (2012). Fractionating human

intelligence. Neuron, 76(6), 1225-1237. https://doi.org/10.1016/j.neuron.2012.06.022

159



Hattie, J. (2008). Visible learning: A synthesis of over 800 meta-analyses relating to achievement.

Routledge. https://doi.org/10.4324/9780203887332

Heckman, J. J., Stixrud, J., & Urzua, S. (2006). The effects of cognitive and noncognitive abilities
on labor market outcomes and social behavior. Journal of Labor Economics, 24(3), 411-

482. https://doi.org/10.1086/504455

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). Most people are not WEIRD. Nature,

466(7302), 29-29. https://doi.org/10.1038/466029a

Herrera, L., Al-Lal, M., & Mohamed, L. (2020). Academic achievement, self-concept, personality
and emotional intelligence in primary education. Analysis by gender and cultural group.

Frontiers in Psychology, 10, 3075. https://doi.org/10.3389/fpsyg.2019.03075

Herrnstein, R.J., & Murray, C. (2010). The bell curve: Intelligence and class structure in American

life. Simon and Schuster.

Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., & Page, M. J. (2019). Cochrane

handbook for systematic reviews of interventions (V. A. Welch, Ed.). John Wiley & Sons.

Hofstede, G. H. (2001). Culture’s consequences: Comparing values, behaviors, institutions and

organizations across nations.

Hornik, K., & Grin, B. (2011). topicmodels: An R package for fitting topic models. Journal of

Statistical Software, 40(13), 1-30. https://doi.org/10.18637/jss.v040.i13

International Organization for Migration. (2018). Global Migration Indicators.

https://publications.iom.int/system/files/pdf/global migration i ndicators 2018.pdf

160



International Test Commission. (2017). The ITC guidelines for translating and adapting tests

(2nd ed.). https://www.InTestCom.org.

Irani, F. (Ed.). (2022). Cultural diversity in neuropsychological assessment: Developing

understanding through global case studies. https://doi.org/10.4324/9781003051862

Johnson, L. W. (2020). Factors Influencing Aphasia Assessment for Bilingual Adults. In D. M.
Scott (ed.), Cases on Communication Disorders in Culturally Diverse Populations (pp.

196-216). IGI Global. https://doi.org/10.4018/978-1-7998-2261-5.ch010

Judd, T., & Beggs, B. (2005). Cross-cultural forensic neuropsychological assessment. In K. H.
Barrett & W. H. George (Eds.), Race, culture, psychology and law (pp. 141-162). Sage

Publications, Inc. https://doi.org/10.4135/9781452233536.n10

Julayanont, P., & Ruthirago, D. (2018). The illiterate brain and the neuropsychological
assessment: From the past knowledge to the future new instruments. Applied
Neuropsychology: Adult, 25(2), 174-187.

https://doi.org/10.1080/23279095.2016.1250211

Kamalyan, L., Hussain, M. A., Diaz, M. M., Umlauf, A., Franklin, D. R., Cherner, M., & Marquine,
M. J. (2021). Neurocognitive impairment in Spanish-speaking Latinos living with HIV in
the US: Application of the neuropsychological norms for the US-Mexico border region in
Spanish  (NP-NUMBRS. The Clinical  Neuropsychologist, 35(2), 433-452.

https://doi.org/10.1080/13854046.2019.1701084

Kazem, A. M., Alzubidi, A. S., Yousif, Y. H., Aljamali, F. A., Al-Mashhdany, S. I., Alkharusi, H. A.,

Al-Busaidi, O. B., Alsarmi, A. M., Al-Bulushi, S. S., Al-Bahrani, W. A. & Al-Fori, S. M. (2007).

161



Psychometric Properties of Raven’s Coloured Progressive Matrices for Omani Children
Aged 5 through 11 Years. Social Behavior and Personality, New Zealand, 35(10), 1385-

1398.

Kazem, A. M., Alzubiadi, A. S., Alkharusi, H. A., Yousif, Y. H., Alsarmi, A. M., & Al-Bulushi, S.
(2009). A normative study of the Raven coloured progressive matrices test for Omani
children aged 5-11 years. Jurnal Pendidikan Malaysia| Malaysian. Journal of Education,

34(1), 37-51.

