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Foreword

The book you have in your hands is the expression of a necessity felt by an entire
generation of researchers, in developing countries as well as developed ones: the
urgent need to improve education for all people, across the cultural boundaries of
class, race, gender, sexual orientation, and other schisms. Material inequality is pro-
duced by immaterial inequality, as reflected by the uneven distribution of opportuni-
ties for developing, learning, and maturing to the full extent of one’s capability. If
our species is to have a good future in this planet, it will be through the betterment
and wide dissemination of education, in formal as well as informal settings. The
increasing convergence of research in education, cognitive psychology, and neuro-
biology, well documented in this book, represents the active engagement of science
in the effort to improve society, with a focus on the promotion of diversity and on
the inclusion of multiple points of view from the developing world.

All this enthusiasm did not come out of the blue, but rather from the experience
of the Latin American School for Education, Cognitive and Neural Sciences—or
more warmly LaSchool—as an environment in South America for the close interac-
tion of researchers from all career levels, with a formative focus on doctoral and
postdoctoral students. Motivated by the support of the McDonnell Foundation, a
group of scholars envisioned LaSchool as an initiative to foster a special kind of
researcher, committed to the challenges of improving education while also being
equipped by the methods and questions from psychology and biology. The compre-
hensive and in-depth set of chapters contributed by so many LASchool alumni
shows that LaSchool’s goal to foster education-oriented researchers has suc-
ceeded—and this is something to be cherished and hailed.

The chapters presented here deal with the expansion of the domains of cognitive
science to populations that are underrepresented in the main literature. This is of
course relevant to those who work with diverse populations in the fields of educa-
tion, cognition, and human development. The book also provides challenging new
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data for classical theories that have often been developed with a quite restricted
focus on the socially privileged cohorts of the planetary population. Undoubtedly,
in the interest of all, the more the merrier.

Brain Institute, Universidade Federal do Rio Sidarta Ribeiro
Grande do Norte (UFRN)
Natal, Brazil
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The Importance of Bringing the Latin
American Perspective to Cognitive
Sciences and Education

Marcus Vinicius Alves, Roberta Ekuni, Maria Julia Hermida,
and Juan Valle-Lisboa

Introduction

Cognitive sciences and neuroscience have increased exponentially in their knowl-
edge in the last decades. This increase eventually led to questions regarding the
application of this knowledge to improve education in an integrated field known as
Educational Neuroscience (Howard-Jones et al., 2016). Besides that, a wide variety
of such attempts to integrate neuroscience into education resulted in neuromyths
and misconceptions (Bruer, 1997; Ekuni & Pompéia, 2015; Hermida et al., 2016).
Today, there is a corpus of knowledge about our central nervous system and its
functioning that (adequately understood) has promising contributions to the educa-
tion field (e.g., Sigman et al., 2014). Most of this knowledge, as can be seen in the
reference list of Sigman et al. (2014), came from central countries (North America,
Europe) and is based on studies conducted on what has been called WEIRD popula-
tions (i.e., western, educated, industrialized, rich, and democratic). However, much
less is known about non-WEIRD societies, which are most of the world (Henrich
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et al., 2010a). In sum, there is not much information about how the integration of
cognitive sciences and neuroscience could impact education in populations that
have these diverse cultural and social characteristics.

This book aims to present theoretical and practical innovations in the cognitive
science and education field from a diversity view, focusing especially on studies and
research conducted in Latin American populations. This field has been growing fast
during the last decade in developing countries and, nowadays, they have valuable
information to share with the world. Latin America made great advances in the area
impulsed by different initiatives (for instance, the Latin American School on
Education and the Cognitive and Neural Sciences; Bruer, 2014). This is the first
book showing how Latin American researchers approach the fields of cognitive sci-
ences, neurosciences, and education from their own perspective. With that, this
book takes advantage of the varied communities that characterize developing coun-
tries to explore how underrepresented populations learn as well as what works and
what does not for cognitive science and education, not only for the developing
world but also for diversity in the whole world.

Cognitive Science, Education, and Diversity

Three concepts are fundamental in this book; thus, we’ll start by defining them.
Cognitive science is an attempt to unify views of thought developed by studies in
psychology, linguistics, anthropology, philosophy, computer science, and neurosci-
ence (Hunt, 1989). Broadly, it can be defined as the scientific study of minds and
brains, be they real, artificial, human, or animal (Nadel & Piattelli-Palmarini, 2003).
In other words, cognitive sciences are a group of disciplines that study the mind and
the brain using a scientific approach.

Neuroscience is one of the disciplines included in the broader category of cogni-
tive sciences. Neuroscience can be defined as the study of the central nervous sys-
tem (Bergen, 1988). As the central nervous system cannot be seen as a separate
entity, its study involves different disciplines (neurochemistry, neurophysiology,
neurobiology, neuropharmacology, neuroanatomy, neuroimmunology, neurogenet-
ics, neuroendocrinology, etc.). Also, as the central nervous system cannot be easily
explored in an experimental way, disciplines such as computers or mathematics can
contribute to modeling the central nervous system functioning. Thus, studies from
neuroscientists, covering neural models, analytical and numerical techniques, neu-
ral simulation tools, data analysis tools, databases of models, and datasets are con-
sidered neuroscience (Jaeger & Jung, 2015). Finally, and maybe this neuroscience’s
face is the most important for educators, and our central nervous system generates
mental representations: the activity of neural networks code information in the form
of electrochemical activity, generating mental representations (Szlics & Goswami,
2007). Thus, neuroscience overlapped at some point with disciplines such as cogni-
tive psychology that focused on those mental representations.
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Education has not a unified definition. However, in the context of this book, we
will define it as socialization through knowledge publicly legitimate (Cullen, 1997).
In other words, in the context of this book, education is linked with the learning and
teaching of contents, habits, and procedures (generally included in the curriculum)
that are given by trained and qualified professionals with pedagogical knowledge
who are responsible for this socialization: teachers. Briefly, in the context of this
book, education is understood as the process typically happening in schools. Of
course, education and neuroscience work at different levels of analyses. However,
the study of mental representation (including its development, training, and modu-
lation) offers a level of analysis common both to cognitive sciences, neuroscience,
and traditional behavioral approaches to learning and pedagogy (Szlics & Goswami,
2007). This book will include chapters combining cognitive science (including
behavioral methods) and the new methods and results of neuroscience to investigate
aspects of mental representations important to educators. However, it has a particu-
larity compared with previous books on this issue: a focus on diversity.

Diversity is another concept that has no unique definition. In education, diversity
is linked to racial and ethnic diversity and linked to arguments for social justice and
equal access to education (Haring-Smith, 2012). This concept strongly overlaps
with what anthropologists and psychologists consider to be the least studied groups,
that is, those who do not belong to WEIRD societies or people. Regarding cognitive
sciences and neuroscience, in the last years there has been a call for scientists to
move their focus from the typical population of study to a more diverse population
in order to increase the generalization of results (Henrich et al., 2010a). Evidence in
different areas of cognitive sciences showed considerable variation among human
populations, and actually, WEIRD people are some of the most psychologically
unusual people on the planet (Henrich et al., 2010b). However, today, most cogni-
tive sciences, neuroscience, and education literature came from WEIRD societies,
and the evidence generated in non-WEIRD populations remains highly unknown.

The main objective of this book is to bring evidence in the interface of cognitive
sciences, neuroscience, and education produced in or applied to non-WEIRD com-
munities. Each chapter describes experiences from scientists in non-weird societies
(mostly Latin American researchers) and/or applications or worldwide current evi-
dence to diverse groups (indigenous population, low-income children, children with
disabilities, etc.). By doing that, we aim to provide useful information to scientists
and educators interested in the area and working in non-WEIRD populations.

An Outline of the Book

The book is organized into five parts. The first one exposes the general approach of
the book through two main claims: neuroscience and education are not opposite; but
for that, neuroscience should be adequately understood. The first claim is developed
in the second chapter, “Neuroscience and Vygotsky: Putting Together Contemporary
Evidence and Cultural-Historical Psychology.” There, authors showed how the most
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classical educational approaches, like those stemming from Vygotskian and related
theories, fit nicely with what we know from neuroscience and cognitive science,
while providing necessary updates and details not present in these foundational
theories. Authors review studies from neuroscience and describe how their results
can be seen as evidence for Vygotsky’s main conceptions. This idea is ubiquitous in
all the book: approaches from education, neuroscience, and cognitive science are
not contradictory, and they have a lot in common and provide evidence for the same
phenomena from different levels of analyses.

The third chapter presents another crucial point: for a genuine integration among
neuroscience, cognitive science, and education, it is necessary to eradicate miscon-
ceptions and neuromyths. Thus, the chapter “Dialogue with Latin American
Teachers: Beliefs About Neuroscience and Education” shows data on myths and
correct beliefs about neurosciences, drawing attention to the importance of the con-
nection between neuroscience and education in the construction of this knowledge.
Thus, it points out important aspects, such as whether teaching people basic func-
tions (i.e. sleep, nutrition, cognition and others) and how they are actually related to
learning may end up affecting how education as a whole is viewed, consequently
also influencing populations in Latin America and in situations of extreme poverty.

The second part of the book refers to child and adolescent cognitive development
and factors influencing it. The six chapters of this first part are ordered going from
general issues to more specific ones. First, the authors will review attention and
executive functions’ relations with academic performance as well as the factors that
modulate the development of these and other cognitive processes (i.e., home envi-
ronment, exposure to toxics, and peer pressure in adolescence). Second, chapters
will go further on diversity, describing research experiences and results in an indig-
enous community and exploring stereotypes of women.

In the chapter “Attention and Academic Performance: From Early Childhood to
Adolescence,” as attentional mechanisms are essential for activities that involve
cognitive and motor functions, especially in schooling contexts, the authors high-
light studies that demonstrate the importance of attention for the acquisition of read-
ing, writing, and mathematics. Their chapter focuses on the development of attention
from early childhood to adolescence.

In the chapter “Child Cognitive Development in Latin American Rural Poverty:
What Should Researchers Consider for Conducting Fieldwork?” the authors
describe Latin American rural contexts and showed that poverty has a greater impact
on rural than on urban non-WEIRD populations and support that claim with evi-
dence from Argentina. Then, they summarize important practical information for
conducting studies in rural poverty across Latin America.

The authors of chapter “Concepts, Language, and Early Socialization in the
Indigenous Wichi Perspective: Toward a Relational-Ecological Paradigm” presents
the cognitive and language development patterns of this population, using an eco-
logical-relational paradigm, which they propose as a comprehensive conceptual
framework in developmental science. In particular, they focus on categorization,
causal reasoning, and their development during language acquisition.
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In the chapter “The Role of Local Violence on Children’s Affective Decision-
Making,” the authors showed the results of a study analyzing the effects of violence
on children’s decision-making at different socioeconomic status levels. Since vio-
lence in non-WEIRD countries is approximately 40% higher than in developed
WEIRD countries and is higher in Latin America than in any other region, local
evidence regarding its impact on child development is needed and this chapter pro-
vides an insight into the issue.

The chapter “The Role of Peer Pressure in Adolescents’ Risky Behaviors”
describes the results from a prevention curriculum that could mitigate the peer pres-
sure for risky behaviors. Importantly, the authors describe how that curriculum,
originally designed for the US population, was carefully adapted for Uruguay, the
first Latin American nation to decriminalize the use and commercialization of can-
nabis, which also regulates the application of effective drug prevention programs for
adolescents.

The chapter “The Implications of Exposure to Neurotoxic Metals for Cognitive
Development of Children and Adolescents” highlights the cognitive consequences
of exposure during development to the neurotoxic metals more present in Latin
America and explains why those metals can affect specially non-WEIRD low socio-
economic status populations.

The third part of the book focuses on mathematics and language academic per-
formance. Chapters of this part will address the development of mathematical cog-
nition and educational experiences with developmental dyscalculia in Latin
America. Also, chapters will revise evidence regarding bilingualism and education.
Finally, this part will describe evidence in Latin American countries regarding chro-
notype and education in adolescence.

In the chapter “Bilingualism, Foreign Language Learning, and Cognition:
Insights into Education,” the authors show the linguist and cognitive views of learn-
ing two languages, as opposed to learning only their native one, on the experience
of foreign language learning. The chapter also highlights the Latin American per-
spective on bilingualism, as it is ubiquitous in Latin America. The chapter ends with
some insights into education showing how the research in this field could bring
some ideas to educational practice.

In the chapter “Development of Mathematical Cognition: The Role of Technology
in low SES Populations,” the authors describe how technology could be used to
reduce the gap between high and low SES children in mathematical cognition and
in non-WEIRD countries. They do it by describing their own experience designing
computerized mathematical cognition tests and intervention in Uruguayan school-
aged children. Importantly, they also address the problems that emerged while
doing that in non-WEIRD countries and how they could be overcome.

In the chapter “Number Processing and Low Arithmetic Achievement in Cuban
and Chilean Children: From Neurocognitive Theories to Educational Practice,” the
authors present a series of studies conducted in Chile and Cuba addressing the neu-
ral basis of mathematical skills and the contribution of domain-specific and general-
domain cognitive processes to math achievement. Then, they describe the
mathematical skills that are most demanded by school curricula in Latin American
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countries and neural correlations involved in those abilities, followed by educa-
tional implications.

In the chapter “The Perfect Hurricane in Latin America: School Start Time,
Chronotype, Sleep, and Academic Performance During Adolescence,” Goldin and
co-workers explore the consequences of the mismatch between chronotypes and
social pressures on children and adolescents, like those involving the educational
system. One noteworthy characteristic in the southern cone is the extreme social
jet-lag adolescents exhibit in these areas, something which is not apparent any-
where else.

In the chapter “Stereotype Threat and Professional Motivation: Assessing Career
Expectations of Undergraduate and Graduate Female Students,” the authors describe
the results of experimental manipulation and changed the career expectations of
female university students.

The fourth part of the book will point to educational practices and interventions.
Here, the authors will describe teaching strategies effective in non-WEIRD popula-
tions to develop higher order thinking and to improve retention of content in school.
Also, this part will inform how diversity influences learning (i.e., how individual
differences—in terms of socioeconomic status, place of residence, and level of lan-
guage—can make an intervention succeed or not). A final chapter in this section will
present an example of how technology could be used to bridge cognitive science
and education.

In the chapter “Retrieval Practice as a Learning Strategy for Diverse Populations,”
the authors reviewed the literature regarding the benefits of retrieval practice focused
on diverse populations, as most studies in this field involved college students from
WEIRD populations. Although retrieval practice is a robust strategy to enhance
learning, studies show that both students and educators prefer less effective tech-
niques. This chapter shows that the benefits of retrieval are also found in a diverse
population and should be taken into account in evidence-based education.

In the chapter “Consideration of Individual Differences in Cognitive Interventions
for Children at Risk for Poverty,” the authors open the “poverty” label in order to
analyze the weight that individual factors have on the effects of poverty. They ana-
lyze how each cognitive construct has both a global, general aspect and a particular
aspect, and both can be affected differently by poverty, thus enriching the usual
outlook.

In the chapter “Technology on Our Side: Using Technology for Transferring
Cognitive Science to Education,” the authors show how the low-income population
can be benefited from using technology for learning mathematics and writing. All
the research shown here is based on technology development that was based on
cognitive research, and it could be implemented in educational practice. Furthermore,
the authors highlight differences in the results of research from Spanish readers and
other language readers, such as English. This also highlights the need to consider
cultural underpinnings when devising technological applications.

In the chapter “Early Language Intervention in School Settings: What Works for
Whom?” the authors addressed the factors that can make or not succeed language
interventions in WEIRD and non-WEIRD populations. They reviewed early
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language interventions in school settings and concluded that there are some inter-
vention aspects (who delivered the intervention, which abilities were stimulated,
and intensity of the intervention) that can make it succeed, besides children’s indi-
vidual factors. However, they note the gap in the number and quality of studies
conducted in WEIRD and non-WEIRD populations and the lack of data about the
last ones.

In the chapter “Developing Higher Order Thinking in Elementary School
Science: A Narrative Around a Research Group Quest,” Furman and co-workers
present their results around the attempt to develop scientific thinking skills among
schoolchildren. This is particularly relevant in the Latin American region, as it is
well known that science education is one of the recognized problems of education.
What these authors find is that it is useful, but insufficient to provide teachers with
educative curriculum materials. Teacher training is also needed. As the authors
mention, this is relevant worldwide but critical in Latin America and other non-
WEIRD countries.

The final part of the book is dedicated to future perspectives. This part presents a
Latin American view on the addressed issues. Particularly, the chapter in this part
will express Latin American visions of childhood poverty, as well as an overview of
teachers’ professional development. The last chapter, “Latin American Perspectives
in the Study of Childhood and Adolescence Poverty Through the Lenses of Neural
Sciences,” brings us a breaking idea in terms of diversity: beyond sharing human
neural mechanisms, there are some qualitative aspects of them that can be modu-
lated by individual and contextual differences. Those variations should lead to
broader conceptions of the categories of childhood and development and Latin
America could constitute a propitious setting for the construction of notions that
honor the variety of childhood experiences.

The theoretical and practical innovations in the cognitive science and education
field have been growing fast during the last decade in developing countries and,
nowadays, they have valuable information to communicate to the whole world. In
this book, we take advantage of the diverse population that characterizes developing
countries to sum up what the research in these countries can tell the world. The
chapters, written by authors from different countries, take the diversity of the devel-
oping world as a strength to explore how underrepresented populations learn and
what works and what does not for cognitive science and education in these diverse
regions.

Conclusions

Specifically, our book will take advantage of developing world diversity to explore
cognitive science and education interaction through the following lines: (1) basic
and applied research on cognitive sciences of education related to new experiences
and contexts; (2) an integrative vision of cognitive science that is social, affective,
moral, political, and interpersonal; and (3) containing specific chapters of
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theoretical and methodological foundation, including directions to young research-
ers—from all around the globe—in their possible studies about education and cog-
nition. Our book will have a specific focus that will broaden scientists, teachers, and
students’ views about education. Therefore, our book brings a perspective of updat-
ing the areas concomitant with cognition and educational science, addresses aspects
that allow it to be used both in undergraduate and graduate courses, as well as by
consolidated researchers, and addresses the field of cognitive and educational sci-
ences in a holistic way.
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Introduction

The stage of existence on which the human development processes has been
observed, questioned, and provoked by several characters who seem to dispute the
sovereignty of a kind of explanatory principle capable of defining the bitterness and
beauties of this spectacle. In the voices of these characters, despite locating them in
the poetic understanding of the world, in Greek theater, in artistic expressions, in
Science, in Philosophy, or in everyday life, they reverberate as possible definitions
for what this peculiar humanity is.

That is why, for example, Walsh et al. (2014) present the risks we take when we
want to study the movements of history. Now, we do not extract ourselves from his-
tory to talk about it, to compose historiographies or to dwell on historical analyses.
Thus, considering ourselves as participants in this history, we propose here a pos-
sible relationship between the elaborations made by Vygotsky and his collaborators
in the field of Cultural-Historical Psychology and Neuroscience and Contemporary
Psychology. In this endeavor, history demands that the questions that have long
been of interest, mainly, to Philosophy, almost always split between idealist and
materialist positions.
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In that regard, the studies by Walsh and colleagues point to the genesis of
Psychology in the midst of a dichotomy that sometimes understood it from idealis-
tic bases, other times emphasized it through materialist principles. If we consider
that the contours of this duality define human existence itself, it is reasonable to
assume that this is also a founding structure of what we now call Neuroscience.
Between the material limits and subjectivity, consciousness, personality, thought,
and volition are established. We have long glimpsed the dynamics of this existence
in the synthesis between culture and biology. There is less that we understand that
science must not do without the characteristics of this synthesis while it is dedicated
to studies on human specificity.

We can say that these two forces, as biology and culture, correspond to an old
clash that slithers into the definition of which scientific procedures are consistent.
The argument that equalizes Science with the observation of facts is usually fol-
lowed by its opposite, which asserts any human activity as Science, both careless
and expressively mischievous. Now, Science, as a practice, is one of the human
activities, which produce and reproduce existence. However, two statements are
necessary: not all daily practice is scientific and Science fits (and it does) specific
refinements given its nature within the economic and social powers division (De
Waal, 1973).

Having an intention of overcoming these misunderstandings, this work aims to
unveil materiality as the genesis of subjectivity, thus announcing a monist perspec-
tive and, from there, seeking evidence of what seems to be a ballast since the experi-
ments proposed by Vygotsky and what is currently organized as a research field for
Neuroscience.

Vygotsky and Cultural-Historical Psychology: Possible
Relations Between Contemporary Psychology
and Neuroscience

Lev Semionovitch Vygotsky was a Soviet thinker who lived between 1896 and
1934. His precocious 37 years of life coincided with the period of the Socialist
Revolution in 1917 and went through the circumstances of an overwhelming civil
war that affected millions of children’s lives. He studied law, also humanities at the
Faculty of History and Philosophy at the Chaniavski People’s University. He got
involved in the practical work of teaching people, wrote more than 70 theatrical
reviews, organized the Psychology office at the School of Pedagogy and several
psychological research laboratories and institutes, and, from there, expanded his
work in the area, carrying out numerous experimental research programs on the
development of human psychological processes (Van der Veer & Valsiner, 1991;
Veresov, 1999; Prestes, 2010; Dafermos, 2018). The magnitude of his life, work,
and career represented, according to Kozulin (1994, p.13), “a remarkable and sug-
gestive literary quality, which often recalls the lives of the literary heroes of Thomas
Mann, Herman Hesse or Boris Pasternak.”
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Vygotsky produced a solid and broad theoretical foundation on the development
process of higher psychological functions, emphasizing the role of culture on the
evolutionarily established biological substrate. He studied with a great wealth of
experimental content the organization of language, the occurrence of gestures, the
appearance of the word, the development of personality, and the specificity of play
in the constitution of human beings’ consciousness, especially studying the devel-
opment of babies and children. Its theoretical set substantially deviates from other
theoretical elaborations organized by other authors within Developmental
Psychology.

Thus, it is inevitable that anyone who knows the expanse of this theoretical set,
which we refer to as Cultural-Historical Psychology, does not feel a great surprise
when faced with the most recent research results produced by Neuroscience about
the processes of child development. It is impossible not to be affected by a strange
feeling that some of the experiments and conclusions drawn up by Vygotsky are
being reproduced. However, the amazement would be less disturbing if it were not
accompanied by a surprising scarcity of references to his prolific previous works.

By limelighting the higher psychological functions’ development from their
elementary bases, Vygotsky (1987) highlights the role of speech and thought and,
more precisely, the meaning of the word, as a constitutive force of a type of system
that involves memory, attention, and imagination in the organization of self-control
of conduct. Since the work called Prehistory of the Development of Written
Language,! he has devoted himself to a scrutiny of the paths that emerge from vocal-
izations and gestures for the elaboration of abstractions produced by what he called
thought by concepts. The process of signification mediated by using signs, that is,
symbolic representations of knowable objects, advances from the inter-psychological
dimensions to the intra-psychological ones. Along these lines, from the materiality
of social relations, within specific economic and political structures, constitute the
most sophisticated functions of human consciousness or, in Vygotsky’s words,
“each higher function was thus originally shared between two persons”
(Vygotsky, 1995).

To study the establishment of the mastery of behavior, in other words, the pos-
sibility that a person is able to use abstract thought to deliberate on situations and
direct their own behavior in everyday life, Vygotsky (1995) proposes the free-choice
experiments. In this scenario, the child was led to impute a new meaning to a certain
set of neutral objects. Here, the force of stimuli such as dice or letters submits to a
type of criterion artificially created by the movement of thought. So, for example, a
child, while conducting this kind of experiment, could agree with himself that by
throwing a dice and getting a certain number; as a result, he/she would act in a cer-
tain way. What we have here is the delineation of mediated actions due to the mean-
ings attributed to external objects. An election or a choice always carries what is

Tt is important to highlight that the correct title of this seminal Vygotsky’s work is in Russian
original “The pre-history of development of written speech” (peus) (Vol 3, 1983, Russian edition),
but in English edition, Vol. 4, 1997 the title was translated as written language—one of the major
translation inaccuracies.
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called a conflict of motives. Those reasons go through previous experiences and are
constituted as affective-cognitive dimensions.

From this synthesis, Vygotsky (1995) discusses the emergence of human choice,
stating that our freedom does not concern any independence from the laws of nature,
their determinations or circumstances, but, on the other hand, consists in the knowl-
edge of these laws and their manipulation through thought.

Thus, we emphasize the overwhelming materiality of the meaning process that
arises in the daily relations established between people through language and, this
way, the internalization of signs from vocals, through gesture to abstract thought; it
is reasonable to assume that this dynamic is also interesting to the contemporary
field of study about the neuroscience of language. There is currently very significant
evidence that language learning occurs much earlier than previously assumed,
appearing to happen from the fetus.

Language from the Fetus

The impacts of culture on the brain seem to occur much earlier than most child
development experts believed. It was already known that newborn babies can distin-
guish between their mother tongue and a foreign language. A classic experiment
used an adapted pacifier connected to a computer that was able to record the baby’s
sucking rate. In this way, it was possible to measure the reaction of 40 French
babies, 3 days old, when they heard a speech in French or Russian. Each time the
babies were exposed to the foreign language, their sucking pattern changed, indicat-
ing an ability to discriminate between the two languages (Mehler et al., 1988). This
study has been replicated several times, and this pacifier technique has become a
standard methodology for studies about early language development (Moon et al.,
1993; Byers-Heinlein et al., 2010; Butler et al., 2014). However, more recent
research has brought evidence that this ability of infants to recognize their mother’s
language occurs even earlier, within a few hours of birth, enabling the hypothesis
that language learning occurs in utero.

The research group led by Patricia Kuhl, using Swedish and American babies,
had already shown that phoneme discrimination occurs first for vowels than for
consonants and such ability can be measured at around 6 months of age (Kuhl et al.,
1992). In 2013, research by the same group conducted the first study showing evi-
dence that language learning already occurs in the fetus, probably 6 months before
birth. Again, using the sucking rate measure, 40 Swedish and 40 American babies,
now only 30 h of birth, were divided into two groups. Each half-listened to a record-
ing of 17 sounds in the mother tongue and 17 in the foreign language. Each time the
baby sucked on the pacifier, a vowel was produced until he stopped sucking, and
with a new suck, a new vowel was heard by him. All babies, when they heard the
foreign language vowel, sucked the pacifier much more often. For the authors, this
result reveals not only the ability to discriminate between languages but also that the
baby is much more interested in the vowels of the language that is new to him,
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which he had not heard yet, suggesting a learning of features of the mother tongue
still in the womb (Moon et al., 2013).

Interestingly, the authors state that, until then, it was the consensus view that
learning in language was innate, universal, and would take place only after birth.
They conclude that the results they found are due to the immersion of babies, still in
the womb, to the mother tongue. As they have never been exposed to a foreign lan-
guage, they perceive the vowels of this new language as something different from
what they have already learned.

Still in the intrauterine phase, research using biomagnetometers, equipment that
is placed on the mother’s belly, is able to detect small magnetic fields generated
from electrical currents in the fetuses’ body, thus measuring the variation of its heart
rate, corroborated the results of the research described above. Twenty-four pregnant
women, all American, around 35 months of pregnancy, listened to excerpts of sto-
ries sometimes in English and sometimes in Japanese, while a fetal magnetocardi-
ography was collected. The results showed that the fetuses’ heart rates varied when
they listened to the passages in Japanese, an unfamiliar language and rhythmically
quite distinct from English. For the authors, this would be further evidence that
language development begins before the baby is born (Minai et al., 2017).

A recently published study in 2021 revealed that the length of intrauterine life
affects babies’ ability to discriminate prosody. The researchers used functional
near-infrared spectroscopy to measure the neural activity of 62 neonates born
between 23 and 41 weeks. The results revealed that babies born before 32 weeks
had hemodynamic response patterns to speech perception that were distinct from
babies born after that time. There was a positive correlation between length of intra-
uterine life and neuronal activation during language discrimination, suggesting that
language development must begin in utero (Alexopoulos et al., 2021).

Perhaps one of the most striking and interesting pieces of evidence about lan-
guage learning before birth comes from studies of babies’ crying. Published in
2009, research revealed that babies cry with an accent, reflecting the rhythm and
melody of the language they heard while they were inside the womb. Through
acoustic analysis of the cries of 60 newborn babies, 30 French and 30 German, all
from monolingual families, the researchers showed that the babies’ cries correspond
to the specific melodic qualities of each mother tongue. Thus, German babies pro-
duce a cry that goes from a higher to a lower tone—very similar to the intonation of
the German language, while French babies have a cry that is completely different
from the German one, now reproducing the typical intonation of the French lan-
guage. Since this phenomenon occurs as early as the third day of life, evidence
suggests that this learning occurred before birth, already in the womb (Mampe
et al., 2009).

Of course, babies are not able to understand language at such an early age, but
they can perceive that some sounds have their own rhythm that distinguishes them
from others. Around the third trimester, a fetus can hear the rhythm and melody of
its mother’s voice, an acoustic characteristic known as “prosody.” This characteris-
tic of the sound waves is the most important for intrauterine language learning since
tissue and amniotic fluid abolish the sound of individual words. Thus, the first cry is
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marked by the maternal language. But after they are born, babies can imitate several
different sounds. However, prosody, already marked by what they hear in the womb,
allows them not only to distinguish the infinite sounds coming from the environ-
ment, but aids in the development of language by grouping the flow of sound into
words and sentences, producing speech, through melodic variations present in
speech. And it is these characteristics of intonation and the rhythm behind each
word that enable the production of meaning when communicating. Thus, when ana-
lyzing and quantitatively comparing the melodic structure of the crying of 52
Swedish newborns and 79 German newborns, researchers revealed that the prosody
of the mother’s language shapes the melody of the babies’ crying (Prochnow
et al., 2019).

Revealing that language acquisition begins well before babies speak their first
words, there is an increasingly solid body of evidence of the influence of culture
while he is still in the womb. This becomes even more evident when studying tonal
language peoples, that is, any language in which intonation is a fundamental part of
its semantic structure. Thus, the same word can have very different meanings, deter-
mined by the pitch with which a syllable is pronounced. Thanks to this, newborns
whose mothers speak tonal languages tend to produce more complex crying melo-
dies. This was revealed by research on babies born in Cameroon, which has a tonal
language, and babies born in Germany, which speaks a non-tonal language. They
were between 37 and 42 weeks of birth and had their cries recorded and analyzed,
showing that the cries of Cameroonian neonates were higher in variability than
those of German neonates (Wermke et al., 2016).

Another study, from this same group, researched the crying of Chinese babies,
such as Mandarin being a tonal language, and German babies, also during the first
days of life. The results are consistent, showing that Chinese babies, immersed in
Mandarin, produce more complex cry melodies (Wermke et al., 2017). Interestingly,
the authors assess that there is a degree of universality in these cry results. Even
though the babies come from very different cultural and economic conditions (Nos,
a rural community, and no access to technology in Cameroon, and Beijing, an urban
and technological community in China), the babies born in these countries, who
speak a tonal language, differ from the German babies, accentuating how much
culture does indeed act on the brain.

To emphasize the nuances of crying from the understanding of the materiality on
which language learning is based is to unveil the consistency of the method pro-
posed by Vygotsky for the study of the development of higher psychological func-
tions. It is not wrong to assume that contemporary research in psychology and
neuroscience will not indulge in what is usually called the biologization of human
phenomena, in the same way that the field of Cultural-Historical Psychology will
have the possibility to free itself from postmodern or idealistic conceptions that
insist, for example, in rejecting the importance of experimental studies for the
appropriation of the directions of psychological development.

In 1934, Vygotsky elected the meaning of the word as the constitutive unit of the
intimate relationship between thought and speech. Everyday activities, in the mate-
riality of their conditions and circumstances, organize themselves as the source or
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sustain what we call the subjective reflection of objective reality. Sensations and
perceptions advance from biology from substances that are cultural always medi-
ated by language. This force, which conducts social experiences, drives the pro-
cesses of attention and memory, offering ballast for thought that increasingly
becomes capable of abstracting and grounding our decisions, attitudes, and feelings.

The Inner Speech

Childhood, in its various expressions, always contextual and historical, assumes,
then, unquestionable importance for the study of the initial processes of these devel-
opments. This conjuncture appears in the work entitled “Vygotsky Meets
Neuroscience: The Cerebellum and the Rise of Culture Through Play,” when
Vandervert (2017) proposes the hypothesis that the activities related to childhood
play have driven the improvement of the cerebellum, which, in turn, would have
constituted itself as the determining structure for what we more sophisticatedly do,
such as fantasy.

While studying these early periods, Vygotsky (1987) debates the elaboration
made by Piaget about what we know as egocentric speech. Vygotsky’s statement
that thought is not expressed, but realized in the word, makes explicit his under-
standing of the opposite directions of development of the sound and semantic
aspects of language. Here, it is evident in the synthesis that the functions that are
internalized as subjectively and uniquely psychic were, before, social relations
between people. Development is, therefore, the process of how the social becomes
the individual. And thus, what, in the realm of speech expression, Piaget considered
egocentric, opened the doors of investigation to what Vygotsky called inner speech.
This peculiar mode of speech would preserve the most crucial and delicate dimen-
sions of the transformation of thought into word. Therefore, it is a blunt mistake to
conceive it as a kind of thought devoid of vocalization.

Thus, what Piaget called egocentric speech would be, for Vygotsky (1987), a
moment of vocalized expression of inner speech, that is, a type of speech external in
its manifestation, but internal as to its functions and structures. Such understanding
removes from this period of development any possible association with something
that compares to selfishness or absence of link with what is essentially social.

What we here call the delicate and sophisticated constitution of humanity, from
the revolutionary relationship that is established between thought and speech by
means of the word, emerges consistently within the genetic experiments proposed
by Vygotsky, his partners, and collaborators. The specificity of inner speech as a
crucial expression of this relationship has also been the object of study in contem-
porary science. Thus, it is now considered that internal speech is deeply involved in
important psychological functions such as memory, cognition, emotional regula-
tion, and consciousness (Alderson-Day & Fernyhough, 2015). Several research
findings support the Vygotskyan theory about inner speech and its importance for
the development of the psyche (Winsler et al., 2009).
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In the last three decades, hundreds of researches have been produced to investi-
gate internal speech, both in psychology and neuroscience. Thus, as pointed out by
Vygotsky, empirical results reveal that it is at the preschool age, between 4 and
7 years, that children’s internal speech reaches its peak, reducing its frequency dur-
ing infancy (Winsler et al., 2009). Furthermore, it is known, for example, that there
is intense activation in the auditory cortex even when the subject is at rest within the
scanner, not performing any task and not exposed to any stimuli, which suggests the
spontaneous emergence of internal speech (Hunter et al., 2006). The use of func-
tional magnetic resonance imaging (fMRI) has enabled advances in understanding
and recognizing the neural correlates that support internal speech (Owen et al.,
2004; Shuster & Lemieux, 2005; Frings et al., 2006; Hoeft et al., 2007). From a
wide variety of tasks and experimental designs, the evidence points out that internal
speech recruits activation of the left inferior frontal gyrus, and the left angular and
supramarginal gyri (Geva & Fernyhough, 2019), revealing how much progress has
already been made in the neuronal understanding of this phenomenon.

In this scenario, we will highlight here the works that explicitly take the
Vygotskyan theory as a basis, revealing how fruitful the approximation with the
Russian psychologist’s works can be. Researcher Charles Fernyhough and his col-
laborators are based on Vygostky to argue that, in infancy, the maturation of a whole
imbricated neuronal system that supports language occurs together with the devel-
opment of internal speech, pointing to an intimate relationship between neuroana-
tomical and psychological developments (Fernyhough, 2016). One of the significant
results produced by the researcher and his group concerns the first neuroimaging
study investigating neural differences between two varieties of internal speech: dia-
logic and monological internal speech.

To this end, 21 college students had their brains scanned while performing inter-
nal speech tasks. They received a written description of a scenario, for example, a
visit to their old school. The task then proposed two situations in which the subjects
had to generate internal speech until they were shown a signal indicating that they
should stop. The first involved a monologue: you are giving a speech to the students
at school. The second involved dialogues with other people: you are talking to a
teacher. In addition, the subjects, still inside the scanner, also performed Theory of
Mind (ToM) tasks. In this way, it was possible to investigate whether different neu-
ral substrates were involved in the different types of inner speech, and more than
that, whether such differences in activation had any correlation with the activation
of the brain circuitry that supports ToM.

The results revealed that when comparing the brain activations involved in
monologue inner speech, dialogic speech showed significantly greater activation,
compared to monologue, in the precuneus, posterior cingulate, the right superior
temporal gyrus, the left insula, inferior frontal gyrus, and cerebellum (Alderson-
Day et al., 2016). In addition, the researchers found an overlap in the brain activa-
tions of dialogic internal speech with those of ToM. Such activations occurred near
sections of the Temporal Parietal Junction, an area strongly associated with empa-
thy, the ability to infer the internal state of others.
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Therefore, such results rightly suggest the involvement of social and cognitive
processes in dialogic inner speech events. Corroborating perhaps the most profound
dimension of Vygostky’s theory of inner speech production, these data bring evi-
dence of the biological support for the dialogical, and therefore social, process of
internal speech development and, consequently, language. The work conducted by
Fernyhough brings the perspective that this kind of speech is a type of dialogue that
unveils, at one and the same time, the substances of thought and speech, in the syn-
thesis of what constitutes our most ordinary singularity: astonishment, joy, fright, or
indignation.

With respect to internal speech, an extensive review discusses the theoretical
approaches and methodological challenges for studying internal speech, presenting
diverse empirical evidence in both children and adults (Alderson-Day & Fernyhough,
2015). The authors end, once again, by reinforcing the Vygotskyan proposal, which
points to the emergence of internal speech as a social process and playing an impor-
tant role in human cognition. It should be noted that already in 1996, Fernyhough
affirmed the importance of recognizing Vygotsky’s work for the advancement not
only of the compression about language but of the relevance of his theory as a the-
ory of psychic development (Fernyhough, 1996).

Thus, in more than two decades of research, Fernyhough combines findings from
neuroscience with Vygotsky’s psychology precisely so that the understanding of
issues dear to contemporary psychology can be advanced. However, the author
states that such evidence about the parallel development of neural substrates and
psychological processes cannot be interpreted in an uncritical way. To avoid the
biologization of psychism, it is necessary, first of all, to consider that the develop-
ment of language is not only the result of the maturation of brain structures.
“Following Vygotsky, Luria argued for bidirectional causation between biological
maturation and sociocultural experience, fitting with the view that the internaliza-
tion of social exchanges creates a new functional system of inner speech” (Alderson-
Day et al., 2016). In this sense, here is the understanding that the psychological
functions or cognitive functions, as studies in the field of neuroscience seem to refer
to them, are formed from everyday materiality. And, as Smirnov et al. (1960) say,
there is the evolution, the brain and the reflex that organize the bases on which the
conquest of culture is established, the mediation of language, and, therefore, the
tone of higher development. In Vygotsky, and for contemporary science that is posi-
tioned this way, lie the marks for understanding the most subtle and sophisticated
subjectivity without having to slip into idealistic perspectives.

Culture in the Brain: Possible Redemptions Since Vygotsky

It is beyond the scope of this chapter to define what culture is, something that has
been a matter of discussion in the humanities since the eighteenth century. However,
it should be noted that for a little more than 10 years cultural aspects have been
investigated by the theoretical and methodological framework of neuroscience
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(Chiao & Ambady, 2007). Since then, the number of research studies investigating
the interactions between culture, social practices, psychological processes, brain,
and genes has been growing annually. The importance of presenting some results of
this research is precisely to emphasize the determining role of culture in all of
Vygotsky’s developmental theory. Far from trying to biologize culture, a real risk
that should be combated by researchers in the field (Choudhury & Kirmayer, 2009),
recent research on the fundamental relationship between culture and biology shows
how bold and plausible Vygotsky’s theoretical propositions were.

Instead of considering development as a universal process, as reflected in the
stages proposed by Piaget, Vygostky announced that the development of higher
psychological functions varied profoundly as the contexts and contents of human
activity varied. Unlike most theorists of the time, the Soviet psychologist’s proposi-
tions emphasized the social dynamics of personality production. Although, obvi-
ously, Piaget and many other theorists of the period did not disregard culture,
virtually none other than Vygotsky placed it at the center of their theory. The idea
that culture conquers biology in the process of construction of the human being has
been, nowadays, increasingly evidenced.

Thus, investigating the relationship between culture and self-representation,
researchers (Zhu et al., 2007) analyzed the brains of Chinese and Westerners as they
judged trait adjectives characteristic of their own personality, of a public person, and
of their mothers, such as honesty, for example. For both groups, an activation of the
medial prefrontal cortex (mPFC) and anterior cingulate cortex was observed when
the subjects thought about themselves and not when they thought about public peo-
ple or each other. However, only for the Chinese, there was activation of the medial
prefrontal cortex when they thought about their mothers. This suggests that Western
subjects, when thinking about whether they were honest, had brain activities quite
distinct from when they were thinking about whether another person was honest, be
it their mother or the distant celebrity. This did not happen with the Chinese. When
they thought about whether they were honest, their brain activity was quite similar
to that displayed when they thought about whether their mothers were honest.
According to the authors, Westerners use the mPFC exclusively to represent the
self, and this would be evidence of the impacts of culture on neuroanatomy. This
and other results suggest that North Americans and Europeans, immersed in a
strongly individualistic culture, tend to view the self as independent, separate from
others, while Chinese, immersed in a collectivist culture, value interdependence and
interconnectedness more, and these cultural differences impact both the psyche and
the brain (Markus & Kitayama, 1991; Chiao et al., 2009; Park & Huang, 2010; Liew
etal., 2011; Sul et al., 2012; Huang et al., 2019; Medina et al., 2019).

Still corroborating the hypotheses made by Vygotsky in 1920, a research study
using fMRI revealed how culture makes the same stimulus activate completly dif-
ferent neural circuitries. Based on historical data that point to a social valuation for
submission in Asian countries while Western culture tends to value domination
more, researchers analyzed the brain activity of Japanese and Americans viewing
silhouettes of bodies in submissive postures (head and arms hanging down) and in
dominant postures (head up and arms crossed). All subjects had activated the medial
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prefrontal cortex and the caudate nucleus, an area of the brain strongly associated
with reward detection and the associative learning of rewards. However, in the
Americans, this reward neuronal circuitry was activated only when they saw the
dominating postures, while the Japanese had the same circuitry activated only for
the submissive postures. Furthermore, the intensity of activation was positively cor-
related with self-report of how much the participants valued dominance and submis-
sion. For example, the more the Japanese placed importance on submission, the
more intense was the activation in the caudate and mPFC when he saw a submissive
posture. The same was true for the American, but only with dominant postures. For
the authors, “The findings provide a first demonstration that culture can flexibly
shape functional activity in the mesolimbic reward system, which in turn may guide
behavior” (Freeman et al., 2009).

Studies about the impacts of culture on the brain and the psyche become even
more important when we pay attention to the fact that the overwhelming majority of
scientific evidence we have today about what makes us human comes from research
conducted mostly in Western countries, from a group of participants that is, as we
have seen, largely immersed in an individualistic culture. Using the acronym
WEIRD to designate these research subjects (Western, Educated, Industrialized,
Rich, Democratic) in the last decade, the academic community has announced the
problems of scientific practice that takes the singular as universal. Over 95% of
research in psychology uses subjects with these characteristics, and they represent
only 12% of the world’s diverse cultural populations (Henrich et al., 2010). Thus, it
is impressive that it took almost 100 years for the academic community to come into
line with Vygotsky’s propositions and to consider the extreme relevance of culture
in human development.

This and other research seek to investigate the cultural impacts on the brain and
behavior. It is obvious that emphasizing social and cultural processes does not mean
to disregard genetic, biological conditioning. However, to believe in a universal
cognitive development, free or with little influence from culture, contradicts what
contemporary neuroscience reveals nowadays and what Vygotsky already said in
the 1920s.

Concluding Remarks

Vygotsky’s works were ahead of their time and now we already understand that this
is not an exaggeration or a metaphor. Contemporary research in the most complex
areas of neuropsychology confirms his ideas about two lines of development—natu-
ral and cultural—and about their dialectical relationship. There is a significant
amount of modern research confirming that the social and cultural environment is
not a development factor, but a source of psychological development. The cultural
neuropsychology that emerged with the work of Alexander Luria, who relied on
Vygotsky’s cultural-historical theory, finds more and more research-based evidence.
The child’s ability to socially interact and learn does depend on the development of
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the brain—but the development of the brain is determined by the kind of culture
environment the child is a part of and in what collective forms of behavior and activ-
ity she is involved. Such a view opens up new possibilities for the development of
training programs and new social practices.

Bibliography

Alderson-Day, B., & Fernyhough, C. (2015). Inner speech: Development, cognitive functions,
phenomenology, and neurobiology. Psychological Bulletin, 141(5), 931.

Alderson-Day, B., et al. (2016). The brain’s conversation with itself: Neural substrates of dialogic
inner speech. Social Cognitive and Affective Neuroscience, 11(1), 110-120.

Alexopoulos, J., et al. (2021). The duration of intrauterine development influences discrimination
of speech prosody in infants. Developmental Science, 24(5), e13110.

Butler, S. C., et al. (2014). Preference for infant-directed speech in preterm infants. Infant Behavior
and Development, 37(4), 505-511.

Byers-Heinlein, K., et al. (2010). The roots of bilingualism in newborns. Psychological Science,
21(3), 343-348.

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

Chiao, J. Y., et al. (2009). Neural basis of individualistic and collectivistic views of self. Human
Brain Mapping, 30(9), 2813-2820.

Choudhury, S., & Kirmayer, L. J. (2009). Cultural neuroscience and psychopathology: Prospects
for cultural psychiatry. Progress in Brain Research, 178, 263-283.

Dafermos, M. (2018). Rethinking cultural-historical theory: A dialectical perspective to Vygotsky.
Springer.

De Waal, F. (1973). The bonobo and the atheist: In search of humanism among the primates., WW
Norton & Company.

Fernyhough, C. (1996). The dialogic mind: A dialogic approach to the higher mental functions.
New Ideas in Psychology, 14(1), 47-62.

Fernyhough, C. (2016). The voices within: The history and science of how we talk to ourselves.
Basic Books.

Freeman, J. B., et al. (2009). Culture shapes a mesolimbic response to signals of dominance and
subordination that associates with behavior. Neurolmage, 47(1), 353-359.

Frings, M., et al. (2006). Cerebellar involvement in verb generation: an fMRI study. Neuroscience
Letters, 409(1), 19-23.

Geva, S., & Fernyhough, C. (2019). A penny for your thoughts: Children’s inner speech and its
neuro-development. Frontiers in Psychology, 10, 1708.

Henrich, J., et al. (2010). The weirdest people in the world? Behavioral and Brain Sciences,
33(2-3), 61-83.

Hoeft, F, et al. (2007). Functional and morphometric brain dissociation between dyslexia and
reading ability. Proceedings of the National Academy of Sciences, 104(10), 4234—-4239.

Huang, C.-M., et al. (2019). Culture-related and individual differences in regional brain volumes:
A cross-cultural voxel-based morphometry study. Frontiers in Human Neuroscience, 13, 313.

Hunter, M., et al. (2006). Neural activity in speech-sensitive auditory cortex during silence.
Proceedings of the National Academy of Sciences, 103(1), 189-194.

Kozulin, A. (1994). La psicologia de Vygotski; biografia de unas ideas (p. 294). La psicologia de
Vygotski; biografia de unas ideas.

Kuhl, P. K., et al. (1992). Linguistic experience alters phonetic perception in infants by 6 months
of age. Science, 255(5044), 606—608.



Neuroscience and Vygotsky: Putting Together Contemporary Evidence... 23

Liew, S.-L., et al. (2011). Who's afraid of the boss: Cultural differences in social hierarchies modu-
late self-face recognition in Chinese and Americans. PLoS One, 6(2), €16901.

Mampe, B., et al. (2009). Newborns’ cry melody is shaped by their native language. Current
Biology, 19(23), 1994-1997.

Markus, H. R., & Kitayama, S. (1991). Culture and the self: Implications for cognition, emotion,
and motivation. Psychological Review, 98(2), 224.

Medina, L. D., et al. (2019). Collectivism is associated with greater neurocognitive fluency in older
adults. Frontiers in Human Neuroscience, 13, 122.

Mehler, J., et al. (1988). A precursor of language acquisition in young infants. Cognition, 29(2),
143-178.

Minai, U, et al. (2017). Fetal rhythm-based language discrimination: A biomagnetometry study.
Neuroreport, 28(10), 561.

Moon, C., et al. (1993). Two-day-olds prefer their native language. Infant Behavior and
Development, 16(4), 495-500.

Moon, C., et al. (2013). Language experienced in utero affects vowel perception after birth: A two-
country study. Acta Paediatrica, 102(2), 156-160.

Owen, W. J., et al. (2004). FMRI of two measures of phonological processing in visual word rec-
ognition: Ecological validity matters. Brain and Language, 90(1-3), 40-46.

Park, D. C., & Huang, C.-M. (2010). Culture wires the brain: A cognitive neuroscience perspec-
tive. Perspectives on Psychological Science, 5(4), 391-400.

Prestes, Z. R. (2010). Quando nio é a mesma coisa: analise de tradugdes de Lev Semionovitch
Vygotsky no Brasil: repercussdes no campo educacional.

Prochnow, A, et al. (2019). Does a ‘musical’mother tongue influence cry melodies? A comparative
study of Swedish and German newborns. Musicae Scientiae, 23(2), 143—156.

Shuster, L. 1., & Lemieux, S. K. (2005). An fMRI investigation of covertly and overtly produced
mono-and multisyllabic words. Brain and Language, 93(1), 20-31.

Smirnov, A. A, et al. (1960). Psicologia, Grijalbo.

Sul, S., et al. (2012). Cultural modulation of self-referential brain activity for personality traits and
social identities. Social Neuroscience, 7(3), 280-291.

Van der Veer, R., & Valsiner, J. (1991). Understanding Vygotsky: A quest for synthesis. Blackwell
Publishing.

Vandervert, L. (2017). Vygotsky meets neuroscience: The cerebellum and the rise of culture
through play. American Journal of Play, 9(2), 202-227.

Veresov, N. (1999). Undiscovered Vygotsky: Etudes on the pre-history of cultural-historical psy-
chology. Lang Frankfurt.