Kellogg, C. E., & Morton, N. W. (1999). Beta lll. Psychological Corporation.

Khaleefa, O., & Lynn, R. (2008). A study of intelligence in the United Arab Emirates. Mankind

Quarterly, 49(1), 58—64. https://doi.org/10.46469/mq.2008.49.1.5

Khan, A., Schmidt, L. A,, & Chen, X. (2017). Cultural neuroscience of emotion: Toward a
developmental framework. Psychology & Neuroscience, 10(1), 11.

https://doi.org/10.1037/pne0000078

Korkman, M., Kirk, U., & Kemp, S. (2007). NEPSY - Second Edition (NEPSY - Il) [Database record].

APA PsycTests. https://doi.org/10.1037/t15125-000

Koster, M., Yovsi, R., & Kartner, J. (2020). Cross-cultural differences in the generation of novel
ideas in middle childhood. Frontiers in Psychology, 11.

https://doi.org/10.3389/fpsye.2020.01829

Kotik-Friedgut, B. (2001). A systemic-dynamic Lurian approach to aphasia in bilingual speakers.
Communication Disorders Quarterly, 22(2), 100-1089.

https://doi.org/10.1177/152574010102200206

162



Li, S. C. (2003). Biocultural orchestration of developmental plasticity across levels: The interplay
of biology and culture in shaping the mind and behavior across the life span.

Psychological Bulletin, 129(2), 171. https://doi.org/10.1037/0033-2909.129.2.171

Li, S. C. (2009). Brain in macro experiential context: Biocultural co-construction of lifespan
neurocognitive development. Progress in Brain Research, 178, 17-29.

https://doi.org/10.1016/50079-6123(09)17802-0

Li, X., & Cutting, J. (2011). Rote learning in Chinese culture: Reflecting active Confucian-based
memory strategies. In L. Jin & M. Cortazzi (Eds.), Researching Chinese learners (pp. 21—

42). Springer.

Linstrom, A., Raven, J., & Raven, J. (2008). The coloured progressive matrices in South Africa. In
J. Raven & J. Raven (Eds.), Uses and abuses of intelligence. Studies advancing Spearman

and Raven’s quest for non-arbitrary metrics (pp. 363—370). Royal Fireworks Press.

Lozano-Ruiz, A., Fasfous, A. F., Ibanez-Casas, |., Cruz-Quintana, F., Perez-Garcia, M., & Pérez-
Marfil, M. N. (2021). Cultural bias in intelligence assessment using a culture-free test in
Moroccan children. Archives of Clinical Neuropsychology, 36(8), 1502-1510.

https://doi.org/10.1093/arclin/acab005

Ludecke, D. (2019). Esc: Effect size computation for meta-analysis (Version 0.5.1. https://cran.r-

proiect.org/package=esc

Luo, D., Wan, X, Liu, J., & Tong, T. (2018). Optimally estimating the sample mean from the
sample size, median, mid-range, and/or mid-quartile range. Statistical methods in

medical research, 27(6), 1785-1805. https://doi.org/10.1177/0962280216669183

163



Luria, A. (1933). The second psychological expedition to Central Asia. Science, 78(2018), 191—

192. https://doi.org/10.1126/science.78.2018.191-b

Lynn, R. (2006). Race differences in intelligence: An evolutionary analysis. Washington Summit

Publishers.

Lynn, R., Abdalla, S., & Al-Shahomee, A. A. (2008). Norms for the progressive matrices for Libya
and Tunisia. Mankind Quarterly, 49(3), 71-77.

https://doi.org/10.46469/mq.2008.49.1.7

Manly, J. J., Jacobs, D. M., Touradji, P., Small, S. A., & Stern, Y. (2002). Reading level attenuates
differences in neuropsychological test performance between African American and
white elders. Journal of the International Neuropsychological Society: JINS, 8(3), 341.

https://doi.org/10.1017/s1355617702813157

Martin, C. R., Preedy, V. R., & Rajendram, R. (Eds.). (2021). The neuroscience of normal and

pathological development. Academic Press.

Martin, M. O., Mullis, I. V., & Hooper, M. (2017). Methods and procedures in PIRLS 2016.

International Association for the Evaluation of Educational Achievement.

Matsumoto, D., & Juang, L. (2004). An introduction to the study of culture and psychology. In

D. Matsumoto & L. Juang (Eds.), Culture and psychology. CENGAGE Learning.

Matute, E., Montiel, T., Pinto, N., Rosselli, M., Ardila, A., & Zarabozo, D. (2012). Comparing
cognitive performance in illiterate and literate children. International Review of

Education, 58(1), 109-127. https://doi.org/10.1007/s11159-012-9273-9

164



McGrath, S., Zhao, X., Steele, R., Thombs, B. D., & Benedetti, A. (2020). Estimating the sample
mean and standard deviation from commonly reported quantiles in meta-analysis.
Statistical Methods in Medical Research, 29(9), 2520-2537.

https://doi.org/10.1177/0962280219889080

McPhillips, D. (2017). Best countries for education: From primary school to university, a look at
how countries invest in the world’s future leaders.

https://www.usnews.com/news/best-countries.

Meisenberg, G., Melikyan, Z. A., Puente, A. E., & Agranovich, A. V. (2012). National 1Q and
economic outcomes. Personality and Individual Differences, 53(2), 103-107.

https://doi.org/10.1016/j.paid.2011.06.022

Migration Policy Institute. (2017). Immigrant and Emigrant Populations by Country of Origin and

Destination. https://www.migrationpolicy.org/programs/data-hub/charts/immigrant-

and-emigrant-populations-country-origin-and-destination

Migration Policy Institute. (2022). Immigrant and Emigrant Populations by Country of Origin and

Destination. https://www.migrationpolicy.org/programs/data-hub/charts/immigrant-

and-emigrant-populations-country-origin-and-destination

Miller, J. G., & Kinsbourne, M. (2012). Culture and neuroscience in developmental psychology:
Contributions and challenges. Child Development Perspectives, 6(1), 35-41.

https://doi.org/10.1111/j.1750-8606.2011.00188.x

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., & Stewart, L. A.

(2015). Preferred reporting items for systematic review and meta-analysis protocols

165



(PRISMA-P) 2015 statement. Systematic Reviews, 4(1), 1-9.

https://doi.org/10.1186/2046-4053-4-1

Moss, N., & MacDonald, B. (2019). Application of the ECLECTIC Framework on a Pediatric Case.
Archives of Clinical Neuropsychology, 34(7), 1289-1289.

https://doi.org/10.1093/arclin/acz029.56

Mulenga, K., Ahonen, T., & Aro, M. (2001). Performance of Zambian children on the NEPSY: A
pilot study. Developmental Neuropsychology, 20(1), 375-383.

https://doi.org/10.1207/515326942DN2001 4

Munakata, Y., Casey, B. J.,, & Diamond, A. (2004). Developmental cognitive neuroscience:
Progress and potential. Trends in cognitive sciences, 8(3), 122-128.

https://doi.org/10.1016/].tics.2004.01.005

Nell, V. (1999). Luria in Uzbekistan: The vicissitudes of cross-cultural neuropsychology.

Neuropsychology Review, 9(1), 45-52. https://doi.org/10.1023/A:1025643004782

Nell, V. (2000). Cross-cultural neuropsychological assessment: Theory and practice. Psychology

Press. https://doi.org/10.4324/9781410603562

Nielsen, T. R. (2022). Cognitive Assessment in Culturally, Linguistically, and Educationally
Diverse Older Populations in Europe. American Journal of Alzheimer’s Disease & Other

Dementias, 37. https://doi.org/10.1177/15333175221117006

Nielsen, T. R., Segers, K., Vanderaspoilden, V., Beinhoff, U., Minthon, L., Pissiota, A., &

Waldemar, G. (2019). Validation of a European Cross-Cultural Neuropsychological Test

166



Battery (CNTB) for evaluation of dementia. International Journal of Geriatric Psychiatry,