Vygotsky, L. S. (1987). The collected works of LS Vygotsky: Problems of general psychology.

Vygotsky, L. S. (1995). The collected works of LS Vygotsky: Problems of the theory and history of
psychology. Springer Science & Business Media.

Walsh, R. T., et al. (2014). A critical history and philosophy of psychology: Diversity of context,
thought, and practice. Cambridge University Press.

Wermke, K., et al. (2016). Fundamental frequency variation within neonatal crying: Does ambient
language matter? Speech, Language and Hearing, 19(4), 211-217.

Wermke, K., et al. (2017). Fundamental frequency variation in crying of mandarin and German
neonates. Journal of Voice, 31(2), 255. €225-255. ¢230.

Winsler, A. E., et al. (2009). Private speech, executive functioning, and the development of verbal
self-regulation. Cambridge University Press.

Zhu, Y., et al. (2007). Neural basis of cultural influence on self-representation. Neurolmage, 34(3),
1310-1316.



Dialogue with Latin American Teachers:
Beliefs About Neuroscience and Education

Check for
updates

Adriana Soni Garcia

Abundant international research in the field of neuroscience and education has
largely focused on identifying what misconceptions about the brain are held by
educators (Cole, 2013; Dekker et al., 2012; Deligiannidi, 2009; Geake, 2008;
Howard-Jones, 2010; Pasquinelli, 2012; Rato et al., 2010; Tardif et al., 2015;
Torrijos-Muelas et al., 2021) and such a trend appears to be similar in Latin America
(Cosme et al., 2018; de Sé et al., 2020; Gleichgerrcht et al., 2015; Hermida et al.,
2016; Lopes et al., 2020). Being able to identify these misconceptions is an impor-
tant step toward pinpointing issues that should be priorities toward further develop-
ing the field of neuroscience of education—however, most evidence available
appears to stay at that stage.

The present chapter focuses on Latin America—a region with a great diversity of
educational contexts—where many teachers face challenges beyond those encoun-
tered in educational practices itself. Admittedly, the data that will be discussed in
this chapter comes from a doctoral project (Soni Garcia, 2016) that—originally—
had very similar objectives to the available evidence reviewed at the time and
described just above. Some of those original objectives aimed to explore the knowl-
edge about mind and brain that Latin American educators had and to better under-
stand how such knowledge was formed. However, through the process of conducting
such a doctoral project (Soni Garcia, 2016), it became evident that more than simply
testing teachers on their knowledge about mind and brain, it was fundamental to
understand what education looks like in Latin America. This was in order to better
understand what a Latin American teacher may need from neuroscience-informed
research and why they may hold certain beliefs about the brain. For this reason,
specific results from this doctoral project will be discussed—a mixed-methods
research project completed in 2016 with qualitative data derived from semi-
structured interviews carried out with 19 teachers and quantitative data obtained
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from an online questionnaire administered to 314 participants from Latin American
countries. Next, the chapter will explore Latin American teachers’ perceptions and
descriptions of their educational context—as these should be powerful influences
that should continuously be informing neuroscience and education. The final sec-
tion of this chapter will take a closer look at the available evidence relating to the
collaboration between neuroscience and educators—has it moved to the next step or
does it continue to identify what Latin American teachers do not know about
the brain?

Neuroscience and Education: Views from Latin
American Teachers

The following section will discuss findings derived from Soni Garcia’s (2016) doc-
toral project, which ran from 2012 to 2016. This project consisted of several objec-
tives and stages (see Fig. 1) because it was a mixed-methods project, which started
with a qualitative stage to identify, among other issues, which ideas about the brain
were most prevalent in Latin America. This qualitative stage helped design a pilot
questionnaire (stage 2), which ultimately was refined into a final online question-
naire composed from items used from other available studies (e.g., Dekker et al.,
2012; Herculano-Houzel, 2002; Howard-Jones, 2010) and those ideas that were
identified as prevalent during stage 1. Here, only findings relating to the following
research question will be discussed: What knowledge about the brain do teachers in
Latin America have? Most particularly, quantitative findings that were indicative of
Latin American teachers’ neuroscience literacy and neuromyth scores in that period
of time are discussed. However, qualitative data will be presented, too, as it helps
provide a fuller picture of the results.

Operationalizing “Neuroscience Literacy” and “Neuromyths”

Neuroscience literacy, in part, can be defined as the ability to “understand basic
concepts of neuroscience and its research methods and to use this knowledge to
separate science from science fiction in the media” (Bergmann et al., 2017 p. 236).
For the purposes of that project, neuroscience literacy was operationalized as the
accurate knowledge Latin American teachers held regarding the brain (being able to
agree with the factual information provided in the questionnaire and disagree with
the inaccurate items). In parallel, inspired by the prevailing available evidence, the
project was also concerned with identifying neuromyths. This term has been around
for decades, with “neuromyth” first being used in the 1980s (Howard-Jones, 2010).
However, its most conventional definition was provided by the UK’s Organization
of Economic Co-Operation and Development (OECD): “a misconception generated
by a misunderstanding, a misreading or a misquoting of facts scientifically
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established (by brain research) to make a case for the use of brain research in educa-
tion and other contexts” (OECD, 2002 p. 258). Thus, not only was it relevant to the
project to identify neuroscience literacy, but the prevalence of neuromyths as well.

Stage 3: Online Questionnaire (N = 314) — Participants

The final online questionnaire (stage 3) was administered to 314 participants from
12 Latin American countries (with most participation from Mexico, Argentina,
Chile, and Colombia, see Table 1). Within this sample, the mean age of the partici-
pants was 41.33 years (SD 11.42); only 21% of them were male; the average year of
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Table 1 Neuroscience literacy score items (N = 314)

Don’t
know Disagree | Agree | Mean

Item % % % (SD)
1 “*Mental abilities are inherited and education cannot 54 90.4 4.1 147
modify them.” (0.85)
4 ““There are sensitive periods in childhood when it is 7.3 7.0 87.5 |4.11
easier to learn certain things.” (1.52)
5 “Education cannot remediate learning difficulties 9.9 79.9 102 | 1.54
associated with developmental differences amongst (1.08)
students.”
7 “Memory is stored in networks of cells distributed 12.1 11.5 76.5 | 3.68
throughout the brain.” (1.76)
8 “*Skipping breakfast affects students’ cognitive 10.8 11.2 78.0 |3.83
function.” (1.74)
9 ““The use of technology affects children’s brain 17.5 60.9 21.7 | 1.89
development.” (1.49)
11 ““There are changes in our neural connections when 6.7 4.1 89.2 |4.29
we learn something.” (1.43)
14 “Poverty can impact children’s brain development.” 12.4 24.2 634 3.29

(1.83)
15 “*Extensive practice of some mental processes can 16.9 10.2 729 347
change the shape and structure of some parts of the (1.86)
brain.”
16 “*Not sleeping properly affects the consolidation of the | 9.2 6.0 84.8 14.04
day’s learning in long-term memory.” (1.57)
20 “*Teenage behaviour can be due to the brain still being | 21.7 19.8 58.6 |2.91
in development during that stage.” (1.93)
22 “*Vigorous exercise cannot improve mental function.” | 15.6 75.5 89 145

(1.12)
23 “*Stress can be detrimental for learning.” 10.8 11.5 77.7 |3.81

(1.70)
28 “*Hormones do not influence personality.” 14 74.2 11.8 | 1.58

(1.19)
30 “*The change in sleep patterns during adolescence can | 18.5 10.8 70.7 |3.32
diminish students’ mental function.” (1.85)
31 “‘It is easier to learn a topic in several sessions 11.8 10.8 774 |3.71
distributed throughout time than it is in a single session.” (1.69)
33 “IQ is inherited and cannot be modified by education.” | 6.1 87.3 6.7 |1.44

(0.91)
35 “‘During old age, there is no production of new 12.1 76.6 11.1 | 1.59
connections in the brain.” (1.18)

Note. In the original questionnaire (Soni Garcia, 2016), participants were able to select from the
following answering categories: “don’t know,” “completely disagree,” “disagree,” “agree,” and
“completely agree.” Here, agreement and disagreement options have been condensed into single
categories.
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teaching experience was 14.03 years (SD 10.77); 87% of teachers worked in urban
settings; there was an even representation of sectors with 43% of teachers working
in the private sector and 47% working in the public sector (9.6% reported working
on both sectors); 36.9% of teachers reported having zero days of neuroscience train-
ing in the 2 years previous to the administration of the questionnaire.

Stage 3: Online Questionnaire (N = 314) — Neuroscience
Literacy and Neuromyth Findings

Tables 1 and 2 contain the list of items that were used to identify teachers’ neurosci-
ence literacy score and neuromyth score, respectively.

Table 2 Neuromyth score items (N = 314)

Don’t
know Disagree | Agree | Mean
Item % % %o (SD)
10 “When we work in a pleasant environment, the brain 14.6 5.7 79.7 |13.79
releases dopamine.” (1.81)
12 “Caffeine consumption favours the reduction of mental | 36.0 50.3 13.7 | 1.38
abilities.” (1.40)
13 “When we sleep, the brain shuts down.” 32 90.2 6.6 |1.31
(0.91)
18 “For the most part, we only use 10% of our brain.” 21.0 37.6 414 237
(1.86)
19 “Learning more than one language from childhood 4.1 90.4 54 |1.27
reduces mental development.” (0.87)
21 “The intake of sugary drinks and snacks reduces 23.9 30.9 453 1252
children’s attention.” (1.93)
24 “Without a brain it is not possible to have 14.6 159 69.5 |3.51
consciousness.” (1.87)
25 “It is easier to learn when it is through our preferred 10.2 9.0 80.8 |3.98
learning style.” (1.68)
27 “Individual differences in students can be explained by | 22.3 23.6 54.1 | 2.77
the dominance of their left or right brain hemisphere.” (1.95)
34 “Emotional processes in the brain interrupt processes | 14.0 21.4 64.7 |3.18
associated with learning.” (1.82)
36 “Teachers cannot develop students’ creativity, they are | 3.8 92.0 4.1 |1.30
born with it.” (0.83)
37 “Brain Gym does not improve the integration of the 8.9 83.1 7.1 |1.39
brain hemispheres.” (1.04)

Note. In the original questionnaire (Soni Garcia, 2016), participants were able to select from the
following answering categories: “don’t know,” “completely disagree,” “disagree,” “agree,” and
“completely agree.” Here, agreement and disagreement options have been condensed into single
categories.
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It is beyond the scope of this chapter to run an in-depth analysis of each neuro-
myth in order to debunk it (for such purposes, please consult Grospietsch & Mayer,
2020, and Howard-Jones, 2014a). Rather, three main points will be highlighted:
only 63.4% of the sample agreed with the statement that poverty can impact chil-
dren’s brain development; some very popular neuromyths around the world
remained prevalent in Latin America; and the qualitative interviews helped identify
anew neuromyth (“dopamine is released when we work in a pleasant environment™)
which 79.7% of the sample agreed with.

Popular Neuromyths Around the World That Are Prevalent
in Latin America

As it can be seen in Table 2, similar to what has been found in other regions
(Grospietsch & Mayer, 2020; Howard-Jones, 2014a), there seems to be several per-
sistent neuromyths present in Latin America. Close to half of the sample (41.4%)
still appears to believe that for the most part we use 10% of the brain. There was
great agreement with the “it is easier to learn when it is through our preferred learn-
ing styles” neuromyth as 80.8% of the sample seems to believe this is accurate.
Similarly, 57% of participants still appear to believe that individual differences in
their students are explicable by the dominance of their left or right brain. And, not
surprisingly, Brain Gym remains a rooted neuromyth as 83.1% of the sample dis-
agreed with the idea that it does not improve integration of brain hemispheres.
These neuromyths, and others, are not exclusive to Latin America—they are found
among educators internationally (Ferrero et al., 2016; Grospietsch & Mayer, 2020;
Howard-Jones, 2014a; Idrissi et al., 2020; Painemil et al., 2021; Papadatou-Pastou
et al., 2017) teaching at different levels of education (Betts et al., 2019).

While it is quite important to keep track of the dissemination of these neuro-
myths, there is a seeming emphasis on testing teachers on their knowledge about the
brain. As stated at the beginning of this chapter, that was the starting point of the
doctoral project (Soni Garcia, 2016) that produced this data. However, through the
process of conducting qualitative research (and having in-depth conversations with
the Latin American teachers that took part in the study), it was possible to see that
more than testing teachers on what they do and do not know about the brain—a
conversation with them was more collaborative. Though there are now many reli-
able instruments (e.g., Dekker et al., 2012; Herculano-Houzel, 2002; Howard-Jones,
2010) to score teachers on neuroscience literacy and beliefs in neuromyths, it is
worth questioning if using such materials miss out on picking up on the nuances of
teachers’ beliefs. Most importantly, if such instruments fail to identify ideas that
have not been included as an item but are held by teachers regardless. It was thanks
to qualitative data that a new belief was identified in Soni Garcia’s (2016) study.
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New Neuromyth: When We Work in a Pleasant Environment,
the Brain Releases Dopamine

Dopamine appears to be the go-to explanation for a number of behaviors that range
from cupcake consumption to obsessively checking one’s emails (Howard-Jones,
2014a). It has been labeled the media’s neurotransmitter of choice (Bell, 2013);
thus, it is not surprising that some Latin American teachers appear to use it to add a
neuroscientific explanation to some of their practices. As seen in Table 2, 79.7% of
the sample agreed with the neuromyth stating that “when we work in a pleasant
environment the brain releases dopamine.” Interestingly, this idea was included in
the online questionnaire as some participants mentioned the following during the
qualitative stage (see Fig. 1):
Participant 12 (32 years of age; 2 years of teaching experience): “... the fact that a good
working environment influences how the student will be prepared, or not, to have a good
experience. How it will be recorded in the brain and it will be more inclined to having a
maths lesson, how it will predispose him and remain in his memory. If it was negative or
positive, how it will influence in the future. That is what we try to emphasize the most, a

good working environment to release dopamine, so that they feel good and in such a way it
is recorded as something positive.”

Participant 10 (58 years of age): “...but I use joy and surprise, and the fact that we are
here to enjoy and have fun and we are always laughing. And with this, this is neuroscience,
right? It becomes more bearable and the kid has this dopamine that is released in the brain
so he is more open to learn and enjoying what he is learning and he knows it.”

As with any neuromyth, there is some truth to these ideas, but they are overly
simplified. Dopamine does play a role in experiencing a pleasurable state (Willis,
2008), and in memory consolidation (Stern et al., 2005; Wise, 2004), but there are
certain conditions that promote a greater release of dopamine. One of the areas of
research in education that involves dopamine is the use of learning games in the class-
room (Howard-Jones & Demetriou, 2009; Howard-Jones et al., 2011). Dopamine is
part of the reward system, and uncertain rewards are more stimulating than predict-
able ones (the dopamine levels after a reward-response peaks at 50% certainty in
games); cognitive neuroscience research has shown that the formation of declarative
memory in the brain is strongly linked to its response to reward (Howard-Jones, 2014b).

The last part of this section will focus on discussing an alarming finding—the
need to raise awareness of the impact of poverty on children’s development in a
region plagued with high poverty rates (Bellei et al., 2013).

Neuroscience Literacy: Poverty Can Impact Children’s
Brain Development

Quantitative findings revealed that 12.4% of the sample did not know that poverty
can impact children’s brain development. And, more worryingly, 24.2% disagreed
with this statement. This is concerning as, indeed, neuroscience research has shown
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that poverty can impact children’s brain development in a number of ways that ulti-
mately may impact their academic performance (as cognitive skills needed for edu-
cation are negatively affected by the result). For example, low socioeconomic status
has been found to be linked with changes in the structure of the brain, particularly
in the areas of memory, executive control, and emotion (Brito & Noble, 2014). A
study in the state of Oregon, United States, where children were recruited from 11
public preschools, revealed that the acute stress to which some children living in
poverty are exposed during their development can affect the prefrontal cortex and
the hippocampus, which are central to many aspects of working memory and exe-
cute function (Neville et al., 2013); chronic stress associated with poverty was also
found to be related to a greater amygdala volume and reduced prefrontal activity
during cognitive tasks with children recruited from public schools and anti-poverty
programs in rural counties in the Northeastern United States (Kim et al., 2013).
Another study found evidence that children from low-socioeconomic-status fami-
lies living in Boston and St. Louis’s metropolitan regions have significantly lower
average total gray matter volumes in comparison to children from high-
socioeconomic-status families (Hanson et al., 2013).

The prevalence of poverty in Latin America reported among countries varied a
lot during the time this project took place (2012-2016), but countries such as
Guatemala, Honduras, and Nicaragua had more than 50% of their population expe-
riencing low-socioeconomic status then (SITEAL, 2015). Unfortunately, these
trends have been worsened by the effects of COVID-19 in the entire Latin American
region, and poverty has reached levels in 2020 that were not seen since 2008 whereas
rates of extreme poverty have gone back to what they used to look like in the early
2000s (CEPAL, 2021). This is the sort of issue that should be a priority when trying
to move the field of neuroscience and education forward. To better understand the
challenges faced by these teachers (and students!) so that specific messages and
valuable neuroscientific research can be created with and for them.

The next section will focus on highlighting the educational side of the “neurosci-
ence and education” field. More specifically, it will present some of the perspectives
shared by some of the 19 Latin American teachers that were interviewed for Soni
Garcia’s (2016) doctoral project.

Latin American Teachers’ Perceptions of Their
Educational Context

As concluded in the last section, it is important to remember that messages and
research coming from neuroscience (for the purpose of enriching education) should
be relevant for their audiences. How can neuroscientific messages and neuroscience
research findings be meaningful if they are not ready to be used (or valuable) for
every kind of classroom or setting? In parallel, as established throughout this chap-
ter, testing teachers on their knowledge about the brain is certainly informative.
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However, it does not seem to lead to collaboration between educators and neurosci-
entists—nor does it seem to do much toward helping each field better understand
one another. What should neuroscientists know about educational settings to better
understand educators? This is a difficult question to answer in such a large and
diverse region as Latin America is.

Generally, the quality of teaching in Latin America ranks low, and the region has
proved to have a deficient teaching system, as suggested by the results of student
achievement obtained in the TIMSS of the IEA and the PISA of the OECD; in the
2003 PISA, the three (out of 40 participant countries) Latin American countries that
participated, Brazil, Mexico, and Uruguay, ranked 40th, 37th, and 35th, respectively
(de Moura Castro & Ioschpe, 2007). Even if the available information is not com-
plete, it indicates that teaching in this region does not match the description of a
profession with a high status, as professional development opportunities are limited
and the initial training quality is low (Bellei et al., 2013).

Latin American teachers’ level of initial training varies across the region, but
close to 90% of the teachers participating in the SERCE study (conducted in 2006)
were reported to have teaching training. About 60% of this sample completed a
university-level education, 32% attended nonuniversity technical or pedagogical
training programs, but there were still 11% working just having completed second-
ary education level or lower (Duarte et al., 2010). The countries where teachers have
little to no teaching formation are Guatemala, where more than a third of the teach-
ers had no pedagogical studies or higher education, Nicaragua, and to a less extent,
Panama and Ecuador (Falus & Goldberg, 2011). In Mexico, one in four teachers
have higher education levels without any teaching training, and in El Salvador, this
happens in one out of ten teachers (Falus & Goldberg, 2011). In general, in Mexico
and other countries, teachers with a postgraduate level of education are the ones that
engage more in professional development activities (SEP, 2009).

A condition that could influence Latin American teachers’ attitude toward
becoming informed about neuroscience (or not) is the little amount of time that they
seem to have available to dedicate to professional development. Two of the obsta-
cles found in a Mexican survey with secondary school teachers (n = 62,650 partici-
pants) were that more than 40% of them said that they had conflicts with their
schedule and that some of the professional development activities were too costly
(SEP, 2009). In relation to this point, in some countries (such as Argentina, Brazil,
and Uruguay), there is a high proportion of teachers (in a sample of 1816 teachers
44% of Brazilian, 22% of Uruguayan, and 23% of Argentine sixth-grade teachers)
with a job in more than one school, or outside the educational sector (Duarte et al.,
2010), which means it could limit their free time and funds to invest in professional
development.

With regard to the differences between the rural and urban areas, there is great
diversity evident in Latin America. A regional study showed the distribution that
each sector has in urban and rural areas in 12 countries in Latin America (Argentina,
Bolivia, Brazil, Honduras, Mexico, Nicaragua, and Paraguay) in the different levels
that are considered as formal education: in rural areas, the distribution of the private
sector only reached 4% whereas it was 24.1% in urban areas (Pereyra, 2008). The
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distribution of teachers across urban and rural areas is different and reflects the slant
in resources distribution (both physical and human): in Uruguay, rural teachers
make for 12% of the total population of teachers; in Colombia, rural teachers make
up 25% of the total teacher population. However, in countries like Nicaragua and
Honduras, the proportion of rural teachers reaches more than 50% of the total
(Vaillant & Rossel, 2006).

Some of the participants in Soni Garcia’s (2016) study shared the following
regarding their educational settings:

Participant 1 (48 years of age; 23 years of teaching experience): “I work in a private
school that is dedicated to help people experiencing low socioeconomic status...it’s a mar-
ginal zone...”

“...they live in conflict areas, and there may be instances in which people start to drink
alcohol, or are heavy users of tobacco and some may even be doing drugs...”

“...Their family environment, their social environment, of course, ends up being detri-
mental for them. Poverty, and the lack of books in the home, newspapers, access to TV
shows, computers and all of that, it ends up causing the students to be... well that their level
of development is not comparable with students who have both parents taking care
of them...”

Participant 5 (34 years of age; 16 years of teaching experience): “It is one of the areas
where you see a lot of poverty. So, we are surrounded by the context, socially speaking, the
context is full of neighbourhood gangs and our school is at the centre of where they all
hang out”.

“...[students] when they go back home, they go back to what is traditional, to monotony, to
hearing 'no, no don’t do that, instead get to work, right now I do not need you to do your
homework, you, better start mixing the cement with me because we are going to build a
wall’ or something”.

“There are many parents that are embarrassed to reach out and say ‘I have no money
for this’.”

“We do have many children that go without eating. 1 have given away my lunch, I have
asked for credit in the school cafeteria to feed some students...”

“I ask my students ‘what did you have for dinner at home’ and they say ‘well sometimes
beans, sometimes tortillas’ and sometimes they don’t eat...that’s how poverty affects them.
They are thinking ‘I'm hungry, my stomach is rumbling, my head hurts, I want to throw up’.
We have to fight against all of that.”

Participant 4 (30 years of age; 15 years of teaching experience): “People survive, basi-
cally, working the field and they work very scarcely., As in, a paid job is only for people that
can go to the nearest communities to work as pawns or construction workers, or women
who go to work in houses or cities.”

“Obviously, there are no libraries in rural communities. So, we start to, along with the rural
teacher, organise the place and ask for permission to whomever we have to and we start
building the library.”
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“...parents prefer to take them to work in the field, because they will be able to produce food
for self-consumption. You have to work to eat. Many kids do that, they go to school in the
morning and go work in the field in the afternoon.”

“...the teacher has a very hard experience in Mexico. The teacher is a hero, almost ... he
has to deal with lack of nutrition, sometimes domestic violence, and with child labour.”

“The rural teacher has many other worries before being a good academic teacher”

It can be learned from these selected extracts that there are important challenges
existing in the Latin American educational setting. Teachers who kindly donated
their time to share their views were passionate about trying their best to do their jobs
(as participant 5 shared, going as far as to giving away their lunch so that their stu-
dents do not have to learn on an empty stomach). Better understanding their work-
ing conditions and the great inequalities they experience on a daily basis can help
form a picture regarding their knowledge of neuroscience. With little time available
to invest in professional development, with little available resources (physical and
human), and other social issues that impact their working conditions, it is not sur-
prising that learning about neuroscience is not a priority.

Educational Contexts as Powerful Influences That Should
Guide Neuroscience and Education Research

As established in the earlier section, there are many different kinds of classrooms
(urban, rural, private, public) around Latin America (and the world as well). The
complexity of an educational setting directly influences the available time and inter-
ests a teacher has in order to invest in professional development. Thus, in the hopes
of evolving the field of neuroscience and education in Latin America, context-
sensitive neuroscientific research is needed. For example, international reports on
neuroscience and education (Howard-Jones, 2014b) have attempted to estimate the
distances of neuroscience research available to how close (or distant) they are to
classroom applications (based on educational settings that are not as complex as the
Latin American one), but such distances are not true for all kinds of classrooms.
Within this report (see Howard-Jones, 2014b), there were two examples provided
that may prove problematic in certain Latin American contexts.

First, focusing on the topic of “reading” the report (Howard-Jones, 2014b) stated
that the intervention proposed would require computer-based training. This may
work in a school that is equipped with enough computers and staff that are trained
to solve any technological issues that may come up during its course. However, if
we imagine a rural school in any country in Latin America, where classrooms may
lack the sort of equipment needed for this intervention, the distance to application
suddenly doesn’t seem so near. The region is still behind in the use of information
technologies to teach; from a sample of 91,000 sixth grade students in Latin
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America, it was reported that more than half of them have never used a computer in
school (Roman & Murillo, 2014).

Then, there is the issue of the physiological aspects of learning discussed in the
report (sleep, nutrition, and hydration) (Howard-Jones, 2014b). Latin American
teachers may already be aware of the importance of a good night’s sleep, a balanced
nutrition for their students, and that they should stay hydrated to improve their
learning outcomes, but what is it that they could do to help students living in extreme
poverty? Are these really issues that can be solved by teachers telling their students
to eat breakfast in the morning and have a good night’s sleep? These scenarios in
Latin America emphasize the possibilities for collaboration between researchers
and educators. Instances like these can help re-shape and grow the field of neurosci-
ence and education by making neuroscience researchers sensitive to the fact that
there are many children who live in conditions that are less than optimal and that
teachers have to find ways to educate them with the resources that are available to
them. They present the opportunity for neuroscience and education to find ways of
adapting, or editing, existing research for it to be meaningful and useful in every
context: from the most remote and challenging indigenous rural classrooms in a
country like Guatemala to an urban public school in metropolitan Argentina (Soni
Garcia, 2016).

The final portion of this chapter will take a look at examples that help understand
the current state of neuroscience and education research in Latin America.

Neuroscience and Education: Current Trends
in Latin America

There seems to still be a predominant trend that focuses on identifying prevalence
of neuromyths in Latin American teachers (for example, Afiazco Hermosilla et al.,
2016; de S4 et al., 2020; Jiménez Pérez & Calzadilla-Pérez, 2021; Lopes et al.,
2020; Maureira et al., 2021; Mendoza Fox et al., 2018; Torres & Alvarado, 2018).
However, there is also evidence of more collaborative research exploring profes-
sional development (da Silva, 2020; Grossi et al., 2014) and including qualitative
stages to identify messages that are a priority (Crespi, 2020; Crespi et al., 2020).

In 2011, Brazil invested in a series of pilot projects (“Projecto Plural,”
“NeuroEduca,” and more) that are aimed at consolidating training contents for
teachers linked to neuroscience and education (Gonchoroski et al., 2014). In paral-
lel, there seems to be an interest in empirically exploring the value of neuroscience-
informed interventions in Brazilian educational settings (for example, Brockington
et al., 2018; Muiioz et al., 2019).

There appears to be a mixture of different research trends happening in Latin
America, which suggests that there is still emphasis on monitoring what teachers
know about the brain (and their beliefs in neuromyths). However, many other
neuroscience-informed initiatives that seem to be created for the Latin American



Dialogue with Latin American Teachers: Beliefs About Neuroscience and Education 37

context and in communication with Latin American teachers appear to be taking
hold, which suggests that collaboration between neuroscience and education may
be growing stronger.

Conclusion

As explored in this chapter, a lot can be learned about what teachers know about the
brain through quantitative questionnaires. These are helpful in identifying the prev-
alence of neuromyths and the status of their neuroscience literacy in regard to how
these may impact their educational practices. However, only using those question-
naires as a means of information may result in missing out on important detail such
as beliefs that are held but are not presented as items.

Conversations, through the means of qualitative research, are helpful toward
generating a more collaborative field where not only are teachers prompted to share
their knowledge regarding the brain, but neuroscientists can better understand
diverse educational settings and the working conditions experienced by teachers so
that more meaningful messages can be generated. Context-sensitive, collaborative
neuroscience and education research should be the main trend in Latin America.
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Attention and Academic Performance:
From Early Childhood to Adolescence

Mbonica Carolina Miranda, Silmara Batistela, and Marcus Vinicius Alves

Introduction

It is now a common knowledge among scientists that most of the published research
in the world’s leading scientific journals on human behavior and cognition is pri-
marily based on samples that represent little of the global diversity. These research
studies use mainly WEIRD populations (W = western; E = educated; I = industrial-
ized; R = rich; and D = democratic) (Henrich et al., 2010; Rad et al., 2018). This
would already be a misrepresentation of the world population in scientific data-
bases, but there is yet another aggravating factor: studies conducted in populations
that are not representative of the global context tend to be extremely generalized,
with researchers assuming that their WEIRD findings are universal (Henrich et al.,
2010). Moreover, considering that studies in cognitive science carried out in large
universities take place primarily with undergraduates of this discipline, it is also
possible to notice a wide experimentation with college students who, categorically
speaking, represent an almost irrelevant portion of the global population spectrum.
Thus, in many cases, when they set out to study the human mind and human behav-
ior, many scientists are actually presenting results related to a small portion of an
already peculiar WEIRD population (Henrich et al., 2010). It is no stranger to the
notion that much of the psychology and neuroscience of the last century actually
represents how this group thinks, behaves, learns, and remembers, stipulating an
unattainable threshold for the true mix of ethnic, contextual, environmental,
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nutritional, and psychological conditions of the real world. With this, in order to
truly understand the human vicissitudes, it is pertinent to have works in non-WEIRD
populations, which present relevant data to the most diverse groups and, thus, can
contribute to a greater understanding of individuals in their various contexts.

An example of this proposal can be the study by Begus et al. (2016), which
assessed the working memory of infants aged 12—16 months in rural Africa, specifi-
cally in Gambia, one of the smallest countries on the continent. This study’s results
showed that the neural activity when infants observe objects being hidden for 3 sec-
onds compared to 6 seconds is different, and it is possible to assume that this activa-
tion reflects the babies holding in their minds the representation of objects as
naturally occurs in child development, but when these results are compared to
British babies, it is possible to see a difference between the two samples, this result
implies a significant difference between the two populations, and such difference
can be related to the socioeconomic context present in the development of these
groups, also suggesting that neurodevelopment in at-risk and impoverished regions
is less prominent (Katus et al., 2020). Furthermore, similar studies in marginalized
groups in India have also shown impaired performance (Wijeakumar et al., 2019).
Considering this example, it is possible to assume that results considering only chil-
dren born in the United Kingdom would invariably be biased and, more broadly,
could not be functional for cognitive educational practices applied to populations in
extreme poverty contexts, but when one takes only this WEIRD sample as represen-
tative of so-called ideal child development, any and all disadvantaged contexts will
a priori fall short. Therefore, a qualitatively different look at the contextual differ-
ences implies an understanding of the developmental potentials in certain situations
and, with this, a perspective that allows for more effective practices in an educa-
tional environment, as an example.

Growing up in a family with a low socioeconomic status can be associated with
a wide range of negative consequences throughout life, affecting cognition and
physical and mental health (Hackman et al., 2010; McEwen & Gianaros, 2010;
Ursache & Noble, 2016), but it is still not known exactly which elements influence
development in the face of socioeconomic risk factors, and even studies with differ-
ent socioeconomic perspectives need to be observed in relation to context. As an
aggravating factor, situations of violence and chronic stress can happen during
childhood and are inexorably present in less developed countries with high social
inequality. Nevertheless, even in industrialized countries, the gap found between
individual income is considerable, influencing developmental stimulation due to the
social inequalities (Farah, 2018). Studies that only consider individuals within the
same country, yet still in a particular portion of it, similarly limit the very represen-
tativeness of their data.

In view of what has been presented so far, in this chapter we will discuss the
development of attention, relating it to academic performance in children and ado-
lescents from non-WEIRD populations. As a primary cognitive function, attention is
one of the most vulnerable mechanisms to adversities in early life and, despite this,
it is involved in a number of fundamental mental skills needed for various daily
applications, including those related to academic performance (Blair & Raver, 2016;
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Posner et al., 2006). In view of such importance, we will examine how this cognitive
function can be impacted in various non-WEIRD contexts, aiming at an understand-
ing that may allow future educators and researchers to better prepare their practice
in these contexts, considering populations that live and develop in emerging coun-
tries, with diverse ethnicities and/or unique social contexts, but no less important,
such as countries with volatile political scenarios, few educational resources, and/or
extreme poverty.

Conceptualization of Attention

According to William James (1890),

Every one knows what attention is. It is the taking possession by the mind, in clear and vivid
form, of one out of what seem several simultaneously possible objects or trains [p. 404] of
thought. (p. 256).

However, despite being a process known by everyone (at least in James’ view),
attention is difficult to characterize. As a prerequisite for satisfactory performance
in many cognitive and behavioral tasks, attention has a complex functioning and is
not related to a single brain region, neither can it be characterized by a singular
functioning—contrary to the assumption of much of the common sense, attention is
not a unitary entity, but one that is divided into different domains (Cohen, 1993;
Fiebelkorn & Kastner, 2020; Parasuraman, 1998; Posner et al., 2019).

Attention involves the allocation of mental resources, that is, the selective direct-
ing of these resources toward sensory stimuli, actions, or cognition, such as memory
and thoughts (Cohen, 1993; Raz & Buhle, 2006). Thus, this cognitive function,
despite its limited capacity—an aspect that is also sometimes ignored by popular
knowledge—allows for the careful use of cognitive resources (Cohen, 1993;
Krauzlis et al., 2018; Treisman, 2004). One of the most cited and discussed attention
models in the literature is the one proposed by Posner and Petersen (1990), which
differentiates at least three attentional systems: (1) initiation and maintenance of
awareness and vigilance—important for identifying and responding to stimuli; (2)
orientation to the appropriate sensory stimulus to process (i.e., the so-called target
stimulus); (3) executive control to identify and focus on the stimulus, i.e., to voli-
tionally control responses to stimuli (Petersen & Posner, 2012). Although these are
considered independent attentional networks, as well as functionally and neuroana-
tomically distinct, they still operate in close relation for the intentional regulation of
behavior and cognition (Fan et al., 2002; Posner & Boies, 1971; Raz & Buhle,
2006). In this sense, executive attention has also been related to concepts such as
emotional regulation and self-control, i.e., behavioral self-regulation (Rueda et al.,
2005). Posner’s proposed model is widely used in experimental models, serving as
a basis for understanding neurobiological aspects of attention and providing clinical
applications. However, there are other taxonomies, which will also be dis-
cussed below.
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Since the 1980’s, an effort has been made to develop behavioral tests to assess
the different components of attention. As mentioned previously, several authors
have emphasized that attention is not a unitary construct but consists of distinct and
often complementary mechanisms; hence, some operational definitions of attention
have been established. Attention can also be classified as selective, divided, and
concentrated, and although there is no consensus in the literature about this taxon-
omy, everyone agrees that it involves multi-components (see Fig. 1), different pro-
cesses that can even influence each other and cooperate together for cognitive or
behavioral actions (Parasuraman, 1998; Raz & Buhle, 2006).

The definition of selective attention is intertwined with the definition of attention
itself. It is a system responsible for selection and inhibition: activating cognitive
resources and prioritizing the processing of only one (or some) stimulus while vol-
untarily ignoring others available at the moment (Cohen, 1993; Krauzlis et al.,
2018; Pashler, 1998). Therefore, this attentional system has the function of selective
orientation, being influenced by stimulus characteristics such as novelty and rele-
vance and by internal factors such as motivation (see Fig. 2). The existence of this
phenomenon in other animals—such as amphibians, fish, and birds—indicates its
highly adaptive function, evolutionary importance, and complexity (Krauzlis
et al., 2018).

On the other hand, sustained attention is characterized by the ability to maintain
attentional focus for a prolonged period on a specific, monotonous task (such as
responding to a stimulus that arises infrequently and unpredictably), but which
requires fast and accurate responses to stimuli (Fortenbaugh et al., 2017; Raz &
Bohle, 2006). Thus, an important differentiation of this type of attention from the
others is the task duration, and although some authors have proposed specific delin-
eation of this duration, there is no consensus regarding its extent (Fortenbaugh
et al., 2017) (Fig. 1a). There are different hypotheses for performance impairment
in this type of task over time, such as (1) decline in attentional resources over time;
(2) its repetitive and/or monotonous aspect, which would lead to task disengage-
ment; (3) mind-wandering, which is experienced as time goes by while performing
the task, consuming attentional resources that were initially focused on the activity
in progress; and (4) motivation or reward involved in the task (Helton et al., 2005;
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Fig. 1 (a) Different types of attention; (b) two mental processes related to the attention function
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Helton & Russel, 2015; Manly et al., 1999; Parasuraman et al., 2009; Robertson
et al., 1997; Smallwood & Schooler, 2006; Stuus et al., 1995) (see Fig. 2).

This concept, sustained attention, is often used as a synonym for vigilance; other
authors do not consider them synonymous, but rather that it depends on the task. For
example, sustained attention tasks require a continuous response over a long period
of time. An example is Conners’ Continuous Performance Test (CCPT), where the
subject must respond to every letter that appears on a computer screen, except for
the letter X, and is thus used to obtain quantitative information regarding an indi-
vidual’s ability to sustain attention over time (Conners et al., 2018). Vigilance tasks,
on the other hand, have been considered those that require responses to rare and
non-predictive events, for example, radar operators waiting for a nonfrequent sig-
nal. In these situations, the quality of attention is fragile and declines over time—
this is called vigilance decrement. Vigilance decrement is defined as a gradual
decline in the detection rate of target signals over time, or an increase in the response
time to detect something. In other words, vigilance decrement also depends on per-
ceptual and decision-making factors because the key is to determine whether vigi-
lance declines due to a loss in perceptual sensitivity to detect the signal, or whether
it is due to changes in decision criteria, which has been studied as signal detection
theory (Parasuraman, 1998).
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However, it is not always possible to perform one task at a time, so attention is
continuously subject to being divided between a variety of stimuli and activities.
Thus, divided attention is characterized by the sharing of attentional resources
between two or more stimuli (or tasks) due to the infeasibility of parallel processing
(Parasuraman, 1998) (Fig. 1a). In these situations, more than one stimulus is rele-
vant, and the organism must respond concurrently to them; thus, cognitive resources
are shared between different spatial locations, features of an object, different tar-
gets, or sensory stimuli (Braun, 1998; Cohen, 1993) (Fig. 2). Divided attention
requires more control than selective attention because it is more complex and
requires more voluntary allocation of attentional resources and executive control
(Hahn et al., 2008).

There is also a discussion about the possibility of another subtype of attention:
alternating attention. In this modality, instead of the simultaneous processing of
stimuli (or tasks), there would be an alternation of attentional resources, that is, the
individual would disengage from one stimulus to engage in another (Fiebelkorner &
Kastner, 2020). Although they are considered different subsystems by some authors
(Hirst et al., 1980), there is no consensus in the literature in this regard, and studies
consider it to be the same subtype of attention, involved in the so-called “dual-task”
(Franz, 2012; Hahn et al., 2008; Parasumaran, 1998). Many authors still research
the topic within the construct of executive functions under the name of alternation
(shifting) (Miyake & Friedman, 2012; Miyake et al., 2000; Petersen & Posner,
2012). When executing two or more tasks simultaneously—as has possibly been
observed at some point by everyone—there may be interference of an activity in
another, an event that will depend on the intrinsic characteristics of each task,
including the automatization of one of them, and, according to Shneider and Shiffrin
(1977), it is only possible to execute two actions if one has undergone the process
of automatization (Hirst et al., 1980).

Mental processes can be controlled or automatic (Fig. 2), despite some contro-
versies about this dual division (for a review, see Melnikoff & Bargh, 2018).
Controlled processes are intentional, involve active control by the subject, and have
more limited capacity; thus, they can be easily modified (Moors, 2016; Schneider &
Shiffrin, 1977). In contrast, automatic processes are rapid, involuntarily triggered,
modifying controlled actions that are in progress, directing the attentional focus,
and independent of the subject’s active control (Moors, 2016; Schneider & Shiffrin,
1977). Some tasks involve automatic processes from their initial execution, while
others may become automated after successive training, and even complex tasks
may undergo the automatization process and then become actions performed invol-
untarily, without effort (Bago & De Neys, 2017; Pennycook, 2017; Schneider &
Shiffrin, 1977; Spelke et al., 1976). Once automatized, such processes become dif-
ficult to suppress, ignore, modify, or the ongoing actions interrupted (Moors, 2016;
Schneider & Shiffrin, 1977). Such processes are also called endogenous and exog-
enous attentional modalities, or top-down and bottom-up, respectively. The former
(top-down) can also be called voluntary attention, is triggered at a slower rate, but
is maintained for longer periods of time than exogenous (bottom-up, or involuntary)
attention. On the other hand, involuntary attention ensures more prompt allocation
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of resources and is maintained for a shorter period of time and in a less flexible man-
ner than endogenous attention (Bowling et al., 2019; Chica et al., 2013).

One can notice, then, that despite different classifications, several mechanisms
are acting together to perform a certain task. For example, a student during a class
should direct his attentional resources to the subject taught by the teacher, while
ignoring competing stimuli (for example, the conversation of a classmate next to
them, which requires them to self-regulate their behavior). This is a scenario that
involves endogenous attention, that is, top-down processing—which will require
effort, voluntary direction. Considering the length of a regular class, the student
must maintain this attentional focus, and sometimes divide (or alternate) it with the
task of writing what the teacher says, for example. Also, according to the assump-
tions elucidated above, for a student who is already proficient in writing, this divided
task will be less demanding—after all, the writing process has already been automa-
tized. Hence, one can observe the heterogeneity involved in this phenomenon,
which is often not treated with due complexity, being disregarded, for example, the
social variability inherent to its development, which will be discussed below.

Childhood and Adolescence Development in Non-WEIRD
Contexts and Academic Achievement

Over the years, the development of attention has been studied from different points
of view, either to understand other cognitive processes such as memory, perception,
regulation of attention, and behavior related to brain development. In the clinical
population, there is also an important impact of these studies, where the predictive
value of early attention problems for future dysfunctions in both attentional pro-
cesses and other areas of development has been sought to be understood (van de
Weijer-Bergsma et al., 2008). One factor to be considered is that temporal dissocia-
tions of attention processes are evident throughout development (Amso & Scerif,
2015), a model known as attentional networks that divides attention into networks
of functions consisting of alertness, orientation, and executive control, which seem
less independent in childhood (Rueda et al., 2004; Suades-Gonzélez et al., 2017), as
already explained in the previous topic.

The development of attentional orientation is important because efficient atten-
tional orientation to environmental stimuli is essential in activities of daily living
and is a prerequisite for the acquisition of skills such as reading comprehension,
operational memory, and executive control. The period between 6 and 10 years old
is crucial for the development of endogenous attention and inhibitory control,
although the preschool period is also important (Leclercq & Siéroff, 2013).

Reynolds and Romano (2016) point out that the general arousal/attention system
shows significant developmental changes throughout early childhood, characterized
by gains in both the magnitude and duration of sustained attention periods, and
these developmental gains in sustained attention are related to improved
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performance on working memory tasks. Studies of infants in Western countries
have shown that the basic attentional capacities (orienting, anticipating, and pro-
cessing) emerge gradually during the first year (Pyykko et al., 2019). With regard to
selective attention, there is a prolonged development during childhood, with studies
pointing out that younger children fail to filter out irrelevant information, distribut-
ing their attention between what is relevant and what is not, which results in pro-
cessing more information than necessary and therefore less efficiently (Plebanek &
Sloutsky, 2019). At school age, the influences of attention on the maintenance of
working memory are less efficient in 6- and 11-year-old children in comparison to
older adults and adolescents (Amso & Scerif, 2015). The abilities to select among
competing stimuli and to preferentially process more relevant information are
essentially available in very young children, but the speed and efficiency of these
behaviors improve with development (Stevens & Bavelier, 2012), and so there are
functional changes in selective attention that occur during childhood and
adolescence.

For most developmental theories, maturation of selective and sustained attention
processes occurs during adolescence (Smith et al., 2011), but there is a paucity of
studies in the period between 12 and 20 years old. For many authors, attention
would not constitute a simple construct with a fixed ontogenetic trajectory, but a
multidimensional construct with different developmental trajectories in its various
components (Plude et al., 1994). Another relevant factor to be considered in studies
of attention development in adolescence is the pubertal stage, a criterion of physi-
ological/sexual maturity with neuroendocrine events that influence cognition and
that explain this developmental trajectory better than chronological age (Steinberg,
2005; Zanini et al., 2021). Furthermore, the scarcity of systematic research in other
cultural contexts is a major impediment to theoretical progress in this area (Nielsen
etal., 2017), as cultural differences may in part reflect differences in socioeconomic
status (Zanini et al., 2021), which has been strongly supported by many researchers
(Nisbett & Masuda, 2003).

In a literature review study, van de Weijer-Bergsma et al. (2008) showed that
prematurity seems to be related to lower efficiency of attentional orientation in
infants (first year of life), and problems with sustained attention become more evi-
dent at preschool age as age increases. Other environmental factors such as maternal
1Q, educational level, and socioeconomic status did not show consistent results and
the authors point out the lack of studies in this age group (infants and preschool
children). Regarding cross-cultural studies, Koster et al. (2018) evaluated 144
5-year-old children from three different cultural contexts (urban area of Germany,
rural area of Cameroon Republic, urban area of Japan) to investigate different
aspects of children’s visual attention processes. The results showed that children’s
visual attention in rural Cameroon differs from both urban contexts, characterized
by a high object focus across tasks. According to the authors, these differences may
be based on different cultural and environmental learning experiences, such as chil-
dren’s basic familiarity with materials and stimuli, rather than culturally transmitted
attentional styles. In this same line of studies, Jurkat et al. (2020) evaluated the
visual attention of different age groups from middle-class urban families in Germany
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and from a rural area in the Republic of Cameroon. The results were similar; i.e.,
differences in visual attention between cultures were contingent on the familiarity
of the corresponding culture-specific stimuli, thus suggesting that the familiarity of
a stimulus strongly affects individuals’ visual attention, meaning that stimulus
familiarity needs to be considered when investigating culture-specific differences in
attention styles.

Pyykko et al. (2019) analyzed the development of visual attention abilities in a
sample of infants in rural Malawi, focusing on three aspects: (a) visual search, (b)
anticipatory responses, and (c) allocation of attention by measures known to be
sensitive for assessing the development of visual attention processes. The authors
showed that compared to studies in Western populations there was a similar pattern
of group-level results across tasks; they also showed that there are changes in most
of these measures between 7 and 9 months. Individual variations in infants’ atten-
tion abilities were moderately stable across tests, but not related to socioeconomic
factors such as prematurity, nutritional status, and psychosocial stress. First, it must
be considered that socioeconomic status corresponds to a complex set of social and
economic factors such as educational level, income, living conditions, and family
purchasing power, which should be considered together in studies that analyze this
variable in cross-cultural studies (Zanini et al., 2021). Second, Pyykkd et al. (2019)
consider that infants’ early attention abilities may emerge relatively independently
of variations in the early environment; the development of these functions is more
dependent on “optimal” physical growth and environmental support or stimulation.
A recent paper assessed selective attention in 4-year-old children from low and high
socioeconomic backgrounds over the course of a year. This study used an auditory
selective attention paradigm, in which children listened to two different stories at
the same time to check their ability to retain attention on only one of them. The
results of both the behavioral test and electroencephalography measurements
showed that the development of selective attention is influenced by economic back-
ground; that is, individuals from groups with high socioeconomic standards showed
more efficient responses to stimuli than their peers of the same age but from a
poorer socioeconomic background (Hampton Wray et al., 2017).

Because of this, it is important to analyze studies that are related to academic
performance, as this is determined by a variety of factors, including educational
opportunity, socioeconomic status, social skills, personality traits, and cognitive
abilities (Stevens & Bavelier, 2012). These authors reviewed studies that evaluated
the relationship between auditory attention and aspects relevant to academic perfor-
mance, such as language, literacy, and mathematics. They found that deficits in
selective auditory attention are related to language processing difficulties, that
selective attention may be important for establishing the neural circuits important
for efficient reading, and finally that there is a relationship between attention and
math skills, mediated by the effect of selective attention on working memory.
However, most of the studies reviewed were conducted in a WEIRD population.
Due to this, the study by Alavi et al. (2019) stands out, which evaluated typically
developing Malaysian children, aged 7—12 years, to determine whether attention or
impulse control could predict overall academic performance, as well as gender
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difference. Teacher-returned questionnaires were used, which showed that the
higher the teacher’s perception of attention and impulse control skills, the better the
academic performance. Girls were rated with higher levels of attention and impulse
control than boys; the gender of the children did not moderate the relationships
between attention or impulse control and academic performance or impulse control.
This reinforces previous studies, i.e., that the data is similar when studying typically
developing children from far eastern countries living in Malaysia compared to west-
ern children.

According to Resett (2021), there was an increase in the levels of schooling
achievement by children and adolescents throughout the twentieth century in indus-
trialized and post-industrialized nations. This is a psychosocial variable of great
relevance, and academic performance is linked to educational institutions, i.e., an
estimated measure of skills, aptitudes, or knowledge that a student learned as a
result of a formal instructional process, and that these educational institutions may
vary in countries with non-WEIRD populations. Resset (2021) examined whether
the attention performance of children and adolescents would be a predictor of school
performance, and for this, they evaluated 155 children and adolescents (9-15 years
old) from a province in Argentina. It was observed that the reaction time and the
number of correct answers in the D2 test, which evaluates selective attention, were
predictors of math, language, and basic science scores in children. In adolescents,
on the other hand, they predicted scores in math, language, English, and biology,
corroborating previous studies in the American population. Similar results were
found by Abreu et al. (2017) on selective attention tasks, which found correlations
with a test of performance in reading, writing, and arithmetic, although these cor-
relations were weak. In none of these studies, from Argentina and Brazil, did the
authors control for socioeconomic variables. What is important for teachers and
professionals who work with children and adolescents? The literature generally
points out that sustained attention is especially relevant in the school context because
complex problem solving is an important prerequisite for school performance; there
is a causal relationship between visual attention and reading acquisition; attention
and visual perception predict math scores (Anobile et al., 2013; Steinmayr et al.,
2010), and that the literature in non-WEIRD populations is especially sparse to
conclude how cultural factors, and here we emphasize socioeconomic level, influ-
ence attention development and academic performance.