34(1), 144-152. https://doi.org/10.1002/gps.5002

Nielsen, T., Segers, K., Vanderaspoilden, V., Bekkhus-Wetterberg, P., Bjgrklgf, G., Beinhoff, U.,
& Waldemar, G. (2019). Validation of the Rowland Universal Dementia Assessment Scale
(RUDAS) in a multicultural sample across five Western European countries: Diagnostic
accuracy and normative data. International Psychogeriatrics, 31(2), 287-296.

https://doi.org/10.1017/51041610218000832

Nijenhuis, J., & Flier, H. (2013). Is the Flynn effect on g?: A meta-analysis. Intelligence, 41(6),

802-807. https://doi.org/10.1016/j.intell.2013.03.001

Noble, K. G., McCandliss, B. D., & Farah, M. J. (2007). Socioeconomic gradients predict individual
differences in neurocognitive abilities. Developmental science, 10(4), 464-480.

https://doi.org/10.1111/j.1467-7687.2007.00600.x

Norman, M. A, Moore, D. J., Taylor, M., Franklin Jr, D., Cysique, L., Ake, C., Lazarretto, D., Vaida,
F., Heaton, R. K., & the Hnrc Group. (2011). Demographically corrected norms for African
Americans and Caucasians on the hopkins verbal learning test—revised, brief visuospatial
memory test—revised, stroop color and word test, and wisconsin card sorting test 64-
card version. Journal of clinical and experimental neuropsychology, 33(7), 793-804.

https://doi.org/10.1080/13803395.2011.559157

Oliveri, M. E., & Davier, A. A. (2016). Psychometrics in support of a valid assessment of linguistic
minorities: Implications for the test and sampling designs. International Journal of

Testing, 16(3), 220-239. https://doi.org/10.1080/15305058.2015.1069743

167



Olson, K., & Jacobson, K. (2015). Cross-cultural considerations in pediatric neuropsychology: A
review and call to attention. Applied Neuropsychology: Child, 4(3), 166-177.

https://doi.org/10.1080/21622965.2013.830258

Organisation for Economic Cooperation and Development (OECD). (2016). Broadband statistics

update. https://www.oecd.org/sti/broadband/broadband-statistics-update.htm

Organisation for Economic Cooperation and Development (OECD) (2019). PISA 2018 assessment

and analytical framework. OECD Publishing.

Ostrosky-Solis, F., Ardila, A., & Rosselli, M. (1999). NEUROPSI: A brief neuropsychological test
battery in Spanish with norms by age and educational level. Journal of the International
Neuropsychological Society, 5(5), 413-433.

https://doi.org/10.1017/51355617799555045

Ostrosky-Solis, F., Ardila, A., Rosselli, M., Lopez-Arango, G., & Uriel-Mendoza, V. (1998).
Neuropsychological test performance in illiterate subjects. Archives of Clinical

Neuropsychology, 13(7), 645—660. https://doi.org/10.1093/arclin/13.7.645

Ostrosky-Solis, F., Ramirez, M., & Ardila, A. (2004). Effects of culture and education on
neuropsychological testing: A preliminary study with indigenous and nonindigenous
population. Applied Neuropsychology, 11(4), 186-193.

https://doi.org/10.1207/s15324826an1104 3

Ouellet, M., Santiago, J., Israeli, Z., & Gabay, S. (2010). Is the future the right time? Experimental

psychology, 57(4), 308. https://doi.org/10.1027/1618-3169/a000036

168



Ouzzani, M., Hammady, H., Fedorowicz, Z., & Elmagarmid, A. (2016). Rayyan-a web and mobile
app for systematic reviews. Systematic reviews, 5(1), 1-10.

https://doi.org/10.1186/s13643-016-0384-4

Paniagua, F. A., & Yamada, A. M. (Eds.). (2013). Handbook of multicultural mental health:

Assessment and treatment of diverse populations. Academic Press.

Pedraza, O., & Mungas, D. (2008). Measurement in cross-cultural neuropsychology.

Neuropsychology Review, 18(3), 184—193. https://doi.org/10.1007/s11065-008-9067-9

Peoples, J., & Bailey, G. (2014). Humanity: An introduction to cultural anthropology. Cengage

Learning.

Pérez-Garcia, M., Dios Luna, J., Torres-Espinola, F. J., Martinez-Zaldivar, C., Anjos, T., Steenweg-
de Graaff, J., & Campoy, C. (2019). Cultural effects on neurodevelopmental testing in
children from six European countries: An analysis of NUTRIMENTHE Global Database.
British Journal of Nutrition, 122(s1), 59-67.

https://doi.org/10.1017/5S0007114517000824

Pietschnig, J., & Voracek, M. (2015). One century of global 1Q gains: A formal meta-analysis of
the Flynn effect (1909-2013. Perspectives on Psychological Science, 10(3), 282-306.

https://doi.org/10.1177/1745691615577701

Plomin, R., & Stumm, S. (2018). The new genetics of intelligence. Nature Reviews Genetics,

19(3), 148-159. https://doi.org/10.1038/nrg.2017.104

Ponton, M., & Ledn-Carrién, J. (Eds.). (2001). Neuropsychology and the Hispanic patient: A

clinical handbook. Psychology Press. https://doi.org/10.4324/9781410600837

169



Porcaro, D. (2011). Reviewing the literature of computer-supported collaborative learning
(CSCL) to determine its usefulness in Omani education development. International
Journal of Education and Development using ICT, 7(3).

https://www.learntechlib.org/p/187993/

Portex, M., Foulin, J. N., & Troadec, B. (2017). Cultural influence on directional tendencies in
children’s drawing. Laterality: Asymmetries of Body, Brain and Cognition, 22(5), 621-

640. https://doi.org/10.1080/1357650X.2016.1266363

Puente, A. E., & Agranovich, A. V. (2013). The Cultural in Cross-Cultural Neuropsychology. In G.
Goldstein & S. R. Beers (Eds.), Comprehensive Handbook of Psychological Assessment,

Vol. 1: Intellectual and Neuropsychological Assessment (pp. 321-332). John Wiley and

Sons Inc.

Puente, A. E., & Ardila, A. (2000). Neuropsychological assessment of Hispanics. In E. Fletcher-

Janzen, T. L. Strickland, & C. R. Reynolds (Eds.), Handbook of cross-cultural

neuropsychology (pp. 87—-104). Springer.

Puente, A. E., & Perez-Garcia, M. (2000). Neuropsychological assessment of ethnic minorities:
Clinical issues. In S. Cuellar & F. Paniagua (Eds.), Handbook of Multicultural Mental

Health (pp. 419-435). Academic Press. https://doi.org/10.1016/B978-012199370-

2/50021-3

R Core Team. (2020). R: A language and environment for statistical computing. http://www.R-

project.org/

170



R Core Team. (2021). R: A language and environment for statistical computing. http://www.R-

project.org/

Rachel, M., Vijver, J. R, Amina, A., Perez-Garcia, M., & Manasi, K. (2021). Assessing
Neuropsychological Functions in Middle Childhood: A Narrative Review of Measures and
Their Psychometric Properties Across Context. Journal of Pediatric Neuropsychology, 1—

26. https://doi.org/10.1007/s40817-021-00096-9

Rauh, V. A,, Landrigan, P. J., & Claudio, L. (2008). Housing and health: Intersection of poverty
and environmental exposures. Annals of the New York Academy of Sciences, 1136(1),

276-288. https://doi.org/10.1196/annals.1425.032

Raven, J. C. (1998). Raven’s progressive matrices and vocabulary scales. Oxford, UK: Oxford

Psychologists Press.

Raven, J. (2000). The Raven’s progressive matrices: Change and stability over culture and time.

Cognitive Psychology, 41(1), 1-48. https://doi.org/10.1006/cogp.1999.0735

Raven, J. C., Court, J. H., Raven, J., & H. (2011). Raven: Matrices progresivas. Escalas Color (CPM).

General (SPM). Superior (APM. Intelligence, 36(2), 127-142.

Raven, J., Raven, J. C.,, & Court, J. H. (1998). Manual for Raven’s progressive matrices and

vocabulary scales. San Antonio, TX: Harcourt Assessment.