According to Henrich et al. (2017, p. 79),

perhaps there are some domains in which researchers could expect phenomena to be more
universal than they are in other domains. We believe that the degree of universality does
likely vary across domains, although this has yet to be demonstrated.

According to this author, some cognitive functions, such as attention, have a low
interpopulation variability and this may be due to physiological or even genetic fac-
tors. In fact, in some studies conducted by our research group, we compared the
performance of Brazilian children and adolescents in the CCPT, which assesses
sustained attention, with American performance norms. Both young children (4 and
5 years old) and older children (611 years old) had better scores in the Brazilian
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sample on some measures than in the American sample. We attribute these differ-
ences to sample selection, as the Brazilian sample excluded participants with atten-
tion deficit disorder, screened by the Conners’ scale, unlike the American sample
(Miranda et al., 2008, 2009).

Conclusion

Attention is a prerequisite for good performance in other cognitive functions (such
as memory and executive functions) and is involved in the performance of motor or
mental activities. Thus, interest in the functioning of attention (in its healthy or
pathological state) permeates the study of several fields, such as cognitive, learning,
and developmental models. However, despite a large number of studies on attention,
most of them have samples from the WEIRD population, raising the question
whether the findings of these studies can be extended to the non-WEIRD popula-
tion. Thus, this chapter sought to present the main attentional models, different tax-
onomies proposed, and the explanation of their non-unitary functioning. We also
presented studies with a WEIRD population, which were contrasted with those with
non-WEIRD populations. Finally, it is noted that there is still a gap to be filled in
this field, requiring more studies, and especially, with methods that allow more
robust evidence regarding possible divergences between the development and func-
tioning of attention in WEIRD and non-WEIRD populations.
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Child Cognitive Development in Latin
American Rural Poverty: What Should
Researchers Consider for Conducting
Fieldwork?

Maria Julia Hermida and Diego Edgar Shalom

Introduction

It is well established that living in poverty limits child cognitive-developmental
opportunities. Several decades of studies conducted by developmental psycholo-
gists and cognitive scientists have shown how those limitations are associated with
lower levels of intelligence, executive functions, and other cognitive functions
(Farah et al., 2006) as well as lower academic achievement (Bradley & Corwyn,
2002). Further recent research has also shown differences in brain structure accord-
ing to income (Noble et al., 2015). Given this evidence, a number of interventions
have been implemented aiming to diminish poverty effects on cognition, and many
of them showed positive impact (Sianes et al., 2021).

However, most of the studies analyzing cognitive development in poverty have
been carried out in urban populations. A rather remarkable tension arises between
real life and academic research, since the incidence of extreme poverty is much
higher in non-urban contexts. Furthermore, the majority of inhabitants living in
extreme poverty are children (Lichter & Johnson, 2007; Olinto et al., 2013;
Schreuder, 2010). The importance of filling this void through the study of child
cognitive development in rural contexts relies at least upon four facts:
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(a) Almost half of all people (45% of the worldwide population) live in rural areas
(United Nations International Children’s Emergency Fund [UNICEF], 2012).
Also, most low-income populations (68%) are rural (World Bank, 2018).

(b) In those areas, families tend to have more children (Food and Agriculture
Organization [FAO], 2012). According to recent reports (UNICEF, 2016), at
least four out of every five children living in extreme poverty are in rural areas
worldwide.

(c) Mainly pushed by unemployment (Lyu et al., 2019), migration to urban cities is
increasing worldwide. Thus, each year a growing number of children reared in
rural contexts become part of urban low socioeconomic status (SES) children,
yet the family gets at greater vulnerability as it lacks its original social network.

(d) Rural places account for more than 90% of land on earth (Joint Research Centre
[JRC], 2008), contain the major number of natural resources, and produce the
majority of food the world needs. Hence, making rural places a healthy habitat
is of note for the society as a whole.

By and large, very little is known about the cognitive development of children that
grow up in rural settings, even less in Latin American (LA) rural contexts. Ergo, this
chapter is aimed at addressing this issue in two parts: the first one will describe dif-
ferences between LA urban and rural poverty regarding factors affecting child cog-
nitive development; the second one will give recommendations for conducting
studies and interventions in rural child cognition.

Part 1: Characterization of LA Rural Contexts

As we mentioned, extreme poverty is concentrated in rural areas across all world
regions. In South Asia, the percentage of extremely poor people living in rural areas
is 83%; in Sub-Saharan Africa, 82%; in East Asia and the Pacific, 74%; in Europe
and Central Asia, 66%; and in LA and the Caribbean, 53% (Castaneda et al., 2016).
However, “extreme poverty” is different across regions. According to World Bank
(2018), being extremely poor in Oriental Asia, the Pacific, Middle East, and North
Africa means a lack of access to sanitation; in Europe and Central Asia is associated
with no schooling enrollment; in South Asia and LA implies lack of adequate sani-
tation or electricity; and in Sub-Saharan Africa means having all those needs
together. At this point is important to point out that this chapter will refer only to
rural populations that do not identify themselves as indigenous population.!

'Various rural LA contexts’ characteristics associated with poverty are shared with indigenous
contexts: extreme poverty is concentrated in both of them (extreme poverty is 2.7 times greater in
indigenous than in the rest of the population; 17% of people living in extreme poverty in LA are
indigenous). However, there are important particularities: first, 48% of indigenous people live in
an urban region. Also, they have specific vulnerabilities (e.g., have lower access to health and
education than any other group) and each group has its particular cultural identity. Thus, research
with indigenous populations require specific approaches that are out of the scope of this chapter,
but that will be addressed in others (see chapter “Concepts, Language, and Early Socialization in
the Indigenous Wichi Perspective: Toward a Relational-Ecological Paradigm”).
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Rural LA contexts differ from WEIRD (Western, Educated, Industrialized, Rich,
and Democratic) rurality in several aspects, this being the core rationale for this
chapter: categories to explain child cognitive development in rural WEIRD societies
might be inappropriate to explain how cognition develops in rural LA. The deeper
scarcity of LA rural contexts justifies revising the adequation of results from studies
in the WEIRD world.

LA rurality is disproportionately poor even compared to urban contexts. Although
rural territories were home to only 18% of the population in LA in 2016, they
accounted for 29% of the total population living in poverty and 41% in extreme
poverty (Economic Commission for Latin America and the Caribbean [ECLAC],
2018). Therefore, although the rural population does not exceed one-fifth of the
total population, there is a disproportionate number of people living in extreme
poverty in rural territories (FAO, 2019).

For the vast majority of these people, agriculture is the main economic activity.
Current characteristics of this activity in LA have a significant role in reproducing
LA rural poverty (Macias & Cueto Calderén, 2020): (a) land concentration in the
hands of the few, (b) transference of land to foreign hands, (c) the ownership of the
main local commerce into foreign hands, and (d) scarce industrializations relying
on imported inputs or foreign-owned suppliers. As a result, not only employment in
rural LA is vulnerable, characterized by lower wages and little social protection,
including child work and temporal work, but also unemployment is increasing year
by year (International Labour Organization [ILO], 2016). Thus, most people aban-
don agricultural activities to migrate to big cities looking for more opportunities.
While in 1950 60% of the LA population was rural, in 2015 only 20% of the total
population in LA was rural, and migration to big LA cities continued increasing
(FAO, 2019). In this scenario, the people who emigrate are not “the poorest of the
poor,” but sectors that have some assets and that can finance high travel costs.
Although the poorest are the ones with the greatest incentives to migrate, they are
also the ones having the greatest limitations to do so (FAO, 2019). In sum, besides
the urban—rural worldwide gap, the LA rural scenario (extremely poor) is very dif-
ferent from rural families in WEIRD societies, which mostly still can get a stable
life quality at their places. Those contextual differences are likely meaning diverse
opportunities for child development.

Child Cognitive Development in Rural Low Socioeconomic
Status Contexts

Evidence from WEIRD Societies

Most of the little evidence on child development in rural contexts came from studies
conducted in WEIRD societies. According to this literature, living in a rural low
SES setting has been reported to be negative, neutral, or positive for child cognition,
depending on the study. For example, in France, Gouin and collaborators (2015)
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showed lower cognitive performances for poor urban born preterm children than for
rural children. In the USA, Tine (2014) found that low-income rural children exhib-
ited asymmetrical deficits when compared with their high-income rural counter-
parts, with more extreme visuospatial working memory deficits than verbal working
memory deficits; conversely, urban low-income children showed symmetrical
working memory differences. Additionally, in the USA, Miller and collaborators
(2013) found that the relationship between income and early academic skills was at
least three times stronger in large cities when compared with rural areas.

Besides the fact that it is difficult to compare studies because they used different
cognitive measures, at different ages and different definitions of “rural” contexts,
overall, the results are inconclusive. In other words, the few studies analyzing cog-
nition in rural areas of WEIRD societies showed differences between urban and
rural children’s achievement. Notwithstanding those results, it is not clear whether
living in a low SES rural place presents more or less risk to children’s cognitive
development than living in a poor urban setting. Probably, following what others
have argued (Miller et al., 2013), it might depend, mostly, on the living condition of
those places.

Evidence from LA Rural Contexts

Considering only rural children in LA, there are a number of studies analyzing the
relationship between SES and cognition. For instance, Macours and collaborators
(2012) found a positive SES gradient of child development on the Peabody Picture
Vocabulary Test, among other tests, for children aged 3—7 living in highly disadvan-
taged communities in rural Nicaragua. Also, Schady and collaborators (2011)
administered three cognitive tests to different SES rural children at 3 and 5 years
old. They found a strong association between child cognitive achievement and
vocabulary and schooling of their mothers. The vocabulary levels of mothers and
children were more strongly correlated among older children in the sample, sug-
gesting that the effects of a richer maternal vocabulary are cumulative. In another
study (Schady et al., 2014), results showed that rural children in Nicaragua and Pert
obtained vocabulary scores more than 2 SD lower than the reference population,
while that difference was 1.5 SD in Colombia and less than 1 SD in Chile. In all
cases, rural children tend to have lower scores than in urban areas. However, those
differences should be interpreted considering that in LA access to public resources,
salaries, and general economic development is higher in urban areas than in rural
areas. Not to mention the impact of malnutrition, which is also more present in rural
children and has also been associated not only with cognitive development (Carrasco
Quintero et al., 2016) but also with school absenteeism (Vargascruz et al., 2016),
which, in turn, affects child cognition. The flip side of the association between liv-
ing conditions and child cognition is the studies scrutinizing the positive impact of
cash transfer programs in child cognitive development. For instance, Macours and
collaborators (2012) in a randomized controlled trial in rural Nicaragua showed that



Child Cognitive Development in Latin American Rural Poverty: What Should... 63

cash increased intake of nutrient-rich foods, early stimulation, and use of preventive
health care and had significant effects on cognitive outcomes, especially language.

Generally, this evidence suggests that the context of extreme poverty that charac-
terizes the LA rural population generates a child cognitive gap with their urban
counterparts and that mere cash transfer is associated with increments in cognitive
scores. However, it is challenging to compare those results because of the variability
in the cognitive measures used across studies. The next section will explore what
happens when comparing urban and rural populations with the same tests.

The Example of Argentina
Living in Rural and Urban Contexts

In a study conducted in 2015 (Hermida et al., 2019a), poverty and rural/urban con-
texts were investigated to determine how they affect children’s cognitive perfor-
mance in Argentina. Executive functions and nonverbal intelligence performance,
as well as individual and environmental information, were obtained from 131 five-
year-old children living in low SES rural and urban contexts. Additionally, some
contextual and individual variables that are typically associated with child cognitive
development (i.e., parental education and occupation, school assistance, family
size, and other socioeconomic information of the families) were measured in rural
and urban places.

Table 1 shows variables that differ significantly between rural and urban
Argentinean contexts. Rural children have significantly more siblings (to sustain a
family with various children is associated with higher levels of poverty), and their
families receive significantly more government subsidies (which is also associated
with higher levels of vulnerability, as subsidies are given to families reaching cer-
tain vulnerabilities). Also, rural children have significantly fewer time of preschool
education than their urban counterparts, and their fathers (usually, the person in
charge of family income) have lower education and occupational levels than the
others. All this data goes in one direction: risks for child cognitive development are
more present in rural than in urban contexts.

Other variables, although did not reach statistical significance, also are in line
with that claim (see details in Hermida et al., 2019a, 2021). For instance, on aver-
age, children living in rural places have mothers with uncompleted elementary
school and no occupation at all, while their counterparts in urban places have moth-
ers with uncompleted college and some occupations (although of low range).

In conclusion, living conditions in rural and urban settings inside the same coun-
try are different in terms of family size, education and occupation levels, number of
government subsidies, and past preschool attendance, with poorer conditions in
rural contexts. Now the question is, how do these different contexts influence child
cognitive development?
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Table 1 Descriptive statistics and ANOVA results of the variables that differ according to context

Urban Rural ANOVA results
Continuous variables n |Media|SD |n |Media SD |F P Eta®
Number of siblings of the child 83/1.34 1099 47253 |1.3620.151 | 1.59E- | 0.178
05
Father’s completed level of 721739 28441241 | 1.72/46.741 |4.74E- | 0.314
education® 10
Father’s occupation® 7813.73 | 1.79/45/1.51 | 1.01 24.377|2.59E-6 | 0.165
Number of government subsidies |77 | 0.51 |0.62 47 1.02 |0.4913.334 | 3.86E-4 | 0.099
received by the family
Past preschool attendance (in 7712197 19.6247|791 |5.75/50.798 | 8.06E- |0.311
months) 11

Note. “is a code used by the INDEC (2010) to measure occupation in function of salary where
0 =unemployed; 1 is, e.g., peddler; 2 is. e.g., a street sweeper; 4 is, e.g., taxi driver; etc.

"is a code used by the INDEC (2010) to measure educational level where 0 = no studied; 1 = pri-
mary school uncompleted; 3 = primary school completed; 6 = high school uncompleted; 9 = high
school completed/college uncompleted; 10 = college completed/graduate school uncompleted;
12 = graduate school completed

Comparing Child Cognitive Development in Rural and Urban Contexts

In the mentioned study (Hermida et al., 2019a), we measured executive function
(EF) and nonverbal intelligence, using the same tests and evaluations in preschool-
ers of the same age and SES, both in the rural and urban contexts. To evaluate cogni-
tion, we administered the following tasks: (a) the Attention subtest of CUMANIN
Battery (Portellano et al., 2000), (b) the inhibitory control Day and Night like-stroop
test (Tardif et al., 2007), (c) the working memory Forward digit span subtest of
Wechsler Intelligence Scale for Children IIT (Wechsler, 1991), (d) the flexibility test
Dimensional Change Card Sort (Zelazo, 2006), (e) the Test of Non-verbal
Intelligence 4 (Brown et al., 2010), and (f) the processing speed subtest Coding of
Intelligence Scale Wechsler Preschool and Primary III (Wechsler, 2004).
Sociodemographic information was collected through parent interviews. To mea-
sure SES, we count the number of poverty indicators (including housing, education,
health, public infrastructure). The results of this study are shown in Fig. 1.

As the main general result across most cognitive measures, rural context and
higher number of poverty indicators were associated with lower cognitive perfor-
mance. However, the standardized beta scores indicated that context is more impor-
tant for inhibitory control, working memory, and intelligence (more weight in the
regression equation) than poverty indicators. Specifically, to live in an urban context
is associated with 0.299 more points on inhibitory control score, 0.359 points on
working memory score, and 0.538 points on intelligence score, when poverty indi-
cators are constant. The interaction between context and poverty indicators was not
significant. The analyses described above indicate that context is indicative of risks
in cognitive development, even more than poverty indicators, or, in other words,
suggest that poverty measures are not sensitive enough to describe the scarcity of
rural contexts.
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Fig. 1 Cognitive achievement as a function of context (urban or rural) and SES (measured as the
number of poverty indicators)

Note. Lines correspond to linear fits of each context separately; points’ sizes correspond to sub-
sample sizes. Effects of poverty on flexibility are not shown in the figure because it is an ordinal
variable. (This figure has been adapted from Hermida et al. (2019a), under the terms of https://
creativecommons.org/licenses/by/4.0/)

Why Do Rural Contexts Present More Risks for Child
Cognitive Development?

In the next step of the same study (Hermida et al., 2019a), we analyzed which of the
variables differ by context and actually predicted child cognition. Results showed that
three of these variables had a significant effect on children’s cognitive performance:

(a) Months of past preschool attendance was positively correlated with Attention
(R?=0.194, F=3.119, = 0.285, p = 0.027). The time spent in preschool had
a very strong effect on attentional performance (ranging from 5 points to 10
points) in a 30-second cancellation task. This finding resonates with a long
tradition of investigation that has shown that the first years of education have an
enormous impact on future cognitive development (Barnett, 2008; Campbell
et al., 2002; Magnuson et al., 2004; Temple & Reynolds, 2007).
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(b) Fathers’ completed level of education was correlated positively with Flexibility
(R*=0.109, Z=3.23, 5 =0.264, p < 0.001). There is evidence that father inter-
actions provide children with unique, enriching experiences that do not occur in
mother—child interactions (Grossmann et al., 2008; Pancsofar et al., 2010);
thus, our result is consistent with that of studies that associate parental educa-
tion with cognitive development (Grantham-McGregor et al., 2007). Also, the
fathers’ education level is strongly correlated with family income, which in turn
is associated with children’s cognition (Khanam & Nghiem, 2016).

(c) Having more government subsidies was negatively associated with working
memory (R*=0.459, F = 3.318, # = —0.239, p = 0.044). Government subsidies
are a proxy measure of the precariousness of living conditions (it is given only
to families with unemployed parents living in vulnerable living conditions).
Hence, homes that receive more government subsidies are also homes that have
the most vulnerable living conditions (Roca, 2011). This indicates that while
government subsidies are effective (Roca, 2011), their effect measured in vari-
ability in cognitive performance is insufficient to compensate—at least in
Argentina—the original differences in income and social resources.

In essence, this factorial study of dimensions of poverty confirms that living in a
rural area does not limit cognitive opportunities per se. Instead, certain forms of low
SES that are typical of rural areas have a strong impact on cognitive development.
This indicates that attempting to collapse poverty in a single numerical indicator
might be misleading on the grounds that different contexts pose distinct and singu-
lar risks to cognitive development (Duncan et al., 2017; Lipina, 2016). Poverty in
rural and urban contexts stands for qualitatively and quantifiable different forms of
scarceness, with rural populations suffering more deprivation. Following the model
of risk accumulation proposed by Evans (2013), to live in a poor place that, also, is
rural would imply even greater risk. The sum of effects would produce a worse
scenario for child development, given a situation of less available resources for an
adequate cognitive development. In consequence, the literature on urban poverty
could not necessarily explain what happens in the context of rural poverty.

The Homogeneity of Rural Poverty

In another study (Hermida et al., 2019b), we investigated, in a poor rural sample,
which individual and socio-environmental variables make the difference in child
cognitive performance in a processing speed task. In that study, 44 five-year-old
children were evaluated with a processing speed task (Coding subtest of Intelligence
Scale Wechsler Preschool and Primary III, Wechsler, 2004). Also, individual and
socio-environmental information was obtained from parents’ interviews (including
SES information). Results indicated that higher scores in the effortful control
dimension of temperament were associated with higher performance in the process-
ing speed task. Interestingly, we did not find a relation between processing speed
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and the other individual nor socio-environmental variables. This result disagrees
with previous studies that showed a relation between these factors and cognitive
performance: parental education (Foulkes & Mori, 2009; Mykerezi et al., 2014;
Tine, 2017), father’s occupation and overcrowding (Ngure et al., 2014), and past
preschool attendance (Castro & Rolleston, 2015; Gouin et al., 2015) have been
associated with rural child cognitive achievement. In fact, our results suggested an
effect of SES (linked with socio-environmental variables) since these children
obtained a mean processing speed performance lower than expected for their age.
But within this group, there was no association between socio-environmental vari-
ables and performance. Why did these socio-environmental variables show no
impact on cognition performance inside our rural sample?

Two possible first explanations emerged: (a) finding effects on general cognition
does not exactly mean finding effects on processing speed and associations may
differ in distinct rural contexts and (b) each rural area is particular, so the absence of
impact that we found might be replicable only in similar extreme low SES context.
However, we would like to accentuate another explanation based on our data: since
all children in this sample have very low performance, it might be possible that in
this range the socio-environmental effect on performance has saturated. In other
words, if we had included children with a higher SES, we would probably find an
effect of the environmental variables on the processing speed score. But this
extremely low SES context could not produce enough variability to show the asso-
ciation of SES-processing speed. This alerts us to an important point: in LA rural
contexts, socioeconomic variables are likely not to have the same dispersion than in
urban contexts. Figure 2 shows the distribution of variables typically associated
with child cognitive development across contexts: parental education, father’s occu-
pation, and past preschool attendance not only tend to have lower values in rural
samples, but also have lower dispersion (i.e., rural data is concentrated in a few
values). This homogeneity of LA rural contexts seems logical, considering that the
extreme poverty scenario we described depends mostly on the lack of access to
public resources, a characteristic that is common to all subjects living the same rural
contexts. For example, mother education (crucial to cognition in urban places) is
likely to have no effect on rural places due to the fact that all mothers have extremely
low educational levels. In consequence, a pool of variables that make a lot of sense
to measure in an urban place lose their interest in predicting cognition in LA rural
contexts.

Part 2: Recommendations for Researchers Analyzing Child
Development in LA Rural Poverty

Considering Part 1 data, in this section we will draw some recommendations for
researchers, educators, and policy makers interested in studying rural poverty in LA.
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Note. Fathers’ and Mothers’ level of education are a code used by the INDEC (2010) where 0 = not
studied; 1 = primary school uncompleted; 3 = primary school completed; 6 = high school uncom-
pleted; 9 = high school completed/college uncompleted; 10 = college completed/graduate school
uncompleted; and 12 = graduate school completed. Fathers’ occupation is a code used by the
INDEC (2010) to measure occupation in function of salary where 0 = unemployed; 1 is, e.g., ped-
dler; 2 is, e.g., a street sweeper; 4 is, e.g., taxi driver; etc. Past preschool attendance is measured
in months

Preparing a Study in LA Rural Contexts

As different child cognitive development researchers have claimed since various
decades ago (Ogbu, 1981), tasks should be culturally appropriate (i.e., tasks should
be familiar enough for the novelty to not interfere with cognition evaluation). The
conventional tools to evaluate child-rearing practices and children’s competencies
as standards are not always useful in understanding rural child-rearing and compe-
tencies. In the case of rurality, besides the cultural appropriateness, we need to have
in mind the disproportionate poverty rates of rural context we have explained before.
The extreme scarcity of LA rural contexts became central not only when planning
and conducting the studies, but also when interpreting results. The whole design of
the study will be signed by poverty rates at the rural place selected.



Child Cognitive Development in Latin American Rural Poverty: What Should... 69

Considering this, we can give some general recommendations to be applied if

they are possible:

Conducting pilot studies in order to test cultural appropriateness of tasks is
extremely useful in rural contexts. There are multiple social, cultural, economic,
and practical barriers that you will detect better when piloting tasks. However, as
sometimes it is not possible, let’s see how we could reduce problems in the fol-
lowing points.

Although today, most LA rural children have access to primary school, which
makes tasks including pencil and paper, language, or math calculation, more
familiar for them, the quality of education is still much poorer than in urban
places (as we previously showed based on our and other’s data). Thus, if you can
choose between tasks including academic or schooling processes (such as read-
ing, writing, and math calculations) and tasks with the lower influence of school-
ing to evaluate the same processes, choose the last ones.

Most standardized tests have norms based only on urban population; therefore,
we recommend avoiding comparisons with standardized measures when it is not
the objective of the research.

Another important issue for testing in LA rural contexts is to consider the lack of
availability of materials needed for an evaluation (e.g., no electricity, no internet,
no copy machine, no printer). The use of technology is significantly lower in LA
rural contexts (which means a cultural barrier, but also a practical one); avail-
ability of internet is not guaranteed in various rural communities; moreover,
sometimes electricity is not available. Consequently, for cultural appropriateness
and practical issues, we discourage the use of computer testing and recommend
planning all materials without taking for granted that you will find them in the
rural place itself.

Linked with the previous point, it is extremely difficult to conduct studies at the
brain level (e.g., EEG), since all tools to explore the brain are extremely unfamil-
iar for those children, but mostly because of the absence of the minimum condi-
tions that equipment needs.

Consider the lack of local professionals available to assist researchers during the
study. For example, it is very unlikely to find a psychologist in a LA rural place.
If you can train people from the same contexts to test children, which is the best
option, you will diminish the influence of the cultural distance between the tester
and the children. But if you need professionals, probably they should come from
other places only for your study.

When calculating the minimum sample size, take into account the low popula-
tion concentration and that, as a consequence, one school can have children of
very different ages. Maybe you will need to collect information in various rural
schools to get the minimum sample size.

When writing the informed consent, take into account that many rural parents are
illiterate, so you can try non-writing ways of giving consent (i.e., verbal consent
recorded in audio). Also, take into account the average educational level of the
context to write an information sheet culturally appropriated. It is useful to check
how to write the context with a rural teacher.
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* Access to rural populations is not easy, especially if you have no previous contact
with people living in the rural place. A general recommendation is to identify a
community leader and invite him to participate as part of the study. The leader is
the person that could mediate between you and rural people, helping you to
understand which is the best way of organizing your research activities and help-
ing participants to understand the objective and activities of the study. Another
option of the way to contact potential participants is a public institution (e.g.,
school, health primary care center).

Interpreting Results of Studies in LA Rural Contexts

e Ideally, include an anthropologist analyzing researchers’ and community’s prej-
udices. This point is critical for not to interpret results ethnocentrically. The
anthropologist could help you to adapt tasks and activities in order to follow
research objectives in a culturally appropriate way.

* Regarding statistical analyses, consider that models and predictors that are cru-
cial in an urban context cannot be important in rural ones, for instance, for mere
mathematical conditions, e.g., floor effects. In other words, and as data of the
study we mentioned (Hermida et al., 2019b) suggested, rural contexts tend to
have lower variability in socioeconomic factors important for child cognitive
development. Thus, what makes a lot of sense to measure in urban places might
not make it in rural places.

» Factors that affect cognition in rural places are mostly linked with economic and
social variables. Based on our experience, it is probable that cognitive training
(at the individual level) will not reach big effects in the absence of changes in
economic and social conditions (i.e., creating schools, increasing employment,
etc.). Instead, interventions at the economic or social level, such as cash transfer
programs, have much more probability of reaching the objectives because those
programs could improve factors that are present in rural contexts and affect cog-
nition (parental education, occupation, and general SES level). Ending rural
poverty requires commitment and action by a broad set of local, national, and
international actors. Punctual interventions could help, but in this scenario of
high scarcity, the more comprehensive the intervention is, the higher impact is
likely to have.

Conclusion

This chapter addressed an important and quite unexplored issue: rural child cogni-
tive development. The chapter started with a description of the rural context in LA,
and its differences with rurality in the WEIRD world: LA rural context is signifi-
cantly less developed (in socioeconomic terms) than urban places. As a
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consequence, living in a LA rural context (in comparison with an urban one) could
be riskier for child cognitive development.

The Argentinian case showed how children of the same age and SES differ
according to context, with rural children obtaining lower scores at all cognitive
tasks. Later, also in Argentina, we saw that past preschool attendance, parental edu-
cation, and the number of subsidies (a proxy for vulnerability) all accounted for that
cross-contextual difference. Finally, we observed that all the variables that are typi-
cally associated with cognition showed no effect if we take only rural low SES
children’s cognition: a possible explanation for these is the socioeconomic charac-
teristic or rural contexts. They are very homogeneous. The lack of opportunities
resulted in a lack of variability in factors such as maternal education, SES, parental
occupation, etc.

Based on those examples, we draw the chapter to a close by sharing some recom-
mendations for researchers interested in conducting studies in rural LA contexts.
Such suggestions are based on the data presented here and are mainly focused on
taking into consideration the high level of scarcity characteristic of these settings. It
is our hope this chapter will encourage more research in rural child development,
enhancing what is known about an important but invisible issue.
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Introduction

One of the crucial problems in most current approaches in developmental psychol-
ogy has been the identification of the factors that explain development. This is an
intellectual strategy originated in modern thought—the Cartesian-Split-Mechanistic
worldview (Lakatos, 1978)—which sharply separates processes considered internal
to the mind (innate dispositions, representations, etc.) from the external world (e.g.,
social determinations). As a result, “Cartesian psychology” is still facing unsolvable
dichotomies such as nature versus nurture, development separated from evolution,
child-centrism separated from culture, etc.

At the same time, there has been a rising movement toward an integrative devel-
opmental science based on relational thinking (Lerner, 2006, 2011; Lerner &
Overton, 2008; Overton, 2006, 2010, 2012; Overton & Lerner, 2012). Generally
speaking, this relational-ecological paradigm understands development in terms of
the organism—environment econiche, encouraging attention to system-level dynam-
ics rather than focusing on components in isolation. Centrally, the different theoreti-
cal versions within Relationism attribute the source of the change to the interactions
of the system in question at those different dynamic levels, confirming its
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self-movement (Castorina, 2002). By focusing on development of interdependent
elements as part of a system, this movement leads to the healing of the classic fun-
damental antinomies (e.g., subject—object, mind-body, nature—nurture, culture—
individual) providing concepts that are inclusive and represented, not as pure forms,
but as forms that flow across fuzzy boundaries (Overton, 2013a, b). Within the
framework of this relationshipism, an alternative paradigm to Cartesian psychol-
ogy—relational-ecological psychology—is opening up, in which a coalition of dif-
ferent perspectives and theoretical initiatives coexist, such as Developmental
Ecological Psychology (Szokolszky & Read, 2018), Developmental Systems
Theory (Oyama et al., 2001), Dynamic Systems Approaches (e.g., Lewis, 2010;
Thelen & Smith, 2006), Sociocultural and Ecobehavioral Perspectives (e.g., Cole,
1996; Gauvain et al., 2011; Heft, 2001; Nelson, 1996; Rogoff, 2014; Valsiner,
1998), and Approaches on Embodied Intersubjectivity (e.g., Di Paolo & De Jaegher,
2016; Gallagher, 2005) (see Szokolszky & Read, 2018, for a detailed description).

We agree that ecological-relational psychology reveals strong possibilities for
addressing the problems that the splitting Cartesian psychology has presented to the
field of developmental science, in particular, the excessive focus on the causal fac-
tors that “explain or cause” development resulting in an individual child split from
their context/culture. However, despite this important contribution, Cartesian ratio-
nality tracks are still found in developmental perspectives. The first is the over-
representation of only one cultural group: children of middle-class
European—American descendants (e.g., Gauvain et al., 2011). Second, even among
the cross-cultural approaches, a bulk of studies often treat culture as a variable that
influences, but is not constitutive of, the individual and development (see Mistry
et al., 2013; Overton, 2013a, b).

In this chapter, we argue that these limitations, both methodological and episte-
mological, can be addressed bidirectionally: under the umbrella of the relational
paradigm (Overton, 2013a, b) on the one hand and from evidence other than domi-
nant populations—such as indigenous communities—on the other, populations that
often happen to exhibit epistemological orientations aligned with the foundations of
relational thinking. Different contributions from both Psychology and Anthropology
have described indigenous epistemological orientations, that is, their way of know-
ing, as “relational epistemologies” (Bird-David, 1999; Medin et al., 1997, 2002,
2006, 2013, 2015; Pierotti, 2011). Briefly, these epistemologies are about knowing
the world by focusing primarily on relatedness, developing the skills of being-in-
the-world with other things (Bird-David, 1999).

In this work, we focus on two crucial developmental processes—concepts and
language—from the Wichi perspective, an indigenous group living in the Chaco
region in South America. First, we will describe their ways of knowing, attention to,
and interaction with the world, identifying what aspects of their orientations make
them relational epistemologies. Second, we will reconsider the Wichi relationality
in light of our psychological evidence from two perspectives: (a) how Wichi chil-
dren and adults conceptualize and reason about their environment, particularly
about the hunhat lheley (inhabitants of the earth), and (b) how Wichi infants become
native speakers and competent social participants of their culture. Finally, based on
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this evidence, which, as we shall see, is well aligned with relational thinking, we

will describe the emerging ecological-relational paradigm, which brings the rela-
tionshipism front and center.

The Wichi People: A Relational Epistemology on the husek

The Wichi are an indigenous community living in the Chaco Forest located in
Northern Argentina (Fig. 1). We have focused on this population because they are
an indigenous community with a strong native language, a constellation of experi-
ences, and cultural orientations that differ considerably from those of Westerners
(see Taverna et al., 2012 for a review). Interestingly, the Wichi language (Wichi
Lhamtes, or “the words of the people”) is the first language in the family and the
primary language in the community (Taverna & Waxman, 2020; Vidal &
Kuchenbrandt, 2015). Classified as a member of the Mataco-Mataguayan language
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Fig. 1 Geographical setting of Wichi. Areas highlighted in gray identify Wichi communities as
well as other indigenous groups of the Chaco Region
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family (Tovar, 1964), this language has approximately 40,000 native speakers of
Wichi in Argentina and Bolivia. In our research, we focus on the Wichi population
living in Laguna Yema, Formosa, and Argentina, where the dialect known as del
Teuco o Bermejo is spoken (Gerzenstein, 2003; Nercesian, 2014).

Anthropological documentations show that relationality among a great deal of
species, environments (such as forests, rivers and lagoons), and “spiritual” beings
are central to the Wichi (Palmer, 2005). This relationality is well captured by an
overarching category hunhat lheley (inhabitants of the earth), which is composed of
different inhabitants such as humans (the Wichi itself, the siwele or not Wichi peo-
ple, and other ethnic groups) (Fig. 2), distinct animal categories (tshotoy, tshotoy
inot lheley, tshotoy fwiy’ohen, laloy), several categories of plants (hal’o, tokos, etc.),
and spiritual beings (wuk, ahot), all living in ecological habitats such as the “monte”
(tayhi), domestic environments, and water habitats (inof) (Palmer, 2005; Sudrez &
Montani, 2010; Taverna et al., 2012). All hunhat lheley are perceived by the Wichi
in the frame of a relational epistemology that is organized around the notion of
husek (goodwill) as an agent of vitality and socialization. Several distinct kinds of
husek have been noted (Palmer, 2005). First, husek invokes a notion of vitality (or
“vital will”); thus, all hunhat lheley—humans, plants, animals, spirits, etc.—are
related by means of this vital will (the blood, the greenness), which is absent in
other entities (metal, stones, soil, etc.). Vital will is central to life processes as fun-
damental as growth, decomposition, and death. In addition, Palmer (2005) notes
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Fig. 2 Schematic representation of hunhat lheley. The colors indicate the different categories and
environments. The dotted nodes indicate the categories and environments that are the subject of
our current investigations
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that husek also invokes a notion of socialization (“social will” or goodwill), which
relates humans, non-human animals, and spiritual entities, but not to the plant king-
dom (but see Sudrez and Montani (2010) for a distinct interpretation for certain
plants with animistic properties) and is deemed central to the process of socializa-
tion in the Wichi community. According to Wichi people, this agent defines social-
ization within the ecosystem. Socialization is a process in which “social husek”
affects a transition from a natural, pre-social aggressive state to a more mature pro-
social, peaceful one (Palmer, 2005). According to Palmer (2005) and our own native
consultants, after a few months of life, human infants acquire social husek, reducing
their natural pre-social aggressive tendencies and providing the social cooperation
and pro-social behaviors required for membership within the Wichi community
(Palmer, 2005). Thus, the hunhat lheley are perceived in their relational perspective,
either from their vital will (vital husek) or from their social will (social husek). In
what follows, we will show how this relationality shapes both, the representational
means that the Wichi invoke when they reason about hunhat lheley and the language
socialization and acquisition process that make the Wichi competent participants in
their culture.

Concepts and Reasoning About Hunhat lheley

Concepts have commanded the agenda of cognitive and developmental sciences
aligned with Cartesian psychology, occupying a prime position in research on the
nature and representation of knowledge. Along with more recent approaches (Medin
et al., 2013, 2015), in this chapter we argue that concepts should be considered in
light of the cultural orientations in which they emerge. This position represents a
shift from studies that have focused on concepts and categories such as whether they
are acceptable or lousy examples of the category (e.g., Rosch & Mervis, 1975) or as
part of universal theoretical frameworks such as folkbiology, folkpsychology, and
folkphysics (for a more extended discussion, see Medin et al., 2013, 2015; Ojalehto
& Medin, 2015; Ojalehto et al., 2017).

For over a decade, in our research program, we have adopted an ecological as
well as an emergentist—constructionist approach with respect to how our cultural
orientations permeate the conceptual systems which underlie knowledge across
development (Medin et al., 2013, 2015; Taverna et al., 2020). Particularly, we have
focused on how the Wichi, both children and adults, conceptualize and reason about
hunhat lheley (inhabitants of the earth) (Baiocchi, 2019; Baiocchi et al., 2019;
Fernandez Ruiz, 2021; Fernandez Ruiz et al., in press; Taverna et al., 2012, 2014,
2016, 2018). Here, we present this evidence organized on two cognitive processes:
(a) categorization—how children and adults decide which entities are of the same
type (Solomon et al., 1999); and (b) causal reasoning—how people perceive, repre-
sent, and reason about causality (Bender et al., 2017; Waldmann, 2017).
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One of the key cognitive processes in conceptual representation is categorization,
the process by which people decide which entities are of the same type (Murphy,
2002; Smith & Medin, 1981; Solomon et al., 1999). Particularly, concepts and cat-
egories about the natural world have been pervasive in the developmental sciences,
with decades of work dedicated to identifying the conceptual frameworks (taxo-
nomic, thematic, functional ecological) and core concepts (e.g., animate, living
things) that children use to organize and reason about nature (Margolis & Laurence,
2015; Murphy, 2002; Smith & Medin, 1981). In our pioneering studies in this com-
munity (Taverna et al., 2012, 2014, 2016, 2018), we focus on this process, studying
through classification and reasoning tasks, how Wichi children (5—6-year-olds,
10-11-year-olds) and adults decide which inhabitants and/or entities “are alive”
(iloy), “can die” (yilh) and share husek (social, vital will) and how these attributions
permeate the way they reason about the relationships among inhabitants and entities
(people, animals, plants, artifacts, etc.) (see Table 1 for the proportion of husek
attribution as a function of each inhabitant or entity; Taverna et al., 2012). We found
clear findings: (a) only the Wichi and animals—but not plants—possess iloy (to be
alive) reflecting an animistic perspective on life; (b) nevertheless, the three inhabit-
ants—Wichi, animals, and plants—can yilh (to die); (c) both living categories—
humans and animals—are equally central in their epistemology, rejecting any
anthropocentric perspective in reasoning (Carey, 1985, 2009); (d) the social husek is
attributed to humans and animals—but not plants—emphasizing pro-social inten-
tions and animistic behaviors between them; (e) these patterns were found rather
early in childhood, showing that the influence of the Wichi cultural orientations are
sufficiently strong to maintain access to the animate interpretation of alive (iloy)
across development.

Based on those findings, more recently (Baiocchi, 2019; Baiocchi et al., 2019),
we ask how Wichi children (5-year-olds, 10-year-olds) and adults conceptually

Table 1 Proportion of husek attribution for each inhabitant/entity

Test item M
Human 0.94
Jaguar 0.82
Dog 0.82
Snake 0.82
Vinchuca (Triatoma infestans) 0.76
Mosquito 0.82
Bottle tree 0.29
Chdguar (Bromelia sp.) 0.17
Sun 0.05
Chair 0

Reproduced from Taverna et al. (2012)
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organize the animals of the Chaco Forest, tshotoy.! All of them were asked to do a
sorting task used in previous studies (Bailenson et al., 2002; Lépez et al., 1997,
Medin et al., 2006), adapted to the native perspective and the Wichi language. The
participants, after identifying each animal, had to group the 41 photographs of zsho-
toy (see Fig. 3) in numerous rounds of classification, according to how they thought
and argued “the animals were in nature.” On every round of sorting, participants
were free to form as many groups as they wished (see Baiocchi et al., 2019 for a
detailed description of the task).

Three important findings were obtained about how the Wichi represent and con-
ceptually organize tshotoy. First, we identified an ecological organization—not tax-
onomic (e.g., mammals, reptiles)}—among tshotoy, based primarily on interactions
among the animals of the Chaco forest. The distance among tshotoy, that is, how
close and how far they are in the Wichi ecosystem, was defined primarily by specific

ecological relationships and rarely by taxonomic ones (e.g., the morphological
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Fig. 3 Complete set of photographs used in the study, in alphabetical order with each animal
labeled with its scientific name

' Tshotoy is made up of various species of mammals and reptiles (among others). As such, this
animal category, which is imbued with powerful cultural significance because the Wichi identify
themselves as descendants of tshotoy, provided an opportunity to examine the salience of taxo-
nomic similarity (e.g., morphological or other perceptual commonalities among tshotoy like spe-
cies, kind, size) and Wichi ecological frameworks about the organization of the animals of their
ecosystem (e.g., food chain, habitat, social relations, utility to humans).
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similarity between animals). Second, in this ecological organization, we observe that
the Wichi classify the animals as aggressive (e.g., snakes, cats, “they are dangerous,
they can attack each other and the rest of the animals, can attack people”) away from
the peaceful ones (e.g., armadillos, cows, rats, pigs, “they are defenseless animals,
they live together without problem, you find them anywhere”). In addition, aligned
with this organization, the Wichi formed subgroups based on other ecological prin-
ciples (e.g., utility of animals, habits, food chain, habitat).

We co-interpret these classifications based on a socioecological principle that
emphasizes the relationships of sociability vs. (pre-social) aggressiveness on the
basis of which peaceful, defenseless friendly animals would be conceptually different
from aggressive, dangerous hostile ones (Baiocchi, 2019; Baiocchi et al., 2019).
These findings challenge universal postulates (e.g., Berlinet al., 1973, 1974; Osherson
et al., 1990) since the Wichi adults did not show taxonomic relations as a priority to
organize tshotoy; instead, they showed culture-specific principles in the conceptual
organization of the animals of their native forest. In addition, when analyzing the
sorting through development, we observed that this socioecological principle (peace-
ful vs. hostile animals) is already present in 5-year-old children and progresses with
greater specialization as age advances. For 5-year-old children, all tshotoy are aggres-
sive, for 10-year-olds, tshotoy are simultaneously aggressive and peaceful, while in
adulthood the aggressive animals are far away from the peaceful ones.

Causal Reasoning

Causal reasoning is a central cognitive process of human cognition through which
people perceive, represent, and reason about causal events and their interactions
(Bender et al., 2017; Waldmann, 2017). Recent research explored causal representa-
tions and framework theories of Wichi people when they reason about causal rela-
tionships between agents, entities, and environments of their native ecosystem
(Fernandez Ruiz, 2021; Ferndndez Ruiz & Taverna, in prep.). Based on open inter-
views with key consultants and articulating the previous anthropological and ethno-
biological evidence (Arenas, 2003; Montani, 2018; Palmer, 2005; Sudrez, 2020), we
focused on ecosystem events because they are rich in relationships and involve dif-
ferent types of entities characterized by complexity, emergent processes, and circu-
lar causality. As a result, we first identified hunhat lheley, entities, properties, and
native features that make up the most significant events of the Wichi ecosystem
from the perspective of their native speakers. On the basis of these insights, in a fol-
lowing stage, we explore causal reasoning among the Wichi, focusing on two
dimensions: (a) the type of causes (natural, supernatural) that the Wichi invoked
when they reason about the hunhat lheley* and (b) the relationships between native

2Since ethnographic background documented that Wichi people do not categorically differentiate
between “natural” and “supernatural” beings, we tested empirically the validity of these assump-
tions, showing an intimate relationship between “spiritual” and biological worlds (Palmer, 2005;
Sudrez, 2014).
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features of hunhat lheley (husek—will; inot—water; nin’ola—invisible) and eco-
logical levels (inhabitant, environment, annual climate cycle) from which causes
come. To study this, we employed a causal attribution task adapted to the Wichi
epistemology and their language. In this task, participants were asked to infer the
causes of 38 events that represented different common phenomena among hunhat
lheley (humans, animals, plants, and non-human beings), environments (forest,
lagoon, etc.), and other entities of their ecosystem (e.g., inert matter) (e.g., “master
spirit of forest is angry,” why do you think this happens?) (Table 2). The events were
accompanied with images of native animals and plants extracted from the books
“Hunhat Lheley” (inhabitants of the earth), prepared by Wichi speakers and mem-
bers of our team (Pérez et al., 2017a, b, c, d, e, 2021).

Results confirmed our hypothesis that the Wichi people attributed “natural”
causes (e.g., food) to all hunhat lheley and entities, even those considered “super-
natural” by the Western ontology (e.g., master spirit of forest), evidencing that these
latter are ecosystem’s inhabitant like any other. In addition, Wichi people were more
likely to attribute causes of the inhabitant level (e.g., mood) to hunhat lheley with
social husek, but causes of the annual climatic cycle level (e.g., rains) to hunhat
lheley and entities without social husek. They were also more likely to attribute
causes of the environment level (e.g., lagoon pollution) to aquatic hunhat lheley and
entities—inot—, rather than to hunhat lheley and entities that live on land or in
the air.

Table 2 List of events of Wichi ecosystem used to study causal reasoning

Events

Carob tree grows Master spirit of forest dies
Carob tree bears fruits Master spirit of water grows
Carob tree is sick Master spirit of water is angry
Carob tree is dry Master spirit of water is sick
Chaco chachalaca grows Master spirit of water dies
Chaco chachalaca flies Wichi cuts a carob tree and then grows
Chaco chachalaca sings Wichi hunts

Chaco chachalaca is sick Wichi drowns in lagoon
Chaco chachalaca dies Wichi fishing

Fish grows Wichi grows

Fish swims Wichi is angry

Fish is sick Wichi is sick

Fish dies Wichi dies

Fruit is delicious Wood floats

Lagoon is dry Wood falls

Lagoon has fish Yacare caiman grows

Master spirit of forest grows Yacare caiman swims

Master spirit of forest is angry Yacare caiman is sick

Master spirit of forest is sick Yacare caiman dies

Reproduced from Ferndandez Ruiz (2021)
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From results emerged a native framework for causal reasoning with three inter-
active causal principles: relational—all inhabitants, “natural” and “supernatural,”
are connected; socioecological—the distinction between animate—social hunhat
lheley—social husek—and inanimate—pre-social entities; environmental—the dis-
tinction between aquatic hunhat lheleylentities—inot—and nonaquatic. These
causal principles could delimit different domains to the supposedly universal
domains of Cartesian psychology (folkphysics, folkbiology, and folkpsychology).
For example, aquatic environments and their inhabitants could constitute a poten-
tially different domain, made up of physical entities (e.g., lagoon, river), biological
beings (e.g., fish), and “supernatural” beings (e.g., master spirit of water), establish-
ing specific domain limits of this ecological human group.

In sum, the findings on concepts and reasoning among the Wichi strengthen the
relational perspective on conceptual development (Medin et al., 2013, 2015; Taverna
et al., 2020), showing how cultural knowledge permeates the conceptual system—
conceptual representations and processes—throughout development. Within the
relational epistemology of the hunhat lheley, these inhabitants are perceived in their
relational perspective, either from their vital will (vital husek) or social animistic
will (social husek). These two relational perspectives, evident in their belief system,
shape the Wichi’s conceptual representations about living things (iloy), animate
(social-animist husek), and animals (pre-social-aggressive tshotoy vs. social and
peaceful ones) and the type of causes the Wichi invoke in explaining the behavior of
the inhabitants and entities of their ecosystem (“all inhabitants, even “supernatural
ones” are affected by natural causes”). In addition, certain relevant environmental
features of the hunhat lheley (e.g., belonging or not to an aquatic environment) also
affect their causal reasoning. Many of these culturally specific conceptual patterns
emerge at early stages of childhood (e.g., the ecological character of thsotoy),
changing with greater specialization as age advances. Precisely, the interactions of
the learning system at different levels—epistemological orientations, representa-
tional resources, cognitive processes—are those that drive changes within the sys-
tem in question and its conceptual representations. That is why the Wichi perspective,
strongly aligned with the relational-ecological paradigm (Overton, 2013a, b; Read
& Szokolszky, 2018), challenges the Cartesian-divided-mechanistic worldview that
sees child’s mind separated from the context/culture and development as a result of
causal factors, providing interpretations that explain representational emergence
and cultural knowledge synergically.

Language Acquisition and Early Socialization
in the Wichi Language

Language acquisition, and more specifically that of grammar, is a pampered subject
within developmental science as it is a formal development produced by a pre-
logical cognitive system that is observable in the child’s production behavior (Lépez
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Ornat, 1999; for a review of this discussion, see MacWhinney, 2004). However,
most of the studies on language acquisition on which the current psycholinguistic
theories are based have been carried out with Indo-European languages and in
speaking communities that usually belong to the Euro-American middle class urban
cultural model (see De Ledn Pasquel, 2005, 2012). Regarding the Wichi, there is an
absence of the documentation on the acquisition of the great variety of indigenous
languages during childhood that exist in this area of our country (except for recent
studies on Qom/Toba language (Audisio et al., 2021)).

In this context, the study of the acquisition of grammatical knowledge in the
Wichi, a polysynthetic and agglutinating language, is central. According to the con-
structivist—emergentist perspective (L6épez Ornat, 1999), the grammatical knowl-
edge is a logical system that emerges and is formed in and by the learning task and
is acquired during and due to the acquisition process. In this frame, since the acqui-
sition of grammar occurs in the human environment, the child is socially and simul-
taneously exposed to the linguistic forms and the referents of their meanings within
the language learning task (Lépez Ornat, 1999). Consequently, the problem of lan-
guage acquisition in Wichi is addressed along with the properties of the environ-
mental language being acquired in conjunction with the early socio-cognitive
competencies that emerged in social interaction.