Redfield, R., Linton, R., & Herskovits, M. J. (1936). Memorandum for the study of acculturation.
American Anthropologist, 38(1), 149-152.

https://doi.org/10.1525/aa.1936.38.1.02a00330

171



Riding, R., & Rayner, S. (2013). Cognitive styles and learning strategies: Understanding style

differences in learning and behavior. David Fulton Publishers.

Rindermann, H. (2007). The g-factor of international cognitive ability comparisons: The
homogeneity of results in PISA, TIMSS, PIRLS and IQ-tests across nations. European
Journal of Personality: Published for the European Association of Personality Psychology,

21(5), 667—706. https://doi.org/10.1002/per.634

Rinker, T. W. (2018). QdapDictionaries: Dictionaries to Accompany the gdap Package. 1.0.7.

http://github.com/trinker/qdapDictionaries

Ritchie, S. J., & Tucker-Drob, E. M. (2018). How much does education improve intelligence? A
meta-analysis. Psychological Science, 29(8), 1358-1369.

https://doi.org/10.1177/0956797618774253

Rivera Mindt, M. G., Byrd, D. A., Morris, E. P., Tureson, K., Guzman, V., Summers, A. C,, &
Aghvinian, M. (2019). Cultural neuropsychology considerations in the diagnosis of HIV-
associated neurocognitive disorders. In Neurocognitive Complications of HIV-Infection

(pp. 193-223). https://doi.org/10.1007/7854 2019 121

Rosengvist, J., Lahti-Nuuttila, P., Urgesi, C., Holdnack, J., Kemp, S. L., & Laasonen, M. (2017).
Neurocognitive functions in 3-to 15-year-old children: An international comparison.
Journal of the International Neuropsychological Society, 23(4), 367-380.

https://doi.org/10.1017/S1355617716001193

Rosselli, M. (1993). Neuropsychology of illiteracy. Behavioural Neurology, 6, 107-112.

https://doi.org/10.1155/1993/714540

172



Rosselli, M., & Ardila, A. (2003). The impact of culture and education on non-verbal
neuropsychological measurements: A critical review. Brain and Cognition, 52(3), 326—

333. https://doi.org/10.1016/5S0278-2626(03)00170-2

Rosselli, M., & Ardila, A. (2018). Neuropsychology of bilingualism. In J. P. Lantolf, M. E. Poehner,
& M. Swain, The Routledge Handbook of Sociocultural Theory and Second Language

Development (pp. 119-135). Routledge.

Roukoz, C., Guerra, A., Le Gall, D., Ghazi, M., & Roy, A. (2021). Development of executive
functions in Lebanese children. Developmental Neuropsychology, 46(2), 121-135.

https://doi.org/10.1080/87565641.2021.1897592

Rowland, J. T., Basic, D., Storey, J. E., & Conforti, D. A. (2006). The Rowland Universal Dementia
Assessment Scale (RUDAS) and the Folstein MMSE in a multicultural cohort of elderly
persons. International Psychogeriatrics, 18(1), 111-120.

https://doi.org/10.1017/51041610205003133

Rugh, W. A. (2002). Arab education: Tradition, growth and reform. The Middle East Journal,

396—414. https://www.jstor.org/stable/4329785

Sadeniemi, M., Kettunen, K., Lindh-Knuutila, T., & Honkela, T. (2008). Complexity of European
Union Languages: A comparative approach. Journal of Quantitative Linguistics, 15(2),

185-211. https://doi.org/10.1080/09296170801961843

Sandstrom, H. (2012). The characteristics and quality of pre-school education in Spain.
International  Journal  of  Early Years Education, 20(2), 130-158.

https://doi.org/10.1080/09669760.2012.715012

173



Schein, E. H. (1991). What is culture? In P. J. Frost, L. F. Moore, M. R. Louis, C. C. Lundberg, & J.

Martin (Eds.), Reframing organizational culture (pp. 243—253). Sage Publications, Inc.