Our methodological approach consists mainly of corpus data. It consists of
101 hours of video recordings of 16 children from two cultural groups (Spanish-
speaking from urban context and indigenous Wichi from Chaco Forest) in their
natural environment at different points of development during their first 4 years.
This corpus was gathered in the framework of an intense fieldwork carried out in the
Wichi Lawet community, Laguna Yema, Formosa, and with Spanish-speaking fami-
lies from the city of Rosario, Santa Fe, between the years 2012 and 2017 (Taverna
et al., 2020; Taverna, 2021).

Coordinating Attention and Mental State Attributions
in Caregiver—Infant Interaction

The study of the mind has been conceived under biology and sociology as divided
realms; also, the mind has been assumed as imperceivable and opaque to others in
the early stages of development (Szokoloszky & Read, 2018). It is not until around
the first year that a crucial developmental change occurs: infants understand others
as intentional agents who can direct their (infants’) attention and whose attention
can, in turn, be directed by an adult, and thus share communication about objects or
events in the world. Semiotic resources for drawing an interlocutor’s attention
everywhere include speech, gaze, body touching and postures, pointing gestures,
and other actions. In turn, adults deploy a series of resources as well, ones that allow
them to interpret and attribute intentions to the significant actions that infants



86 A. Taverna et al.

perform. The issue is whether adults deploy semiotic resources in comparable ways
with infants in different settings.

In an ongoing set of studies, we address this question by seeking evidence of the
process through which mother—infants from the two cultural communities under
study—Wichi and Spanish-speaking infants and their families—come to be able to
coordinate attention and mental states attribution within social interaction. We focus
on the infant’s bodily manifestations, movements, and gaze patterns and those
directed toward the infant. For its analysis, based on the Constant Comparative
Method (Strauss & Corbin, 1990), we encode semiotic body forms directed toward
and from the infant, encoding the gaze pattern and identifying different categories
that describe an attentional gradient of the interaction participants. This procedure
allows us to know how attention is organized in these interactions cross-culturally
(Taverna & Padilla, 2020).

Preliminary results show that unlike mothers from other indigenous communi-
ties studied to date, who tended to develop a less child-centered profile (Schieffelin
& Ochs, 1986), Wichi mothers tend to focus their attention on the child. However,
in contrast to Spanish-speaking communities, joint attention episodes seem to be
scarce. Interestingly, Wichi caregivers—but not their Spanish-speaking counter-
parts—tend to display a sustained attentional ability when infants are interacting
with objects or events in their environment, intervening only if necessary (Taverna
& Padilla, in prep.). Based on these first results, we hypothesize that this sustained
generalized and outstanding observational “talent” of the Wichi mothers when the
child is interacting with objects could configure a cultural-specific triadic atten-
tional modality—child—object-mother or caregiver—one in which the caregiver
coordinates her attention by offering it and enabling it to the child with a more
“lateral” (Clark, 1996; De Ledn Pasquel, 2005) and less interventionist participa-
tion. We propose to call this culturally specific engagement pattern “affordance
attention,” in which shared attention and speech would not be compulsory, although
the attentive presence of the caregiver would be.

In the frame of these engagement formats, we are also exploring how caregivers
are Mind Minded (Meins et al., 2001) to infants cross-culturally. To accomplish
this, we first interactively analyze the speech and actions directed at the infant, seek-
ing to detect actions, verbalizations, and gestures of the mother as indicators that
she is interpreting motivations, intentions, wishes, and propositional attitudes of the
infant (Pérez & Espafiol, 2014), and not only through mentalistic comments (Mind
Mindedness) (Meins et al., 2001), which is the common perspective in the studies
conducted in the field. So far, we have obtained two important results: (1) the Mind
Mindedness (MM) construct is being revisited; (2) a multimodal and culturally sen-
sible category system was built for the analysis of the Maternal Mental States
Attributions (MMSA) with subcategories aimed to identify how the mother (or
caregiver) attributes motivations, intentions, wishes, and propositional attitudes to
the infant and how it occurs (Table 3).

Results are a novel set of categories that integrate smart social perception, con-
text, an expansion from the dyad, and shared bodily awareness and understand men-
talistic interactions embedded in system-level dynamics rather than its components
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Table 3 Set of observational categories for the analysis of the Maternal Mental States Attributions

Category Definition Examples

Mental state An adult or peer attributes wishes, | The caregiver sees the infant reaching
interpretation beliefs, or intentions to a target for an object and hands it to him/her
Mentalistic infant and says “is this what you want?”

Interaction (I)
No Mentalistic
Interaction (NI)

Modality The semiotic modality of a Verbal: the caregiver says “don’t touch
Verbal (VI) mentalistic interpretation that” while the infant is reaching for
Corporeal (CI) an object
Multimodal (MI) Corporeal: the caregiver physically
removes the infant before he or she
touches the object
Multimodal: is a combination of the
verbal and corporeal modalities
Direction That is to whom the mentalistic Directed: the caregiver asks the target
Child directed interpretation is directed infant what he/she wants
(CDI) Overheard: the caregiver asks another
Overheared (OI) person in the room what he/she wants
Source Who is attributing the mentalistic | The caregiver says “don’t touch that”
Mother (Ma) behavior (source) and the infant retreats
Other adult (Oa)
Other Child (Ch)
Executor Who enforces the mentalistic From the previous example: another
Mother (Ma) interaction person removes the infant before it
Other adult (Oa) touches the prohibited object
Other Child (Ch)
Type of Discursive | The type of pragmatic statement
Strategy that is used in the mentalistic
interpretation (Taverna, 2021)
Prescriptive Warn: negative, harmful Suwanas tajlhy
consequences//kelh (Come, there are ants)
Order: directives that tend to Yajlhek
regulate the child’s action (Don’t go)
Referential- Establish reference: draws Wepa neche
denotative attention to entities, environmental | (Listen to the seriema)
situations
Name: entities, people, or Catita
situations (Parrot)
Conversational Affirm-deny: verbal and gestural Yes/No expressions or nods

Comment: situations, events,
objects, actions

Am ka huyey escuela
(You don’t go to school)

Encourage: proposes and
encourages the performance of
actions

Tsiteyej hulu tolothila
(Play with the earth, there you have
the cup)

Question: about states, emotions,
actions

¢;Lawenhe Tito?
(Did you sew Tito?)//; Tenlo inot? (Do
you want water?)
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in isolation (Rietveld & Kiverstein, 2014). Precisely, within relationism, analysis is
about creating categories, not about cutting nature at its joints (Overton, 2013a).
Moreover, by developing an observational coding system based on the data corpus
itself, instead of applying an external coding system, we could not only identify the
specific semiotic resources—speech, gaze, touch, body postures, gestures—used by
caregivers from populations under study but also how these resources are combined
in novel interactive configurations that serve to coordinate attention and mental
state interpretations in mother—infant interaction at the different target cultural
settings.

The Acquisition of the Wichi Language: First Outcomes

Previous studies in morphologically complex languages are not very numerous (for
areview, see Kelly et al., 2014) but within the available evidence the focus is funda-
mentally on the learning mechanisms that are put into play in the process of acquisi-
tion of these languages, which are presented to the infant as a real puzzle (Peters,
1981). Our ongoing longitudinal research seeks precisely to generate the first psy-
cholinguistic evidence in this native language. Particularly, we focus on the gram-
maticalization process, that is, the transition between the first pre-grammatical
verbalizations to the simple but completely grammatical productions.

Our preliminary results show changes in children’s Wichi speech productions
and in the properties of the linguistic information to which infants are exposed. Both
changes delineate a clear evolutionary trajectory, one that goes from a pre-
grammatical stage toward the emergence of grammatical or morphosyntactic
knowledge. At the monomorphemic period (MLU (Mean Length Utterance) =1),
infants seem to produce mostly nominal and verbal stems stripped of affixes, and
nominal stems outstrip verbal ones in children’s vocabulary, even though the num-
ber of verbs far outstrips the number of nouns in the adult input. More precisely,
when the MLU barely exceeds 1 (1.05-1.17), nominal and verbal affixes (type and
token) represent only 4% of the total number of nouns and verbs produced in
this period.

At the same time, at this pre-grammatical stage, a “motherese” or a stable speech
register employed by mothers (and other caregivers) when addressing young chil-
dren in this culture was identified (Taverna, 2021). The Wichi “motherese” was
characterized by a constellation of prosodic, lexical, and pragmatic-discursive fea-
tures showing differences and similarities with the ones observed in other linguistic
communities. First, in contrast to baby talk from dominant linguistic populations,
prosodically the Wichi “motherese” shows the same normal tone as in adult—adult
interactions. Second, a set of nine Wichi baby talk lexical items were discovered
that thus far had not been captured in the literature on this language. Semantically,
these are terms equivalent to those of adult speech that refer to aspects of interest to
the child (see Table 4). In addition, at a discursive-pragmatic level, the Wichi “moth-
erese” at the pre-grammatical stage focused on discursive strategies with directive
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Table 4 Wichi baby talk, semantically organized with its equivalent adult term in Wichi
and English

Baby talk Adult term

Wichi English
Entities and people
Chuku Asinoj Dog
Lulu Tulu Cow, meat
Tata Lafwcha Dad
Titit Little car
Toto Toy
Emotional states
Kuku Nuway To feel scared
Nana Oytaj To feel pain
Basic needs
Chichi Maternal breast
Mimi Inot Water

Reproduced from Taverna (2021)

functions (prescriptions and/or denotations). For example, a group of prescriptive
strategies in the here and now are characterized by orders referring to concrete
actions (1050: yajnencho [don’t come down]), prescriptions in the near future in the
form of warnings (1006: che suwele hin’am [the non-Wichi person is watching
you]), and denotations that label objects or events in the child’s surrounding world.
This “labeling” function ranges from names of objects of interest to the child (1058:
titit [little car]) through the use of Spanish loans (2037: jutu [foto—photo]) to names
that denote people (5249: siwele [non-Wichi person]) and animals (5018: cheche
[parrot]//5232: neche [seriemal].

When infants reach an MLU of 1.5, the number of verbal stems (both type and
token) increases, so children’s early noun-advantage characteristic of the previous
period decreases and comes into closer alignment with the patterns in the linguistic
input. At this stage, as the number of verbal stems increases, so do the number of
verbal and nominal affixes that encode the grammatical categories that characterize
the morphology of both nouns and verbs in Wichi. In fact, at this point of develop-
ment, both nominal and verbal affixes represent 20% of the total of the nouns and
verbs, five times more than the previous period. So, as soon as children approach an
MLU of 1.50, there is an increasing productive command over the grammatical
categories often expressed in Wichi morpho-syntactically within the word level for
both nouns (e.g., possession, deixis, augmentative, etc.) and verbs (pronominal pro-
nouns, mode, etc.), emerging the first combinatory morphosyntactic forms (see
Taverna & Waxman, 2020, for a more detailed description of the emergent gram-
matical categories at this phase).

Regarding the “motherese” at this stage, during the beginning of the combination
of morphemes (M = 1.5 and beyond), maternal speech shows discursive strategies
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that compose more elaborated functions than those from the previous stage, so con-
versational routines or proto-conversations emerged. Thus, among the most fre-
quent discursive strategies, we observed comments, which tend to denote “showing
the world” that surrounds the child (Tsep) (5260: hin we suwanas [look at the
ants]//5218: neche wepan we [listen to the seriema]), interrogatives (Dgst) (5070:
capihi Norberto? [where is Norberto?]), responses to questions from the young
child (Drsp) (5209: chayhu [it’s hot]), and assertions and/or negations (Dan) (1130:
is [Good]//1005: kha [no]) in the context of events situated in the present and related
to the child’s surrounding world (Tsep).

Overall, infants from all the world’s languages are expected to acquire their envi-
ronmental language at any point between their 18 months and three and a half years.
Predicting how grammatical knowledge of the language under acquisition will
develop means to show how the language learning system uses what information
(social, cognitive, linguistic, etc.) and, also, how both (information and system)
change as a result of the acquisition process until they become a grammatical
knowledge system. The first responses to the Wichi acquisition problem show quali-
tative changes both in the child language—from a pre-grammatical period toward
first morphosyntactic combinations—and in certain aspects of the socialization pro-
cess, the maternal speech, “motherese” Wichi. This linguistic transition occurs in a
social environment, one that would be characterized by a child-centered context, in
which mothers, instead of engaging children exclusively in joint attention formats,
seem to coordinate attention in a culturally specific fashion creating “attentional
affordances” episodes, where speech and joint gazes would not be compulsory, and
mothers will intervene only if it is necessary (Taverna & Padilla, in prep.). When
and how Wichi infants’ speech becomes grammatical is still a matter of our current
research efforts. Both knowing (process) and known (products) are considered as
equal and indissociable complementary processes in the construction, acquisition,
and growth of knowledge, in this case, the Wichi grammatical knowledge.

The Wichi Perspective and the Relational Turn
on Developmental Science

Our work on thought and language across development among the Wichi reveals the
power of relationshipism in two cross-fertilized native-scientific epistemological
directions.

From the native toward the scientific path, the discovery of the mutual and syn-
ergistic relationship between the emerging Wichi representational resources and
their native epistemology (commonly viewed as mental-cognitive vs. external and
contextual polarities in Cartesian psychology) took us toward the adoption of rela-
tionism as a paradigm with three main characteristics. First, the different polarities
(e.g., mind/culture, learning-system/context, etc.) are not considered exclusive con-
tradictions as in the split epistemology but as differentiated polarities (e.g.,
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co-iguals) of a unified inclusive matrix of relations, each pole defines and is defined
recursively by its opposite (Overton, 2013a). Second, in order to set a positive
agenda for empirical inquiry, opposites (e.g., conceptual and language-learning sys-
tems vs. cultural orientations, lingiiistic input) are considered levels of analysis, the
focus of attention, in recognition that they do not neglect absolute foundations
(Latour, 1993, 2004) but perspectives in a multiperspective world (Rogoff, 1992). In
the third movement, a new “middle space” (Overton, 2013a), which Latour (1993,
2004) called “the middle kingdom position”, away from the extremes of the
Cartesian splits is created to then discover a novel system—a synthesis—that will
coordinate the two-only conflicting polarities. For example, in this middle position,
the language learning system and the different interacting levels (social, cognitive,
linguistic, etc.) change as a result of the acquisition process.

Under the umbrella of this relationism, the constructionism—emergentist per-
spective on language acquisition (Lépez Ornat, 1999) as well as recent cognitive-
ecological accounts on concepts (Medin et al., 2015) constitutes theoretical
approaches under which we framed our research among the Wichi. Within these
perspectives, key notions such as econiche, affordances, and representational emer-
gence work as crucial entry points.

The term “ecological,” increasingly popular in recent years used in several dif-
ferent contexts (Jensen & Greve, 2019), emphasizes the profoundly relational char-
acter of entities or elements in the world. Within the cognitive-ecological approach
on concepts and conceptual representations (Medin et al., 2015), it is believed that,
like some species in an ecosystem, certain ideas may grow better in certain ecolo-
gies than in others, persisting and achieving a widespread distribution. In addition,
these stabilized “ideas-habitats” might work as “cultural affordances” (Ramstead
etal., 2016). Typically understood as possibilities for actions the environment offers
to a creature (such as reaching, grasping, sitting, walking, and so on) (Gibson,
1979/1986), the affordance construct is fundamentally interactional. In a recent
sociocultural understanding of the concept (Ramstead et al., 2016; Rietveld &
Kiverstein, 2014; and see Chemero, 2003; Costall, 1995; Costall & Richards, 2013;
Heft, 2017; Michaels, 2003; Withagen & Chemero, 2012) taking Gibson’s
(1979/1986) ideas and applying it to the human econiche, cultural affordances are
precisely those stabilized cultural cues (cultural knowledge, values, socialization
and linguistic practices, etc.), which constitute different behavioral patterns (or
forms of life) that characterized particular groups relatively robust on sociocultural
time scales, and acquired through sociocultural processes such as joint-intentionality
or shared-expectations, cultural conventionality, and perspective-taking abilities
(see Ramstead et al., 2016). The ecological niche is, then, a network of interrelated
cultural affordances. At the learning-system (conceptual and language system)
level, the recursive interaction between the system in question, the learning mecha-
nisms, and the cultural affordances in each human econiche (practices, values, cul-
tural knowledge, etc.) are those that drive changes at the representational resources
within the learning system synergically.

Finally, from the scientific toward the native direction, relationism and its three
key concepts—econiche, affordances, and representational emergence—have
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illuminated the Wichi ecosystem as an ecological niche made up of interconnected
cultural affordances, relatively widespread and robust within the population. The
hunhat lheley, tshotoy, spiritual inhabitants, and the Wichi itself coexist fully inte-
grated with the Chaco forest, and it is precisely the Wichi cognitive (e.g., categori-
zation, causal reasoning), linguistic and social competencies as stabilized behavioral
patterns that contribute to building this native organism—environment econiche as it
is. Likewise, it is his human organism—environment econiche that offers an open
system of stabilized cultural cues or “cultural affordances” (the hunhat lheley notion
and its epistemological orientations as well as the environmental language and its
referents/meanings/forms, socialization, cultural practices) based on the specific
competencies of this forms of life, what shapes, in conjunction with general learn-
ing mechanisms, the acquisition, and developmental processes.

Certainly, these insights are far from new. First of all, they are in line with the
developmental ecological psychology and a “coalition” of relational-ecological
developmental theories, which from a different epistemological and theoretical
basis, all focus on an anti-dualistic agenda for the field of developmental science
(see Szokolszky & Read, 2018, for a detailed description). The cross-fertilization
among these disciplines and perspectives is an indispensable effort for the full real-
ization of the relational-ecological turn in development. In this enterprise, address-
ing one remaining challenge is urgent: overcoming the over-representation of the
Anglo-speaking children of middle-class European American descent and including
a broader range of cultural childhoods. In our case, both conjugated relationship-
isms, the native and the scientific, pushed us toward the anti-dualist epistemic
framework (Baiocchi et al., 2019; Ferndndez Ruiz, 2021, in prep.; Taverna, et al.,
2020). The active synergy between ecological psychology (econiche, affordances),
constructionism—emergentist perspectives (learning-system, representational emer-
gence), cultural-cognitive approaches (ecosystem, epistemological orientations,
cultural practices), and the relational epistemology of the hunhat lheley (Wichi per-
spective) collaborates in an open and evolving movement that seeks and finds inter-
active conjunction of new insights. We are on that way.
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Introduction

Self-regulation is defined, in a basic sense, as a set of abilities to control attention,
emotion, and behavior in pursuit of long-term goals (Posner & Rothbart, 2000).
This concept is closely linked to executive functions (EFs) and comprises cognitive,
behavioral, and affective skills that are important to manage sustained actions
toward environment adaptation (Inzlicht et al., 2021; McClelland et al., 2015). Self-
regulation develops through early experiences and social interactions in which care-
givers, educators, and other significant individuals structure and shape children’s
trajectories (Grolnick & Farkas, 2002). Both the cognitive and emotional aspects
related to self-regulation are good predictors of academic competence, especially in
the transition to formal education, because an adaptive development in the school
context depends on children’s ability to manage their reactions and their task-related
behaviors (Trentacosta & Izard, 2007; Blair & Razza, 2007). Remembering and
using information, attending to and understanding what others are saying, directing
motor actions, and persisting toward goals are all indicators of adaptive behavioral
regulation (McClelland et al., 2007).

Self-Regulation and Executive Functions and Decision-Making

Traditionally, research on self-regulation and EFs have followed separate paths
(Baddeley, 2007). However, in the last decade, several studies attempted to link both
areas, proposing that “hot” EFs integrate cognition and emotion (Zelazo et al., 2010;
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Blair & Razza, 2007; Bull & Scerif, 2001). The authors have also argued for the
importance of bottom-up regulatory modulation in the regulation of top/down EF pro-
cesses (Cunningham & Zelazo, 2007; Blair, 2016; Lewis & Todd, 2007). Specifically,
some authors focus on decision-making about situations that have emotionally signifi-
cant consequences (i.e., meaningful rewards and/or losses), or what might be called
“affective decision-making” (Kerr & Zelazo, 2004; Garon & Moore, 2007).

Decision-making is a complex skill that depends on reasoning capacity, but also
on emotional control (Byrnes, 2002). Some authors posit that it is helpful to think
of decision-making as a least four-step process: first, it is needed to set a goal, sec-
ond to consider the possible options to meet that goal, third to rank the options, and
finally to select the better one (Byrnes, 2002; Hsu et al., 2012). However, in daily
situations, decision-making is mostly more dynamic and recursive than step-like
(Byrnes, 2013). This adaptive ability is not solely dependent on logical reasoning
but on emotional skills, and it is also associated with the developmental context
(Mata et al., 2013). Children at an early age must face decisions that involve the
ability to evaluate the future consequences of their actions (Garon & Moore, 2007),
and the context in which they make decisions is relevant.

One of the most widely used paradigms to assess the development of decision-
making is the Children Gambling Task (CGT) designed by Kerr and Zelazo (2004).
In this task, children must learn the immediate and long-term payoffs of their
choices by exploring different options (Bechara et al., 2000), for instance, when a
child is asked to decide between a long-term “better”” option and an immediate but
risky reward, is the same in terms of adaptation, if the decision is taken by a child
who is developing in a safe, predictable, and resource-rich home environment or by
a child who is living in a harsh, unpredictable, and resource-scarce context?

Classical Developmental Perspective vs Evolutionary Perspective

The classical developmental psychopathology perspective (see Ellis et al., 2012)
posits that supportive environments tend to favor “optimal” or “adaptive’ outcomes
across the lifespan, whereas stressful environments tend to undermine the probabil-
ity of healthy growth, fostering “dysfunctional” or “maladaptive” developmental
outcomes. The prevailing conceptual framework from which these tags emerge has
been structured based on the evidence accumulated in studies nurtured by middle-
class, European American samples (Lerner, 2006). Along these lines, the adaptive
nature of developmental outcomes has tended to be assessed taking as a point of
comparison the constellation of results that are socially desirable according to the
dominant beliefs and values. Thus, the term “adaptive” alludes to traits or behaviors
that promote health and well-being. In contrast, those traits considered harmful to
health are referred to as “maladaptive”.

From an evolutionary life history perspective, organisms must face trade-offs in
the allocation of time and energy across a set of fitness-relevant activities, including
growth, maintenance, and reproduction (Ellis et al., 2009). At the broadest level of
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analysis, these resource-allocation decisions that are made throughout ontogenetic
development are the ones that shape the individual’s life history strategy (i.e., a
group of correlated life history traits), which are proposed to exist along a fast-slow
continuum. Typically, and in a narrow sense, individuals on the fast end exhibit
short early reproduction, small body size, and high mortality rates, whereas those
who adopt slow strategies have the opposite characteristics (Del Giudice et al.,2011).

For instance, according to the traditional deficit-based model, risky and impul-
sive decision-making is considered a deviant behavior. On the other hand, despite
the long-term consequences of growing up in resource-poor or stressful environ-
ments, the evolutionary perspective considers that risky behaviors could be adaptive
under certain circumstances (Fenneman & Frankenhuis, 2020; DelGiudice, 2009;
Ellis et al., 2009). In other words, the “get what you can while you can” attitude
could reflect an adaptive strategy in response to difficult or unpredictable early
social environments. This is reasonable considering that, compared with people liv-
ing in resource-plentiful environments, people living in resource-scarce ones more
often face threats and challenges to their well-being and have few opportunities to
overcome poverty. These opportunities, moreover, are unstable over time, so that
what is presented today as a benefit may not be present in the future.

Adaptation strategies develop early in life when children are particularly open to
incorporating information from their local environments into their biology. It has
been proposed that individual differences in life history strategies develop in response
to two basic dimensions of environmental stress: unpredictability and harshness
(Ellis et al., 2009). Unpredictability is the difficulty to foretell fluctuations in the
harshness of environmental conditions across time (Belsky et al., 2012). On the other
hand, the harshness of the context refers to morbidity and mortality caused by exter-
nal factors that escape individual control (for instance, the possibility of death from
a stray bullet in the context of a dispute between neighborhood gangs).

Regarding environmental harshness, the presence of extrinsic morbidity-
mortality cues tends to be linearly related to lower levels of socioeconomic status
(SES) in Western societies (McLoyd, 1998). It has been proposed that exposure to
violence constitutes an important cue of extrinsic morbidity-mortality. For instance,
experiencing violent acts, such as being robbed, or witnessing a murder case, are
relevant cues of the level of violence in the environment. Furthermore, direct expo-
sure to violence would not be essential for it to act as a stressor. In violent environ-
ments, the daily circulation of information about violent events is more common
(Chen et al., 2002).

The study of the potential role of extrinsic morbidity-mortality cues in the early
modulating of life history strategies is of particular interest for Latin America and
the Caribbean (LAC) countries, given that it is the most violent region in the world.
With a homicide rate of 24 per 100,000 inhabitants in 2015, there is no other region
that exhibits a higher homicide rate than LAC. Homicides in LAC represent 33% of
homicides in the world, even though this region is inhabited by 9% of the world’s
population (Jaitman, 2017). The annual homicide rate is around four times higher in
LAC than the world average. The outcome of the comparison is more dramatic if it
is done with Western, Educated, Industrialized, Rich, and Democratic (WEIRD)
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countries. For instance, the murder rate in LAC is six times greater than that of the
United States, and 20 times higher than in the United Kingdom. Even Uruguay,
which has historically been considered, along with Chile and Argentina, a country
with relatively low levels of violence (World Health Organization, 2002), has expe-
rienced an alarming rise in the murder rate in the last 10 years. To put it in perspec-
tive, homicide rates per 100,000 inhabitants in WEIRD societies like Western
European countries (e.g., Portugal, Spain, or Germany) are currently more than 10
times lower than in Uruguay. Thus, the high number of homicide crimes—relatively
well documented by LAC governments—constitutes a proxy of the violence to
which people in this region are exposed and has the potential to be an important
factor in the modulation of the early development of cognition.

As mentioned earlier, it is well documented that people living in poverty face a
higher risk of violent crime (Imbusch et al., 2011). From an evolutionary-
developmental perspective, it has been suggested that this ecological circumstance
would be associated with the development of “fast” strategies characterized by
impulsivity, short-term opportunism, and immediate reward-oriented strategies (Del
Giudice, 2014; Fawcett et al., 2012; Griskevicius et al., 2013; Frankenhuis et al.,
2016; Fenneman & Frankenhuis, 2020).

To the best of our knowledge, only two studies have addressed the relation
between SES and affective decision-making using the CGT: Mata et al. (2013) and
Delgado et al. (2022). Both studies found an effect of SES in the last blocks of the
task. More specifically, the high-SES group made more advantageous choices than
their low-SES peers in the final blocks of the task. Added to this, in the last decade,
several studies have evaluated the association between mortality cues in the envi-
ronment and different psychological developmental outcomes (Griskevicius et al.,
2011a, b), but none that explores the decision-making development and environ-
mental harshness association in the light of life history theory.

The present work explores the association between self-regulation development
(by using the CGT), SES, and environmental harshness in the light of life history
theory. Taking into account that evolutionary theory has emphasized the importance
of the first 57 years of life as a sensitive window in which ecological circumstances
modulate development (Belsky et al., 1991), we assessed children between the ages
of 5 and 7 years and consider as a measure of environmental harshness the cumula-
tive homicide rate in the 3 years before the completion of the cognitive assessment.
It has been suggested that the Iowa Gambling Task can be subdivided into two
stages that assess two types of decision-making. While the first half of the task cor-
responds to ambiguous choices, where the risk associated with the different decks is
still unknown, the second half of the task corresponds to risky choices, since the
probability of outcome has been learned (Brand et al., 2007). Furthermore, perfor-
mance in this second stage of the task would be mostly linked to top-down control
mechanisms demanded in affectively charged situations (i.e., hot executive func-
tions) (Brand et al., 2006). According to life history theory, childhood harshness
promotes the development of present-oriented and risk-taking behaviors. Therefore,
we hypothesized that the performance in the last trials of the CGT would be nega-
tively correlated with local mortality levels.
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Methods

Participants

A total of 224 children (109 girls; overall mean age = 75.32 months, SD = 6.96)
attending kindergarten (level 5) and first grade at public schools in Montevideo-
Uruguay participated in the study. Informed consent was obtained from parents/
caregivers, and the study was approved by the Research Ethics Committee of
Psychology School (Udelar). All methods were performed in accordance with the
Declaration of Helsinki (General Assembly of the World Medical Association, 2014).

Procedure

All children were tested individually in a quiet room specially arranged for assess-
ment at their schools. CGT application lasted between 20 and 35 minutes. Parents
or caregivers were required to answer the Socioeconomic Level Index (SLI) ques-
tionnaire through telephone interviews.

Instruments
Socioeconomic Status

SES was determined using the SLI, developed by the Uruguayan Economic
Research Center (Perera & Cazulo, 2016). The SLI consists of 12 items: place of
residence, familiar composition, type of health coverage (public or private) of the
family members, number of income earners in the households and educational level
of the household head, presence of elements of comfort, and frequency of maid help
in the home. Based on this scale, an index is constructed that allows the ordering of
households in three economic classes: high (51-100), middle (32-50), and
low (0-31).

Neighborhood Homicide Rates

The rate of neighborhood violent crime was calculated with data from the
Department of Justice. The National Observatory of Violence and Crime has an
open-access statistical memory that contains the total annual number of reported
homicides distributed according to the limits of the jurisdiction of each Montevideo
police station (Ministry of Interior, 2019). Specifically, we got the total number of
homicides in the last six semesters before the date of the cognitive assessment. Each
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child’s neighborhood was assigned the number of cases calculated for their local
police station. For cases in which the neighborhood was located in the jurisdiction
of more than one police station, an average was made.

Rapines were not considered in the analysis because it is a type of crime that
presents a high rate of underreporting, especially in neighborhoods from low-SES
backgrounds.

Children’s Gambling Task

A computerized two-deck version of CGT was adapted from Kerr and Zelazo’s ver-
sion (2004). The task was applied using a computer (monitor and keyboard). The
CGT included two decks of 60 cards each (Fig. 1). The back of one deck was cov-
ered with black and white vertical stripes, while the back of the other deck was
covered with horizontal ones. In the front of the cards, gains were reported through
the use of happy yellow faces, while angry red faces represented losses. Depending
on the earnings/losses ratio, one deck was advantageous over trials while the other
was disadvantageous (the pattern of lines on the back of the cards and the position
of the decks on the screen were randomized). The number of earnings remained

Fig. 1 Sequence of screens of the Children’s Gambling Task
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constant across cards in both decks, but the number of losses was variable between
cards and decks. The advantageous deck always provided gains of one point, accom-
panied by either no loss or the loss of one point. The disadvantageous deck always
provided an earning of two points together with losses of 0, 4, 5, or 6 points.
Therefore, consistently selecting from the advantageous deck yielded a net gain in
the long run, whereas selecting from the disadvantageous deck yielded a net loss.
The order of the cards in each deck was fixed, as described in Kerr and Zelazo (2004).

The CGT version used in this study involved the child trying to win as many
points as possible (represented by happy faces). The child was told that if he or she
accumulated enough points (an amount never specified), the points could be
exchanged for a prize from a table containing a variety of prizes varying in size and
desirability (e.g., a bubble blower, a magnetic drawing board or a fidget spinner).
However, if they got a small number of points, they could only exchange the points
for an unattractive prize (e.g., a pencil or an eraser). This method was developed
based on previous research (Wilson et al., 2009) to ensure that children could iden-
tify at least one award that was attractive enough to motivate them to earn the most
points in the task. Thus, before starting the task, children were led to the prize table
and encouraged to select the prize they were going to try to achieve in the game.

The task was administered according to the instructions outlined in Kerr and
Zelazo (2004) and Mata (2013). Thus, once the desired prize was selected by the
child, the task began with six demonstration trials. This stage implied the experi-
menter selecting three cards consecutively from one of the decks, followed by three
consecutive cards from the other one. Each time a card was selected, the experi-
menter announced the number of points earned and then deposited the points in the
plastic container. Besides, the points were added to the cylinder presented between
the decks on the computer screen. Similarly, when points were lost, they were
removed from the plastic container and returned to the experimenter box (a process
also observed in the virtual container). After the demonstration trials, children were
given 15 happy faces to start with. The test trials then started and selections were
made across 60 test trials, which were divided into five blocks of twelve card
choices. The test trials were administered exactly like the demonstration trials. A
bonus stage was programmed at the end of the task for those children who did not
get too many points. This stage ensured that all the children achieved enough points
to select the prize of their choice.

Statistical Analyses

All analyses were performed on the R platform (Team, 2013). We conducted two-
level multilevel models using the Ime function in package “nlme” (Pinheiro et al.,
2012). Based on previous research (Preston et al., 2007; Brand et al., 2006), we
divided the task into the learning phase (Blocks 1, 2, 3—i.e., Trials 1-36) and the
performance phase (Blocks 4 and 5—i.e., Trials 37-60) to discriminate the influ-
ence of local mortality on learning the gain/loss schedule versus on risk-taking
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behavior after the frequencies and magnitudes of wins and losses have been learned.
Thus, Phase was included as the independent variable at the first level of the model
(a categorical variable with 2 levels (Learning; Performance). The independent vari-
ables at the second level of the model consisted of Homicides and SES (low-SES vs.
middle/high-SES). In order to control for the potential effect of age and sex on task
performance, both variables were entered as fixed effects into models, but were only
kept if they significantly improved the model fit. The dependent variable entailed
proportion scores across the two phases. The proportion score of each phase was
calculated by subtracting the proportion of disadvantageous choices from the pro-
portion of advantageous choices, which yielded difference scores ranging from —1
to 1. A net score above zero implied that children were selecting cards advanta-
geously, and a net score below zero implied a disadvantageous selection. Regression
parameters were estimated using maximum likelihood. A random intercept (for
Participant) and random slope (for Phase) were also included in the model; that is,
children were allowed to have different intercepts and rates of learning (slopes)
through the two phases.

Results

Extrinsic Mortality and Performance on the Children’s
Gambling Task

The multilevel analysis consisted of multiple steps of model comparisons. At each
step, the different models were compared by means of —2log likelihood tests to aid
decisions about including specific terms. We also compared the fit of the model
using AIC and BIC indices. Results showed a significant main effect of Phase since
a significant reduction of the deviance was observed when comparing the uncondi-
tional growth model (model containing repeated measures) (Model B) with the
unconditional means model (Model A), y*(1) = 15.04, p < 0.001. This suggests that
in the overall sample there was a significant increase in the proportion of advanta-
geous choices as the experimental task progressed. Adding age to the model (Model
C) revealed that being older was associated with better performance, y*(1) = 12.41,
p < 0.001. No significant improvement in the model was detected for the inclusion
of Sex (Model D), °(1) = 0.12, p = 0.72; therefore, it was omitted from the model.
When the random slope was considered (Model E), it resulted in a better fitting
model, y*(2) = 53.39, p < 0.0001, suggesting that the effect of Phase significantly
varied across Participants. Next, when the variable Homicides was added to extend
the model (Model F), the likelihood ratio test did not show a significant improve-
ment of the model y*(1) = 2.45, p = 0.12. However, adding the interaction between
Homicides and Phase (Model G) resulted in measurable improvements in the good-
ness of fit, ¥*(1) = 5.89, p < 0.05, indicating that Homicides is associated with per-
formance as the task unfolded (Table 1 provides a summary and ANOVA results of



The Role of Local Violence on Children’s Affective Decision-Making 107

Table 1 Model summary and ANOVA results for Model G, Model I, and Model J

Model Model G Model I Model J

Fixed effects Phase + Homicides + | Phase + SES + Age + | Phase + SES + Homicides
Age + Phase x Phase x SES + Age + Phase x SES +
Homicides Phase x Homicides +

SES x Homicides +
Phase x SES x Homicides

Random effects® Phase/Participant Phase/Participant Phase/Participant

df F|p a |F o |p df F |p
Main effects
Phase 894 12.650.00" | 894 | 12.580.00"" | 892 12.7210.00™
SES - - - 221 9.20 |0.00™ 219 6.24 |0.01
Homicides 221 352 10.06 |- - - 219 3.73 10.05
Age 221 12.640.00™ | 221 | 12.000.00"" | 219 11.610.00™
Interaction effects
Phase x 894 588 10.02° |- - - 892 591 0.01"
Homicides
Phase x SES - - - 894 |3.82 10.05 892 1.24 10.26
SES x Homicides | — - - - - - 219 0.09 |0.76
Phase x SES x - - - - - - 892 1.70 10.19
Homicides

Note. The organization of parameters in the models (as either fixed or random effects) is indicated
in the top rows, and the effects (either alone or in an interaction) of each parameter with a fixed
effect are evaluated in the bottom rows. Significant effects are shown in bold

SES socioeconomic status

p <0.05; "p <0.01; "p <0.001

“The specification Phase/Participant means that the effect of Phase (i.e., the slope) varies across
children

model G). We then assessed the statistical significance of simple slopes of Homicides
by each level of the categorical moderator Phase. This analysis revealed that the
average slope estimated for the performance phase (b = —0.0044, CI = —0.0075,
—0.0014) was negative and significantly different from zero. This means that for
each increase in the number of homicides the estimated proportion score decreases
by 0.0044 for the performance phase. A contrast was conducted to test the differ-
ence of the Homicides slope between the two phases of the task. This analysis
showed that the slope of the performance phase was significantly different and more
negative than the slope of the learning phase (b = 0.0030, p < 0.05).

SES and Performance on the Children’s Gambling Task

Since SES is also considered a measure of environmental harshness, to determine
whether it is related to performance, we first added SES (as a variable with two
levels) (Model H) to Model E (the model prior to the inclusion of Homicides).
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Adding these terms significantly improved the fit of the model, y*(1) = 7.00,
p <0.01, suggesting that SES accounts for a fraction of the variance in the score that
the children obtained on the whole task. Then, with the aim of assessing whether the
effect of SES differs between the two phases of the task, we added the SES x Phase
interaction (Model I). The comparison between models I and H barely missed
reaching the significance level y?(1) = 3.83, p = 0.051 (see Table 1).

Extrinsic Mortality, SES, and Performance on the Children’s
Gambling Task

In the first place, we examined zero-order correlation between homicides and SES
scores. As expected, the number of homicides and the SES score were correlated
(r =-0.45, p < 0.0001), indicating that the number of homicides increases while
SES scores decrease in our sample.

We then built a final model including the interaction term of Homicides x Phase
x SES (Model J) to determine whether the effect of Homicides on task performance
differed across phases between the SES groups. The summary and ANOVA results
for Model J and previous ones can be seen in Table 1. We did not observe a signifi-
cant three-way interaction F(1,892) =0.19. This indicates that the Phase x Homicides
interaction described previously did not differ across SES groups. A key result of
our study is that the Phase x Homicides effect seen in model G persisted in model J
despite the inclusion of SES. The effect of Homicides in the whole task did not dif-
fer between SES groups. The test of simple slopes of Homicides indicated that
among the middle/high-SES group, only the simple slope of the performance phase
differed from zero (b = —0.0061, CI = —0.0118, —0.0004), while among the low-
SES group, no differences were found across phases (Fig. 2). This indicates that the
influence of environmental harshness on affective decision-making was specific to
children from middle/high-SES background. Specifically, for the middle/high-SES
group, as the cases of homicides increase (per unit), the proportion score decreases
by 0.0061 in the performance phase (Fig. 2).

Discussion

Although the evidence from the traditional models of early life socioeconomic
adversity and cognitive development suggests that individuals from low-SES back-
grounds tend to show a propensity to choose smaller, immediate rewards over larger,
delayed rewards, compared with people from high-SES backgrounds, studies that
have assessed decision-making in the context of the life history theory are still
scarce. The life history theory proposes that life strategies are arrayed on a fast-slow
continuum. While the cluster of fast strategies is proposed to promote the focus on
immediate or short-term goals, the slow strategies are more associated with
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Fig. 2 Plot of slopes of the influence of phase and socioeconomic status (SES) on associations
between the rate of violent crime and affective decision-making

future-oriented behaviors and longer-term goals. In the present study, we hypothe-
sized that the presence of high mortality cues in the neighborhood during the early
stages of development would be associated with a present-oriented and risky behav-
ior pattern of decision-making in children (a fast life history strategy). In support of
our hypothesis, we found an association between the rate of neighborhood violent
crime and affective decision-making assessed using the CGT, although different
depending on children’s family SES background. Specifically, while we found a
significant negative association of violent crime with performance in the perfor-
mance phase of the task for the middle/high-SES group, violent crime had no sig-
nificant effect on CGT performance in the low-SES group. We also observed a main
effect of SES on CGT performance. Specifically, we observed that middle/high-
SES children performed higher in the task than their low-SES peers.

As expected, the negative correlation between the levels of extrinsic morbidity-
mortality at the neighborhood level and performance on the CGT was observed in
the performance phase of the task. Considering the fact that the latter trials of the
gambling task are supposed to assess decisions under risk, this finding suggests that
once children have progressively learned the outcome probabilities (Brand et al.,
2007), higher violent crime rates are associated with a risk-taking propensity in the
middle/high-SES group. This finding is consistent with the notion that high levels of
environmental harshness promote the development of fast life history strategies.
Such strategy entails the preference for risk and for smaller and immediate rewards
over larger future rewards. Although the deficit perspective describes this prefer-
ence as maladaptive or dysfunctional, this tendency would be adaptive in harsh
environments (Fenneman & Frankenhuis, 2020; Ellis et al., 2009). Because rewards
in harsh environments are unstable and uncertain over time, it can be adaptive and
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beneficial for people raised in such conditions to seize opportunities the moment
they present themselves (Frankenhuis et al., 2016).

Interestingly, children from low-SES home backgrounds did not exhibit a signifi-
cant association between CGT performance and mortality cues. This result could be
due to the fact that in low-SES ecologies the harshness of the environment is char-
acterized by multiple risk factors including the lack of resources, hazardous wastes
and other toxins, ambient and indoor air pollutants, water quality, ambient noise,
residential crowding, housing quality, educational facilities, work environments,
and neighborhood conditions (in which “mortality cues” is one variable among oth-
ers) (Evans & Kantrowitz, 2002). For this reason, low SES is strongly associated
with present-oriented decision-making strategies, but mortality cues seem not to
modulate this association because other risk factors could be in play. On the other
hand, in middle/high-SES home backgrounds, the number of mortality cues is asso-
ciated with decision-making. The weight of this variable to characterize the harsh-
ness of the environment appears to be more relevant in middle/high-SES contexts
because the other factors are not always in play and this neighborhood characteristic
seems to impact more strongly in children from middle/high-SES homes. Added to
this, violent crime could be more unpredictable in middle/high SES ecologies, add-
ing another dimension that might modulate cognitive development (Griskevicius
etal., 2011a).

The findings of our study add to a growing body of evidence indicating that dif-
ferent forms of environmental harshness are associated with life history outcomes.
Indeed, although little is known about the role of violent crime in affective decision-
making in children, there is some evidence regarding other related risk-taking
behaviors drawn on life history theory. For instance, our study extends previous
evidence showing that higher levels of local mortality are associated with faster
reproductive strategies, like reproducing at an early age (Griskevicius et al., 2011b;
Wilson & Daly, 1997). Although it has not been interpreted from the evolutionary
lens, previous evidence has also shown that children exposed to the acute effects of
local homicides exhibited lower levels of attention and impulse control (Sharkey
et al., 2012), and vocabulary and reading scores (Sharkey, 2010). Interestingly,
Sharkey et al. (2012) suggested that parental distress could be one important mecha-
nism mediating the effects of local violence on cognitive development. Furthermore,
the effect of violent crime has also been assessed at the biological level. Theall et al.
(2017) found that violent crime is associated with increased biological markers of
stress (e.g., shorter telomere length). Despite the evidence from this work, identify-
ing the effect of community violence on cognitive development is an arduous task.
Associations between violent crime rates and children’s outcomes could be related
to other home environment variables that are also in play (i.e., parenting style, cog-
nitive stimulation, home SES) and might influence children’s likelihood of school
success (Sharkey et al., 2012).

Finally, although our findings in non-WEIRD population are in line with those
observed in studies composed of WEIRD samples, a critical aspect should be taken
into account when assessing the role of local violence in child development in Latin
American societies. The homicide rate is only a proxy for the total violence to which
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people are exposed and, as such, it does not allow us to get a completely clear pic-
ture of the frequency and heterogeneity of urban violent crimes. One of the most
important problems in LAC, either for the design of public policies toward prevent-
ing violent crime or for the assessing of its social consequences, is the high level of
crimes not officially recorded. Recent estimates suggest that the dark figure of crime
(the gap between crimes reported in victimization surveys and crimes registered in
administrative police records) in LAC non-WEIRD countries is approximately 40%
higher than in developed WEIRD countries (Jaitman & Anauati, 2019). This point
is important, as it suggests that the official data used to assess the impact of extrinsic
morbidity-mortality cues on cognitive development in LAC societies may not nec-
essarily capture the true reality that children face daily since official statistics tend
to underestimate the number of violent crimes. That is why caution should be exer-
cised when comparing the impact of urban violence on child development between
WEIRD and non-WEIRD societies when using statistics from official reports.

Our results add to a still scarce set of reports that highlight the need to deepen our
understanding of the impact that neighborhood violence can have on child develop-
ment. We are still far from understanding how the development of cognition can be
the result of the integration of environmental cues during early childhood. It is nec-
essary to continue accumulating evidence in order to discover the evolutionary log-
ics that underlie psychological development.
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Adolescence is a developmental period associated with concentrated change, result-
ing in an expansion of social networks and exposure to new risks and protective
influences for youth. Involvement in some type of minor antisocial behavior in ado-
lescence, such as substance use, is quite common (Le Blanc, 2015). Adolescence is
the stage of development in which risky behaviors are most likely to be initiated,
and such behavior commonly occurs within peer networks (Moffitt, 2018). Research
has consistently found that risky behaviors, including those considered antisocial
behaviors, are most prevalent around 15—17 years old (DeLisi, 2015). Cognitive and
social development during preadolescence leads adolescents to exhibit less aggres-
sive behavior than in later adolescence, and more covert behavior, which is difficult
for parents and other adults to detect (Burt, 2012). Some of the most common risky
behaviors at this phase are substance use, shoplifting, or running away from home
(Le Blanc, 2015; Patterson & Yoerger, 1999). This chapter focuses on substance use
and related factors, guided by this main research question: What role does peer pres-
sure play in adolescents’ substance use initiation?
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Influence of Peer Affiliations in Adolescent Behavior

Over the last few decades, several theoretical models have been proposed in order
to explain antisocial behavior in adolescence and understand its origins and conse-
quences. The developmental perspective on the study of antisocial behavior is one
of the most integrative approaches. A main characteristic of the developmental per-
spective is the holistic-integrative theoretical approach (Le Blanc, 2015; Lerner,
2006). This approach considers antisocial behavior as resulting from a process,
which links different risk factors to one another, within different systems and con-
texts. Some of the key contexts during adolescence include family, school, and
peers (Bronfenbrenner, 2005; Magnusson & Stattin, 2006). The very interaction of
such systems may constitute a risk factor when it comes to developing maladjusted
outcomes (Granic & Patterson, 2006). For example, school personnel might be prej-
udicial about the academic potential of a student of a racial/ethnic minority group if
they show negative attitudes toward that group. Such attitudes may negatively affect
the overall school climate, the school staff’s relationship with the student’s family
and with the individual adolescent. A student who feels unwelcomed at school may
look for a sense of belonging and acceptance from peer groups and be more likely
to engage in misconduct at school (Demanet & Van Houtte, 2012).

Social interactions and relationships with peers provide psychosocial experi-
ences from an early age (Bagwell, 2004). At the start of adolescence, friendships
become more stable and intimate than in previous stages and peers become the main
social reference group (Rubin et al., 2008). Adolescents usually belong to small
groups freely formed among similar individuals (Brown, 2004; Collins & Steinberg,
2008). Homophily is an important feature of peer groups in adolescence, that is, the
tendency to be affiliated with like-minded peers who share similar attitudes, aspira-
tions, and behaviors (Brown & Larson, 2009; Dodge et al., 2008). As a result, ado-
lescents engaging in antisocial or aggressive behaviors most likely belong to
antisocial or aggressive peer groups (Brown, 2004; Steinberg, 2017).

The routine activity approach explains deviant behavior as the result of sharing
unstructured free time and unsupervised activities with deviant peers (Cohen &
Felson, 1979; Osgood et al., 1996). The social learning approach considers the role
of the antisocial peer group as one of modeling and reinforcing the antisocial behav-
iors among its members (Akers & Jennings, 2009; Dishion et al., 1996; Sutherland,
1972). For example, the peer group can label and reinforce antisocial verbal state-
ments, endorse favorable attitudes toward antisocial behavior, or teach skills and
techniques to engage in risky behaviors, such as learning from each other how to
access or use drugs. These two perspectives support the hypothesis that adolescents
who interact and are involved in antisocial peer groups have higher probabilities of
exhibiting risky behaviors (Brown & Klute, 2003).
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Affiliation with peers who engage in antisocial behaviors is one of the strongest risk
factors related to engaging undesirable behaviors in adolescence (Bonta & Andrews,
2017; Brauer & De Coster, 2015). Several factors related to friendships within peer
groups appear to influence adolescent antisocial behavior. The literature identifies
the intensity and closeness of friendships, the stability of the relationships, the fre-
quency and amount of time spent with peers, and the proportion of at-risk peers
integrated into the peer group (Eassey & Buchanan, 2015; Kreager et al., 2011;
Laursen et al., 2012). Peer influence also appears to influence educational achieve-
ment and expectations, a key predictor of substance use. Peer influence has a medi-
ating effect on high school graduation and college enrollment of students in low
socioeconomic status (SES) schools (Palardy, 2013). All these factors in different
ways measure the intensity and frequency of exposure to peer influence, which is
the ultimate variable intended to be measured (McGloin, 2009).

Antisocial behavior within peer groups is directly and strongly associated with
higher levels of a broad range of adolescent antisocial behaviors, from minor, non-
violent risky behaviors to more severe, violent behaviors (Herrenkohl et al., 2012;
Snyder et al., 2012). More specifically, peers’ substance use appears to be more
associated with the individual adolescent’s own substance use behavior than with
other types of risky behaviors (Cutrin et al., 2019; Monahan et al., 2014; Tompsett
et al., 2013).

Regional research in Latino America has shown that the peer group gives the
greatest influence on adolescent decision-making and such influence significantly
affects substance use (Malacas et al., 2019; Pilatti et al., 2013). A Mexican study
with adolescents shows that women have a greater resistance to peer pressure than
men and found that young people who have a deficit in the ability to resist peer pres-
sure reported higher rates of alcohol use (Sanchez et al., 2013). Research specifi-
cally conducted in the Uruguayan context has described ritual processes that emerge
within youth subcultures in relation to substance use, where group discourses and
reinforcement lead to an excessive use of alcohol and other drugs (Filardo, 2002).
Other studies in Uruguay also found significant peer effects on antisocial behavior
(shoplifting and being involved in fights) (Balsa, Gandelman, & Gonzalez, 2015a)
and risky attitudes (Balsa, Gandelman, & Roldan, 2015b). Although studies tend to
focus on peers as a risk factor, peers can also put forth a protective influence against
substance use and abuse (Thurow et al., 2020).

Online Peer Influence in Risky Behaviors Like Substance Use

Peer pressure takes place in person and in online social interactions. Social media is
a unique social context that influences individuals’ thoughts, behaviors, and rela-
tionships (McFarland & Ployhart, 2015; Peter & Valkenburg, 2013; Subrahmanyam
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& Smahel, 2011). Research has shown that peer influence processes on social media
contribute to adolescents’ risky behaviors, especially alcohol use. Adolescents who
report a greater number of friends mentioning alcohol on social media are more
likely to post such references themselves. Perceptions of peers’ posts about alcohol
are also a stronger predictor of adolescents’ alcohol-related posting than self-reports
of their own drinking behavior (Geusens & Beullens, 2017). Adolescents and young
adults exposed to peers’ alcohol-related content on social media are more likely to
initiate and escalate drinking behaviors (Geusens & Beullens, 2016; Nesi
etal., 2017).

Descriptive (exaggerated perceptions that most peers engage in risky behaviors)
and injunctive norms (expectations that peers would approve one’s engagement in
risky behaviors) can partially explain the process of peer influence. For example,
adolescents exposed to alcohol content on social media are more likely to endorse
alcohol-favorable descriptive and injunctive norms (Beullens & Vandenbosch,
2016; Fournier et al., 2013). These norms appear to act as mediators between expo-
sure and alcohol intention to use and alcohol use (Geusens & Beullens, 2016; Nesi
et al., 2017). Many of these studies are from the USA or Europe. There are a few
studies that also analyze Facebook influence and peer pressure attitudes among
Latin Americans young adults, which conclude that the higher the pressure of peers
and the greater the exposure to illicit drug content on Facebook, the greater the
attitudes that favor the consumption of illicit drugs (Guzman Facundo et al., 2019).

Other works studying young adult users of social networking sites (SNSs)—such
as Facebook—found that interactions between friends are creating new types of
friendships and influences (Niland et al., 2015). In the same way, other investiga-
tions about Facebook users show that users often experience negative emotions
because they feel pressured to access the site frequently due to the fear of missing
out and to keep up with relationship maintenance demands (Fox & Moreland, 2015).
This is also connecting with the fear of missing out (FoOMO) phenomenon. Some
studies realize that FOMO also affects the deliberative process of the purchasing
behavior of Generation Z consumers, affecting the decision-making process, and
has a mediating role in the relationship between social self-efficacy and satisfaction
with life (Deniz, 2021).

There is a need to better conceptualize and understand the role of adolescents’
online life and specifically the role of peer pressure in the online context. Currently,
it seems that the role of peer influence on the emergence of antisocial behaviors
such as substance use in adolescence is undeniable. It is less clear how to incorpo-
rate these influences in prevention interventions from a neurological and behavioral
perspective.

Most children do not use or abuse drugs; this chapter aims at discussing also how
peers can model healthy and prosocial behaviors. How can prevention programs
capitalize on those influences and can weaken negative peer pressure at the same
time that they work on strengthening positive, prosocial relationships?
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The following sections further explore these issues from neurobiological and
behavioral perspectives and highlight a specific intervention to prevent peer-related
risk factors influencing adolescents’ behavior.

Contributions from Neurobiology
and Comparative Psychology

Peer pressure is a form of social influence that can be studied from a neurobiologi-
cal and comparative approach by analyzing how different species share information
through the socialization process and how this information affects behavior (e.g.,
imitative learning), cognition (e.g., conceptual elaborations), affectiveness (e.g.,
emotional contagion), and neurobiology.

For decades, animal-model studies have been showing how individuals exchange
information. Peers” dynamics or social facilitation studies the effects of a stimulant
on the observer’s behavior (e.g., when social pressure contributes to increasing lev-
els of food and fluid consumption). When these processes manipulate behavior, they
are known as observational learning or demonstrating effect. This process becomes
increasingly important when the exchange of information occurs between individu-
als of different ages and hierarchies (Choleris et al., 1997; Gonzalez-Pirelli & Ruiz,
2014; Heyes et al., 1994; Zentall & Levine, 1972). As for the demonstrator effect, it
is a form of social learning by imitation where the observer learns about behaviors,
actions, and emotional responses by imitating a cohabitating demonstrator (Heyes
etal., 1994).

In this context, we can consider the different mechanisms by which information
is transmitted (cognitive and emotionally), among individuals who interact based on
techniques such as observation and imitation (Nicol, 1995). The same techniques
are common among numerous animal species and human beings.

In the case of animals when induced into an emotional state, their cohabitation
peers become affected as well. For instance, if a rat on its way to being fed sees
another rat receive an electrical discharge, it will subsequently stop eating as a way
to stop its fellow rat from being electrocuted (De Wall, 2007). This is a sympathetic
type of response (Church, 1959; Decety & Chaminade, 2003). Empathy is built
upon sympathy, which can be divided into cognitive and emotional. In the first case,
it involves a cognitive elaboration, and in the second one an emotional recognition
regarding the emotional states that can be observed in the cohabitation individual.
On the other hand, emotional contagion is an affective mechanism by which an
organism automatically synchronizes its physiological state and behavioral one
with others to promote altruistic behavior (Hatfield et al., 1993; Ruiz, 2015). This
mechanism is present in almost all phylogeny, human babies, birds, rodents, and
non-human primates, among others (Nakahashi & Ohtsuki, 2017). These types of
reactions promote prosocial behavior and are related to peer pressure.
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Nummenmaa, Hirvonen, Prarkkola, and Hietanen (Nummenmaa et al., 2008)
compare emotional contagion with emotional empathy merging both later on in a
process called “mirroring system” tied to a system of mirroring neurons emphasiz-
ing in the insula as a primary structure. This process takes place by processing and
internalizing the emotional states of those around us. Other studies have shown the
insula’s central role such as the reception of cardiac peacemaker’s information in
regard to the processing of social cognition. For instance, Couto, Sedeiia, Peradejordi,
and Battfeld (Couto et al., 2014) observed flaws in tasks that require interoception
(emotional regulation) and social cognition (including empathy), but not in other
cognitive areas, in the case of patients with an internal as well as external heart (a
mechanic device that pumps blood). It is reported that the additional interoceptive
stimulation of the device interfered in the normal interceptive sensed in which the
insula is a key piece. Moreover, the insula is a structure associated with addiction’s
development and its alteration is linked to alcohol consumption as seen in preclini-
cal models (Ruiz et al., 2018). Other studies have shown that rats that cohabitate
with depressed peers tend to express a depressive phenotype as well as a reduction
in dopamine levels in the insula (Ruiz, 2019). These findings also implicate greater
alcohol consumption in rats that cohabitate with depressed ones, as opposed to the
control group of rats (In-lab unpublished results).

In sum, these findings show how the cited neural behavioral and cognitive ele-
ments (particularly the insula) linked to drug consumption are socially influenced,
contributing to enlightening discussions around peer influence in substance con-
sumption from comparative psychology and neurobiological perspectives. These
neurobiological findings support the need to design and test efficacious prevention
interventions for youth.

Prevention Intervention Research, Mantenete REAL
in Uruguay

Mantenete REAL-Uruguay is a cultural adaptation of keepin’ it REAL (kiREAL), an
efficacious school-based drug prevention curriculum originally developed and
tested in Arizona, USA (Marsiglia & Hecht, 2005). kiREAL is an efficacious school-
based universal prevention program targeting substance use and other youth prob-
lem behaviors, designed specifically to be implemented at the beginning of
adolescence (Hecht et al., 2003). Ecological risk and resiliency theory, communica-
tion competence theory, and narrative theory guide the intervention in teaching
youth the practical skills they need to avoid engaging in risky behaviors (Marsiglia
et al., 2009).

Through risk assessment and by strengthening their communication skills, stu-
dents acquire concrete peer pressure management skills to avoid or delay their use
of alcohol or other drugs and to avoid other risky behaviors. The intervention pro-
vides students with the tools to do what they want to do and not to just follow what
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others want them to do. The main purpose of the program is to teach students how
to manage substance use offers of alcohol, tobacco, and other drugs by using the
REAL strategies (Kulis et al., 2007). The acronym REAL—Refuse, Explain, Avoid,
and Leave—represents four resistance strategies used most commonly by youth
who successfully resist using substances: refuse substance offers with a direct no,
explain why you decline, avoid substance offer situations, or leave the situation
altogether. These offers often take place in peer and family contexts (Marsiglia
et al., 2009).

Like other efficacious school-based universal prevention programs, kiREAL
teaches how to manage risky situations through life skills (Botvin, 1990). It uses an
interactive format that allows youth to apply and rehearse the skills, in contrast to
programs that only relay information or employ scare tactics. The manualized
kiREAL program helps youth understand social factors (e.g., peer expectations) that
lead to risky behaviors while fostering a variety of adaptive skills including problem-
solving, decision-making, risk assessment, cognitive and behavioral coping strate-
gies, and interpersonal skills for resisting substance use. These personal and social
skills play an essential role in the healthy psychological adjustment and psychoso-
cial development of adolescents (Sancassiani et al., 2015). Learning these skills has
a special relevance in adolescence since this constitutes a critical stage in psychoso-
cial development, especially in terms of susceptibility to social influence from peers
and other social actors.

In order to reinforce learning and facilitate the incorporation of the REAL strate-
gies in the behavioral repertoire, the skills training of kiREAL comes from the ado-
lescents’ context and reflects the youths’ communication and decision-making
processes. Videos scripted and acted by students illustrate the REAL strategies and
are an integral part of the overall intervention (Holleran et al., 2002; Reeves et al.,
2008). The videos include recognizable local settings and reflect the cultural norms
and experiences of adolescents. Because KiREAL approaches culture of origin as a
source of resiliency and protection against risk, the videos illustrate risky situations
often involving peers and offer specific strategies to behave in ways consistent with
the cultural values of the youth (Nagoshi et al., 2020).

Aligned with its theoretical underpinnings, kiREAL has been culturally adapted
(Marsiglia et al., 2019) and evaluated for Mexico through a national Randomized
Control Trial (RCT) with more than 5000 middle school students and their teachers
(Kulis, Marsiglia, et al., 2021b). The same binational team replicated and tested the
culturally adapted intervention in smaller studies across different locations in
Mexico (e.g., Kulis, Garcia-Pérez, et al., 2021a; Marsiglia et al., 2015). It was also
culturally adapted and evaluated through feasibility and smaller efficacy and effec-
tiveness of RCTs in other countries such as Guatemala, Kenya, Spain, and Uruguay
(Cutrin et al., 2020; Kulis et al., 2019; Marsiglia et al., 2018).

In all the different international studies, kiREAL was adapted and evaluated in
partnership with local investigators and communities, following rigorous cultural
adaptation and evaluation protocols (Marsiglia & Booth, 2015; Marsiglia et al.,
2015). Peer influence emerged as a constant across the different studies, but it mani-
fested itself in unique ways in each cultural context. Uruguay presents an interesting
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case study, as it was the first Latin American nation to decriminalize the use and
commercialization of cannabis (Arocena & Aguiar, 2017). In addition, the law that
allows this new framework about marihuana use regulates the development of effec-
tive drug prevention programs for young adolescents.

Uruguayan Cultural Adaptation

Cultural adaptation is the systematic modification of a treatment or intervention
protocol, considering the language, culture of the participants, and their social con-
text. The main goal of these modifications is to make the intervention compatible
with the cultural patterns, meaning and values of the target population (Bernal et al.,
2009). The cultural adaptation process addresses differences in teaching styles or
forms of delivery, adjusts the contents of the program to the different contexts, and
addresses differences in communication style and values.

In prevention programs like Mantente REAL, considering differences in each
country’s educational system is key. For example, in Uruguay as in many other
countries, teaching methods tend to be traditional. On average, teachers in Latin
America use active instruction only 36% of class time, with passive instruction like
copying from the blackboard and seatwork occupying 25% of class time
(Alexandrowicz, 2021). Because Mantente REAL requires active participation of
the students, the teacher-training component is key. Teachers receiving the training
feel comfortable adopting a more active instruction style and enjoy rehearsing with
their colleagues this type of facilitation. Latin American teachers are not very accus-
tomed to deliver manualized interventions (Pérez & Mejia, 2015), and this is an
important aspect to take into account because Mantente REAL is a manualized pro-
gram. In order to achieve the desired levels of fidelity, classroom observations and
follow-up meetings supported teachers during the implementation. Teachers and
students were actively engaged in the cultural adaptation process and provided feed-
back about format and content. For example, Uruguayan students reported that they
enjoyed acting and role-playing the most. Due to the high rates of alcohol use in
Uruguay among younger children, participants used role-playing often as a means
to rehearsing the REAL strategies when confronted with an offer of alcohol.
Differences between and within countries are identified and integrated while pro-
tecting the core elements of the intervention that make it evidence-based.

Results from the Pilot Study of Mantenete REAL in Uruguay

After culturally adapting kiREAL (Mantenete REAL) for Uruguay (Marsiglia et al.,
2018), a binational team of researchers from Uruguay and the United States col-
laborated on a test of the prevention program in Montevideo, the national capital
and largest city. With the approval and cooperation of the national educational
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authority, Administracion Nacional de Educacién Publica (ANEP), six public pri-
mary schools were recruited to participate in a small cluster RCT in the 2019 school
year. The schools were first stratified—or sorted—into those serving lower-income
versus middle-income families and then block randomized into two groups. Three
schools were randomly selected to implement Mantenete REAL, and the remaining
schools were designated to serve as a comparison or control group. Schools in the
two groups had matched socioeconomic profiles.

In implementation schools, sixth-grade regular classroom teachers received a
2-day training in delivering the manualized Mantenete REAL intervention, includ-
ing actively preparing and rehearsing the lessons. They delivered the 10 lessons
between May and August of 2019, typically one session per week, in their regular
sixth-grade classes. In all six schools, sixth-grade students with parental consent
completed two questionnaires, timed immediately before and 2 months after
Mantenete REAL was delivered in the implementing schools. To ensure confidenti-
ality, members of the research team administered the questionnaires and teachers
were not present during the survey administration. There were 223 student respon-
dents, 96 in the Mantenete REAL schools, and 127 in the control schools. On aver-
age, students were 11 years old, nearly gender balanced (49% female, 51% male),
and more than half of them (57%) were living with two parents.

The students’ pretest and posttest data tracked changes over time in their sub-
stance use behaviors, experiences, and attitudes. Seven types of questions asked
students about their interactions with and perceptions of their peers, items that are
risk factors for adolescent substance use. These questions can provide insights into
whether Mantenete REAL affected the way that students recognized and dealt with
peer influences on substance use. All the measures were either multi-item scales or
single items with Likert-scale responses. The measures included the following:

e Descriptive norms: perceptions, often exaggerated, that most peers use
substances.

* Injunctive norms: expecting that friends would approve one’s use of substances.
* Susceptibility to negative peer pressure to engage in antisocial behavior.

* Receiving substance offers from peers.

* Lack of refusal efficacy: difficulty rejecting substance offers from peers.

» Positive substance use expectancies, such as making it easier to belong to a group.
* Poor decision-making: following others when faced with an important decision.

Figure 1 illustrates the students’ responses to these questions at the pretest after
dichotomizing the measures at substantively meaningful thresholds. Nearly a third
of the students said they would give in to peer pressure in at least one of six sce-
narios, most commonly to skip school or a class exam. Almost one-fifth said they at
times make important decisions by “doing what others do.” But on the remaining
items only about one in ten or fewer reported negative peer influences, including
that most school peers use substances; their friends would react positively if they
themselves used substances; peers had offered them substances in the last 30 days;
they would have difficulty turning down a cigarette offer from a peer; they agree that
using marijuana makes it easier to be part of a group. In assessing whether the
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Percent
0 10 20 30 40

Perceive most school peers use substances
Have friends who would approve drug use

Susceptible to negative peer pressure 31.5

Had recent substance offer from a peer

Vulnerable to school peer's cigarette offer
Positive drug expectancy: Group belonging

Poor decision-making: Follows others 18.7

Fig. 1 Negative peer influences at pretest (scales and items dichotomized)

Mantenete REAL program affected these outcomes it is important to remember that
most students reported little or no negative peer influence at the start of the study.

Figure 2 summarizes the effects of Mantenete REAL on negative peer influences
by first contrasting the mean size and direction of changes from the pretest to the
posttest in the intervention and control groups. Below these are an estimate of the
intervention effect size (Cohen’s d), which is a standardized comparison of the
degree of change in the intervention group relative to a change in the control group.
For three outcomes, negative peer influences increased in both groups, but to a
larger degree in the control group: perceptions of the extent of peer substance use,
susceptibility to peer pressure, and substance offers from peers. In two instances,
negative peer influences increased in the control group while decreasing for
Mantenete REAL: expected friends’ approval of substance use and vulnerability to
a peer substance offer. For the two final outcomes, reports of negative peer influ-
ences declined in both groups, but the decrease was larger in Mantenete REAL. These
differences between groups were statistically significant (at p < 0.10) for four of the
outcomes.

The consistent direction of effect sizes in Fig. 1 indicates that on all the outcomes
negative peer influences increased less—or decreased more—for Mantenete REAL
students than for controls. The effect sizes varied from what is considered very
small (<10.10l) to medium (>10.501) in magnitude, but most effects were in the typi-
cal range for school-based substance use prevention programs (Tanner-Smith
etal., 2018).
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M Mantenete REAL (Pre- to Post-test)
O Control Group (Pre- to Post-test)
O Effect Size (Cohen's d)

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Perceived substance use among school -—I*

peers | I— *

Expected approval of drug use from friends -’:I *

—
Susceptible to negative peer pressure EVEI
Recent substance offers from peers -’:I *
. —
Vulnerable to school peer's cigarette offer .’:I *

—
Positive drug expectancy: Group belonging !l

Poor decision-making: Follow others ﬁl

Statistically significant difference at: **p < 0.05; *p <

Fig. 2 Changes in negative peer influences from pretest to posttest (means), for Mantenete REAL
and control groups, and estimated intervention effect size

Discussion and Conclusion

Behavioral and neurobiological studies support the importance of peer pressure as
an influence in need of further exploration and integration into efficacious preven-
tion programs (e.g., Malacas et al., 2019; Ruiz, 2019). Research from different dis-
ciplines consistently recommends that prevention programs in early adolescence
strengthen adolescents’ assertiveness and resistance to peer pressure. They also sug-
gest improving problem-solving skills, especially considering the stronger effects
that risk taking peers have on adolescents’ risky behaviors in late adolescence (Burk
etal., 2012; Cutrin et al., 2017). Universal and multimodal school-based prevention
programs, such as Mantenete REAL, that focus on social skills training and compe-
tence enhancement can be useful in strengthening drug refusal skills, problem-
solving skills, self-regulation, and self-efficacy (Gardner et al., 2008; Scheier,
2012), all of them essential for enhancing resilience and coping with peer pressure
to use substances during adolescence (Leander et al., 2016).

In Uruguay, the pilot test with sixth-grade primary school students showed prom-
ising results that the Mantenete REAL intervention helps restrain or reverse the
accumulation of negative peer influences that are key factors in substance use initia-
tion among preadolescents and early adolescents. Participants in the intervention
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were less likely to adopt norms and attitudes that increase their risk of using sub-
stances, such as exaggerated perceptions that “everyone is doing it,” that their
friends would approve if they used alcohol and other drugs, and that substance use
will make them popular or to “fit in.” Mantenete REAL participants also reported
relatively less exposure to peer offers of alcohol and drugs, less likelihood of accept-
ing them, and less likely to “follow the herd” in decision-making.

Prevention strategies have often focused on managing undesirable affiliations by
limiting the amount of unsupervised free time with peers and promoting involve-
ment in structured activities (Mahoney et al., 2004; Meldrum & Barnes, 2017). The
Uruguay study indicates that managing attitudes toward drugs and increasing pro-
social peer associations, as Mantenete REAL does, are effective in decreasing risky
and antisocial behaviors (Gottfredson et al., 2004). Promoting prosocial friendships
while weakening negative peer pressure is key to modeling healthy and prosocial
behaviors. The findings support previous research, which concluded that adoles-
cents affiliated with a stable, cohesive, and extensive prosocial peer group are less
likely to be involved in risky behaviors, as positive friends serve as role models for
prosocial behavior (Brown et al., 2005; Burt & Klump, 2014). Involvement with
prosocial peers also favors the development of prosocial attitudes and beliefs and
social skills, such as assertiveness or cooperation (Criss et al., 2009), which in turn
can augment the effectiveness of prevention programs such as Mantenete REAL.

Limitations and Future Research

One of the limitations of the Uruguay study was its lack of ability to disaggregate
online social pressure from in-person peer pressure. In the current digital society,
we cannot understand adolescent relationships without taking into account the
degree of virtual interaction they have. Future research needs to address the trans-
formative role of social media in adolescent peer relationships (Nesi et al., 2018).
Measures of peer pressure need to move beyond traditional interpersonal environ-
ments and offer categories to explain how social media transforms peer relation
constructs such as peer status, peer influence, friendship, and peer victimization.

Uruguay has a high and very reliable level of access to the internet, and wide-
spread access to devices including among preadolescents. The “Plan Ceibal” is a
national program implemented in all public elementary schools in the nation.
Created in 2007, Ceibal is a plan for inclusion and equal opportunity with the aim
of supporting Uruguayan educational policies with technology (Melgar et al., 2017).
Uruguay is an ideal context to conduct in-person and virtual peer pressure research
and its relationship to prevention.

If we agree that social media has the power to transform peer relation constructs
like peer status, peer influence, friendship, and peer victimization, the strategies that
Mantenete REAL teaches should be evaluated and adapted to make them more
effective in virtual settings and help teens cope with peer online pressure during
adolescence (Jules et al., 2021).
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Another limitation of the study is that it took place in the largest city of the coun-
try without any representation of youth from small towns and rural areas. The cur-
rent sampling design limits the generalizability of the findings. Future studies need
to have a cross-sectional sample with greater geographic representation.

Conclusion

Projects like Mantente REAL in Uruguay can make an important prevention contri-
bution for young adolescents in their ability to resist peer pressure and to avoid drug
use and other risk behaviors. Improved peer pressure skills can also help especially
students from low socioeconomic status advance in their educational attainment and
related desired health outcomes. This is important because high rates of exclusion
and low rates of completion of secondary education are one of the principal prob-
lems in the educational systems in Latin America and the Caribbean. Uruguay, in
particular, had a graduation rate of 41% or, in other words, 20 percentage points
below the regional average (INEEd, 2020).

The Uruguayan context shows some unique characteristics, such as the decrimi-
nalization of cannabis use, a high level of access and use of technologies, and a
great need to change the low rates of completion of secondary education, which
makes it necessary to develop programs based on evidence like Mantente REAL,
which focuses on peer pressure skills.
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Neurodevelopment is subject to a series of interferences, according to the moment
of the life cycle, and there is a consensus in the literature that exposure to metals has
adverse effects on cognitive functioning, considering its functional use and
academic-social insertion throughout life. Children and adolescents, given the
moment during life, especially considering the sensitive and critical periods related
to the Central Nervous System (CNS), are potentially more vulnerable. In Latin
America, several studies have indicated adverse exposure to metals such as mer-
cury, manganese, and lead, among others, which have had negative consequences
for developing individuals, especially for those who live in contexts far from urban
centers and with increased risk factors for poverty and social marginalization. The
purpose of this chapter is to present evidence related to the exposure of some neu-
rotoxic metals in South America (manganese, mercury, and lead) and their effects
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on cognition, behavior, and the development of academic competence in children
and adolescents.

Mercury and the Its Effects on Human Health
and Cognitive Development

Mercury (Hg) is a metal found in three forms—metallic, inorganic, and organome-
tallic compounds—and can be found in air, water, soil, plants, and animals. The
elemental mercury is released into the air, primarily by natural sources like volcanic
emissions, and by anthropogenic activities, usually from industries and by artisanal
gold mining, and is oxidized to the ionic forms, which is converted to methylmer-
cury (MeHg) by anaerobic bacteria in the sediments of lakes, rivers, and sea, enter-
ing in the food chain (Davidson et al., 2004; Jedrychowski et al., 2006). Mercury
has been recognized as a serious pollutant of aquatic ecosystems (Kehrig et al.,
2009), and human exposure to MeHg usually occurs through oral ingestion, with
full gastrointestinal absorption, which leads to a rapid distribution to all tissues via
the bloodstream, including central nervous system (CNS). The main source of
human exposure to MeHg is through consumption of fish and other freshwater and
marine animals, such as whale meat and shellfish, which carry variable concentra-
tions of MeHg, associated with carbon radicals (Davidson et al., 2004).

The toxicity of MeHg is related to its association with water-soluble molecules
such as proteins or amino acids (Montgomery et al., 2008), and due to its high lipo-
solubility, it targets the myelin sheath where it effectively inhibits neuronal excit-
ability (ATSDR, 1999). MeHg has the ability to cross the blood-brain barrier and
accumulate in several areas of the CNS, such as the prefrontal cortex, striatum,
hippocampus, and cerebellum (Montgomery et al., 2008; Mourao, 2016). The main
reports of Hg poisoning are related to the consumption of fish highly contaminated
by MeHg in the 1950s, in Japan, mainly in Minamata and Niigata. From the babies
born to pregnant women who consumed the contaminated fish, it became evident
that the fetal brain can be highly sensitive to exposure to MeHg (Davidson et al.,
2004; Grandjean & Herz, 2015).

MeHg accumulated in the food chain after the biomagnification process poses a
significant risk to fish consumers, particularly women of child-bearing age and
young children (Hacon et al., 2014). High exposure to MeHg in the prenatal period
can cause severe toxic encephalopathy, due to oxidative stress and the possible
influence of MeHg in the disarrangement of chromosome distribution during mito-
sis, affecting the mechanisms of protection and genome integrity (Cano, 2014).
Thus, it can be estimated that exposure to MeHg can cause structural changes in the
CNS, cognitive impairments, and in social insertion characteristics (Castoldi et al.,
2008; Montgomery et al., 2008).

Some factors must be considered to estimate the impact of exposure to MeHg,
such as the insertion context, urban or rural area; the age of the group; the source of
exposure, and the measure of obtaining accumulation of this metal. Knowing about
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the type of fish consumed, whether predators or nonpredators, can contribute to the
establishment of risk references for the population, since predatory fish, when com-
pared to nonpredatory fish, have a higher concentration of MeHg (Passos et al.,
2008). The origin of the population must also be considered, in view of the access
to the types of food (Hacon et al., 2014; Vieira et al., 2013), as well as the measures
the levels of MeHg in the body, quantification of consumption household fish, and
MeHg analysis by hair, blood, and urine collection (Mourdo, 2016). For populations
with high fish consumption, hair mercury reference values above 10 pg/g are associ-
ated with a 5% risk of neurological damage (IPCS, 1990), and in this case, it is
worth noting that individual approaches to prevention are limited.

Although there are beneficial effects related to fish consumption, considering its
essential role in daily nutrition for more than 2.9 billion people worldwide (Myers
et al., 2015), it is highlighted that exposure to MeHg and consumption of fish by
women and infants are associated with developmental risks (Sheehan et al., 2014).
Grandjean and Landrigan (2014) highlight that MeHg neurotoxicity occurs at expo-
sures much lower than concentrations that affect adult brain function. Ha et al.
(2017) carried out a systematic literature review of the literature, which found 815
published articles referring to exposure to Hg. The main results indicate that it is
difficult to compare Hg exposure between populations with different biomarkers
and estimates; that the fetus is very susceptible to exposure to Hg during organogen-
esis; and that prenatal exposure to MeHg associated with low birth weight can delay
neurological development and growth in children and women of child-bearing age.

Excess metals in the body can cause adverse effects on neuropsychological func-
tioning, with effects on attention, visual memory, and working memory, among
others, for example (Carvalho et al., 2014; Grandjean et al., 1999a). Exposure to
metals with neurotoxic potential can mainly influence the development of cognitive
functions in children and adolescents, as the brain maturation process has not
reached its maximum level of development.

Over the last decades, the consequences of contamination by MeHg have been
presented, considering different moments of neurodevelopment, such as the prena-
tal period, childhood, adolescence, and even adulthood. The prospective study of
the Faroe Islands is one of the largest and most intensive cohort studies to date to
elucidate the possible neurobehavioral effects of exposure to MeHg. Data from this
cohort study support the idea that it is important to consider the exposure of a neu-
rotoxic metal as a modifier of neuropsychological aspects related to intelligence,
attention, verbal memory, visuospatial memory, and motor function, among others,
both during childhood development and along adult life (Debes et al., 2006; Debes
et al., 2016). The authors point out that the effects on brain function associated with
prenatal exposure to methylmercury appear to be multifocal and permanent, even
though fish consumption is associated with beneficial nutrients in human health
studies.

In the Amazon region of Brazil, some studies report the adverse effects of expo-
sure to MeHg on neuropsychological functions of riverine populations. Grandjean
et al., 1999b) showed that the most exposed communities performed worse on neu-
ropsychological tasks that assessed attention, short-term memory, visuospatial
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memory, working memory, and motor function. Chevrier et al. (2009), with the
same cohort, from a secondary analysis indicate that exposure to mercury was nega-
tively associated with the scores of the drawing task that assessed the episodic visual
spatial memory. A score reduction of 1.2 points was observed in the children with
hair mercury concentration above 10 pg/g compared to those with hair level below
1 pg/g. From the studies mentioned above, it is possible to see that, considering the
research context and the sample characteristics, there may or may not be neuropsy-
chological alterations associated with exposure to MeHg.

Santos-Lima et al. (2020) investigated the relationship between environmental
exposure to mercury in riverine communities in the Brazilian Amazon and the neu-
ropsychological functioning of children and adolescents aged 6 to 14 years. The
results indicate that high concentrations of total hair Hg were associated with a
lower performance in neuropsychological functions, mainly for measures of Verbal
Intelligence Quotient (IQ), total IQ, phonological verbal fluency, and visuospatial
working memory. Santos-Sacramento et al. (2021), in a review study, found that, for
samples from the three main hydrographic basins in the Amazon region, Tapajds,
Tocantins, and Madeira, hair mercury levels were two to ten times higher than the
recommended reference level, with effects on neurocognitive functioning, in addi-
tion to visual, motor, and somatosensory repercussions.

For countries in Latin America and the Caribbean, current levels of exposure to
toxicants such as MeHg are dangerous and harmful to children’s neurodevelopment,
and reducing exposure to neurotoxic metals is essential to protect children’s health
and development (Dérea, 2020). Brazil as a signatory country to the Minamata
Convention must play a central role in the discussion of the effects of exposure to
Hg, with a view to minimizing the negative impacts on human health (Crespo-Lopez
etal., 2021). It is essential to discuss and adopt policies and actions that prevent and
mitigate problems related to the neurodevelopment of children in this region.

The data described above show that even in different contexts, mercury poses a
risk to the neuropsychological development of children and adolescents. At the
same time, it should be considered that there may be factors that meliorate the
effects of exposure on cognitive development, such as the action of nutrients present
in fish meat, when this is the route of exposure. Thus, it is important to study and
understand how exposure to mercury can affect infants and adolescents, considering
the socioenvironmental and economic characteristics, since mercury can affect neu-
ropsychological development in the maturation process.

Children and adolescents with executive difficulties can present learning difficul-
ties, and, in the Brazilian scenario, studies indicate negative outcomes for the edu-
cational development of children. The impacts on children’s health caused by
neurotoxic exposure vary widely across developing countries, and children’s rights
to a safe environment where they can grow, develop, play, and learn are dangerous
when public policy does not consider such related factors (Perlroth & Castelo
Branco, 2017). According to Santiago de Vasconcellos (Santiago de Vasconcellos,
2016), based on an estimation study, individuals from the northern region of Brazil
are at higher risk of mild intellectual disability associated with exposure to methyl-
mercury. The study data indicate that children can be born with a loss of 2 IQ scores,
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a loss that can contribute to the maintenance of a low human development scenario,
which compromises not only economic growth, but also intellectual growth.

According to the report of the United Nations Children’s Fund (Unicef, 2018), in
Brazil, there are about seven million children and adolescents with a discrepancy
between school grade and age. In the northern region, notably studied regarding
exposure to mercury, most states show discrepancies in the early and final years of
elementary and high school. For populations environmentally exposed to contami-
nants such as mercury, unfavorable socioeconomic conditions and relative geo-
graphic isolation are added, preventive actions in terms of health and education
must be considered to minimize the risks of developmental and social insertion
problems.

Manganese Exposure and Children Cognitive
and Achievement Performance

Manganese (Mn) is an essential microelement; however, excessive exposures have
been associated with neurotoxic effects with cognitive impairment in children.
Among the main sources of exposure, there are the digestive routes with the con-
sumption of food and water, through contact and through the respiratory route.
Exposure via the respiratory route is considered the fastest and represents the great-
est vulnerability since inhaled Mn can be transported directly to the brain through
the olfactory nerves (Brenneman et al., 2000; Dorman et al., 20006).

The evidence has shown that children living close to areas with industrial activity
or mining residues may be more susceptible to environmental exposure to Mn in
Brazil (Carvalho et al., 2014; Menezes-Filho et al., 2011) and Mexico (Catalan-
Vazquez et al., 2010; Torres-Agustin et al., 2012). Furthermore, exposure has been
reported from drinking water collected from taps in Canada (Bouchard et al., 2018)
and from wells in Bangladesh (Khan et al., 2012; Wasserman et al., 2011). An imag-
ing study using fMRI with adolescents in Italy with history of environmental Mn
exposure identified reduced response from limbic system, suggesting an alteration
of brain network related to emotional responses (Iannilli et al., 2016).

Studies have indicated that Mn can accumulate in brain regions such as the basal
ganglia, which has been reported as one of the regions with the highest accumula-
tion of Mn (Dobson et al., 2004). Considering studies with animals chronically
exposed to Mn demonstrated an increase of Mn in regions of the hippocampus,
frontal cortex, and brainstem (Burton & Guilarte, 2009; Dorman et al., 2001;
Guilarte et al., 2006; Schneider et al., 2009), in addition to disrupting dopamine
neuron function in the striatum and causing degeneration in the frontal cortex
(Guilarte, 2015). These brain regions are related to executive functions and conse-
quently to learning that depend on the frontostriatal circuit and the hippocampus.

The meta-analysis performed by Liu et al. (2020) evaluated the association
between 1Q and different metrics of exposure to Mn in hair, blood, and drinking
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water. A tenfold increase of Mn in hair concentrations was associated with a
decrease of 2.51 points on Total IQ. When analysis was performed considering the
source of exposure, a negative association was found only between Mn in hair and
Total IQ related to Mn airborne exposure, but not to water or exposure to Mn mining
residues. Considering studies in which the source of exposure of Mn was air, a ten-
fold increase in hair manganese was associated with a 7.62 point decrease in Total
1Q (Liu et al., 2020). In studies with children younger than 6 years, the main effects
have been reported by prospective studies and related to neurodevelopment, mainly
cognitive, and motor development (Claus Henn et al., 2017; Takser et al., 2003).

Essential and learning-related functions such as working memory (Carvalho
etal., 2014; He et al., 1994; Riojas-Rodriguez et al., 2010; Wasserman et al., 2011),
verbal memory, and learning (Carvalho et al., 2018; Oulhote et al., 2014; Torres-
Agustin et al., 2012; Wright et al., 2006) have been reported in studies such as
impaired functions and associated with different markers of exposure to Mn.
Moreover, exposure to Mn has been associated with aggressive and disruptive
behaviors (Khan et al., 2011; Menezes-Filho et al., 2014; Rodrigues et al., 2018a)
and hyperactivity (Bouchard et al., 2007; Ericson et al., 2007).

In Brazil, a series of studies identified high levels of Mn in environmentally
exposed children between 7 and 12 years old living close to ferromanganese alloy
plant in the region of Simdes-Filho Bahia. A negative association was found between
Mn in hair levels and IQ, visuospatial organization, and verbal working memory on
children (Carvalho et al., 2014). Furthermore, externalizing behavior and hyperac-
tivity were positively related with Mn exposure (Menezes-Filho et al., 2014;
Rodrigues et al., 2018b). Further study in this same region, by Menezes-Filho et al.
(2018), evaluated the coexposure to Pb, and Mn and the results showed a negative
association between IQ and Pb levels on blood only with children with high Mn on
toenails (MnTn), but no association was found with children with low MnTn. An
executive function intervention Heroes of the Mind was conducted with children
from this same region in Brazil (Carvalho, 2017). The results indicated that the
group of children exposed to Mn that received the intervention presented more
expressive gains with greater effect size compared to the exposure control group in
working memory, cognitive flexibility, and phonemic verbal fluency, and there were
transferring effects to other cognitive and academic functions such as visual atten-
tion and written skills.

In relation to school achievement, the study conducted by Khan et al. (2012) with
840 children between 8 and 11 years old found an association between Mn levels in
drinking water and mathematics performance, but not with language scores. Bhang
et al. (2013) conducted a study with 1089 children between 8 and 11 years old, and
the results revealed that the group with higher levels of Mn showed lower scores in
academic performance in relation to thinking, reading, calculations and quotient
learning, and a higher number of errors per commission on the continuous perfor-
mance test (CPT). In Brazil, a study with 63 children aged between 6 and 12 years
found a negative association between manganese in the drinking water with writing
and language skills, in addition to impaired executive functions (Nascimento
et al., 2016).
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Lead and Its Compounds

Lead (Pb) is a posttransition toxic metal, soft, malleable, and corrosion resistant
(Acharya, 2013). Although it is a natural component of the earth’s crust and ubiqui-
tous in the environment, its main source of exposure is due to anthropogenic activi-
ties: since antiquity and, mainly, after the industrial revolution which catapulted
mining activities and its numerous applications due to its unique physicochemical
properties (Acharya, 2013; Burt, 1969; Papanikolaou et al., 2005). As a result of this
widespread use, this metal has become abundant in the environment, and despite
recent worldwide regulations implemented to control its use, it remains a worrying
pollutant for air, soil, water resources, and consequently for agricultural products
(Acharya, 2013; ATSDR, 2020).

Human activities that constitute the main sources of exposure to lead include
mining, industrial, crafts such as lead glazed ceramics, Pb-based paint, the improper
disposal of e-waste, and used batteries (ATSDR, 2020; Bah et al., 2020; Dérea,
2021; O’Connor et al., 2018). Other sources of exposure result from the historical
and/or prolonged use of products with considerable lead content: additive gasoline
(since the early 1920s), old pipes, and solders (ATSDR, 2020). As Pb is not biode-
gradable, these previous uses have left a legacy of contaminated sites (ATSDR,
2020; Dérea, 2020; Mohmand et al., 2015; Wong et al., 2003).

The general population is exposed to this metal from inhaled air, food, water,
soil, and dust. Several studies have reported significant correlations between Pb
levels in these matrices with its biological levels in humans or even in animals:
whole blood, hair, and nails (ATSDR, 2020; Brown & Margolis, 2012; Mohmand
et al., 2015; Olympio et al., 2018; Rodrigues et al., 2018a). Some factors or situa-
tions increase the risk of exposure of populations in general, and particularly in
children: socioeconomic level, proximity to contaminated industrial sites, active
smoker at home, burning household waste, living near heavy traffic roads or com-
munities having artisanal activities with Pb, such as Oaxaca, Mexico, and
Maragogipinho, Brazil (ATSDR, 2020; Azcona-Cruz et al., 2000; Bah et al., 2020;
Menezes-Filho et al., 2012).

The route of entry into the human body is mainly by respiratory tract for adults
in occupational setting, digestive, especially for children, prenatal exposure, and
breast feeding for the newborn. For those, breast milk represents the main source of
exposure given Pb similarity to calcium ion (Ca?*) (ATSDR, 2017; ATSDR, 2020;
Dérea, 2021). Pb appears to be distributed in the same way, regardless of the route
of absorption: in blood it has a half-life of 2635 days (ATSDR, 2017; Papanikolaou
et al., 2005; Ramirez Ortega et al., 2021), in soft tissues such as the brain, liver, and
kidneys, it has a half-life of 1-2 months (National Research Council, 1993), and in
bones, it has a half-life ranging from 5 to 30 years (ATSDR, 2020). Pb can easily
cross the placental and blood—brain barrier (Ramirez Ortega et al., 2021). In gen-
eral, studies indicate that Pb distribution in the body appears to be similar in chil-
dren and adults, although most accumulate in bones more in adults (94%) than in
children (73%) (ATSDR, 2020; Papanikolaou et al., 2005). Absorbed Pb is excreted
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mainly in urine and feces, but also in sweat, saliva, hair, nails, and breast milk
(ATSDR, 2020; Ramirez Ortega et al., 2021).

Exposure to lead causes damage to almost all vital systems and organs: blood
tissue, central and peripheral nervous system, kidneys, cardiovascular system
(hypertension), and reproductive system (male infertility). Neurological disorders
depend on the degree of exposure, ranging from loss of intellectual performance,
mental retardation, maladaptive behavior, to encephalopathy and/or death (Council
On Environmental Health, 2016; ATSDR, 2020; Haefliger et al., 2009).

Lead affects the brain through direct and indirect mechanisms. The first is mainly
due to its ability to replace the Ca?*, explaining its ability to cross the blood—brain
and placental barriers (Dérea, 2019), impact the release of neurotransmitters, induce
mitochondrial apoptosis, and affect the activity of second messengers (protein
kinases, cyclic AMP, potassium channels) through the activation of calmodulin
(Bressler & Goldstein, 1991; Ramirez Ortega et al., 2021). Other mechanisms that
should be considered are the sequestration and remobilization of Pb from bone tis-
sue, the effect on various molecules such as synaptotagmin I, NMDA receptors, and
protein kinase C (PKC) (Bressler & Goldstein, 1991; Lidsky & Schneider, 2003).

For the fetus, Pb sequestered in maternal bones represents the most important
source of exposure; once released, Pb easily crosses the placenta, putting the fetus
at risk due to the possibility of being in direct contact with the developing brain
(Ramirez Ortega et al., 2021). Pb can indirectly impact the nervous system through
other interconnected systems. D-aminolevulinic acid (ALA) suppresses gamma-
aminobutyric acid (GABA)-mediated neurotransmission, inhibiting its release and
also likely competing with GABA receptors (Lidsky & Schneider, 2003). The abil-
ity to reduce iron absorption, in case of its deficiency, from the intestine can aggra-
vate anemia, which is also associated with impaired cognitive neuropsychological
development (Kordas, 2010).

Lead has been associated with damage to the intellectual development of chil-
dren in many studies (Council On Environmental Health, 2016; Dérea, 2021; Ide &
Parker, 2005; Koller et al., 2004). Considered without toxic threshold, its exposure
among children is associated with developmental problems, including cognitive
function impairment, attention deficit, hyperactivity, and short stature (Council On
Environmental Health, 2016; Betts, 2012). Haeflinger et al. (Haefliger et al., 2009)
reported severe neurological disorders (neuropsychiatric disorders such as irritabil-
ity, anxiety, sleep disturbances, and aggressiveness) in children exposed to extremely
high blood lead levels (BLL) due to car battery recycling without control and pro-
tection measures. The study was initiated after the death of 18 children caused by a
serious central nervous system disease, with rapid evolution and unexplained origin.
BLL circa 129.5 pg/dL was observed in children still alive from the same neighbor-
hood. Low BLLs have also been reported as harmful to children due to cognitive
impairments (Betts, 2012; Council on Environmental Health, 2016; Dérea, 2021).

Despite the drop in BLL in the United States (since the 1970s) or in Western
richer countries, there is strong evidence in the literature of the occurrence of defi-
ciencies in cognitive and academic skills associated with BLL below 5 pg/dL, cur-
rent limit recommended by Betts (2012). In Latin America, although little is known
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about the degree of exposure in children (Olympio et al., 2017), several studies have
also reported worrying situations in areas known to have Pb-related activities (Bah
et al., 2020; Olympio et al., 2017). For example, in Mexico, Gomaa et al. (2002)
reported that Pb levels in the mother’s umbilical cord blood and trabecular bone
were inversely associated with Mental Development Index (MDI) scores. They con-
cluded that Pb stored in bone could represent a risk factor for neurodevelopment in
infants at 24 months of age.

More recently, Horton et al. (2018) showed the relationship between postnatal
(dentine) Pb level and the increase in anxiety symptoms in children aged 8—11 years,
while Jansen et al. (2019) found association of elevated BLL with greater sleep
fragmentation in young adolescents: patients in the highest quartile of BLL in child-
hood had an average of sleep duration 23 minutes lower than those in the first quar-
tile in adolescence. Although several have found significant inverse associations,
others have reported inconclusive results (Dérea, 2020; Buchanan et al., 2011, thus
showing the need for further investigation to better understand the mechanisms of
Pb neurotoxicity.

It is important to note that over the last few decades, due to the need to consider
what happens in real life and social conditions, several investigations have focused
on exposure to multiple contaminants. Valeri et al. (2017) estimated that, compared
to exposure to a single metal, coexposure to several metals early in life may increase
the neurotoxicity resulting from this mixture. Sanders et al. (2015) reviewed studies
of the effects of neurotoxic metal mixtures on neurodevelopment and found that the
effect associated with Pb was part of most of the studies reviewed.

In Brazil, Menezes-Filho et al. (2018) reported BLLs below 5 pg/dL and a
median of 1.8 pg/dL, and schoolchildren living near a ferromanganese alloy plant
were significantly associated with loss of 1Q points, especially in those with higher
exposure to manganese. Most exposures to Pb-containing mixtures occur early in
life, during the most vulnerable period, pregnancy, and lactation. Thus, even before
birth, exposure to Pb along with other neurotoxic metals can act together to produce
adverse effects on normal neurodevelopmental processes, thus causing altered func-
tions, such as cognition and/or behavior later in childhood (Dérea, 2019). In these
cases, the central nervous system integrates neurotoxic substances with converging
and adverse mechanisms. In addition, environmental exposure to Pb can also inter-
act with other risk factors, such as maternal stress, to negatively affect neurodevel-
opment (Tamayo et al., 2017).

Final Considerations

Children exposed to metal are at risk for the development of essential functions
related to learning. In addition, children and adolescents are usually vulnerable to
other social stressors such as low socioeconomic status and low parental education
(Lucchini et al., 2019). Studies with populations exposed to metals show that there
is a sum of risk factors that are usually present that include low socioeconomic



144 C. Santos-Lima et al.

status, low parental education, difficulty in accessing health resources, and low-
quality education, thus configuring a context of high vulnerability. The accumula-
tion of risk factors and negative adverse experiences in childhood have been
emphasized as being crucial to the formation of brain architecture, consequently
leading to negative consequences throughout life for cognitive functioning and
expression of adaptive behaviors (National Scientific Council on the Developing
Child, 2006).

Studies of some countries of Latin America have showed cognitive and behav-
ioral impairment associated with exposure to metals such as Hg, Mn, and Pb. For
example, mercury continues to be used in the extraction of gold in the Amazon
region, as well as lead in the countryside of Brazil or manganese in the production
of iron alloys, affecting the health of different populations. Considering the risk of
continued exposure of metals in the countries and the sociovulnerable conditions of
populations, it is important to conduct studies to describe the main effects of expo-
sure, as well as think of ways to minimize risks and enable specific interventions to
promote and develop essential cognitive skills for life.
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Introduction

The human brain is remarkable in its ability to learn and generalize knowledge.
There is ample evidence that different life experiences can serve as the basis for
enhanced learning. To cite a few examples, taxi drivers are especially good at navi-
gation and spatial learning tasks (Maguire et al., 2000), musicians are better at
learning and discriminating lexical tone categories (Zhao & Kuhl, 2015), and action
video games players have increased attentional control and meta-learning (learning
to learn) skills (Green & Bavelier, 2012), compared to individuals without these life
experiences. It is perhaps not a wild stretch to assume that linguistic experiences,
such as experience with two languages (bilingual experience), could also foster lan-
guage learning skills. This idea summarizes the primary focus of this chapter, which
explores how bilingual experience could influence foreign language learning.

One can think of a language as a mental rulebook. Within this book, there are
multiple interconnected chapters. The information in each chapter is relevant to
other sections of this book, and therefore one cannot read them in isolation. For
instance, the first chapter could take the form of a dictionary, where a collection of
words (in their written and spoken forms) pair with their concepts to form a lan-
guage’s vocabulary. This dictionary would naturally depend on other book sections
detailing how to correctly write, pronounce, and use these words in different
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contexts. Other chapters in this rulebook would also show how to modify the words,
combine them into sentences, and convey information that cannot be transmitted
using a single word. Using this analogy, learning a foreign language could be akin
to acquiring and memorizing a new rulebook.

The idea that knowing more languages facilitates subsequent language learning
spans decades. It is thought that the less predictable linguistic environment faced by
bilinguals might induce them to more efficiently explore and acquire new linguistic
information than monolinguals (Festman, 2021). In this regard, the experimental
work on this idea generally falls into studies that target general or specific aspects
of foreign language learning. On the one hand, research focused on measuring the
general foreign language proficiency (i.e., writing, reading, speaking, listening)
highlights that bilinguals may use different strategies during foreign language learn-
ing than monolinguals (Cenoz, 2013). These findings hint toward an additive effect
of bilingual experience on foreign language learning, whereby knowing more lan-
guages leads to an increased linguistic repertoire available during learning.

On the other hand, some researchers have examined the differences between
monolinguals and bilinguals on specific foreign language competencies, the more
predominant being vocabulary (Antoniou et al., 2015; Kaushanskaya & Marian,
2009a, b). These studies suggest that bilingual experience improves vocabulary
learning outcomes by either strengthening the phonological system, the lexical-
semantic network, or inhibitory control mechanisms or making these more flexible
to accommodate new information (Kaushanskaya, 2012; Kaushanskaya & Marian,
2009b). Nevertheless, due to these typically ad hoc explanations, the mechanisms
underlying the differences remain largely understudied.