Schirmbeck, K., Rao, N., & Maehler, C. (2020). Similarities and differences across countries in
the development of executive functions in children: A systematic review. Infant and

Child Development, 29(1), 2164. https://doi.org/10.1002/icd.2164

Shuttleworth-Edwards, A. B. (2016). Generally representative is representative of none:
Commentary on the pitfalls of IQ test standardization in multicultural settings. The
Clinical Neuropsychologist, 30(7), 975-998.

https://doi.org/10.1080/13854046.2016.1204011

Shuttleworth-Edwards, A. B., Kemp, R. D., Rust, A. L., Muirhead, J. G., Hartman, N. P., & Radloff,
S. E. (2004). Cross-cultural effects on 1Q test performance: A review and preliminary
normative indications on WAIS-IIl test performance. Journal of Clinical and Experimental

Neuropsychology, 26(7), 903—920. https://doi.org/10.1080/13803390490510824

Siewe Fodjo, J. N., Njamnshi, W. Y., Ngarka, L., Nfor, L. N., Ayuk, C., Mundih, N. N., & Njamnshi,
A. K. (2021). Association Between Ov16 Seropositivity and Neurocognitive Performance
Among Children in Rural Cameroon: A Pilot Study. Journal of Pediatric Neuropsychology,

7(4), 192-202. https://doi.org/10.1007/s40817-021-00111-z

Silge, J. (2018). Training, evaluating, and interpreting topic models. Julia Silge, 8.

https://juliasilge.com/blog/evaluating-stm/

174



Solano-Flores, G., & Li, M. (2013). Generalizability theory and the fair and valid assessment of
linguistic minorities. Educational Research and Evaluation, 19(2-3, 263), 245.

https://doi.org/10.1080/13803611.2013.767632

Soudijn, K. A., Hutschemaekers, G. J. M., & Vijver, F. J. (1990). Culture conceptualisations. In F.
J. R.van de Vijver & G. J. M. Hutschemaekers (Eds.), The investigation of culture: Current

issues in cultural psychology (pp. 19—39). Tilburg University Press.

Spear, L. P. (2013). Adolescent neurodevelopment. Journal of Adolescent Health, 52(2), 7-13.

https://doi.org/10.1016/j.jadohealth.2012.05.006

Spencer, K. (2007). Predicting children’s word-spelling difficulty for common English words from
measures of orthographic transparency, phonemic and graphemic length and word
frequency. British Journal of Psychology, 98(2), 305-338.

https://doi.org/10.1348/000712606X123002

Sternberg, R. J. (2003). Wisdom, intelligence, and creativity synthesized. Cambridge University

Press.

Sternberg, R. J. (2007). Intelligence and culture. In S. Kitayama & D. Cohen (Eds.), Handbook of

cultural psychology (pp. 547-568). Guilford Press.

Sternberg, R. J., & Grigorenko, E. (Eds.). (1997). Intelligence, heredity and environment.

Cambridge University Press.

Sternberg, R. J., Nokes, C., Geissler, P. W., Prince, R., Okatcha, F., & Bundy, D. A. (2001). The
relationship between academic and practical intelligence: A case study in Kenya.

Intelligence, 29(5), 401-418. https://doi.org/10.1016/50160-2896(01)00065-4

175



Sternberg, R. J., & Sternberg, R. J. (1990). Metaphors of mind: Conceptions of the nature of

intelligence. American Psychologist, 59, 325-338. https://doi.org/10.1037/0003-

066X.59.5.325

Storey, J. E., Rowland, J. T., Conforti, D. A., & Dickson, H. G. (2004). The Rowland universal
dementia assessment scale (RUDAS): A multicultural cognitive assessment scale.
International Psychogeriatrics, 16(1), 13-31.

https://doi.org/10.1017/51041610204000043

Strenze, T. (2007). Intelligence and socioeconomic success: A meta-analytic review of
longitudinal research. Intelligence, 35(5), 401-426.

https://doi.org/10.1016/j.intell.2006.09.004

Stumm, S., & Plomin, R. (2015). Socioeconomic status and the growth of intelligence from
infancy through adolescence. Intelligence, 48, 30-36.

https://doi.org/10.1016/j.intell.2014.10.002

Tan, Y. W., Burgess, G. H., & Green, R. J. (2021). The effects of acculturation on
neuropsychological test performance: A systematic literature review. The Clinical