To review and integrate all these findings into a common framework, Hirosh and
Degani (2018) proposed two broad and complementary routes through which expe-
rience with multiple languages could facilitate foreign language learning. The first
route involves a direct transfer of linguistic information from any (or all) available
languages to the foreign language, also known as cross-linguistic transfer.
Individuals can use the knowledge in any language they know during learning to
find similarities to exploit (i.e., positive transfer), but these might also lead to nega-
tive (nonfacilitatory) transfer. For example, a Spanish speaker learning English
might find the word vocabulary easier to learn than the word country, even if they
both occur frequently. The former has a translation equivalent with a similar mean-
ing and form (vocabulario)—a cognate word.

The second route through which bilingualism could affect foreign language
learning according to this framework is indirect. Simply put, the multilingual expe-
rience might potentiate /inguistic or nonlinguistic cognitive abilities, improving for-
eign language learning outcomes in turn (Hirosh & Degani, 2018). The linguistic
abilities include metalinguistic awareness, verbal working memory, and lexical-
semantic network strength, among others. With a few notable exceptions (i.e., ver-
bal working memory), these linguistic abilities tend to be challenging to quantify as
they are significantly language-specific (Bialystok et al., 2014; Serratrice et al.,
2009). In other words, it would not be possible to measure metalinguistic awareness
as a general ability without individuals already knowing a specific foreign language.
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As aresult, studies have yet to explore (1) how to properly quantify these skills, (2)
how multilingualism could enhance these skills, and (3) how such enhancement
could modulate foreign language learning.

Compared to the linguistic abilities mentioned above, the nonlinguistic cognitive
abilities are perhaps even more controversial. Many studies suggest that bilinguals
might possess enhanced cognitive abilities over monolinguals (for reviews, see
Adesope et al., 2010; Kroll & Bialystok, 2013; Schroeder & Marian, 2017). The
typical narrative is that, due to their constant practice of inhibiting/selecting which
language to use, bilinguals might show enhanced nonlinguistic cognitive abilities
over monolinguals (such as conflict monitoring, inhibitory, or attentional control).
These results have been under severe scrutiny recently due to theoretical and meth-
odological issues (Blanco-Elorrieta & Pylkkédnen, 2018; de Bruin et al., 2021).
Thus, both the existence and relevance of these findings have been rendered moot.

The logical assumption deriving from these findings is that knowing more lan-
guages provides more sources for cross-linguistic transfer than other indirect abili-
ties. That is to say, an individual that knows two languages can potentially transfer
more knowledge between these and the foreign language they are learning than
someone who only knows one language. However, what is the evidence in favor and
against bilingual experience influencing foreign language learning?

Empirical Evidence

This subsection reviews the extant research targeting bilingual and monolingual
foreign language learning at different levels of language representation. Since this
is currently an active field of research, this review is far from exhaustive (for more
comprehensive reviews, see Festman, 2021; Hirosh & Degani, 2018; Montanari,
2019). Instead, we primarily cover the main experimental work addressing differ-
ences, or lack thereof, between bilinguals and monolinguals at each linguistic level
of representation. Moreover, we primarily focus on experimental studies with bilin-
guals and monolinguals but avoid, wherever possible, those involving multilingual
participants. The research involving multilingual individuals, although informative,
has additional confounding factors, such as the interactions between multiple lan-
guages and a general lack of control measures (i.e., age of acquisition, proficiency,
exposure, general intelligence) for these participants.

Sublexical Phonology: Phonology/Phonetics Learning sublexical phonology can
refer to acquiring new words that differ in phonology at the syllable level, learning
to discriminate or produce new phonemes, or incidentally (implicitly) learning to
segment words with foreign phonology from continuous speech. Here, we will dis-
cuss studies covering these three types of tasks. Naturally, if an individual already
knows how to pronounce or discriminate specific phonemes (due to their prior lin-
guistic knowledge), they should be better overall in these three tasks. Beyond these
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direct effects, we also present studies showing differences between bilinguals and
monolinguals and arguing for indirect effects.

Antoniou et al. (2015) compared monolinguals (English) and bilinguals
(Mandarin-English and Korean-English) across two vocabulary learning experi-
ments. That is, participants learned eight new names (words) for eight objects. The
critical manipulations in these experiments were the phonological patterns that
comprised the words, which were only one syllable long or monosyllabic. Pairs of
syllables in the vocabulary differed in one phoneme, and were either English-like
(voiced fricative; e.g., /¢/ vs. /B/), Mandarin-like (i.e., retroflex; e.g., /t/ vs. /t/), or
Korean-like (i.e., lenition; e.g., /0/ vs. /0'/) minimal pairs. In the first experiment,
Mandarin-English bilinguals outperformed monolinguals in learning both the
English-like and Mandarin-like minimal pairs. In the second experiment, both
Mandarin-English and Korean-English bilinguals outperformed the monolinguals
in the Mandarin-like minimal pairs. However, only the Korean-English group could
distinguish between the more challenging Korean-like minimal pairs. Their results
indicated that general bilingual experience (in terms of enhanced phonological net-
work) and phonetic similarity (derived from experience with Korean) could influ-
ence learning new phonology over monolinguals.

Other studies have shown minimal or no differences between monolingual and
bilingual children and adults when learning to discriminate new phonemic contrasts
(Polka et al., 2001; Sundara et al., 2006; Tremblay & Sabourin, 2012). These tasks
typically involve determining whether a heard sound belongs to a phonemic cate-
gory (e.g., Hindi’s retroflex t versus dental stop t). For instance, Tremblay and
Sabourin (2012) tested the phonemic discrimination performance of English mono-
lingual, English-French bilingual, and multilingual adults using pretraining and
posttraining tests. Before training, there were no differences between the groups.
After training, only the multilinguals but not the bilinguals performed the discrimi-
nation task better than the monolinguals.

Wang and Saffran (2014) compared monolinguals (English and Mandarin) and
bilinguals (Mandarin-English and English-Spanish) in a statistical learning task. The
task combined syllables and tones to simulate the experience of learning a tonal
language as a foreign language. The artificial language contained three trisyllabic
words (i.e., words with three syllables) with varying tones. After familiarizing them-
selves with the artificial language, participants heard a series of word pairs (one
target and one foil) and selected which one belonged to the artificial language they
had previously heard. Their results indicated that both bilingual groups outper-
formed the monolingual groups, regardless of their experience with tonal languages.
Again, the authors of this study pointed at bilingual experience conferring indirect
advantages in terms of the phonological network (Wang & Saffran, 2014). In other
words, experience with the different phonology of two languages might confer an
advantage when segmenting words from the continuous speech in a foreign language.

Sublexical Orthography: Literacy and Orthotactics Under the sublexical orthog-
raphy level, we consider studies where individuals learned to read and write in a
foreign script (literacy). Some of these studies target bilingual individuals who
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know two scripts, known as biliteracy. For example, a Spanish-Mandarin bilingual
knows an alphabetic (Spanish) and a logographic (Mandarin) script.

Most studies on monolingual and bilingual literacy skills involve infants, chil-
dren, and adolescents learning new scripts. In brief, some suggest that bilingualism
or biliteracy can facilitate spelling and decoding in a new script over monolingual-
ism (Clyne et al., 2004; Kahn-Horwitz et al., 2011; Schwartz et al., 2014; Trapman
et al., 2014), whereas others have shown comparable performance between the
groups (Van Gelderen et al., 2003). Although these findings imply that bilinguals
might possess a more flexible orthographic system than monolinguals, it is essential
to consider that other critical sociocultural factors might be involved (Montanari,
2019). For instance, immigrant and immersion bilingual minors might be more will-
ing to communicate and have lower anxiety when facing a foreign language than
local monolinguals. Thus, sociocultural factors might have a more considerable
effect on ultimate learning achievement than bilingual experience in itself.

The research on adult monolingual and bilingual literacy is very scarce. Of note,
Modirkhamene (2006) compared the English reading comprehension of adult bilin-
gual (Turkish-Persian) and monolingual (Persian) speakers three times over two
years of their classroom learning studies. Persian possesses a Perso-Arabic script,
and the Turkish script contains 29 letters compared to the 26 in the English alphabet.
They found that the bilingual participants outperformed their monolingual peers
over time, suggesting that bilinguals could better acquire the decoding and compre-
hension skills to succeed in this test (Modirkhamene, 2006). Similarly, another
study found that Turkish-Farsi bilinguals outperformed Farsi monolinguals in their
English writing skills (Poorebrahim et al., 2020). Although other mechanisms might
be involved, it is easy to see how Turkish knowledge might have directly benefited
the outcomes in these studies because of its similar script to English.

Morphosyntax: Grammar Morphosyntax encompasses the variations of words
(morphology) and the rules by which multiple words combine to form clauses and
sentences (syntax). These aspects are collectively referred to as grammar. The
research on monolingual and bilingual grammar learning is limited, partly because
learning grammar requires prior knowledge of other fine-grained aspects at the sub-
lexical, lexical, and even semantic levels (Hirosh & Degani, 2018; Montanari, 2019).

Nation and McLaughlin (1986) tested the grammar learning performance of
English monolinguals, bilinguals, and multilinguals (with varying languages) using
artificially generated character strings that followed two underlying sets of gram-
matical rules. A subset in each group was told that the character strings followed
specific rules, which they had to discover (explicit condition). Conversely, the
remaining participants did not receive any instructions and passively visualized the
strings (implicit condition). After seeing the strings, all participants performed a
grammaticality judgment test where they had to indicate whether a series of charac-
ter strings were correct or not. Their results revealed no differences between the
groups in the explicit condition. Multilinguals but not bilinguals outperformed the
other two groups in the implicit condition. A similar study used English grammar
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instead of artificial character strings, also indicating a multilingual advantage for
grammar learning in adolescents (Klein, 1995). Regardless, there have been no
reported differences between monolinguals and bilinguals in these tasks.

A more recent study compared an older population (older than 60) of English
monolinguals and English-Spanish bilinguals that explicitly or implicitly learned
basic Latin grammar (Cox, 2017). They used four tasks to measure learning out-
comes: written and auditory sentence interpretation, grammaticality judgment, and
sentence production. Overall, their results showed that bilinguals outperformed
monolinguals in both sentence interpretation tasks, irrespective of whether they
received explicit or implicit instructions. However, there were no differences
between the groups in the other two tasks. They attributed these results to bilinguals
having an enhanced metalinguistic awareness than monolinguals. An alternative
explanation is that knowledge of Spanish (a Latin-derived language) could have
directly influenced the learning of Latin grammar.

Finally, another study compared Mandarin-English bilinguals against English
monolinguals in an artificial grammar learning task (Grey et al., 2018). After receiv-
ing some instruction in the novel language, the participants performed comprehen-
sion and production tasks and a grammaticality judgment task. They then performed
the comprehension and production tasks for 20 blocks to practice extensively in the
new language. Their results showed that bilinguals and monolinguals did not differ
in any of the tasks. This result was consistent when testing the participants at a low
or a high proficiency level in the artificial language and comparing them through the
comprehension and production learning blocks. In other words, at least at the behav-
ioral level, there was no evidence of bilingual experience conferring advantages
over monolingual experience.

Lexical-semantics: Vocabulary This subsection considers studies that target how
individuals acquire the mapping between foreign words and their meanings, known
as vocabulary learning. Vocabulary learning is the area that has received the most
attention from the literature (Festman, 2021; Montanari, 2019). Admittedly, some of
the studies we have reviewed thus far fall into the lexical-semantics level. However,
their designs and purpose more appropriately addressed other aspects rather than
vocabulary specifically.

In two seminal studies, Kaushanskaya and Marian (2009a, b) compared the per-
formance of bilinguals (English-Spanish English-Mandarin) and English monolin-
guals when learning foreign words paired with their English translations. The words
were artificial and had unfamiliar phonology created for these experiments.
Additionally, a subset of the participants only heard the new words and saw their
English translation (unimodal condition). In contrast, others heard and saw the new
words alongside their translation (bimodal condition). Their results indicated that
the bilingual group outperformed the monolingual group when recognizing and
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recalling the words immediately after learning them in both conditions. After a
delay, bilinguals were only better than monolinguals in the bimodal condition. To
explain this advantage, the authors suggested that bilingual experience either pro-
vided a more flexible mapping between orthography and phonology or led to
increased phonological working memory (Kaushanskaya & Marian, 2009a, b). An
equally plausible interpretation offered by other studies is that bilinguals are better
at reducing phonological interference of their known languages by recruiting inhibi-
tory control mechanisms (Bartolotti et al., 2011; Yoshida et al., 2011).

This bilingual advantage in vocabulary learning seems consistent irrespective of
whether bilinguals learned their languages since birth, through formal instruction or
later in life, or when matching bilinguals and monolinguals on their phonological
awareness and verbal working memory (Kan & Sadagopan, 2014; Kaushanskaya,
2012; Nair et al., 2016; Van Hell & Mahn, 1997). Additionally, related studies have
shown that the differences between monolinguals and bilinguals are more promi-
nent when learning concrete as compared to abstract meanings for the words
(Kaushanskaya & Rechtzigel, 2012). Consequently, it would seem that bilingual
experience improves language learning outcomes by either strengthening the pho-
nological network, the lexical-semantic network, or inhibitory control mechanisms
(Hirosh & Degani, 2018; Kaushanskaya & Rechtzigel, 2012; Yoshida et al., 2011).
All of these comprise the indirect effects mentioned above.

Although the evidence seems overwhelmingly in favor of a bilingual vocabulary
learning advantage, other studies employing different designs have shown no differ-
ences between monolinguals and bilinguals. For instance, Bakker-Marshall et al.
(2021) compared English monolinguals and Spanish-English bilinguals when learn-
ing two sets of Swahili-English word pairs over two days. Participants performed
four increasingly complex recall tasks and a primed lexical decision task where the
Swabhili words were used as primes (Bakker-Marshall et al., 2021). The authors
included this latter task to measure the lexical integration of the new words. Overall,
their results suggested that the groups performed equally on all the recall tasks, and
only the monolingual group showed the priming effect indicative of lexical integra-
tion. These results could be biased since participants in the bilingual group were
learning the words in their second language. Regardless, these results show that it
might not always be the case that bilinguals outperform monolinguals.

It seems like the evidence in favor of a bilingual advantage in foreign language
learning vastly overpowers the evidence against this claim, particularly at the
vocabulary level. These findings imply that learning a third language could differ
from learning a second language. Still, no current theoretical account suggests how
or why second and third language learning should differ. As an alternative, we sum-
marize the two major fields covering language acquisition from the linguistic per-
spective and bilingual word processing and learning from the cognitive perspective,
respectively.
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Linguistic and Cognitive Views on Second and Third
Language Learning

Linguistic Perspective

The linguistic perspective on language learning concurs that certain aspects of a
known language can transfer to the second or third languages, a concept known as
cross-linguistic transfer (Alonso, 2016). A crucial concept in the context of foreign
language learning is that of language typology, which refers to the structural fea-
tures or parameters of a language at all analytic levels (VanPatten & Benati, 2015).
All languages vary across these parameters, with languages oscillating according to
how close or distant they are (i.e., their proximity). Notably, the typological similar-
ity need not be objective, as learners can perceive idiosyncratic and subjective simi-
larities. These similarities are collectively known as psychotypology (Hermas, 2014).

Naturally, the only source for transfer during second language acquisition is the
native language (L1). In this case, the transfer will largely depend on the psychoty-
pological proximity between the L1 and the target foreign language. In contrast, in
acquiring a third language, the transfer could occur from any or both known lan-
guages depending on several factors. Consequently, several linguistic models of
third language acquisition have been put forward:

e The LI Transfer Model essentially posits that positive (facilitatory) and negative
(interfering) cross-linguistic transfer of linguistic information occurs mainly
from the first language (L.1), at least during the initial stages of foreign language
learning (Hermas, 2014). According to this model, transferring from the LI
incurs the least cognitive effort (i.e., is more efficient), inducing learners to find
perceived similarities to their L1 and not other known languages. Under this
model, second and third language learning should be approximately equal for
individuals with the same L1.

e Contrary to the previous model, the L2 Status Factor Model suggests that the
second language (L2) can take a more decisive role in cross-linguistic transfer if
it is more similar (has a higher status factor) to the foreign language (Bardel &
Falk, 2012). The reasoning for this model is that the learner does not actively
select which language to use for cross-linguistic transfer. Hence, transfer effects
can occur naturally from the L2 if the learner is sufficiently proficient and if the
L2 and target foreign language have similar psychotypology.

e The Cumulative Enhancement Model assumes that language learning is cumula-
tive, and specific language pairs can enhance learning (Flynn et al., 2004). In
other words, the L1 is not exceptional, and either the L1 or the L2 can be used as
sources for direct cross-linguistic transfer. This model would predict not only
that bilinguals would outperform monolinguals but that trilinguals (speakers of
three languages) would, in turn, be better than bilinguals at learning a foreign
language. That is, the more languages one knows, the easier it becomes to
learn more.
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e The Typological Primacy Model extended the ideas from the previous model by
suggesting that cross-linguistic transfer is selective (Rothman, 2011, 2015). It is
not a question of either-or but rather “when” do learners transfer from a specific
language. In this model, the more psychotypologically similar language has “pri-
macy” during cross-linguistic transfer. Furthermore, the transfer can occur on a
construction-by-construction basis. Therefore, learners can transfer from any
language so long as a specific construction is similar to any of them.

e The last model we consider is the Linguistic Proximity Model (Westergaard
et al., 2017). Compared to the prior models, this account further assumes that
transfer could occur from all known languages simultaneously. For instance,
there could be a positive transfer from the L1 and a negative influence from the
L2 operating upon the same construction (Westergaard et al., 2017). That is,
learners find similarities to any language to the foreign language. These similari-
ties range from psychotypology to more abstract and structural similarities.

It is critical to note that this literature does not particularly address the differ-
ences between second and third language acquisition (i.e., monolingual versus
bilingual foreign language learning). Instead, the differences under these models
fundamentally rely on whether bilinguals use their more extensive pool of knowl-
edge to transfer linguistic information during learning. Also, these models provide
valuable insights regarding the interplay of languages in the learner’s mind. First,
according to these models, the information from both languages is active and avail-
able for cross-linguistic transfer in bilingual learners. Second, there does not seem
to be separate systems for each language an individual acquires, and all languages
cumulatively interact during subsequent learning. Third, the cross-linguistic trans-
fer occurs from any or both languages on a construction-by-construction basis.
Finally, the similarities do not need to be objective, as learners can transfer based on
perceived and subjective similarities.

Cognitive Perspective

The field of cognitive science has focused on the mental processes underlying learn-
ing. A general view of the learning process comes from information-processing
theory (Schunk, 2012). In simple words, learners first integrate the information in
short-term memory, which is then passed to long-term memory using consolidation
processes (Walker & Stickgold, 2004). Thus, the knowledge is codified, stored, and
retrieved from these memory systems during learning, production, comprehension.
The codification process involves creating a mental (or neural) representation that
can be efficiently stored and retrieved. Under this information-processing view,
third language learners might differ in their codification, storing, and retrieval pro-
cesses over second language learners (Kaushanskaya & Marian, 2009b).

The majority of the language-related cognitive science literature has focused on
the mental lexicon, the brain’s storage for word forms (orthography and phonology),
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their meanings, and other aspects (Acha & Carreiras, 2014; Aitchison, 2012).
Specifically, the second language processing literature concurs that meaning repre-
sentations are common to the native and second languages. Recent consensus also
suggests that form representations are unified within the multilingual mental lexi-
con, the so-called language-nonselective view of the mental lexicon (Baxter et al.,
2021). In other words, there is a common space for words and meanings from all
known languages, which could potentially extend to other aspects such as syntax
and even pragmatics. Finally, the representations within the mental lexicon are orga-
nized according to their similarity, with items more similar in their form or meaning
being closer together. This view complements the linguistic perspective in that
bilinguals have a more extensive pool to exploit for cross-linguistic transfer during
learning.

Computational models of the mental lexicon have not yet focused on the differ-
ences between second and third language learning. Nevertheless, some models have
targeted word recognition in two languages. Out of these, perhaps the most influen-
tial model is the Bilingual Interactive Activation Plus (BIA+). According to the
BIA+ model, a visual word will trigger the sublexical orthographic and phonologi-
cal representations, subsequently activating the lexical representations. These repre-
sentations activate the meaning representations. Critically, the BIA+ model employs
language nodes to determine a word’s language after receiving the lexical represen-
tations. These nodes aid in selecting the correct meaning of the visualized words.
For instance, the word room can mean cream in Dutch or a part of a building in
English. The main disadvantage of the BIA+ model is that there are no learning
mechanisms, and the connections and representations need to be hand-engineered
by the modeler. Although some theoretical extensions of this model attempt to ver-
bally account for learning in the BIA+ (Grainger et al., 2008), this model cannot
explain how second and third language learning could differ.

To address the gaps in learning mechanisms, other models have used basic learn-
ing rules and simple architectures to explain how the organizational principles of the
mental lexicon could emerge from the input. The following are some of the most
influential models:

* The Bilingual Simple Recurrent Network was one of the first models to address
bilingual language learning and representation (French, 1998). The architecture
was a recurrent connectionist network that received an input word and a copy of
the previous state, producing a prediction of the following input (see Fig. 1). This
model was trained using simple three-word sentences from two languages with
no boundary between languages (e.g., boy lift toy femme touche ballon). This
model was the first to show that lexical representations clustered according to
each language without the need for explicit language tags, using a language-
nonselective lexicon.

e The Conceptual Feature Mapping model is a theoretical model of word learning
(Lee et al., 1999). According to this model, the bilingual mental lexicon is
language-nonselective at the form (conceptual) and meaning levels. An interme-
diate “lemma” layer maps a word form to its corresponding meaning in a specific
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A  Simple Recurrent Network B Self-Organizing Maps

Two-
dimensional .

Output

Hebbian-learned

Weights
Context

N-dimensional input

Concatenate

Fig. 1 Models of bilingual word learning. Note (a) Depiction of the Simple Recurrent Network
model. The model keeps a copy of the prior context to concatenate with the current input and pro-
duce the following hidden representation and output. The connections between all layers are
learned using backpropagation using the difference between the produced and expected outputs
(self-supervised learning). (b) Simplified depiction of a self-organizing map, the map learns a
topological representation of the input in an unsupervised manner. The connection between input
and the map is learned using more biologically plausible mechanisms such as Hebbian learning

language, similar to the language node in the BIA+. Thus, learning a foreign
word requires modifying the connections from the form level to the lemma level
or from the lemma level to the meaning level, depending on whether the target
word’s form or meaning overlaps with its native language counterpart.

e These Self-organizing maps (SOMs) are a collection of models rather than a
single unified account of bilingual word learning. In essence, SOMs are artificial
neural networks that map a set of multidimensional inputs onto a two-dimensional
map (Fig. 1b) using weights learned through simple learning rules (e.g., Hebbian
learning). The Self-Organizing Map of Bilingual Processing (SOMBIP) was one
of the first models to show the differences in the organization of phonological
word forms emerging from early versus late learning of the second language (Li
& Farkas, 2002). More recent developments of this model, called Dev-LEX and
Dev-LEX Il (Zhao & Li, 2010, 2013), have further argued that distinct language-
dependent form representations emerge from these models without any label or
language node. Furthermore, these representations are structured depending on
the onset of L2 learning, with segregate representations for early bilinguals, and
parasitic L2 representations for late learners (Zhao & Li, 2010).

As with the linguistic perspective, the cognitive perspective does not strictly dif-
ferentiate between second and third language learning. Instead, the insights from
these models and theories rely on the mental organization of information within the
mental lexicon. The exposure to foreign input might shape the language-nonselective
mental lexicon in several ways. First, there are more potentially distinct representa-
tions to facilitate the cross-linguistic transfer in a third than a second language.
Second, the novel representations might lie closer to already existing representa-
tions, facilitating their acquisition and production. Last, the onset of foreign



164 J. A. Aguasvivas and M. Carreiras

language exposure can shape these representations, making them overlapping or
distinct in the bilingual mind.

Bilingualism and Language Learning
in Non-WEIRD Populations

Although some of the literature reviewed here already highlights bilingualism
research with diverse and non-WEIRD populations, the purpose of this segment is
to consider the main ideas of this chapter in the context of Latin America.
Bilingualism is ubiquitous in Latin America, ranging from countries where two lan-
guages coexist (e.g., Haiti, Puerto Rico) to countries where knowing two languages
provides an advantage in opportunities (e.g., Brazil, Mexico). But how do the ideas
discussed in this chapter relate to the academic achievement of these particular pop-
ulations? We consider two main points regarding immigration in non-WEIRD
populations:

Immigration and Language Learning Migrant individuals from bilingual con-
texts might find themselves better suited to learn the country’s language in which
they are migrating, compared to monolingual individuals with similar background.
Research shows that exposure to diverse linguistic contexts (common in Latin
America) could facilitate learning novel vocabulary (Bice & Kroll, 2019). Because
of this, both monolingual and bilingual migrants might benefit from their knowl-
edge in acquiring a novel language. Admittedly, a vocabulary learning advantage
does not imply learning all aspects of a language, but vocabulary does lie at the
heart of these other aspects. It is essential for countries to put forward fair language
policies that facilitate migrant children and adult academic, social, and cultural
integration.

Immigration and Academic Achievement lLanguage comprehension is at the core
of academic achievement (Parmis et al., 2020). Children and adolescents of migrant
parents might already be exposed to one or two languages and receive education in
an additional language. While research shows that bilingualism itself might not pre-
dict academic achievement in other areas such as math (Han, 2012), the ability to
understand mathematical instruction and prompts could ultimately affect their aca-
demic achievement. It is well known that immigrant learners (particularly Latin
American immigrants) often struggle in adapting to education in a foreign language
(Martone, 2014), but there is not much research regarding the influence of bilingual-
ism on their performance. It would be interesting for future studies to explore the
influence of language background on ultimate academic achievement in migrant
children and adolescents. This is particularly important for countries to develop
language and educational policies that are inclusive and fair for students from
diverse populations.
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How do the ideas mentioned above impact the language and educational practice?
We offer a few points:

o [tis essential to consider the learner’s linguistic background. The particularities
of known languages, and similarities and differences with the target foreign lan-
guage, can implicitly or explicitly be exploited to maximize language learning
achievement.

e Experience with two languages facilitates vocabulary learning. This statement
does not mean to discourage monolingual learners. Instead, the essential aspect
to consider is that learning a foreign language can facilitate further vocabulary
acquisition. Surprisingly, even in monolinguals, passive exposure to a nonnative
language seems to confer vocabulary learning advantages (Bice & Kroll, 2019).

e Objective and perceived similarity can facilitate and hinder language learning.
As shown throughout this chapter, objective similarities serve an important pur-
pose in language learning, aiding individuals to quickly recognize and produce
foreign constructions. Perceived similarities, on the other hand, are idiosyncratic
and will largely depend on individual experiences and their state of mind. Still, it
is beneficial to find similarities during vocabulary learning regardless of a spe-
cific word’s meaning.

e Consistent practice ultimately yields the best results. Even though at the initial
levels of learning, bilinguals might outperform monolinguals, learning achieve-
ment ultimately depends on consistent practice and exposure. The more opportu-
nities an individual has to perceive or produce different constructions, the more
likely they are to learn them.

e Linguistic experiences could also influence learning of other skills. Although we
did not explore this idea in this chapter, it is essential to consider that language
mediates the way we learn and perform in different areas (Han, 2012). It is
always vital to consider linguistic diversity in educational practice.
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Development of Mathematical Cognition:
The Role of Technology in Low-SES
Populations

Francisco Martin Lopez, Dinorah de Leon, Nadir Diaz-Simén,
and Alejandro Maiche

Introduction

There is a cultural problem with mathematics. Many children, and also some adults,
show an aversion toward dealing with numbers and arithmetic operations. In
extreme cases, this behavior leads to stress and fear akin to a phobia, which receives
the name of mathematical anxiety (Dowker et al., 2016). Unlike the social and
parental pressure regarding language difficulties, which are usually corrected due to
the need to read and write in order to communicate with others, struggles in math
are often overlooked and accepted, particularly in underprivileged contexts
(DeFlorio & Beliakoff, 2015). The consequences of poor mathematical perfor-
mance are damaging and long-lasting, both for the individual and for their
communities.

Data from large-scale surveys reveal significant differences in mathematical
abilities across socioeconomic status (SES) (OECD, 2019). SES refers to the posi-
tion of an individual or a group within society and is usually measured using house-
hold income, occupation, and degree of education of parents. Low-SES populations
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present more health problems, stress, malnutrition, and domestic violence, as well
as less neurocognitive and socioemotional development (Bradley & Corwyn, 2002;
Noble et al., 2005) which usually results in lower academic achievement.

Traditional educational approaches have failed to reduce this academic achieve-
ment gap (Ryan et al., 2006). The recent emergence of new information and com-
munication technologies (ICTs) can provide innovative and exciting opportunities
to balance the disparities. These opportunities depend not only on giving students a
real chance to interact with the technology but also on the type of activity that the
new technologies support in the school environment (Alderete & Formichella,
2016). While policy makers and technology investors tend to quickly align them-
selves behind new seemingly magical solutions, the academic community needs to
make critical revisions of past and present studies and thus provide guidelines for
future research and educational policies. Such is the approach of this work.

In this chapter, we discuss the role that educational technologies may play in
supporting the development of mathematical cognitive skills in children, specifi-
cally those from low-SES populations in Latin America. Educational technologies
encompass all alternatives to traditional education based on ICTs, such as audio and
video lessons, computer-assisted instruction, and digital and hybrid games. First,
we review the existing evidence that shows that differences in mathematics perfor-
mance across SES levels are already present in early childhood. Then, we explore
some technological solutions that have been implemented in educational settings
aiming to boost the math knowledge of underprivileged children. The main section
of this chapter focuses on research done in Latin America around this topic. In this
context, we also present the work that our group has been carrying out with
technology-based interventions in Uruguayan schools, including the main results
and insights from recent years, as well as ongoing studies and future directions.

From the revision of the positive and negative outcomes of the inclusion of edu-
cational technology in Latin American schools, we shall conclude that the discus-
sion about whether or not to use ICTs must be replaced with a discussion about how
to use them. Technological tools can provide children in underprivileged contexts
with some of the specific stimuli, questions, and answers that their peers in middle-
and high-SES contexts are usually exposed to in their households.

Early Math Performance and SES

Mathematical concepts emerge from an early age. Although children come to the
world with some innate abilities to approximately quantify entities and events
(Feigenson et al., 2004; Izard et al., 2009), these abilities are further developed
throughout the first stages of life (Odic et al., 2013) and later solidified by formal
education (Halberda et al., 2012). Several longitudinal studies have shown strong
correlations between early numerical skills and later mathematical performance
(Starr et al., 2013; Gilmore et al., 2010). It is therefore essential to identify children
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with underdeveloped mathematical abilities and focus on boosting their competen-
cies in those first years of life.

One source of disparity in academic achievement is SES. Children from low-
SES households underperform their peers from high-SES contexts in basic mathe-
matical knowledge as early as kindergarten (Starkey et al., 2004) which results in a
“school entry gap” (Janus & Duku, 2007). Crucially, the disparities between low-
SES and high-SES individuals in math are greater than those in language and other
areas of knowledge (Cross et al., 2009; Duncan et al., 2007). This gap increases
across the lifespan and might influence long-term academic and professional
achievement.

The underlying origins for the lower math achievement in children from under-
privileged contexts may be manifold. From a developmental point of view, growing
up in poverty is linked with hindered physical, mental, and emotional health
(Bradley & Corwyn, 2002; Yoshikawa et al., 2012). Children from low-SES fami-
lies show different brain structure (Noble et al., 2005; Ursache et al., 2016). Research
has made it possible to corroborate the influence of living in poverty on basic cogni-
tive processes, such as self-regulation, and to detect its traces in adults with a past
of child poverty (Lipina, 2016). Low SES is associated with reduced vocabulary and
language processing skills (Fernald et al., 2013) and lower numerical abilities
(Jordan et al., 1994) compared to their peers from middle and high SES even before
the start of formal schooling. These differences subsequently increase throughout
childhood and adolescence (Duncan et al., 2007) and result in higher dropout rates
(Alexander et al., 1997). Furthermore, although parents from low-SES households
tend to get involved in home math activities as much as parents from middle- and
high-SES households, the latter show higher expectations which might explain
these disparities (Susperreguy et al., 2021). Parents from different contexts not only
act but also think differently about the importance of math (Elliott & Bachman,
2018). Moreover, differences in math achievement might also emerge from dispa-
rate quality of home activities, suggesting that not any kind of parental involvement
impacts learning equally.

However, while poverty is associated with lower school performance, differ-
ences can be observed within children from low-SES households. Halle et al. (1997)
conducted interviews with low-income minority children and parents and found that
mothers with higher education had higher expectations for their children’s academic
achievement which influenced their children’s subsequent achievement in math and
reading. Thus, growing up in a low-SES household does not necessarily imply low
academic achievement. Consequently, and independently of the need to eradicate
poverty, finding the most efficient ways to help children from underprivileged con-
texts learn mathematics is an effort worth making.
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Can Technology Be the Modern Great Equalizer?

Education is often perceived as the main tool for reducing social disparities. In the
nineteenth century, Horace Mann defined education as the “great equalizer of condi-
tions of men.” Under this view, if all children enter a schooling system at the same
age, learn the same contents, and are held to the same standards, they should finish
their education at the same level and have the same opportunities, regardless of their
SES. As we know, this traditional view is far from the truth. On the contrary, social
context routinely influences the quality of education, which widens rather than
closes the academic gap between children living in poverty and their peers from
middle and high SES. The educational policies implemented in the last century have
failed to change this reality, making education a reflection of social hierarchy rather
than a contributor to social mobility.

An alternative view suggests that ICTs might replace traditional educational
methodologies (Bando et al., 2016; Pea, 1987), in particular as a solution for hin-
dered development in children from low-SES backgrounds. Technological tools
might provide children with the specific educational content they need and thus
balance social differences. Children from underprivileged contexts can have access,
through the use of computers, smartphones, and other ICTs, to a myriad of stimuli,
questions, and answers that their families and schools might not be able to provide
at the time they need.

In this sense, the inclusion of educational technologies in school settings or at
home can balance math performance differences by compensating for specific areas
in low-achieving children. In fact, technological tools can also be used to perform
fast and detailed math evaluations in order to obtain detailed assessments of a child’s
abilities and potential areas of deficiencies. This assessment can in turn be used to
improve their performance before those children fall behind their peers. Frequent
testing also facilitates the retention of information (Roediger & Karpicke, 2006),
but pen-and-paper tests can take too long for educators to correct. Using ICTs can
not only accelerate this process, but also provide educators with opportunities for
adaptive testing and result in valuable feedback about their students and what areas
they should work on. Computer-based assessments are already in use in most coun-
tries for standardized tests such as PISA (OECD, 2019) and will likely be a key
component in the future of education.

However, the evidence supporting the benefits of the systematic use of tablets
and mobile devices in schools is still scarce (Haller et al., 2016) with significant yet
moderate effects on learning (Cheung & Slavin, 2013; Sung et al., 2016). A review
of 74 studies that include the use of educational technology applications in mathe-
matical learning shows an overall small effect size compared to traditional methods
(Cheung & Slavin, 2013). The authors highlight supplemental computer-assisted
instruction (CAI) as being the methodology that produces the largest effects on
mathematics achievement and conclude that incorporating these educational tech-
nologies into the classroom curriculum appears to be the best approach.
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Interesting observations can be made from studies comparing technology-based
and traditional teaching methodologies. Outhwaite et al. (2017) report significant
learning gains from tablet-based interventions in UK schools. Their results indicate
that low-achieving children, in particular those with weak short-term memory skills,
show the largest improvements. The authors attribute this outcome to the reduced
cognitive demands of a tablet game in comparison to traditional classroom learning.
When controlling for previous mathematical knowledge, the authors find no signifi-
cant effect of SES level. Previous works support the idea that technological tools are
useful for children with lower numerical skills (Rdsdnen et al., 2009; Shin
et al., 2012).

Educational technologies can also be used outside school settings, particularly at
home. Parental expectations, practices, and attitudes toward the learning of math are
known to impact a child’s mathematical performance (Elliott & Bachman, 2018;
Halle et al., 1997). Low-achieving students are likely not getting high-quality inter-
actions and support at home. This may be due to parents’ lack of knowledge about
how to help their children or the (misleading) idea that their interactions will have
no effect on their children’s learning. In such cases, ICTs can provide an effective
and accessible solution. Berkowitz et al. (2015) carried out an intervention to pro-
mote home math interactions with 587 children and their parents in the United
States. A tablet app called Bedtime Learning Together presented a short story with
numerical content and related questions. The story was read by parents who also
answered as many questions as they wished together with their children, thus pro-
moting the expected interaction. The questions included counting, geometry, and
arithmetic. Parents used the app several times per week throughout the school year.
Results show that children in the experimental group improved significantly com-
pared to children in the control group who used a similar tool with reading rather
than math content.

Insights from Latin America

Given the cultural and educational differences, it is unclear how the results from
studies conducted in developed countries translate to the Latin American context.
One relevant distinction between children in western, educated, industrialized, rich,
and democratic (WEIRD) and Latin American countries is their access to internet-
based technological tools. Many studies have shown the correlation between avail-
ability of Internet connection and various household or individual socioeconomic
characteristics, such as income and education (see Grazzi & Vergara, 2014). For this
reason, it is important to understand how the use of educational technologies impacts
the learning in Latin American children, in particular those from peripheral and
low-SES contexts.

One rudimentary yet powerful educational technology is audio. Radio lessons
were popular in the 1980s, mainly as a widespread and inexpensive teaching mecha-
nism for children in rural areas in Central America (Jamison et al., 1981), and again
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during the COVID-19 pandemic in regions where children lacked the internet con-
nectivity to attend classes remotely (Dreesen et al., 2020). Naslund-Hadley et al.
(2014) explored the benefits of a pilot audio version of Tikichuela, a Paraguayan
mathematical instruction program for preschool children adapted from the Big
Math for Little Kids program used in low-income schools in New York. These audio
lessons included games, songs, and interactive activities intended to capture the
interest of children. The results from this study show an improvement in test scores
for children participating in the pilot program in comparison to controls following a
five-month period with significantly larger improvements in rural versus urban
schools but no differences on SES. The authors highlight audio lessons as an encour-
aging tool to reduce student learning disparities that emerge from educators lacking
specific training or resources. Audio-based mathematical instruction was also used
to improve the memory and math abilities of blind children in Chile (Sdnchez &
Flores, 2005). Cuba’s video-based reading and writing program “Yo, si puedo” has
been implemented in 28 countries world-wide and has helped eradicate adult illit-
eracy in Venezuela and Bolivia among others (Canavire, 2011). In sum, audiovisual
tools such as these are good examples of the potential for ICTs in critical situations,
when other alternatives are not available.

More recently, the wide access to computers has inspired researchers to explore
the educational benefits of using computer games. Goldin et al. (2014) implemented
a 10-week-long intervention using the Mate Marote software with 111 low-SES first
graders in Argentina. Children played three different computer games involving
executive functions which resulted in significant improvements in inhibitory control
and attention, but not planning, in pretest—posttest measures compared to a control
group that played commercial video games. What is more, training their executive
functions resulted in a far transfer to math and language abilities, as measured by
school grades. The researchers also split the children who used Mate Marote into
two categories according to their attendance to school. Following the intervention,
children with low attendance, who initially had lower school grades than their high
attendance peers, showed the largest improvements in school grades even though
they were not directly trained in language or mathematics. Other uses of educational
software in Mexico (Zaldivar-Colado et al., 2017) and Argentina (Furman et al.,
2019) also support the use of ICTs, although the latter showed no significant differ-
ences between groups of children that learned science with and without tablets.

Motivated by these possibilities, several Latin American governments resorted to
the One Laptop Per Child (OLPC) program as a remedy for their ailing educational
systems. The outcomes are ambiguous. The OLPC initiative was created in 2005
with the idea that distributing low-cost hardware that children could take home
would reduce the emerging digital gap between developed and developing coun-
tries. As a side effect, the inclusion of ICTs in classrooms could have a positive
impact on academic performance. Data from the educational benefits of using lap-
tops at schools are controversial. While OLPC advertises their products with test
scores from Nicaragua that showed an increase in math and reading skills, more
rigorous studies conducted in Latin America do not show positive outcomes. For
example, a large-scale randomized study with data from 15 months of use of OLPC
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devices in 318 primary schools in Peru resulted in no effects on math and language
test scores, and a nonsignificant increase in cognitive skills (Cristia et al., 2017).
Other smaller-scale studies conducted in Pert revealed that computer skills
improved in children that received OLPC devices but with no significant differences
on academic achievement (Beuermann et al., 2015; Malamud et al., 2019; Severin
& Capota, 2011). Similarly disappointing results were obtained from OLPC pro-
grams in Colombia (Severin & Capota, 2011), Costa Rica (Meza-Cordero, 2017),
Paraguay (Ames, 2013), and Uruguay (de Melo et al., 2014; Yanguas, 2020). While
it is undoubtedly beneficial that children improve their computer skills, the lack of
transfer to math and language proficiency reveals that the naive approach of the
OLPC program is insufficient to produce profound changes in education.

In sum, educational technologies have been used in Latin American schools with
varying degrees of success. Besides the extreme cases where alternatives to tradi-
tional lessons had to be implemented because in-person classes were nonviable,
positive outcomes were obtained mainly through the use of software especially
designed by researchers and educators to train basic cognitive abilities. On the other
hand, the unrestricted inclusion of laptops and tablets from the OLPC program
showed no positive effects when it was not supported by a well-structured educa-
tional platform. This could show that it is not the technological tool in itself, but
rather the use that is given to it, that allows for enhanced learning.

In this sense, we think focus must be shifted from a comparison between tech-
based and traditional learning to a comparison between the contents that can be
taught with each of these methodologies. Technology presents innovative, wide-
spread, and efficient ways to include contents based on the principles of educational
neuroscience in school settings which can result in improvements in academic per-
formance (Goldin et al., 2014). The shift in focus is further supported by data about
the massive and unrestricted inclusion of ICTs in Latin American schools. To illus-
trate this, in the next section, we present a detailed account of the work our research
group has made over the last decade in Uruguayan schools.

Learnings from a Decade of Technology-Based School
Interventions in Uruguay

In 2007, the Uruguayan government and OLPC partnered to establish the Plan
Ceibal, a program that provides every school-aged student with an Android-based
tablet that they can use at school and at home. The students have free internet con-
nection in schools and multiple public areas around the country. This makes
Uruguay an ideal site for studying the usefulness of ICTs in educational contexts.
Our research group has been working in collaboration with the Plan Ceibal for
nearly ten years. We have worked on a number of projects involving technology-
based interventions in classrooms that can be clustered into two main categories. On
the one hand, we have designed and tested early assessment tools that can be used
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directly from the Plan Ceibal tablets available in Uruguayan schools. On the other
hand, we have created several games aimed at reinforcing the basic mathematical
abilities of young children. All the software developed by our group is free and
available to everyone.' These tools are targeted to Uruguayan children, involving
characters, places, stories, and vocabulary that they can identify with (see Outhwaite
etal., 2020). From the personal reports of educators, parents, and the children them-
selves, this makes our games more entertaining and engaging than other educational
software available in Plan Ceibal. The simultaneous use of both testing and training
learning tools has shown beneficial results, particularly in low-SES contexts. Our
long-term goal is to incorporate a set of applications into the Plan Ceibal tablets that
the teachers themselves can use to facilitate mathematical learning in the classroom.

To the best of our knowledge, there is a lack of digital math assessment tools for
children under the age of 7. One of the most used tests for assessing young children
in math is TEMA-3 (Ginsburg & Baroody, 2003), which takes around 30 minutes to
complete and requires one-on-one interactions between a trained evaluator and each
child. Although TEMA-3 is a powerful tool, it requires an amount of time and train-
ing that makes it unreasonable for large-scale interventions and regular use in
schools. Our group has always been concerned with the need for tools that make
testing fast and scalable, and that can ultimately give teachers useful feedback about
the particular topics that require attention. For this reason, in 2013 we began the
development of the Prueba Uruguaya de Matematica (PUMA), a digital tool where
children are tested on their knowledge of number symbols, ordering, number com-
position and decomposition, number line placing, and number words (see Odic
et al., 2016) for a description of the first version of PUMA). PUMA provides self-
administered assessment that a single researcher or teacher can apply simultane-
ously to an entire class. A second version of PUMA was developed in 2020* with
improved design and usability (Fig. 1). An assessment of 187 Uruguayan preschool-
ers and first graders with the updated version of PUMA and TEMA-3 showed a
strong correlation (r = 0.803, p < 0.001; De Le6n et al., in prep). These positive
outcomes show that ICTs have great potential regarding assessments. However, so
far we have failed to convince educators and policymakers about the benefit of
incorporating PUMA into regular school programs. We attribute this to a failure on
our part to translate the quantitative outputs of PUMA into easily understandable
qualitative feedback. This must be a key point to address in the near future.

The first large-scale intervention that we conducted using Plan Ceibal tablets
took place in 2013. We tested 503 Uruguayan first graders from 10 schools across
SES levels on their abilities to discriminate approximate quantities, using the
Panamath software (Halberda et al., 2008), and approximate time (Odic et al.,
2016). We also assessed their formal mathematical performance with the first ver-
sion of PUMA. Our results showed correlations between math performance and
approximate number discrimination as well as approximate time discrimination.

"For more information, go to: http://www.cognicionnumerica.psico.edu.uy/en/#recursos
2A demo version is available here: http://math.psico.edu.uy/puma/
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Fig. 1 Second version of the Prueba Uruguaya de Matematica (PUMA). (a) Three Uruguayan
children taking the PUMA test with their Plan Ceibal tablets. (b) Screenshots of two PUMA tasks
(top: verbal-numeral to Arabic transcoding; bottom: composition and decomposition). (c)
Correlation of the 2nd version of PUMA and TEMA-3 (Ginsburg & Baroody, 2003) with N = 187,
r = 0.803 (p < 0.001). Both tests take a similar time to complete, but PUMA is a tablet-based
assessment that does not require one-on-one interactions between each child and one evaluator. It
can therefore be applied simultaneously to a large number of children, e.g., an entire class could be
assessed in detail in less than one hour

Most importantly, this first large-scale use of the Plan Ceibal tablets for doing
research in school settings confirmed the validity of ICTs as assessment tools. A
total of 454 of those children participated in a short intervention consisting of four
six-minute sessions of approximate number system (ANS) training (Valle-Lisboa
etal., 2016). Pretest—posttest differences revealed that children across all SES levels
improved their ANS and formal math skills without significant differences on
SES. However, only low-SES children showed a significant correlation between the
number of times they played and the PUMA scores improvement. This could show
that cognitive stimulation plays a higher role in underprivileged contexts. The
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learnings from these initial studies were in line with other studies conducted in
Latin America. ICTs can be useful to assess and train the math abilities of children
as long as they make use of specific stimuli designed to improve the building blocks
of mathematical knowledge.

Subsequently, our emphasis veered to studying different types of stimuli that
might improve math abilities. Langfus et al. (2019) conducted a five week interven-
tion with 386 Uruguayan children. Half of them were assigned to the active group
and played digital mini-games on the Plan Ceibal tablets consisting of approximate
number discrimination, time discrimination, and area discrimination; the other half
was a Business-As-Usual (BAU) control group. For this study, we administered
pretests and posttests of basic and formal math knowledge as well as language and
general cognitive abilities. However, the playing time was determined by the teach-
ers, who agreed to use the games during their classes, and by the children them-
selves, who were encouraged to continue playing at home. No significant differences
were found between the active and the control groups. A detailed analysis of the
data indicates that this was likely due to the low number of plays: on average, chil-
dren played the time, number and area games only 10, 16, and 26 times, respec-
tively, over a five-week period. The children had positive comments about the
games, but they were not interested enough to continue playing in their spare time.
This highlights a particular difficulty with tech-based learning. If children are
expected to engage in educational games voluntarily, then these games must be as
engaging and attractive as other commercial games that they may be used to.
Alternatively, tech-based learning must be framed within well-structured activities.
Educators should be trained on how to make the most of educational technologies
so that children can be cognitively stimulated with stimuli specifically designed
for them.

Currently, we are also interested in exploring the differences between individual
and social learning. Tablets and computers are most useful for single users, but the
peer interactions that usually emerge in group settings have powerful influences on
early cognition and learning (de la Hera et al., 2019; Dillon et al., 2017). To this end,
we designed a new game based on the cards used by Dillon et al. (2017), with a digi-
tal version that can be played individually on tablets and a hybrid version that can
be played individually or collectively with a Magic Box (see Fig. 2). That latter
consists of playing cards equipped with radiofrequency identification (RFID) tags
and an Arduino-powered smart box with RFID readers. This hybrid version of the
game incorporates ICTs without isolating the children and, since it promotes peer
interaction to advance in the game, is predicted to be most useful in school environ-
ments, whereas individual games such as the digital version of the game can be used
at home. A comparative study of 266 children with two active groups, one playing
with the Magic Box and the other one with tablets, and a BAU control group, is
scheduled for late 2021.

In sum, the trajectory followed by our research group is representative of the
general approach to educational technologies in Latin America and in the rest of the
world. Our initial enthusiasm for the use of ICTs in schools, backed by large gov-
ernmental investments in tech-based learning programs such as OLPC programs
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Fig. 2 The Magic Box. (a) outside and inside views of the Magic Box and its components. Note
that the box is closed while playing so children do not have access to any of the internal compo-
nents. (b) A typical situation of four children playing in the collective version of the game with the
Magic Box. Children take turns to decide whether each of their cards should go on the red or the
blue half of the box. After four cards (one for each child), the Magic Box gives a positive feedback
sound (if all four cards are correct) or a negative feedback sound (if at least one of the cards is
wrong). Children are encouraged to interact and help each other in order to obtain a correct
response of the Magic Box and advance in the game
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like Plan Ceibal in Uruguay, morphed into a critical examination of the differences
between educational technologies and other methodologies, with a particular focus
on characterizing the cognitive stimuli which produce the most efficient learning.

Conclusions and Perspectives

The evidence presented in this chapter reveals that, while SES strongly correlates
with academic achievement, it is possible to boost low-SES children’s math learn-
ing by improving the cognitive abilities that support math development. Educational
technologies were initially thought to be a possible solution for these disparities, but
most research shows no SES-related differences between ICTs and traditional meth-
odologies when initial performance is controlled for. That is, educational technolo-
gies are most useful for low-achieving children, regardless of their SES. By way of
illustration, it is not a households’ income that determines the child’s academic
performance but rather the parental expectations and quality of home learning activ-
ities. In our view, this is because it is not poverty itself, but rather the individual,
parental, and social consequences of poverty that are at the core of the disparity in
math achievement. Even though technology cannot directly change the contexts
where children from low-SES live and grow, it might compensate for the lack of
math-related home activities by providing the stimuli needed for their cognitive
development. Thus, ICTs are likely most useful in such contexts.

Positive and negative outcomes have been observed from the use of educational
technologies in Latin America. The unrestricted inclusion of ICTs in classrooms, as
is the case with the OLPC program, resulted in no measurable differences in
achievement other than computer and internet skills. Conversely, numerous school
interventions carried out by research groups did produce significant improvements
in math performance. This must lead to a shift in focus, not only for the academic
community but also for educators and policymakers, about the use of ICTs.
Educational technology cannot be, on its own, the modern great equalizer. But with
the addition of well-structured programs that result in games and educational soft-
ware with specific stimuli aimed at training basic cognitive skills, ICTs can help
low-achieving children and particularly those from low SES.

The future of educational technologies is promising but not without its chal-
lenges. First, researchers must continue studying basic cognition in the early stages
of life to determine the best specific stimuli to improve learning. We also need to
connect the use of these stimuli with realistic educational practices in schools and
homes in order to involve teachers and parents in the learning process. This must
include studies about how to include ICTs in classrooms and homes. The involve-
ment of teachers as researchers vastly broadens the inputs of information and new
ideas needed to advance knowledge. Put together with the versatility of ICTs, this
joint work can allow for the exploration of multiple possibilities and can provide
high-quality feedback about the impact of educational technologies in the class-
room. On a similar note, researchers should aim to increase and improve the
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involvement of parents and other family members through the use of ICTs. This
requires the development of tools that are suitable for use at home and promote the
natural interaction with children about everyday math. Finally, all the software must
be engaging and relatable to the children’s reality, which increases the requirements
and potentially the costs of developing new tools. Collaborative work with countries
that share a common culture, as is the case in Latin America, is a much needed
approach.
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Introduction

Adequate mathematical competences are indispensable in professional and social
life as the role of technology in contemporary society increases. However, difficul-
ties to represent and compare quantities and perform arithmetic operations are very
common. Severe and persistent difficulties in number processing and calculation
have been classified as a specific learning disorder for math (or developmental
dyscalculia, DD), a neurodevelopmental disorder caused by an impairment in the
brain’s ability to perceive and process numerical information efficiently and accu-
rately (APA, 2013). Neuroimaging studies focusing on the nature of the causal
mechanisms of DD provided evidence for alterations in the structure, function, and
connectivity of the brain, affecting the parietal as well as the temporal and prefron-
tal brain regions (Kucian, 2016). Note, however, that DD children show spared-to-
high intellectual capacity and usually cope well with the rest of the academic
subjects.

Prevalence of DD ranges between 2.5% and 6.4% in school-age population
(Koumoula et al., 2004; Gross-Tsur et al., 2008; Lewis et al., 1994; Ramaa &
Gowramma, 2002; Reigosa-Crespo et al., 2012). DD significantly interferes with
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academic achievement and professional and daily life activities involving numerical
skills (APA, 2013); affects individuals’ social success and access to employment
opportunities; and, in general, hinders personal and professional fulfillment.
Interestingly, a high co-occurrence of DD has been reported with dyslexia, the spe-
cific learning disability for reading (Wilson et al., 2015), and with attention-deficit
hyperactivity disorder (Czamara et al., 2013). Additionally, a recent meta-analysis
showed that children with math difficulties, including DD, show deficits in process-
ing speed, short-term memory, phonological processing, working memory, atten-
tion, visuospatial skills, and executive functions (Peng et al., 2018). Altogether, the
state of the art suggests that multiple brain networks and cognitive processes
involved in different aspects of information processing contribute to proficiency in
math and atypical numerical cognition.

Neural Underpinnings of Mathematical Cognition

Most of the studies addressing the etiology of learning difficulties for math have
focused in describing the association between the individual variability in morpho-
metric and functional descriptors of brain regions and specific/basic cognitive/
numerical processes (Barnea-Goraly et al., 2005; Rykhlevskaia et al., 2009). Others
have focused in identifying differences in morphometric and functional properties
in key brain areas between typically developing populations and subjects with low
academic achievement in math (LAM), with developmental dyscalculia (DD), and
children with genetic syndromes that exhibit LAM/DD as part of their cognitive
profile (Arsalidou & Taylor, 2011; Dehaene et al., 2003; Isaacs et al., 2001;
Kaufmann et al., 2011; Molko et al., 2004; Ranpura et al., 2013; Rotzer et al., 2008;
Rykhlevskaia et al., 2009).

Neuroimaging studies of children with neurodevelopmental disorders and
genetic syndromes exhibiting learning disorders are particularly relevant for trans-
lational neuroscience. They constitute natural experiments that allow to test theo-
retical models regarding the genetic foundations, neural underpinnings, and
cognitive mechanisms implicated in typical development. Its findings have the
potential to provide neurobiological justification for the design of inexpensive
behavioral screening tools for the large-scale detection of children at risk of LAM/
DD: the behavioral measures that are significantly associated with characteristic
anatomic-functional features of the “dyscalculic brain” could be included as risk
indicators in universal screening tools.

However, these studies are expensive and technologically challenging or inac-
cessible for most of our Latin American contexts. Hence, most of the literature
comes from developed countries with historically high investments dedicated to
basic science and technology. Here, we present two studies conducted in Cuba,
aimed at assessing the neural correlates of key cognitive processes that have been
reported to covary or predict typical/atypical performance in math, or are
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significantly impaired in LAM/DD subjects, in order to incorporate them in the
assessment and diagnostic protocols used in our country.

A seminal study conducted in Havana city by Reigosa-Crespo et al. (2012)
reported that 4.5% of the school-age population (11,652 2nd-9th graders) showed
deficits in basic numerical abilities such as the instantaneous and precise estimation
of small quantities (or “subitizing”), number counting, and numerical comparison
(Kaufman et al., 1949; Mandler & Shebo, 1982; Moyer & Landauer, 1967; Piazza
et al., 2002). These deficits affected more boys than girls (2.4:1). The estimated
prevalence of DD, defined as a significant deficits in both basic numerical capacities
and arithmetic dysfluency (AD), was 3.4%, and the male:female ratio was 4:1. In
contrast, the prevalence of AD was almost 3 times as high (9.3%), and no gender
differences were found (male:female ratio = 1.07:1). These contrastive findings,
suggested that DD, defined as a defective sense of numerosity, could be a distinctive
disorder that affects only a portion of the children with AD. These basic numerical
processes were also reported as significant predictors of mathematical performance
by a longitudinal study conducted in Havana (Reigosa-Crespo et al., 2013). Hence,
we conducted the first Cuban study aiming to describe the association in individual
variability of morphometric properties of the brain to these measures of basic
numerical processing and mathematical attainment.

This study explored the association between the length, depth, volume, and sur-
face area of the horizontal segment of the Intraparietal Sulcus (IPS) and the central
sulcus (a region included as a reference for its lack of known association to numeri-
cal processing) and the three aforementioned basic numerical abilities: subitizing,
counting, and magnitude comparison, in DD children with specific deficits in subi-
tizing. This study was inspired by previous manuscripts by Bruandet et al. (2004)
and Molko et al. (2003) in Turner Syndrome (TS), a genetic condition caused by the
complete or partial deletion of one of the two X chromosomes in subjects with a
female phenotype that includes DD in its neurocognitive profile. Their results
showed significant impairments in the subitizing effect (the slope of reaction time
per item when exactly estimating the numerosity of small sets of objects: 1 to 4
items), in presence of spared counting and magnitude comparison effects in TS girls
presented with DD (Bruandet et al., 2004). Also, they described DD female subjects
exhibited significantly lower values of depth and length of the IPS, suggesting these
might be morphometric features associated to subitizing deficits in DD (Molko
et al., 2003).

Sulcal morphometry was conducted in five Cuban DD children (four boys, repli-
cating the male:female ratio described by the Havana City Survey, Reigosa-Crespo
etal., 2012) and controls matched by grade and gender (N =8, 1 girl) (Estévez et al.,
2016). Statistically significant nonparametric Spearman rank correlations were con-
firmed, among all three morphometric descriptors of the horizontal segment of IPS
and the subitizing effect in the left hemisphere (subitizing effect X depth: r = .62,
p < .05; subitizing effect X volume: r = .79, p < .01; and subitizing effect X surface
area: r = .81, p < .01). No significant correlations between the morphometric
descriptors and counting or comparison abilities were found. A significant
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correlation among the depth of the left Central Sulcus and subitizing (r = .61,
p <.05) was also found.

In contrast to Molko et al. (2003), here, the DD children showed values signifi-
cantly higher in the morphometric descriptors compared to the controls. It is neces-
sary to point out that the sample of the present study is composed mainly of male
subjects (only one girl in each group), while the sample in Molko et al. (2003)
included only female subjects with Turner Syndrome. The gender characteristics of
the sample may influence the results, since genes that regulate brain gyrification
during embryonic development are found on the X chromosome. The IPS is one of
the deep sulci present in primates, which is visible during 29th week of gestation in
humans (Armstrong et al., 1995; Chi et al., 1977). The presence of anomalies in the
IPS in TS may be related to damage to the function of X chromosome genes related
to the brain gyrification process. It has been described that mutations in the Xq22.3
gene, 23, on the X chromosome, cause patterns of simplified gyrification and corti-
cal disorganization due to atypical neuronal migration (Olson & Walsh, 2002).
Additionally, experiments in monkeys indicate that damage to afferent pathways
during pregnancy may affect the characteristics of cortical sulci and gyri (Dehay
et al., 1996; Rakic, 1988).

On the other hand, according to Molko et al. (2004), there are no clear predic-
tions regarding the direction of the changes to be found in developmental disorders.
Previous results in TS have revealed that gray matter density and volume may
decrease or increase in different brain regions. This has been also described in other
disorders such as autism, fetal alcohol syndrome (Molko et al., 2004), and even in
DD (Kaufmann et al., 2011).

In children with dyslexia (DL), better reading skills have been reported to be
associated to lower values of cortical surface area. It has been suggested that smaller
values of surface area reflect less space between gyri, and this, in turn, suggests the
existence of stronger connections within and between cortical areas (Frye et al.,
2010) pointing to a reinforcement in the connectivity of the region. The significantly
larger values of cortical surface area found in the DD group suggest deficits in the
IPS connectivity with the rest of the network involved in numerical processing (in
particular, in the process of subitizing). This suggest that DD, similar to DL, may
be, in essence, a disconnection syndrome (Rykhlevskaia et al., 2009) and advocates
for analyzing the contribution of other brain regions to numerical cognition.

The second exploratory study was conducted in children with Neurofibromatosis
1(NF1), exhibiting specific learning disorders in their cognitive profile (NF1_LD).
This study aimed to characterize brain morphometric properties associated to poor
academic achievement in NF1 following up on previous research dedicated to deter-
mining the prevalence of specific learning disabilities in this genetic disorder in
Cuba (Orraca-Castillo et al., 2014). NF1 is an autosomal-dominant disease caused
by mutations of the NF1 gene, a tumor-suppressor gene on chromosome 17. In addi-
tion to a highly variable clinical profile, learning, cognitive, and neurobehavioral
deficits are highly prevalent in this condition (Acosta et al., 2012). As a single-gene
disorder, NF1 provides a unique genetic model to identify and analyze the molecu-
lar and cellular bases underlying cognitive dysfunction. Thus, this disorder has
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received the full attention of the scientific community dedicated to the translation of
basic science to clinical practice or dissemination to population-based community
interventions (Acosta et al., 2012).

Orraca-Castillo et al. (2014) studied 32 children with NF1 (7—14 year olds) using
neurocognitive tests dedicated to assess basic capacities which are involved in read-
ing and mathematical achievement. The estimated prevalence of DD (defined as the
presence of arithmetic dysfluency and/or basic numeric deficits) was 18.8%, and the
male:female ratio was 5:1. However, deficits in core numeric capacities were not
found in the sample, suggesting that is not the cause of AD. On the other hand, the
prevalence of developmental dyslexia (defined as the presence of deficits in phono-
logical and/or lexical deficits) was almost three times as high (50%), and no gender
differences were found (male:female ratio = 1:1). Deficits in lexical and phonologi-
cal strategies were both underlying the reading disorder. Additionally, efficiencies
in lexical/phonological strategies and mental arithmetic were significant predictors
of individual performance in reading and math attainment tests.

Ten NF1_LD children diagnosed using the criteria described in Orraca-Castillo
et al. (2014) gave consent to participate in a voxel-based morphometry (VBM)
study. Two of the children showed only DD (one of them exhibited deficits in basic
numerical capacities and the other, AD). Eight of them showed comorbidity between
DD and DL (three children showed DD due to deficits in basic numerical capacities
and mixed DL, four children showed AD and mixed DL, and one child showed AD
and DL due to phonological deficits). They were compared with seven matched
controls matched in age and gender.

The NF1_LD sample showed significantly lower cognitive function compared to
the control group: significantly lower scores on Raven’s CPMT intellectual capaci-
ty’s test (NF1_LD: M = 23.7, SD = 5.12; control: M = 30, SD = 2.49; p < .01), the
WAIS-III Digit Span (backward) working memory test (NF1_LD: M =3.4, 5D = .96;
control: M =5, SD = .57; p < .01), and the Peabody vocabulary test (NF1_LD:
M =8.79, SD = 3.08; control: M = 11.49, SD = 3.21; p < .01). Also, they exhibited
significantly lower mathematical attainment in the test used by the Cuban Ministry
of Education (MAT, Reigosa-Crespo et al., 2012) (NF1_LD: M =2.75, SD = 1.83;
control: M =8, SD = 0; p < .01) and lower basic numerical capacities (exact enu-
meration test, NF1_LD: M =2600.9, SD =792.03; control: M = 1940.85, SD =459.6;
p < .05; digits comparison test, NF1_LD: M = 1697.3, SD = 751.9; control:
M = 857.7, SD = 283.9; p < .01) and arithmetic fluency (basic calculation test,
NF1_LD: M =5885.5, SD = 2417.02; control: M = 2034.1, SD = 522.32; p < .001),
assessed using the Basic Numeric Battery (Reigosa-Crespo et al., 2012).

High-resolution anatomic images (MP-RAGE) of the whole brain were taken
using a 1.5 T Siemens Symphony scanner (Erlangen, Germany) and a single-volume
sequential EPI (160 planes of 1 mm thickness in sagittal orientation; 1 x 1 mm?
resolution, ET/TR = 3.93 ms/3000 ms). Gray matter probability density maps were
calculated and plotted in standard space. A VBM analysis was carried out on the
gray matter probability density, using version 5.0 of the Statistic Parametric
Mapping processing suite. NFI1-LD group showed a significant reduction (p < .01)
of the gray matter of the left temporal lobe in the left hemisphere, at the level of the
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Fig. 1 (a, b) Difference in gray matter density between NFI-LD children and controls: (a)
Crosshairs show the superior Temporal Gyrus, left Temporal Lobe. (b) Crosshairs show the
Superior Frontal Gyrus, Frontal Lobe, and Cerebellum, left Hemisphere. (¢, d) Significant differ-
ences in the white matter architecture of the NF1_LD children compared to the control group: (c)
Crosshairs show the Genus of the Corpus Callosum (rostral section). Also note the Splenium, in
the caudal section. (d) Crosshairs show the Corticospinal tract and adjacent fibers that connect to
the left Cerebellum

superior temporal gyrus (Fig. 1a), in the left frontal lobe, at the level of the superior
frontal gyrus, and in the left cerebellum (p < .01) (Fig. 1b).

Additionally, 12 diffusion-weighted anatomical images and an additional image
(b = 0) with the following parameters were taken per participant: 50 slices of 3 mm
thickness, b = 1200 s/mm? for weighted images, spatial resolution of 2 X 2 mm? in
plane; ET/RT = 160 ms/7000 ms. The procedure was repeated five times to improve
on the signal/noise ratio. Phase and magnitude images of a T2 echo gradient
sequence with ET = 7.7 ms and 12.47 msm were also recorded and used to improve
the quality of the diffusion-weighted images. Fractional anisotropy maps were cal-
culated and plotted in standard space. Fractional anisotropy (FA) is an indirect mea-
sure of white matter integrity, inferred from the direction of water diffusion. High
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FA values (anisotropic diffusion) indicate the presence of intact and well-organized
fibers. Low FA values indicate loss of nerve fibers or demyelination, and to some
extent, suggest a less efficient axonal conduction (Rotzer et al., 2008). A permuta-
tion test was carried out (based on a bootstrap procedure) to evaluate the possible
differences between FA maps. The results suggest significant differences between
the NF1-LD and control groups in the architecture of the white matter of the Corpus
Callosum, at the level of rostral section, in the Genus, and in the Splenium (Fig. 1c)
and also, in the corticospinal tract (p > .05) at the level of the Pons (in an adjacent
region through the fibers that connect it with the left Cerebellum) (Fig. 1d).

The results of the VBM coincide with the results of the neurocognitive evalua-
tion of the NF1_LD children. The regions showing significant differences in gray
matter density in this sample have been associated to altered cognitive functions:
vocabulary (temporal lobe), working memory, and intellectual capacity (frontal and
temporal lobes; Rotzer et al., 2008). On the other hand, the white matter findings are
in line with brain atypicalities systematically reported in the NF1 syndrome: The
Corpus Callosum, the Cerebellum, and the Brain Stem (Corticospinal tract) (Wignall
etal., 2010). Again, the results from the second study presented suggest large brain
networks, and the corresponding cognitive processing resources contribute to math-
ematical cognition.

Contribution of Domain-Specific and Domain-General
Cognitive Processes to Math Proficiency

Over the last decades, multiple studies have been carried out to identify the cogni-
tive origin of difficulties in mathematics. In this regard, two fundamental hypothe-
ses have been put forward regarding the origin of these difficulties. The first
hypothesis proposes that mathematical competence is based on the development of
foundational numerical abilities (Butterworth, 2005; Dehaene, 1997) including
informal numerical abilities (e.g., “subitizing,” enumeration, and comparing sets of
objects) and knowledge of number symbols (e.g., to understand the name of num-
bers and the quantities they represent). This last capacity suggests the existence of
an interface responsible for the mapping between the nonsymbolic representation
system and the verbal numbering system (Rousselle & Nogl, 2007). Consequently,
deficits in these domain-specific capacities could be the origin of future difficulties
in academic performance in mathematics, and even cause DD (Butterworth, 2005;
Castro Caifiizares et al., 2012, 2021a; De Smedt & Gilmore, 2011; Inglis et al., 2011;
Kolkman et al., 2013; Landerl et al., 2004; Libertus et al., 2011; Rousselle & Noél,
2007). The second hypothesis proposes that there is a close relationship between the
development of general-domain processes and mathematical skills, so that deficits
in mathematical tasks could be explained by difficulties in nonnumerical processes,
such as executive functions, verbal reasoning, intellectual capacity, attention, etc.
(Castro et al., 2017; Castro Caiiizares et al., 2021b; Fuchs et al., 2010; Geary, 2011;
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Geary et al., 2000; Geary et al., 2012; Kaufmann et al., 2013; LeFevre et al., 2013;
Swanson, 2011; Szucs et al., 2013). To test these hypotheses, researchers from Chile
and Cuba conducted several studies with samples of Chilean school-age children.

Is Low Mathematical Achievement the Result
of Domain-Specific Deficits?

Recently, 85 Chilean school-age children (3rd—6th grades) were assessed using
numerical nonsymbolic, symbolic, and mapping tasks and classified as children
with very low achievement in arithmetic (VLA, N = 23), children with low achieve-
ment in arithmetic (LA, N = 31), and children with typical arithmetic achievement
(TA, N =31) (Castro Caiiizares et al., 2021a). In this study, intellectual capacity and
working memory were controlled for. Children with VLA showed deficits, both in
the nonsymbolic processing of numbers and in the mapping skills, required to inter-
phase between numerical symbols and the analog magnitudes they represent, sup-
porting the idea that a damage in nonsymbolic numerical representations underlies
their severe difficulties in arithmetic. In contrast, LA children showed deficits in
mapping skills only; hence, their low achievement in arithmetic seems to be better
explained by deficits in the access to the nonsymbolic representation of quantities,
through the symbols they represent (see Fig. 2). These results support the hypothe-
sis of deficits in basic numerical abilities as the origin of difficulties in mathematics
and offer new evidence regarding the existence of different cognitive mechanisms
that underlie the behavioral profiles of children with different degrees of difficulties
in arithmetic.

Do General-Domain Processing Deficits Contribute to Low
Mathematical Achievement?

To test the second hypothesis that proposes that there is a close relationship between
the general-domain processes and the development of mathematical skills, two
studies were carried out, the first aimed at exploring the contribution of the compo-
nents of working memory (WM) to mathematic attainment and the second to explore
the contribution of attentional networks.

In the first of these studies (Castro et al., 2017), the specific contribution of each
WM component (phonological loop, visuospatial sketchpad, and central executive)
to the explanation of individual variability in efficiency of basic arithmetic was
assessed, in different moments of school development. Two hundred eighty-five
Chilean school children (1st—6th grades) with and without difficulties in basic arith-
metic were evaluated. Hierarchical regression analyzes were performed controlling
for basic numerical capacities (symbolic and nonsymbolic numeric comparison).
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Fig. 2 Group differences
in numerical skills tasks.
(a) Efficiency measures by
groups for numerical
comparison tasks:

nonsymbolic and symbolic.

(b) Efficiency measures by
groups for object counting
task for small (subitizing)
and large (counting)
numerosities. (¢) Weber
fraction by groups for

numerical estimation tasks:

dot estimation and number
line estimation. TA Typical
arithmetic achievement,
LA Low arithmetic
achievement, VLA Very
low arithmetic
achievement. Efficiency
measure is an inverse
measure: higher values
indicate worse
performance. The errors
bars represent the

SD. (Reproduced from
Castro Canizares et al.,
2021a)
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The results showed that the WM components have a significant contribution to the
explanation of the variance in the efficiency in basic arithmetic, and that this varies
during school development, but only in the children without difficulties in basic
arithmetic. In younger children, a contribution of the visuospatial component
(R*>=.035) for 1st and 2nd grades and for 3rd and 4th grades (R*> = .032) was found.
In 5th and 6th graders, a contribution of the visuospatial component was also found
(R*>=.055), but individual variability in arithmetic performance was also explained
by the verbal component (R*> = .038). In line with these results, previous studies
have described that the arithmetic performance of children aged 6-8 years is affected
by difficulties in the visuospatial and central executive components of WM, when
the processing of visuospatial information is required (Berg, 2008; Holmes &
Adams, 2006; McKenzie et al., 2003). Around age ten, children usually already
perform basic arithmetic tasks through retrieval of numerical facts directly from
long-term memory, which involves the phonological loop (Dehaene & Cohen,
1995) and reflects mastery of symbolic-linguistic arithmetic strategies, reliant on
verbal codes (Berg, 2008; Dehaene & Cohen, 1995; Houdé, 1997). This could
explain the fact that toward the end of elementary school (5th and 6th grades), as a
result of the internalization of number symbols and the automation of addition and
subtraction operations as numerical facts, the central executive component (which
includes the storage carried out by the phonological loop and the simultaneous pro-
cessing of verbal information) has a greater contribution to the development of
arithmetic. In contrast, in children with arithmetic difficulties, no contribution of
any of the WM components assessed was found in efficiency in basic arithmetic.
Repeated measures” ANOVAs were also performed to explore possible differences
between groups in performance on tasks exploring WM. This analysis showed that
the performance of the group with arithmetic difficulties was lower than that of their
control pairs, particularly in those components that showed a specific contribution
to the efficiency in basic arithmetic in the latter group (see Fig. 3a, b). As a whole,
the findings of this study suggest that a lower development of WM (mainly visuo-
spatial components) could be causing difficulties in the maintenance of mental
images related to the problem space of arithmetic operations and, therefore, could
generate difficulties in this domain. In addition, lower WM operability could also
interfere with the quality of the coding and retrieval processes of numerical facts,
processes closely linked to verbal WM (Dehaene & Cohen, 1995; Fuchs et al., 2006).

In the second study, to test the hypothesis of the influence of different general-
domain processes on the origin of difficulties in mathematics, the specific contribu-
tions of executive attention and attentional orientation networks to performance in
basic arithmetic were explored (Castro Cafiizares et al., 2021b). The executive con-
trol network (executive attention) is a brain network related to the detection of errors
and the ability to resolve conflicts between response alternatives (Botvinick et al.,
2001; Dehaene et al., 1994). The attentional orientation network is responsible for
attentional shifting, that is, the ability to change the attentional focus between sets,
tasks, or strategies. It allows the disconnection of a set of irrelevant tasks and the
subsequent selection of a new, more appropriate set (Fan et al., 2002).
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Fig. 3 Group differences in working memory and attentional tasks. (a) Scores in verbal working
memory tasks by school grade. (b) Scores in visuospatial working memory tasks by school grade.
(c) Efficiency measures by group for attentional tasks. TA Typical arithmetic achievement, LA
Low arithmetic achievement. Efficiency measure is an inverse measure: higher values indicate
worse performance. The errors bars represent the SD. (Reproduced from Castro et al., 2017; Castro
Caiiizares et al., 2021b)

In this study, 158 Chilean school-age children (2nd—3th grades) with and without
difficulties in basic arithmetic were evaluated in tasks that explored the performance
of these attentional networks, controlling for the effect of basic numerical abilities.
The group of children with difficulties in arithmetic (low arithmetic achievement
group, LA) showed a significantly lower performance compared to the control
group, both in their efficiency in attentional shifting and in executive attention (see
Fig. 3c).

These data support the hypothesis of a contribution of general-domain cognitive
processes to arithmetic achievement, and are consistent with previous studies
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reporting less ability to shift attention (Bull et al., 1999; Bull & Scerif, 2001; van
der Sluis et al., 2007) and poor attentional control (LeFevre et al., 2013; LeFevre &
Kulak, 1994; Siegler & Shrager, 1984) in children with arithmetic difficulties. The
analysis of the specific contribution of attentional shifting and executive attention to
the explanation of variance in efficiency arithmetic showed significant correlations
with basic arithmetic in both attentional networks (attentional orientation and exec-
utive attention). Furthermore, in this group, executive attention showed a significant
contribution to the explanation of the variance of efficiency in basic arithmetic
(R?=.11, p < .01). No significant contribution of attentional networks to arithmetic
efficiency was found in the control group.

The previous results suggest children who do not have difficulties in basic arith-
metic have achieved a correct automation of numerical facts and the manipulation
of numerical symbols, which leads to a fluent resolution of arithmetic tasks, with
little demand on attentional resources. However, children with low performance in
arithmetic have been described as having persistent difficulties in retrieving numeri-
cal facts, which affects their arithmetic fluency (Geary, 2010; Geary et al., 2007,
Kaufmann et al., 2004; Temple & Sherwood, 2002); therefore, these children could
be relying on much more immature strategies for solving arithmetic problems (such
as using their fingers to count, counting-all, etc.). These strategies would demand
much more attentional control and could explain that in these children the atten-
tional networks are much more involved in arithmetic than in their peers without
difficulties. The previous relationship between high levels of executive attention and
the development of arithmetic fluency has been previously reported by LeFevre
et al. (2013).

The findings of the studies presented above suggest that, although basic numeri-
cal skills explain a great variety of difficulties in learning mathematics, the origin of
these difficulties does not stem only from a deficit in the development of core
numerical skills (nonsymbolic, symbolic, and symbolic-to-nonsymbolic mapping
skills) as indicated by some of the current theories regarding the origin of disorders
in numerical cognition. Rather different general-domain processes seem to play a
part in the origin of difficulties in learning mathematics. Following the results
described, we hypothesize that such general-domain cognitive processes, including
WM and attentional processes, could support the development of a range of higher
level strategies that leverage the computations subserved by the core numerical
architecture, and afford the cognitive system efficient shortcuts to deal with numeri-
cal information. In contrast, undeveloped basic numerical abilities would impose
greater demands to general-domain processing resources and use them to compen-
sate for the inefficient numerical strategies. Alternatively, children with typical
development of nonsymbolic representations but atypical development of symbolic
and mapping skills and/or atypical development of general-domain cognitive pro-
cesses could face an inability to take advantage of additional information processing
resources and would have to continue to resort to less sophisticated strategies that
eventually would no longer match the task demands and lead to difficulties in learn-
ing mathematics. In short, our findings suggest that difficulties in mathematics
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could be associated with a heterogeneous combination of deficits, including both
domain-specific and general-domain deficits.

Implications of the Evidence for Educational Practice

It has been rightfully pointed out that no classroom-ready knowledge from neuro-
science is ever likely to exist (Howard-Jones, 2010; Thomas et al., 2018).
Nevertheless, the relevance of neuroscience for education is accepted by policy-
makers and teachers worldwide (see Bishop, 2014; Bowers, 2016; Bruer, 1997,
2016; Howard-Jones et al., 2016; Thomas et al., 2018 for alternative views within
the academic community).

The results of the Fourth Regional Comparative and Explanatory Study
ERCE-2019 (LLECE, 2020) show that the contents with highest presence (in aver-
age) in the mathematics curricula in Latin America and the Caribbean are: numbers
and operations, magnitudes and measures, and geometry. Figure 4 shows the com-
parison between the frequency of these contents in the curricula (for third and sixth
grades) in Cuba and Chile, with respect to the region. The contents are presented
within the frame of the problem-solving approach, which encourages the construc-
tion of knowledge in a process that involves analyzing, reflecting, and discovering
strategies to solve concrete problems in a creative way. The acquisition of such
content, as shown in multiple studies, depends upon both the pedagogical strategies
used and the development of cognitive skills involved in learning. It is at this point
that neuroscientific knowledge acquires high practical relevance. Teachers aim to
use scientific knowledge about the neural foundations of learning to facilitate the
children’s access to curriculum. Also, it is relevant for policymakers as a foundation
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Fig. 4 Average frequency of contents included in the mathematics curricula for third and sixth
grades in Cuba and Chile, compared to the average for Latin America and the Caribbean. (Adapted
from LLECE, 2020)
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for evidence-based decision making regarding curriculum design/selection and the
implementation of remediation programs or the introduction of technologies in the
schools, at a local or national scale.

Scientific knowledge regarding the neurocognitive architecture supporting math
proficiency and the cognitive (and emotional) challenges faced by children at risk of
low mathematical achievement could be capitalized to the advantage of educators
via two complementary (direct and indirect) routes. The direct route of action is in
line with the “Precision Education Initiative” (Hart, 2016). This initiative extends
the goals of precision medicine regarding the individualization of treatment and
prevention based on genes, environment, and lifestyle; to the classification and
treatment of learning disorders, including the design of educational interventions.
Concrete actions encompassed by this approach may include: (1) the design of uni-
versal screening tools for the early detection of children with special educational
needs regarding math education (children at risk of specific learning disorder or
highly able and talented children at Math), including basic behavioral indicators
validated by neuroimaging studies; (2) the design of highly sensitive and specific
diagnostic and cognitive profiling tools for neuropsychologists and school psychol-
ogists to assess children at risk of specific learning disorders; (3) the design of per-
sonalized stimulation and intervention programs for children with low academic
attainment in math; (4) the assessment of efficacy of interventions programs target-
ing specific neural networks and cognitive components implicated in mathematical
achievement.

The indirect route for neuroscience findings to make an impact include: (1) the
translation of information regarding the sociodemographic, cultural, and individual
predictors of the typical development of numerical cognition and its dissemination
to parents, teachers, and policymakers; (2) the inclusion of the corresponding theo-
retical models and supporting scientific findings in the teachers’ curriculum design
and in other postgraduate professional learning opportunities available to them; (3)
incorporating the knowledge regarding the milestones and cognitive processes
implicated in learning math to the design of personalized pedagogical resources by
the own teachers; (4) the development of wearable devices, sensors, and data analy-
sis methods to record and inform teachers regarding the levels of engagement, phys-
iological responses, and neural states of students during social interactions and
learning in educational settings.

Several initiatives exemplify these alternative and complementary routes. For
instance, regarding the direct route, Iuculano et al. (2015) demonstrated that 1:1
cognitive tutoring during 8 weeks remediates poor performance in children with
Mathematical Learning Disability (MLD). The tutoring program focused on con-
ceptual aspects of number knowledge, speeded practice on efficient counting strate-
gies, and systematic learning of number families (e.g., all the problems that add to
10, and the corresponding subtraction problems). The intervention induced wide-
spread neuroplasticity changes in brain activity, leading to a normalization of aber-
rant functional responses in a distributed network including parietal, prefrontal, and
ventral temporal-occipital areas supporting successful numerical problem solving.
Remarkably, brain activity was correlated with performance gains and machine
learning algorithms that successfully discriminated brain activity patterns in
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children with MLD from those of typically developing peers before the interven-
tions were no longer able to correctly classify them after tutoring. This suggests that
behavioral gains were not due to compensatory mechanisms: after performance
deficits were successfully remediated, children with MLD stopped showing atypical
responses in the brain areas they did before tutoring; and additional and distinct
(compensatory) brain areas were not recruited. Additionally, this study provided
novel metrics to assess the response to intervention in the neural level.

Regarding the indirect approach, LaPsyDE (Laboratoire de Psychologie du
Développement et de I’Education de I’enfant; CNRS, University Paris Descartes)
undertook in 2017 the first participatory science initiative including teachers.
Citizen or participatory science, a methodology traditionally used in scientific
domains demanding massive data collection, was recently employed to bring the
communities of neuroscientists and educators closer together. This approach is
characterized by collaboration between researchers and nonresearchers on a project.
Levels of participation of nonresearchers in the projects range from data collection
to definition of research problems and methodological design and materials, in
coconstructed projects (Miller-Rushing et al., 2012).

The project involved some 3600 students in all and 130 teachers running a cocon-
structed study in their classrooms (Houdé & Borst, 2018). They address the errors
children make frequently in class that can be explained by a lack of inhibitory con-
trol over erroneous automatisms and deceptive heuristics (Houdé, 2019) and at the
same time contrast the validity of neurosciences findings regarding the relevance of
cognitive inhibition (a prefrontal cortex function allowing to ignore irrelevant infor-
mation or automatic responses) to learning. Also, they assess the feasibility of
involving teachers in the design of the pedagogical interventions and compare the
effect sizes obtained with those of studies carried out under traditional laboratory
conditions (Houdé & Borst, 2018). Teachers received professional training on
inhibitory control and scientific methodology. They codesigned the study with the
researchers, randomly assigned children to experimental and control groups, identi-
fied errors to be addressed, and selected and validated interventions proposed by the
research team. Also, they collected the data before (pretest) and after the interven-
tion (posttest) and ran the daily training activities in the classroom. The results
showed a significant increase on inhibitory control in the experimental group at the
end of the pedagogical intervention. The effect size of the intervention was similar
to that of interventions run under classical experimental conditions.

This result shows it is possible to translate scientific knowledge into pedagogical
resources, use them to improve cognition and academic attainment, test theoretical
models without the direct intervention of researchers, and assess the impact of the
interventions at the neural level, with the collaboration of neuroscientists.
Participatory science is a very promising alternative that can be adapted to any con-
text, including Latin America. It promotes close communication and collaboration
between scientists and teachers and relies fundamentally in the teacher’s assessment
regarding the topics their children find particularly challenging and the errors they
frequently commit. The design of interventions and pedagogical resources is also in
the hands of teachers. Hence, the relevance of evidence-based teacher’s curriculum
is apparent.
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Currently, we use the basic knowledge gathered in our countries and successful
initiatives as the ones previously described to promote an implementation of these
two routes through the collaboration of the human and technologic resources of the
ministries of education and those at universities and research institutions dedicated
to promote neurocognitive development and academic success. In Cuba, a program
inspired in the Precision Education approach was already implemented. It has been
designed around the organizational architecture of the Cuban Ministry of Education,
which includes a network of Diagnosis and Orientation Centers, responsible for
coordinating the attention of children with special educational needs in their munic-
ipality’s schools and offer professional development opportunities for the teachers.
A package of tools designed by the Cuban Neurosciences Center allows the detec-
tion of children at risk of learning disorders, the cognitive characterization of them,
and the design of personalized stimulation and intervention strategies at these cen-
ters. Additionally, it includes an e-learning environment for teachers training in edu-
cational neuroscience (Reigosa-Crespo, 2019).

General Conclusions

e Studies conducted in Cuba and Chile suggest difficulties in mathematics stem
from a heterogeneous combination of domain-specific and general-domain pro-
cessing deficits.

» Core numerical abilities and executive functions can be used as early predictors
of the development of numerical cognition and included in universal screening
instruments to detect children at risk of DD.

» Significant translational neuroscience work is required for the evidence to be
accessible for teachers and families, incorporated into policy design and decision-
making processes and included in teachers’ curriculum design and training.
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Chronotype, Social Jetlag, and Sleep Duration

Human physiology and behavior fluctuate along the day. As a diurnal species,
humans tend to be active during the day and rest at night (Roenneberg et al., 2003).
However, sleep—wake cycles show a wide variability among individuals in several
characteristics, including the sleep timing (Roenneberg, Kumar, & Merrow, 2007;
Wittmann et al., 2006). For example, while some individuals usually go to sleep
around 04:00, others spontaneously wake up at the same time. From a biological
standpoint, chronotype is the expression of an individual’s internal timing in a spe-
cific environment or their “temporal phenotype” (Adan et al., 2012; Roenneberg,
2015; Roenneberg, Pilz, et al., 2019). People who go to bed very late at night would
be categorized as “owls,” as they probably exhibit late chronotypes, and those who
wake up very early in the morning as “larks,” presenting early chronotypes.
Independently of how it is measured, chronotype ranges on a continuum between
early and late types, with most people exhibiting intermediate values. Even though
chronotype has a genetic basis (Casiraghi et al., 2010; Hirano et al., 2016; Patke
et al.,, 2017), it is modulated by several factors, such as the light-dark cycle
(Roenneberg, Kumar, & Merrow, 2007; Stothard et al., 2017; Wright et al., 2013),
age (Kuula et al., 2018; Randler et al., 2017; Roenneberg et al., 2004), culture
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(Randler, 2008a; Short et al., 2013), and social cues (e.g., school or work timing)
(Goldin et al., 2020; Leone et al., 2020; Skeldon et al., 2017). Thus, chronotype can
be considered as a construct that aims to characterize a very complex system
(Roenneberg, Pilz, et al., 2019), which comprises biological rhythms (cyclic oscil-
lations) at the behavioral (Mecacci & Zani, 1983; Roenneberg et al., 2015), physi-
ological (Baehr et al., 2000; Duffy et al., 1999), and even molecular levels (Piggins,
2002; Zanello et al., 2000).

Chronotype can be assessed using several methodologies, which measure the
timing of specific biological rhythmic processes. The rise in the circulating levels of
melatonin (a hormone associated with nighttime and sleep) (Pandi-Perumal et al.,
2007) and the minimum body temperature (Refinetti & Menaker, 1992; Waterhouse
et al., 2005) are some examples of physiological markers that can be evaluated to
estimate chronotype. Other estimates are based on behavioral rhythms. A widely
used one is the Midpoint of Sleep in Free days (MSF) (Fig. 1), which is a measure
of sleep timing that takes into account both sleep onset and offset. MSF was origi-
nally proposed as a chronotype index, based on the idea that, during free days, sleep
timing approaches the individuals’ endogenous tendencies because they are not
influenced by work and/or school schedules as they are during weekdays
(Roenneberg et al., 2015; Wittmann et al., 2006). More recently, researchers found
that people tend to sleep more on free days than on weekdays, a phenomenon which
is even more evident in people with later MSF (Roenneberg, Kuehnle, et al., 2007,
Roepke & Duffy, 2010). Consequently, an individual correction for this oversleep
on free days was included, constituting an alternative version of MSF, named MSF
sleep-corrected (MSFsc), which was proposed as a new chronotype index (Fig. 1)
(Roenneberg et al., 2004). Both MSF and MSFsc are local times and can be obtained
through the Munich ChronoType Questionnaire (MCTQ), an easy and reliable stan-
dardized questionnaire about sleep habits (Roenneberg et al., 2003). MSFsc corre-
lates highly with the timing of physiological rhythms, like melatonin or temperature
(Kantermann et al., 2015; Kitamura et al., 2014), and markers of sleep—rest activity
rhythms obtained from sleep diaries and actigraphy (Roenneberg et al., 2003, 2015;
Ryu et al., 2018; Santisteban et al., 2018).

It is worth noticing that chronotype has also been conceptualized as a psycho-
logical trait (Kandeger et al., 2019; Randler, 2008b; Roenneberg, Pilz, et al., 2019).
In line with this idea, several questionnaires evaluating individuals’ diurnal prefer-
ences have been developed, including the Morningness-Eveningness Scale for
Children (MESC) (Carskadon et al., 1993; Estevan, 2020) and the Morning-
Eveningness Questionnaire (MEQ) (Horne & Ostberg, 1976). Although the biologi-
cal and psychological perspectives of chronotype conceptually differ, the outcomes
of questionnaires such as MEQ highly correlate with MSFsc (Goldin et al., 2020;
Kitamura et al., 2014; Zavada et al., 2005) as well as with physiological (Baehr
et al., 2000; Duffy et al., 1999; Kantermann et al., 2015) and behavioral rhythms
(Carrier et al., 1997; Mecacci & Zani, 1983).

Individuals’ internal or biological timing is daily aligned (i.e., synchronized)
to the external time by different factors, including light exposure. In fact, the exter-
nal light-dark cycle is the strongest “time giver” or synchronizer of human
endogenous clocks (Roenneberg, Kumar, & Merrow, 2007; Stothard et al., 2017,
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associated variable calculations. The Midpoint of Sleep on Free Days—sleep-corrected—or
MSFsc is a chronotype index based on sleep timing. Sleep duration (SD) is the amount of hours of
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Wright et al., 2013). However, in modern societies, especially since the global
access to electric lighting, the strength of sunlight as a synchronizer has weakened
(Wright et al., 2013). As a consequence, the range of chronotypes in the human
population has widened and, as electric lighting is independent of the actual time of
the day, there is a tendency towards later chronotypes (Roenneberg, Pilz, et al.,
2019; Wright et al., 2013). Consistently, most people exhibit short sleep duration on
weekdays (SDw) (Ford et al., 2015; Keyes et al., 2015; Matricciani et al., 2012) and
also a misalignment between their endogenous and social timings, as people tend to
go to sleep later but still have to wake up early due to their school or work schedule
(Komada et al., 2019; Roenneberg, Pilz, et al., 2019; Wittmann et al., 2006). This
misalignment is known as social jetlag (SJL), and it is calculated as the difference
between the MSF (midpoint of sleep on free days, where individuals can, theoreti-
cally, freely choose their sleep timing because they have not social obligations) and
the midpoint of sleep in weekdays (days with social obligations, e.g., school or
work) (Fig. 1) (Roenneberg, Pilz, et al., 2019; Wittmann et al., 2006). Both SJL and
SDw correlate with chronotype, with late chronotypes associated with higher SJIL
and shorter SDw (Roenneberg et al., 2003, 2012). This is especially relevant because
both high SJL and short SDw have been recurrently associated with physical and
mental health problems (Carskadon, 2002; Haraszti et al., 2014; Levandovski et al.,
2011; Patel & Hu, 2008; Steptoe et al., 2006; Wong et al., 2015).

Specific examples are useful to fully illustrate the concept of chronotype and its
relationship with sleep duration and SJL, together with their modulation by light
exposure. First, there is an iconic experiment in which the rest-activity cycle (mea-
sured by wrist actigraphy) and melatonin were evaluated on people for 2 weeks: one
while living their regular life in the city and the other while camping outdoors
(Wright et al., 2013). In the latter, participants were exposed to more intense light
during the day (compared with typical indoor lightning) and almost no light during
the night. Consistently, researchers observed differences between both weeks, both
at the behavioral and physiological levels: during their outdoor days, they went to
sleep and woke-up earlier and their rise of melatonin was earlier too (Wright et al.,
2013). Other studies also obtained similar results at more naturalistic conditions. A
rural population exhibited higher light exposure, earlier chronotypes and lower SJL
than an urban comparable population of Brazil (Carvalho et al., 2014). Similar
results were also obtained from the comparison of two Toba/Qom communities
(with and without access to electric lighting): the community with access to electric
lighting showed later sleep timing, shorter sleep duration (de la Iglesia et al., 2015)
and a later onset of melatonin secretion (Casiraghi et al., 2020). Independently of
the experimental setting, results show that when individuals are exposed to sunlight
during the morning and/or reduce their light exposure at night, their chronotype
becomes earlier, SJL levels decrease, and sleep duration increases.

The variety of available methods to quantify chronotype can sometimes make
difficult the comparison between results in the literature. Altogether, it is clear that
chronotype is a complex concept that can be studied from different perspectives,
and which is highly modulated by environmental cues, including society imposed
schedules.
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The Perfect Storm: Adolescents’ Chronotype and School
Start Time

Chronotype has been repeatedly and consistently reported to change during devel-
opment in several animal species (Hummer & Lee, 2016). In humans, specifically,
chronotype becomes progressively delayed throughout adolescence, reaching a
peak of lateness at the end of this period (Randler et al., 2017; Roenneberg et al.,
2004). Consistently with this developmental chronotype delay, the sleep onset (both
during week days and on free days) gets later during adolescence, but sleep offset
(i.e., wake-up time) on weekdays usually remains unmodified because of the very
early school start times (Fig. 1). This situation creates a clash between the internal
biological timing and the social timing (i.e., school timing) of adolescents, clearly
illustrated by M. A. Carskadon as ‘“the perfect storm” (Carskadon, 2011).
Importantly, this metaphor refers not only to the misalignment between the stu-
dents’ social and biological clocks, but also to its consequences. A growing body of
literature reports that a high proportion of adolescents around the world do not reach
the recommended minimum 8 hours of sleep (Hirshkowitz et al., 2015; Shalini
etal., 2021) in school days (Carskadon, 2011; Carskadon et al., 1998; Estevan et al.,
2020; Goldin et al., 2020). Importantly, adolescents also exhibit considerably high
levels of SJL (Goldin et al., 2020; Roenneberg et al., 2012). These consequences are
particularly worrying because both SJL and short sleep duration have been associ-
ated with several undesirable outcomes, such as depressive feelings (Levandovski
et al., 2011; Talbot et al., 2010), obesity (Carskadon, 2002; Parsons et al., 2015;
Roenneberg et al., 2012), substance abuse (McKnight-Eily et al., 2011; Nguyen-
Louie et al., 2018) as well as lower cognitive and academic performance (Diaz-
Morales & Escribano, 2015; Mak et al., 2012; Ng et al., 2009), among others.
Altogether, the scenario illustrated here suggests that early school start times leave
adolescents in a vulnerable position regarding their functioning, behavior and health.

Although early school start times are challenging for most high school students,
those exhibiting later chronotypes are the most affected. Specifically, later chrono-
types during high school has been associated with lower SDw, higher SJL and lower
academic performance (Arrona-Palacios & Diaz-Morales, 2018; Estevan et al.,
2018; Goldin et al., 2020; Rahafar et al., 2017; Scherrer & Preckel, 2021; Tonetti
etal., 2015; Zerbini & Merrow, 2017). Regarding academic performance, this effect
appears to be generally stronger for math and science-related subjects than for lan-
guages, where the effect is usually smaller (Goldin et al., 2020; Preckel et al., 2013)
or even absent (Zerbini et al., 2017). In this last study, an association between late
chronotypes and lower academic performance was found for math, chemistry, biol-
ogy and geography but not for Dutch, English, history and physics (Zerbini et al.,
2017). One possible explanation of these results is that scientific subjects mainly
rely on fluid intelligence while linguistics and humanistic subjects rely more on
crystallized intelligence (Goldstein et al., 2007; Hasher et al., 2005). Thus, the dif-
ferential effect of school subject on chronotype could be explained by the fact that,
when evaluated in the morning, fluid but not crystallized intelligence shows a
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positive association with earlier chronotypes (Goldstein et al., 2007; Hasher et al.,
2005). Importantly, the global association between later chronotypes and lower per-
formance during the morning could be explained by the fact that people usually
perform better when the activity timing is aligned with their chronotype (i.e., syn-
chrony effect) (May, 1999; May et al., 1993). Consistently, some studies have shown
that performance differences between early and late chronotypes disappear when
adolescents are evaluated in the afternoon (Arrona-Palacios & Diaz-Morales, 2018;
Estevan et al., 2018; Goldin et al., 2020; Itzek-Greulich et al., 2016; van der Vinne
etal., 2015). Overall, later chronotypes attending school early in the morning are at
cognitive disadvantage, which might lead to negative effects in their future aca-
demic and professional life (French et al., 2015; Geiser & Santelices, 2007).