Neuropsychologist, 35(3), 541-571. https://doi.org/10.1080/13854046.2020.1714740

Tang, Y., Zhang, W., Chen, K., Feng, S., Ji, Y., Shen, J., & Liu, Y. (2006). Arithmetic processing in
the brain shaped by cultures. Proceedings of the National Academy of Sciences, 103(28),

10775-10780. https://doi.org/10.1073/pnas.0604416103

Tella, P., Piccolo, L. D. R., Rangel, M. L., Rohde, L. A,, Polanczyk, G. V., Miguel, E. C., & Ferraro,

A. A. (2018). Socioeconomic diversities and infant development at 6 to 9 months in a

176



poverty area of S3o Paulo. Brazil. Trends in Psychiatry and Psychotherapy, 40, 232—-240.

https://doi.org/10.1590/2237-6089-2017-0008

Teo, T., & Febbraro, A. R. (2003). Ethnocentrism as a form of intuition in psychology. Theory &

Psychology, 13(5), 673-694. https://doi.org/10.1177/09593543030135009

Thalmayer, A. G., Toscanelli, C., & Arnett, J. J. (2020). The neglected 95% revisited: Is American
psychology becoming less American? American Psychologist.

https://doi.org/10.1037/amp0000622

Trahan, L. H., Stuebing, K. K., Fletcher, J. M., & Hiscock, M. (2014). The Flynn effect: A meta-

analysis. Psychological Bulletin, 140(5), 1332. https://doi.org/10.1037/a0037173

Tuleya, L. G. E. (2007). Thesaurus of psychological index terms. American Psychological

Association.

United Nations Development Programme. (2020). Human Development Report 2020.

http://hdr.undp.org/en/2020-report

Uzzell, B. P., Ponton, M., & Ardila, A. (Eds.). (2013). International handbook of cross-cultural

neuropsychology. Psychology Press.

van Hemert, D. A. (2011). Cross-cultural meta-analysis. In D. Matsumoto & F. J. R. van de Vijver
(Eds.), Cross-cultural research methods in psychology (pp. 348-377). Cambridge

University Press.

van de Vijver, F., & Tanzer, N. K. (2004). Bias and equivalence in cross-cultural assessment: An
overview. FEuropean Review of Applied Psychology, 54(2), 119-135.

https://doi.org/10.1016/j.erap.2003.12.004

177



Wagner, D. A. (1993). Literacy, culture and development: Becoming literate in Morocco.

Cambridge University Press.

Walsh, G., Sproule, L., McGuinness, C., Trew, K., & Ingram, G. (2010). Developmentally
appropriate practice and play-based pedagogy in early years education.

http://www.nicurriculum.org.uk

Wan, X., Wang, W,, Liu, J., & Tong, T. (2014). Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC Medical

Research Methodology, 14(1), 135. https://doi.org/10.1186/1471-2288-14-135

Westgate, M. J. (2019). revtools: An R package to support article screening for evidence
synthesis. Research Synthesis Methods, 10(4), 606—-614.

https://doi.org/10.1002/jrsm.1374

Westman, M., Korkman, M., Mickos, A., & Byring, R. (2008). Language profiles of monolingual
and bilingual Finnish preschool children at risk for language impairment. International
Journal of Language &  Communication  Disorders, 43(6), 699-711.

https://doi.org/10.1080/13682820701839200

Wise, L. L., & Plake, B. S. (2015). Test design and development following the standards for
educational and psychological testing. In L. L. Wise & B. S. Plake (Eds.), Handbook of test

development (pp. 35-55). Routledge.

World Bank. (2020). World Development Indicators. https://databank.worldbank.org/.

World Bank. (2022). World Development Indicators. https://databank.worldbank.org/.

178



World Health Organization. (2019). ICD-11: International classification of diseases (11th

revision. https://icd.who.int/

Ziada, K. E., Metwaly, H. A. M., Bakhiet, S. F. A, Cheng, H., & Lynn, R. (2017). A new study of
intelligence in Egypt. Mankind Quarterly, 58(2), 307-311.

https://doi.org/10.46469/mq.2017.58.2.9

179



180