Three main types of interventions have been proposed to mitigate this “perfect
storm” and to improve adolescents’ sleep health and academic performance. First,
educational interventions aimed at promoting sleep hygiene awareness seem to suc-
ceed at improving students” knowledge about healthy sleep habits. However, their
effectiveness in changing adolescents’ sleep habits has not been consistent between
reports (Blunden et al., 2012; Cain et al., 2011; John et al., 2016; Kira et al., 2014;
Moseley & Gradisar, 2009; Sousa et al., 2013). Second, a few studies suggest that
adolescents benefit from interventions that either increase light exposure during the
morning (Bonnar et al., 2015; Gradisar et al., 2011)or which decrease it at night,
mainly by limiting the use of electronic devices (Perrault et al., 2019; van der Lely
et al., 2015). In both types of light-associated interventions, the main result is that
the adolescents’ chronotype becomes earlier and morning-attending students aligns
better with their school timing, thus reducing their SJL. Third, interventions delay-
ing school start times have become relevant in the last two decades. Overall, these
interventions show consistent improvements regarding students’ sleep duration,
SJL and well-being (Boergers et al., 2014; Dunster et al., 2018; Owens et al., 2017,
Widome et al., 2020). However, the impact on academic performance is not conclu-
sive: some studies found improvements (Dunster et al., 2018; Kelley et al., 2017),
but others did not (Boergers et al., 2014; Owens et al., 2010; Thacher & Onyper,
2016). Surprisingly, most studies assessing the effect of delays in school start time
on academic achievement do not report whether the performance gap between early
and late chronotypes finally closes, or not. One possible explanation is that the mag-
nitude of the tested delays, which ranges from 15 min to 90 min, might not be
always sufficient to observe changes neither in academic achievement nor in the
performance gap between chronotypes. Relevantly, some school systems include
morning, afternoon and even evening school timings, offering naturalistic setups to
assess the impact of very different school start times on adolescents’ sleep habits
and chronotype. Precisely, this is the case of Latin America.
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The Perfect Hurricane: Chronotype and School Start Times
in Latin America

When compared with their peers of other continents, many Latin American adoles-
cents show extremely late chronotypes but attend school very early in the morning.
Thus, the “storm” becomes a “hurricane.” In Argentina, for example, students in
their first year of secondary school (12—13 y.o0.) present a mean MSFsc of 05:49,
while in older students (17-18 y.o0.), the mean MSFsc is 06:10 (Goldin et al., 2020).
These chronotypes values are extremely late, and even the earliest are more than 1 h
30 min later than the ones reported for adolescents of the same ages at central
Europe (Roenneberg et al., 2004) (Fig. 2). However, school start times are similar,
or even earlier, in Argentina. In sum, the combination of extremely late chronotypes
and very early school start times leads to extraordinarily high levels of SJL (around
3.8 h) and worryingly sleep-deprived students (more than 90% sleep less than
8 hours on weekdays nights) (Goldin et al., 2020). This is especially alarming for
older students, who sleep less than 6 h on each school night, on average. These
extreme levels of SJL and sleep deprivation in adolescents have not been previously
reported neither in North America or in Europe (Carskadon, 2011; Matricciani
et al., 2012; Roenneberg et al., 2012) (Fig. 2). It is worth noting that even though
studies from some Asian countries reported chronotype and SJL levels similar to
their European peers, levels of sleep deprivation in China, Korea and Japan are
closer to those presented by Argentinian adolescents (Chung & Cheung, 2008; Han
& Chung, 2020; Komada et al., 2019; Steptoe et al., 2006; Yang et al., 2005).
Conversely, adolescents from Uruguay exhibited chronotypes, SJIL and sleep dura-
tion on weekdays similar to their Argentinian peers (Estevan et al., 2020; Goldin
et al., 2020). Importantly, during free days, Argentinian and Uruguayan adolescents
do not sleep more than Europeans do (Fig. 2), which seems to indicate that the aver-
age sleep duration of the students from these countries is indeed considerably
shorter. Of course, an alternative possibility is that Argentinian and Uruguayan stu-
dents compensate their short nocturnal sleep duration on weekdays with more and/
or longer diurnal naps. However, napping was insufficient to reach the 8 h of daily
sleep on weekdays for Argentinian adolescents (Goldin et al., 2020) and it is diffi-
cult to compare this result with other countries because naptimes are rarely reported.
Overall, adolescents from Argentina and Uruguay seem to be even more negatively
affected by early school start times due to their later chronotypes and, consistently,
they show even more unhealthier sleep habits (higher social jetlag and shorter sleep
duration) than teenagers from many other countries.

It is not clear yet if such extremely late chronotypes are mostly found in the
region of “Rio de la Plata” (Argentina and Uruguay) or whether they are widespread
throughout Latin America. However, several studies including Brazilian adoles-
cents seem to indicate that extremely late chronotypes are not necessarily the norm
in Latin America (Brandalize et al., 2011; Carvalho-Mendes et al., 2020; de Souza
etal., 2012). Although most of the studies conducted in Brazil do not inform MSFsc,
they do report sleep habits of adolescents and then it is possible to compare these
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results with those from Argentina and Uruguay. Brazilian morning-attending stu-
dents present considerably earlier sleep onset (bedtime time) and offset (wake-up
time) on free days than their Argentinian and Uruguayan peers. In particular, the
mean sleep onset on free days was between 23:30 and 00:30 for Brazilian students,
while for Argentinian and Uruguayan students, it was between 02:00 and 02:46
(Brandalize et al., 2011; Carvalho-Mendes et al., 2020; de Souza et al., 2012;
Estevan et al., 2020; Goldin et al., 2020). A similar relation is observed in the sleep
offset on free days: from 08:30 to 10:00 for Brazilians and from 11:00 to 11:46 for
students from the “Rio de la Plata.” Thus, the mean MSF of Brazilian students
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results around 2.5 h earlier, and they probably present chronotypes more similar to
those of European adolescents (Brandalize et al., 2011; Carvalho-Mendes et al.,
2020; de Souza et al., 2012; Roenneberg et al., 2004). Consistently, Brazilian stu-
dents show lower levels of SJL and longer sleep duration than their Argentinian or
Uruguayan peers do.

Interestingly, although adolescents from Mexico (Arrona-Palacios et al., 2015)
show sleep patterns similar to their Brazilian peers, little is known about chronotype
and sleep habits of adolescents of other Latin American countries. A study compar-
ing adolescents attending German schools around the world showed similar results
to the ones described above, including some other Latin American countries such as
Guatemala and Costa Rica (Randler, 2008a). Students from those countries exhibit
similar or even earlier chronotypes than Brazilian and Mexican students. The
authors propose that the difference observed in chronotype could be explained by
differences on the climate of these countries (Randler, 2008a). Nonetheless, the
available data is not yet sufficient to reach robust conclusions. Results are not con-
sistent between different studies and that is not surprising because chronotype is
modulated by a great number of factors (which also include geographical latitude
and longitude, and seasonality) (Bekinschtein et al., 2004; Bjorvatn et al., 2021;
Leocadio-Miguel et al., 2017; Masal et al., 2015; Roenneberg, Winnebeck, &
Klerman, 2019). Thus, it is crucial to seek local knowledge regarding adolescents’
chronotype and sleep: if we improve our understanding of Latin American students’
sleep habits and which factors negatively affects them, we will be able to think and
implement interventions to improve their sleep health. This is important not only for
countries where studies are scarce or inexistent, such as Guatemala, Chile, Bolivia,
or Peru, but also for countries where some studies already have taken place, such as
in Argentina, Uruguay, Brazil, and Mexico.

Consequences of the Perfect Hurricane

“The perfect hurricane” also affects academic performance. Morning-attending stu-
dents with later chronotypes are more susceptible to have lower academic perfor-
mance than their peers with earlier chronotypes (Arrona-Palacios & Diaz-Morales,
2018; Estevan et al., 2018; Goldin et al., 2020) (Fig. 3). Unfortunately, the magni-
tude of the effect cannot be easily compared between countries because chronotype
was assessed with different questionnaires. While the study from Argentina (Goldin
et al., 2020) obtained chronotypes using the MCTQ (Roenneberg et al., 2003) (a
questionnaire based on sleep timing), studies in Uruguay (Estevan et al., 2018) and
Mexico (Arrona-Palacios & Diaz-Morales, 2018) used the MEQ (Horne & Ostberg,
1976) and MESC (Carskadon et al., 1993), respectively, which are both based on
diurnal preferences. Thus, here we can schematically compare the results obtained
for Argentina with those of other regions, but we cannot quantitatively compare
results of different Latin American countries.
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Fig. 3 Chronotype and school timing effects on academic performance in Latin America. (a)
Correlation between grades and chronotype for morning and afternoon school timings. The effect
of chronotype on academic performance depends on school timing, with a negative effect found in
the morning school timing (top) and no effect in the afternoon school timing (bottom). (b)
Comparison of the effect of chronotype on academic performance in different countries. The
slopes illustrated here are the beta coefficients associated to MSFsc in linear models with academic
performance as dependent variable (Goldin et al., 2020; Kolomeichuk et al., 2016; Zerbini et al.,
2017). The models also include several control variables, which vary between studies: 11-16 y.o.
ages and only math grades (the Netherlands), 13—14 y.o. students and only math grades (Argentina),
and 10-18 y.o. ages considering the average of all school subjects’ grades (Russia). Color indicates
school timing. Yellow: morning school timing; green: afternoon school timing

Figure 3 shows a particularly relevant comparison including data from three dif-
ferent populations with gradually later mean chronotypes to compare the effect on
academic performance. As we previously explained, Argentinian students present
extremely late chronotypes (mean MSFsc for 13—14 y.o. students: 05:49; mean
MSFsc for 17-18 y.o. students: 06:10) (Goldin et al., 2020), especially when com-
pared with Dutch adolescents (MSFsc mean for 11-16 y.o.: 04:16) (Zerbini et al.,
2017), but also with the Russian cohort (MSFsc mean for 10-18 y.o.: 05:04)
(Kolomeichuk et al., 2016). Later chronotypes are associated with lower grades on
the three studies, but the magnitude of the effect differs among countries: 1 h later,
chronotype is associated with a grade reduction of 0.315 (0.338), 0.282 and 0.124 in
younger (older) students from Argentina, Russia and the Netherlands, respectively
(grades scaled from 1 to 10). Although interesting and illustrative, this magnitude
comparison should be cautiously analyzed because the three studies have important
differences between them. For example, linear models including grades and chrono-
type includes different covariables between studies, and, in the Russian study, the
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grades were self-reported and ranged from 1 to 5 (the coefficient reported above has
been corrected to allow the comparison). In addition, the grades included in these
three studies correspond to different school subjects: for Argentina and the
Netherlands, the values presented here are only for math while for Russia it includes
many different school subjects (Goldin et al., 2020; Kolomeichuk et al., 2016;
Zerbini et al., 2017). Thus, considering that math is one of the school subjects where
the effect of chronotype has been reported to be stronger (Goldin et al., 2020;
Preckel et al., 2013; Zerbini et al., 2017), the result reported on the Russian sample
might be underestimated. Consequently, more evidence is needed to clarify whether
the relation between chronotype and academic performance is stronger for students’
populations exhibiting later chronotypes for students attending school in the
morning.

Importantly, the effect of different school timings can be assessed in Latin
America, including not only different morning school start times. Some Latin
American countries have schools with two or three different school timings: morn-
ing, approximately from 07:30 to 12:30; afternoon, approximately from 12:30 to
17:30; and only in some exceptional cases, evening, approximately from 17:30 to
22:30. This particular organization of the educational system allows studying
whether, and how, school timing affects students’ chronotypes, sleep habits, and the
relation between chronotype and academic performance.

First, as a social cue, school timing could modulate adolescents’ chronotype. If
this effect exists, afternoon-attending students would exhibit later chronotypes than
morning-attending students. Consistently with this idea, studies from Argentina
(Goldin et al., 2020), Uruguay (Estevan et al., 2020) and Mexico (Arrona-Palacios
et al., 2015) have shown that adolescents attending school in the afternoon present
considerably later chronotypes than their peers attending school in the morning.
Interestingly, in the cases of Uruguayan and Argentinian studies, the assignation of
students to one of the two (or three) school schedules was random and then it is pos-
sible to assume that the differences observed are not due to, for example, previous
diurnal preferences (Estevan et al., 2020; Goldin et al., 2020). Additionally, the
Argentinian study also includes evening attending-students, who exhibit even later
chronotypes than their afternoon-attending peers (Goldin et al., 2020): for example,
for older students (17-18 y.o.), the mean MSFsc were 06:10, 07:34, and 08:01 in
morning, afternoon, and evening school timings, respectively (Fig. 2). It is impor-
tant to notice these differences on MSFsc indicate that school schedules (on week-
days) are affecting sleep timing on free days. Thus, school schedules are modulating
adolescents’ internal timing and not only affecting weekdays sleep timing: even
though on free days all adolescents can theoretically freely choose their sleep times,
earlier school schedules are associated with earlier chronotypes. As expected
because of the late chronotypes and the early morning school timing, the chronotype
modulation is only partial: social jetlag levels increases as school timing get earlier,
showing that chronotype is not earlier enough to equal sleep timing along the whole
week. In contrast, two studies from Brazil reported no differences on students’ sleep
timing on free days (and, consistently, chronotype) between afternoon and morning
school timings (Brandalize et al., 2011; Carvalho-Mendes et al., 2020). Importantly,
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one of these studies have an additional strength: the same students were evaluated at
both morning and afternoon school timings, allowing to compare school timing
effects discarding interindividual differences associated with cross-sectional studies
(Brandalize et al., 2011). In sum, the lack of chronotype differences between morn-
ing and afternoon school timings in Brazilian students might be explained by the
fact that these adolescents exhibited earlier chronotypes than their Argentinian and
Uruguayan peers. Consistently, morning school timing might be not early enough to
change the earlier internal timing of Brazilian students.

Second, both sleep duration and social jetlag differed among school timings.
Afternoon-attending students present longer sleep duration on weekdays, without
differences in sleep duration on free days. This result was found on different studies,
including those Brazilian where chronotype did not differ between school timings
(Arrona-Palacios et al., 2015; Brandalize et al., 2011; Carvalho-Mendes et al., 2020;
Estevan et al., 2020; Goldin et al., 2020). To exemplify this effect, older Argentinian
students sleep 5.95 h, 7.43 h, and 8.1 8 h, on weekdays when attending morning,
afternoon, or evening school timing, respectively (Fig. 2). Similar results were
observed in SJL levels: afternoon-attending students exhibit lower levels of SJL
than their morning-attending peers (Arrona-Palacios et al., 2015; Brandalize et al.,
2011; Carvalho-Mendes et al., 2020; Estevan et al., 2020; Goldin et al., 2020). In
particular, older Argentinian students exhibited 3.80 h, 2.93 h, or 2.24 h of SJL
when attending morning, afternoon, or evening school timings, respectively (Goldin
et al., 2020) (Fig. 2). It is worth noticing that SJL levels of evening-attending stu-
dents are still considerably high, which is not the case for Brazilian students attend-
ing school in the afternoon, who present low (Brandalize et al., 2011), and even
close to zero (Carvalho-Mendes et al., 2020), SJL levels. The absence of SJL is a
particularly rare event in urban modern societies and, especially, in the adolescent
population and might be explained by cultural and/or geographical characteristics
of these samples. Overall, afternoon and evening school timings seem to benefit
students, who present lower levels of SJL and longer sleep duration on weekdays
than their morning-attending peers. This is particularly important for extremely late
populations such as Argentinian adolescents,

Third, the existence of afternoon and evening school timings is an excellent natu-
ralistic setup to study whether the relation between early chronotypes and better
academic performance, is modulated by school timing or not. This association has
been repeatedly reported on students attending school in the morning and then it
might depend on school timing. If the negative association between chronotype and
grades is independent from school timing, earlier chronotypes would perform better
in both morning and afternoon (evening) school timings. On the contrary, if the rela-
tion is modulated by school timing, and particularly, if the negative association dis-
appears or reverts in the afternoon (evening) school timing, it would indicate the
existence of a synchrony effect (Fig. 3). That is, students would perform better when
the school schedule (i.e., the learning and/or the evaluation times) is aligned with
their internal timing or chronotype. Studies in Mexico and Uruguay showed that the
negative association between chronotypes and academic performance (late chrono-
types, low grades) disappears in afternoon school timing (Arrona-Palacios &
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Dfiaz-Morales, 2018; Estevan et al., 2018). In the case of the Argentinian study,
results are more complex as it considers two students’ ages (13—14 and 17-18 y.o.)
and three different categories of school subjects (math, language and other subjects)
(Goldin et al., 2020). In order to simplify, only results for older students in math and
language are considered here. Regarding maths, the negative effect disappeared in
both afternoon and evening school timing (Fig. 3). Interestingly, for language the
negative association persisted in the afternoon school timing but it even reverted
(the slope became positive) in the evening school timing (Goldin et al., 2020). This
last result suggests an advantage of later chronotypes over earlier chronotypes when
attending school in the evening. It should be note that even though the evening slope
was significantly higher than the afternoon slope and positive, it was not statistically
different from zero. As explained, this reversion was observed in language but not
in math. Globally, early chronotypes appear to be having an advantage over late
types, but this advantage is lower or absent in later school timings. Altogether, after-
noon and evening school timings seem to be more fair educational schedules, where
early chronotypes at least do not show an advantage over later chronotypes.

Conclusion

Adolescents ‘chronotypes and sleep habits showed significant differences not only
between Latin America and geographically and/or culturally distant regions, but
also among Latin American countries. These differences might be explained by a
combination of factors. For example, geographical longitude and, in particular, the
distance from the center of the adopted time zone affect the phase relationship
between the social and the solar clock, which in turn could affect individuals’ chro-
notype (Masal et al., 2015; Roenneberg, Winnebeck, & Klerman, 2019).
Furthermore, culture is one of the most relevant factors explaining the variability of
chronotype between countries: regular activities occur at different timings and
might help to differentially synchronize circadian rhythms (Randler et al., 2015;
Short et al., 2013). Consistently, in order to further understand the chronotype dif-
ferences all over the world, it is important to know which is the relevance of sleep
health and which are the regular activities or social cues that modulate chronotype
on different regions/cultures. For instance, “Rio de la Plata” population have dinner
later than the United States or even Brazil, which might be associated with the
observed delayed chronotype. Interestingly, differences exist between cities of the
same country (Carvalho et al., 2014) and might even exist between areas with dif-
ferent socioeconomic status within the same city. Thus, it is extremely important to
generate local knowledge to plan and implement public policies designed to improve
adolescents’ sleep health and performance. The existence of different school tim-
ings on the educational systems in Latin America constitutes a useful setup that
allows us to ask and find answers to questions that are extremely difficult to address
in other regions of the world. Therefore, these type of studies from Latin America
are extremely relevant not only for its inhabitants but also for the rest of the globe:
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the evaluation of these otherwise ignored scenarios allows not only to improve the
field knowledge but also to have a global and complete overview of the effects of
chronotype on academic performance. In sum, understanding the relation between
chronotype and school timing and its consequences on sleep and academic achieve-
ment will allow us to improve adolescents’ health and performance, not only in
Latin America but also all over the world.
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To stigmatized individuals, stereotypes convey negative views of their category or
group’s social identity. Women (belonging to societies that hold sexist beliefs) in
general know that stereotypes define them as emotional, empathetic, kind beings,
but with reduced mathematical ability, no leadership skills, and with academic and
professional skills only in specific areas such as the Humanities (Deemer et al.,
2015; von Hippel et al., 2011).

Gender-based stereotypes and attitudes toward the socially disadvantaged cate-
gory of women often have favorable content but harmful consequences. Eagly and
Mladinic (1989) have shown that while most people have favorable stereotypes
about women as being helpful, kind, warm, and empathetic, these beliefs can actu-
ally invisibilize their competence (Langford & MacKinnon, 2000). Glick and Fiske
(1996, 2001) have argued that the perceived friendliness and competence of stigma-
tized social groups are often inversely related and that forms of benevolent sexism,
in which women are seen as warm (but incompetent), endorse a system of gender
inequality (Glick et al., 2000, 2004).

Regarding the category of Black women, stereotypes are associated to deperson-
alization, infrahumanization, low social, and intellectual prestige (or lack of intel-
lectual capacity). In a study on the content of stereotypes surrounding Black
characters in Brazilian educational publications, Silva (2001) verified that these
stereotypes pointed toward a depersonalization and animalization. Black characters
were often unnamed and generally associated to animals. They were also associated
to slavery and occupations such as house maids, singers, and dancers.

The relation between perceived skin color and social status and their effects on
the attribution of typically human characteristics were assessed by Lima and Vala
(2004). The results showed that socially successful Black people were perceived as
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whiter than the socially unsuccessful. A mediation analysis showed that as much
successful blacks are perceived as white, more typically human characteristics are
attributed to them. The inverse happened with the Black people perceived as Black.
The findings of Wade and Bielitz (2005) demonstrate that Afro-American women
with lighter skin color and Afro-American men with darker skin color were per-
ceived as being more socially successful by White participants. Light-skinned
women were considered more intelligent than dark-skinned men and women.

Tajfel (1982) argues that stereotypes are based on three central processes: social
categorization, social identity, and social comparison. Social categorizations are the
cognitive tools that segment, classify, and order the social environment, thus
enabling individuals to engage in different forms of social activity. Beyond system-
atizing the social world, the categorizations also provide a system of orientation for
self-reference, since they create and define the individual’s place in society. Social
groups, in this sense, provide its members with a form of self-identifying in social
terms. These identifications are largely relational and comparative, defining indi-
viduals as similar or different, “better” or “worse” than the members of other groups
(Tajfel & Turner, 1986).

In this perspective, social identity is understood as the individual’s self-concept
that originates from consciously belonging to a social group or groups. This belong-
ing has affective-emotional meaning and value. The main assumption of the theory
of social identity (Tajfel, 1982) is the notion that individuals strive to achieve or
maintain a positive type of social identity, that is, they strive to maintain a high self-
esteem through a positive self-image. This image is obtained when individuals posi-
tively differentiate themselves from members of other social groups in a process of
social comparison (Tajfel & Turner, 1986). When the social identity is not satisfac-
tory, individuals strive to leave their group and join another more valued one and/or
make their group more positively distinctive.

Based on research on social categorization and on the concept of social identity,
the self-categorization theory is characterized by a set of hypotheses and premises
about the functioning of the social self-concept. That is, the self-concept based on
comparisons with other people that are important for the social interaction. This
theory proposes that individuals who are more identified with their social group will
have their group identity easily activated in situations that are relevant for their
identity (Turner et al., 1987).

Building on this notion, the theory of stereotype threat (Steele & Aronson, 1995)
assumes that each person has multiple group identities (e.g. gender, race/ethnicity,
age, socioeconomic status, etc.). When situational cues signal the value or impor-
tance of an identity in a given environment, the association with a specific group
becomes more prominent and a process of vigilance begins (Murphy & Taylor, 2012).

During the stage of vigilance, the individual’s attention is directed to situational
cues to determine whether the group identity is a variable to be assessed. Two
assessments are possible. If the cues in the social environment fail to confirm that
the social identity may be a source of stigma, devaluing or mistreatment, vigilance
decreases. Performance and functioning will therefore be contingent only on the
task at hand. However, if the situational cues confirm the possibility that the social
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identity is being negatively evaluated, vigilance increases, leading to impaired per-
formance and functioning (Cohen & Garcia, 2008; Cohen et al., 2012).

Even apparently harmless situational cues such as filling in race or gender on a
form may be meaningful, once people are always trying to investigate if they are
possibly being devalued in a given context (Wout et al., 2009). Individuals differ as
to the probability and intensity with which they engage in the process of vigilance,
that is, people have different thresholds for evaluating whether there is threat to
identity.

Some people put almost every environment under scrutiny, in search of situa-
tional cues that may signal the value of their identities. This may happen if they are,
for instance, particularly sensitive to identity-based rejection (Mendoza-Denton
etal., 2002) or highly aware of the stigma associated to their identities (Pinel, 2004).
Some will require a strong situational cue, such as a sexist comment from a fellow
student or professor, while others may feel threatened when several more subtle
suggestions converge (Murphy & Taylor, 2012).

Besides, certain contextual signs are less threatening for individuals who did not
personally invest in specific domains, for example, women who avoid careers in the
hard sciences as a strategy for protecting their self-concept and personal self-esteem.
According to this idea, stereotype threat is more related to maladaptive psychologi-
cal reactions to the stressor than to the stressor itself (i.e., the stereotype) (Liu
et al., 2021).

Negative stereotypes on social identities provide social blueprints for interpret-
ing individual behavior in certain domains, generating concerns, for the individuals,
regarding whether they are being judged or treated in terms of these stereotypes.
Experienced as a threatening state, this phenomenon, known as stereotype threat,
can hinder the performance of members of devalued social groups in different
domains (Kaye et al., 2018; Steele, 1997; Steele & Aronson, 1995; Steele
et al., 2002).

Stereotype threat weakens performance because when the person tries to refute a
negative stereotype, anxiety is automatically activated. Anxiety distracts the indi-
vidual from the task at hand due to the efforts to reduce it. Additionally, concerns
regarding stereotypes are also a distraction and require regulation. The attempt to
regulate the anxiety and concerns steals the necessary resources from the working
memory for the cognitive demand(s) of the daily tasks related to stereotypes
(Schmader et al., 2008).

These experiences and the consequences of the process of stereotype threat can
influence people’s desire to identify and persist in academic and professional
domains (Nussbaum & Steele, 2007). These vigilance processes can also shape
people’s experience in the future, directing their attention to similar situational cues
in new environments (Murphy & Taylor, 2012).

Any individual may be confronted with the psychological threat of being reduced
to a negative stereotype. This concern results in impaired performance in tasks that
are considered to have a high level of difficulty and/or a high level of social impor-
tance (Steele et al., 2002). The harmful effects of stereotype threat on performance
have been found in a variety of domains and social groups: in the academic domain



230 J. Reina and M. E. Pereira

in general for Black people (Steele & Aronson, 1995); women in the hard sciences,
in traffic, and at work (Deemer et al., 2015; Kinias & Sim, 2016; Yeung & von
Hippel, 2008); elderly people in relation to memory (Lamont et al., 2015); and
White men in athletics (Stone et al., 2012), among others. Therefore, we understand
that stereotype threat is situational, because it arises when people become aware
that they may be the target of negative stereotypes for belonging to devalued social
groups, during their daily activities (Steele, 1997).

In this study, we investigated the social groups of undergraduate and graduate
female students. We believe the threat of being stereotyped interferes in the intel-
lectual functioning and academic engagement of these students, for belonging to a
stigmatized group or groups. This sets the ground for possible differences in later
educational performance and professional career expectations and choices (Murphy
& Taylor, 2012; Ryan & Sackett, 2013; Walton et al., 2015).

The results of the study by von Hippel et al. (2015) with a sample of 512 women
from the financial sector showed that they perceived stereotype threat in their work-
place, reported a decrease in their well-being in work and were less prone to recom-
mend their field to other women. These findings were mediated by an identity
separation, that is, the women perceived their gender identity as incompatible with
their work identity.

Despite the presence of women in various spheres of society nowadays, gender
stereotypes reduce women’s ability to achieve certain goals or aspirations, espe-
cially in areas dominated by men (Roberson & Kulik, 2007). Studies show that
women are less seen as a hiring option in typically male domains, have less oppor-
tunities for promotions and still earn less than their male coworkers (Lyness &
Heilman, 2006). Furthermore, they are evaluated as inferior employees for being
perceived as less committed to their career and more focused on their families
(Correll et al., 2007).

We may consider that gender inequalities and sexist stereotypes have highly
damaging impacts on women’s career aspirations and on their beliefs about their
professional future, to the extent that most of these stereotypes are incongruous with
professional success (Powell et al., 2002; Schein, 2007). Relationships with organi-
zations marked by gender (and race) inequality produce intense stress in women
when they plan their professional career and perceive they have more barriers than
men (Lyness & Heilman, 2006; Lyness & Thompson, 2000). In this study, we con-
sidered stereotype threat as a specific barrier that may affect the career expectations
of female university students in different study fields.

From the perspective of the target, we are interested in the expectations that
undergraduate and graduate female students have for their professional future and
the professional future of other women, as a social category. Studies on stereotype
threat usually infer its presence based on a pattern of outcomes where the dependent
variable is the performance of members of socially devalued groups. However, we
sought to assess stereotype threat through a different variable, that is, expectation,
in order to investigate whether this phenomenon may affect other dimensions of the
lives of female university students, in this case, their beliefs about their own profes-
sional future and that of their social category.
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Research Problem and Hypotheses

Our study assumes that in our society stereotypes, as legitimators of a sexist system,
devalue the social category of women and, even when positive, hold beliefs that
classify them as incompetent (Santos & Amancio, 2014; Jost & Kay, 2005). We also
take into consideration women individual psychological mechanism of striving to
maintain a positive personal self-esteem, once they’re members of a social devalued
group, especially in academic and professional contexts, in which competence is
constantly being evaluated (Oswald & Lindstedt, 2006). One of the main conse-
quences of having a devalued social identity is the attempt to make oneself more
positively distinctive (Tajfel & Turner, 1986). With these elements, we place the
hypothesis that the participants will have a lower group expectation regarding pro-
fessional career in comparison to their personal expectation; the students will expect
more for themselves than for their social category (H1).

Understanding how these threat processes can produce different outcomes for
stigmatized groups is particularly important for educators and employers who inter-
act with diverse populations on a daily basis. One of the initial goals of research on
stereotype threat was not only to reveal the processes that negatively impact mem-
bers of stereotyped groups but also to develop strategies for removing these threats
from socially valued environments such as schools, universities, and workplaces
(Steele et al., 2002).

According to Murphy and Taylor (2012), cues of a secure identity can reverse
this process by signaling to people that their social identity is valued. The literature
has shown that highlighting the achievements and positive attributes of the target
group of stereotypes and prejudice seems to produce a significant effect in reducing
the harmful impacts of stereotype threat (Mclntyre et al., 2003; da Silva, 2007).

The theory of stereotype threat has shed light on the harmful effects of this pro-
cess, specifically on performance, due to the fear that members of socially stigma-
tized groups have of being judged or treated in terms of negative stereotypes
(Deemer et al., 2015; Steele & Aronson, 1995). This has led to our second hypoth-
esis, which postulates that the participants exposed to stereotype threat will have
lower career expectations compared to participants exposed to the control condition
and participants exposed to the positive evaluation of attributes of their social cate-
gory, who will have higher career expectations (H2).

It is essential to point out that most research on stereotype threat has been con-
ducted in experimental laboratories, and while this offers experimental control and
strong evidence of the power of situational factors in reducing performance, the
question of generalizability to real-world contexts is important. Studies assume that
while members of devalued groups, including women, are unlikely to experience
the kinds of stereotype threats that are induced in the laboratory in real-life contexts
(Liu et al., 2021), subtle experiences in school, university, and work may cause them
to worry about being evaluated based on their gender and/or race (von Hippel
etal., 2011).
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In this research, we are interested in the social comparisons that women engage
in to evaluate their achievements, and consequently their career expectations. Given
that men generally earn more, are promoted more quickly, and are given jobs of
greater value to organizations (Agars, 2004; Heilman, 2001), it can be problematic
for women to compare themselves to their male counterparts. Through social com-
parisons with men, women may become aware that they are paid less, are climbing
the corporate ladder more slowly, and are working on less visible projects. Social
comparisons with those who perform “better” (Schwinghammer et al., 2006) or are
more valued negatively affect self-assessment.

Studies suggest that social comparisons with men are associated with feelings of
stereotype threat in the workplace while social comparisons with other women are
not (von Hippel et al., 2011; Marx et al., 2005). Stereotype threat has been associ-
ated with conflicts around women’s identity as employees, less perceived likelihood
of achieving career goals, negative attitudes toward the workplace, and intentions of
changing jobs (higher turnover rates) (von Hippel et al., 2011).

From this perspective, the present research is interested in the activation of the
social identity of female university students through two types of social compari-
sons, one that devalues and another that values the social category. Thus, the third
hypothesis postulates a differential effect produced by identity activation through
social comparisons. In this scenario, participants subjected to stereotype threat with
social comparison will have even lower career expectations, while those exposed to
positive evaluation of the category with social comparison will have higher expecta-
tions than the control, stereotype threat and positive evaluation (with no social com-
parison) conditions (H3).

Method

This study was developed with a 3 x 2 design. The first factor refers to the experi-
mental conditions (stereotype threat, positive evaluation, control), and the second
factor refers to the social comparisons (with identity activation, without identity
activation). Professional career expectations for oneself and for the social category
were evaluated in the different conditions as well as the impact of the following
mediators of the effects of stereotype threat and positive evaluation of attributes on
career expectations: domain identification, racial identity, domain disengagement,
personal self-esteem, collective self-esteem, academic, and professional goals.

Participants

The study was carried out with undergraduate and graduate university students. A
total of 331 women participated in the study, randomly allocated in the three experi-
mental conditions according to the distribution exposed in Table 1, which shows
there was no discrepancy of the values in each condition (y* = 331.000, p < 0.001).
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Table 1 Sample distribution by experimental condition

Experimental condition Without comparison With comparison Total

Threat 56 60 116

Positive evaluation 53 45 98

Control 52 65 117

Total 161 170 331
Procedure

The call for participants was done through social networks. Female university stu-
dents were invited to voluntarily participate in an experimental online survey about
career expectations. After agreeing to participate in the research through an informed
consent form, ensuring the anonymity of their information, they answered a sociode-
mographic questionnaire and chose the band that most resembled their skin tone on
a skin color scale. Upon starting the task, participants were randomly allocated to
one of the three experimental conditions. Students in the stereotype threat condi-
tion, for example, were exposed to a priming screen containing a text with charac-
teristics that threatened the social category of women. After reading the text, they
would answer a questionnaire about their expectations regarding their own profes-
sional career and that of their social category. Afterward, they were asked to answer
the instruments that evaluated the mediators. Participants in the control group were
exposed to a priming screen with a text with no stereotype threat and that did not
value the attributes of their social group.

Experimental Manipulation

Participants were randomly assigned to one of three experimental conditions. The
experimental conditions were activated by reading a short text at the initial stage of
the experiment. See Table 2.

Instruments
Assessment of Expectations

Two self-report measures with 10 questions each assessed the students‘expectations
regarding their personal professional career and that of their social category. The
scales were an adaptation of the Scale of Career Expectations in Organizations by
Vasconcellos and Neira (2016). On two 5-point Likert scales ranging from strongly
disagree to strongly agree, students rated items such as “I will achieve relevant profes-
sional achievements in my career”/Women will achieve relevant professional
achievements in their careers,” “I will be well paid in relation to my professional
responsibilities”/*“Women will be well paid in relation to their professional responsi-
bilities,” “I will be recognized by the organization for my contributions at
work”/*“Women will be recognized by the organization for their contributions at work.”
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Table 2 Texts referring to the three experimental conditions
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Threat

Positive evaluation

Control

In recent years, due to the
expansion of higher education
in Brazil, numerous studies have
been conducted on the
experiences of students in the
academic environment.
Research evaluating the
academic performance of
university students at the
undergraduate and graduate
levels indicates that women
present poor academic
performance in examinations
(tests and exams) in hard
science courses, such as
mathematics, engineering,
statistics, and technology.

In recent years, due to the
expansion of higher education in
Brazil, numerous studies have
been conducted on the
experiences of students in the
academic environment.
Research evaluating the
academic performance of
university students at the
undergraduate and graduate
levels indicates that women
present satisfactory academic
performance in examinations
(tests and exams) in hard science
courses, such as mathematics,
engineering, statistics, and
technology.

In recent years, due to the
expansion of higher
education in Brazil,
numerous studies have
been conducted on the
experiences of students in
the academic environment.
Data released by the
Ministry of Education
indicated that more than
seven million students
enrolled in higher
education institutions in
the years 2011 and 2012 in
Brazil. According to the
School Census of Higher
Education, there were
more than one million
enrollments in federal
institutions during the
years 2011 and 2012.

Comparison

Therefore, the data show that in
areas predominantly occupied
by men, women tend to perform
significantly worse than their
male colleagues.

Comparison

Therefore, the data show that in
areas predominantly occupied by
men, women tend to perform
significantly better than their
male colleagues.

Comparison

Recent data indicate that
the private school system
already has more than 6.2
million students, which
represents more than 75%
of the higher education
system. More than 1.1
million students are
enrolled in the federal
universities.

Participant Variables Assessment

The following self-report measures were used to assess the impact of psychosocial
and sociodemographic variables:

Racial Identity Two scales were used to assess racial identity: the Skin Color Scale
and an adaptation of Helms’ Racial Identity Scale (1990). In the Skin Color Scale,
the participant was asked to indicate the color that most closely matched her skin
tone out of 20 options. This scale was included given the complexity of racial self-
identification in Brazil, where miscegenation resulted in a “gradient” of skin tones.
In this sense, racial appearance, found in elements such as skin color, intervenes as
an identity marker that may lead to different interpretations (Cunin, 2003). We con-
sidered it important to assess whether the students ‘skin color affected their profes-
sional expectations. The adaptation of the Racial Identity Scale was used to assess
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how far individual self-definition is related to belonging to a social group in which
race is the marker and whether this identification would produce differences in
expectations.

Identification with the Academic Domain An adaptation of the Identification with
School Questionnaire (Voelkl, 1996) was used to assess the extent to which the
students self-esteem is connected to and dependent on academic performance.
Studies on stereotype threat show that individuals who are most identified with this
domain will be the most affected.

Domain Engagement An adaptation of Stone’s Student Engagement Questionnaire
(2002) assessed the students’ skills in relation to the academic domain.

Personal Self-esteem The Rosenberg Self-Esteem Scale (1965, cited by Vargas
et al., 2005) was used. According to this scale, having high self-esteem means feel-
ing “good enough,” respecting oneself, considering oneself capable and, at the same
time, not feeling superior or inferior to others. On the other hand, low self-esteem
suggests self-rejection, dissatisfaction with and contempt for oneself. We believe
that there is a close relationship between personal self-esteem and professional
expectations.

Collective Self-esteem The Collective Self-Esteem Scale was developed by
Luhtanen and Crocker (1992) and has a version adapted for the Brazilian population
by de Souza and Ferreira (2004).

Academic and Professional Achievement Goals An adaptation of the 3 x 2
Achievement Goal Questionnaire (AGQ; Elliot et al., 2011) was used. Theorists
posit that achievement goals reflect purpose and anticipated outcomes that guide
behavior.

Sociodemographic Questionnaire The instrument was applied with the objective
of characterizing the participants in sociodemographic terms and consisted of ques-
tions about age, race/color, education, income, marital status, number of children,
professional status, and academic field.

Analysis and Discussion of the Results

To test hypothesis 1, in which we expected to find that participants would have
higher career expectations for themselves (personal expectation) than for the social
category of women (group expectation), we conducted a Bayesian analysis.
Comparison of the differences showed an expectation score 0.42 higher for their
own future than for the category of women (personal expectations: 3.42 + 0.60;
group expectations: 3.07 £ 0.69). A two-tailed analysis using Student‘s t-test for
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repeated measures revealed a Bayesian factor suggesting that the substantive
hypothesis of difference between means was 6.58e + 23 times better than the null
hypothesis. After respecification and subsequent application of a one-tailed test to
verify whether personal expectations were higher than group expectations, the
Bayesian test indicated an extremely robust model, 1.32e + 24 better than the null
hypothesis, with a median effect size of 0.67 (0.51-0.84). This result confirmed the
first hypothesis, demonstrating that female university students have more positive
beliefs about their personal professional future than about the future of their
social group.

Self-categorization theory, linked to social identity theory, argues that people
strive to maintain a positive social identity and that self-stereotyping can be found
related to all relevant attributes or dimensions of the group (Cohen et al., 2012;
Oswald & Lindstedt, 2006; Tajfel, 1982; Turner et al., 1987). Thus, positive gender
stereotypes are likely to be easily integrated into the self-concept and promote posi-
tive personal and collective self-esteem. Negative gender stereotypes, on the other
hand, present a problem, since complete denial of these stereotypes tends to be
unrealistic, given the prevalence of stereotypes in society.

Internalizing negative stereotypes about social groups can threaten social iden-
tity and result in low personal and collective self-esteem (Katz et al., 2002). Gender
self-stereotyping poses a major problem for maintaining a positive self-concept. In
a study by Oswald and Lindstedt (2006), participants readily accepted positive gen-
der stereotypes to describe themselves and negative stereotypes were used more
often to describe the group than themselves, demonstrating an attempt to maintain
positive personal self-esteem.

The results derived from the first hypothesis point to the impact of the internal-
ization of sexist stereotypes that devalue women. Since stereotypes shape social
identities, in spaces where this identity is devalued, women need to constantly dem-
onstrate competence and personal effort to maintain a positive self-image and per-
sonal self-esteem. Thus, we understand why female university students have more
positive expectations about themselves than about their stigmatized social group.

Hypothesis 2 postulated that participants exposed to the stereotype threat condi-
tion would have lower expectations relative to participants in the control and posi-
tive evaluation condition, who in turn would have higher expectations. Analyses
conducted using a Bayesian ANOVA for repeated measures (specifying a Cauchy
prior for the effects) pointed to a Bayes factor consistent with the understanding that
the data is 6.33e + 24 times better for a model that includes time and expectations
compared to the null model. As noted in the graph found in Fig. 1, and taking into
consideration the post hoc comparisons conducted regarding the different experi-
mental conditions, it is clear that both threat priming (posterior odds = 3.494) and
positive evaluation priming (posterior odds = 274.439) created higher personal and
group expectations than the control condition, while no differences in posterior
odds scores were identified between the positive evaluation and threat conditions
(0.155).
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Thus, hypothesis 2 was partially confirmed, since in the positive evaluation con-
dition the participants’ expectations increased, but for the stereotype threat condi-
tion, which should have reduced the score, it did not prove effective.

In this study, we threatened the group of women with stereotypes that signaled a
devaluation of their social category within the hard sciences (a male-dominated
field of knowledge) and expected that this condition would reduce their professional
expectations. A number of studies show that the mere existence of social stereotypes
highlighting a supposed intellectual inferiority of specific social groups creates
threatening intellectual environments for its members, where anything they say or
do can be interpreted through the lens of low expectations. This corrosive effect of
stereotyping can distort individuals’ interpretation of critical assessments, produce
gender and race disparities in career ambitions, and undermine efforts aimed at
improving diversity and inclusion in organizations (Roberson & Kulik, 2007;
Shapiro & Neuberg, 2007; Steele & Aronson, 1995).

We believe that stereotype threat priming signaled to the participants that they
should differentiate themselves personally from their social category, i.e., show they
are competent and “can have a promising future” even though they belong to a
devalued social category. Therefore, by using a self-report measure, the female stu-
dents, in an attempt to protect their personal self-image and self-esteem, reported
having high personal career expectations. It is noteworthy that this effect would
probably not occur with a performance measure, since performance is assessed
directly and not indirectly as with a self-report measure.

The last hypothesis was that participants in the stereotype threat condition with
social comparison (devalued identity activation) would have lower career expecta-
tions, while in the positive evaluation condition with social comparison (valued
identity activation), expectations would be higher than for participants exposed to
the control, stereotype threat, and positive evaluation conditions without social
comparison. To test hypothesis 3, we conducted a Bayesian repeated measures
ANOVA including as comparison factors between conditions (control, threat and
positive evaluation) and identity activation (yes or no). The data pointed to a model
2.06e + 24 better than the null model, with BF,, values of 25.325 for the effect of
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Fig. 2 Participants personal and group expectations with and without identity activation by exper-
imental conditions

condition and only 4.276 for identity activation, indicating only a modest effect of
the latter variable.

The analysis of the graph found in Fig. 2 and the post hoc test values confirm that
the effect of identity occurred only in relation to group expectations and only in the
control condition, in which an increase in expectation is identified as a function of
identity activation, a result that opposes the postulate in hypothesis 3.

We believe this result can be explained by considering the profile of participants
in the sample. The female students in the present study may not have been sensitive
to the type of experimental manipulation, i.e., comparing the performance of women
with that of men did not activate the social identity of these women. Studies on the
stereotype threat effect on the category of women are mostly conducted with stu-
dents or professionals in the hard sciences field, in which they are threatened with
logic tests. However, in this study, the profile was of humanities students’ field. This
is an effect of reality itself, since many courses in the hard sciences are predomi-
nantly taken by men. This is an important indicator of how sexist stereotypes inter-
fere in the distribution of students by area. Perhaps for students in the humanities, a
field predominantly composed of women, comparing them to men is not enough to
activate their social identity.

A marking aspect of our discussion refers to a predominance of participants from
the humanities. To analyze this effect, we conducted a new analysis considering the
participants’ psychosocial and sociodemographic variables in the result pattern of
the expectations. To formulate predictive models, we ran Bayesian multiple linear
regressions, with an a priori value [P(M)] of 0.5 per model for each expectation,
using the sociodemographic and psychosocial variables as predictors. We found
evidence supporting a regression model for personal expectations
(BF,p = 3.499¢ + 08), in which the following predictors were included, in order of
inclusion factor: personal self-esteem (BF,,. = 3.22e + 07), positive evaluation prim-
ing (BF,. = 96.08), education in the humanities (BF,,, = 7.66), and skin color
(BFy, = 3.03).
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Analysis of the model indicates an r2 value = 0.208 and indicate an intercept of
3.42 and values of 0.256 for personal self-esteem, 0.248 for positive evaluation
priming, —0.140 for education in the humanities, and —0.012 for skin color. Since
the inclusion of the skin color variable contributed little to the overall model, as
observed by the BFy,., the model generated for personal expectations indicates that
the higher the personal self-esteem and the activation of the positive evaluation
priming, the higher the level of personal expectations, although this effect is clearly
reduced among participants in the humanities.

We verified a discrepancy in the intensity of personal expectation between stu-
dents from the humanities and other areas, that is, students from the humanities
have lower personal expectation. Moreover, the relationship between personal self-
esteem (main predictor variable) and personal expectation is higher for nonhuman-
ities students and this effect is independent of positive evaluation. On the other
hand, students from the humanities only show a marked relation between self-
esteem and personal expectation when they are subjected to the condition of posi-
tive evaluation of the social category (Fig. 3).

Conclusion

The results together indicate that female university students demonstrated higher
expectations regarding their own professional future than that of the category of
women. This effect was intensified by priming activation, regardless of whether it
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Fig. 3 Relationship between personal self-esteem and personal expectations of humanities and
nonhumanities field students exposed or not to the positive evaluation condition
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was stereotype threat or positive evaluation of the category, although expectations
were not affected by social identity activation. The evidence presented in this study
points to the negative impacts of sexist beliefs on expectations regarding the profes-
sional future of the social category of women. Individually, women strive to discon-
firm the negative stereotypes related to their category, demonstrating positive
expectations for themselves. However, with regards to their social category, they
show they have internalized socially shared negative stereotypes about women,
since they reported having low expectations for the professional future of their
social group. This study contributed by measuring the effect of stereotype threat in
a dimension other than performance on expectations about the future of a socially
devalued category. The threat condition produced an unexpected pattern with
respect to women’s career expectations. However, social identity theory and self-
categorization theory are able to explain this effect. The experimental manipulation
of the identity activation priming was not effective. This leads us to consider the
possibility of problems in the profile of the participants (mostly from the field of
humanities). More research is needed to evaluate the relationship between these
constructs and with a larger number of women from other fields of knowledge.
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Retrieval Practice as a Learning Strategy
for Diverse Populations

Check for
updates

Roberta Ekuni and Antonio Jaeger

Introduction

The 2018 PISA (Programme for International Student Assessment) showed that
there are no Latin American countries in the top positions regarding reading, math-
ematics, and science (OECD, 2019). Although the reasons for this fact are undoubt-
edly complex and require solutions in multiple levels, current research on human
learning shows that evidence-based education may have an important role toward
the improvement of education in these countries (Slavin, 2020). As demonstrated by
hundreds of studies conducted in the last two decades (for a review, see Dunlosky
et al., 2013), one of the best strategies to promote long-lasting learning is called
“retrieval practice,” and consists in trying to remember materials that were previ-
ously studied. That is, when performing retrieval practice, students engage in
attempts to remember the studied materials (i.e., to practice retrieval) instead of
restudying the materials. Putting it simply, retrieval practice focuses on “taking
information out of students’ heads” instead of “inserting information into the stu-
dents’ heads” (Agarwal et al., 2013).

Recent studies demonstrate that this approach facilitates learning through a vari-
ety of processes, such as reducing forgetting (McDermott, 2021), promoting trans-
fer to different test formats and inference questions (Pan & Rickard, 2018),
improving reconsolidation of nonretrieved contents (Zaromb & Roediger, 2010),
and minimizing retroactive interference (for a review, see Roediger et al., 2011).
Interestingly, the benefits of retrieval practice are found even when individuals fail
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to produce accurate memory responses during the practice of retrieval (Kornell
et al., 2009).

Even though empirical evidence supporting memory retrieval as a learning strat-
egy have been documented for over a century (for a meta-analysis, see Rowland,
2014), the great majority of the research on this topic was conducted on WEIRD
(Western, Educated, Industrialized, Rich, and Democratic) individuals, which are
not representative of most of the world’s population (Henrich et al., 2010). In fact,
arecent systematic review which included 37 studies on the effects of retrieval prac-
tice in classroom settings reported only three studies conducted on non-WEIRD
populations (Agarwal et al., 2021), and just a few with children and nontypical
populations. Considering the need to make psychological science more inclusive
(Buchanan et al., 2020), it is essential that future research approach the question of
whether retrieval practice is beneficial for diverse populations (Klein et al., 2018).

Retrieval Practice: An Overview

Retrieval practice can take many formats and can be conducted by both teachers and
students. When students practice retrieval on their own, they might do this through
activities such as self-testing or responding to quizzes, for example. Teachers, on
the other hand, can administer a variety of practices that engage retrieval in their
classes. For example, after giving a short power-point presentation, teachers can
administer a short-answer quiz about the presented subject, which can be followed
by corrective feedback (i.e., exposing students to the correct responses after the quiz
is completed). Alternatively, teachers may ask students to write down all they
remember from the presentation, and then expose the main contents of the presenta-
tion again, allowing students to verify whether they responded correctly and to add
any missing information.

Even though retrieval practice may have different formats, all these formats have
in common an active memory search for previously studied information (i.e., activi-
ties engaging retrieval). Thus, a comprehension of the theoretical basis of retrieval
practice is essential for its effective application. Furthermore, retrieval practice is an
evidence-based learning strategy, a perspective that naturally assumes that its theo-
retical foundations are based on empirical data. Thus, we briefly discuss here the
empirical approach typically adopted to study retrieval practice, as well as two cur-
rent important theoretical accounts.

In a typical retrieval practice experiment (see Rowland, 2014), participants first
study the to-be-learned materials, which can be done by reading, watching lectures,
watching videos, and so on. After this study phase is finished, participants are asked
to engage in retrieval practice. That is, they are asked to retrieve the studied infor-
mation through some kind of test, such as multiple-choice tests, short-answer ques-
tions, or fill-in-the-blank tasks. This condition is normally compared to a control
condition in which participants most often restudy the material through rereading or
a similar task (see Moreira, Pinto, et al., 2019; van den Broek et al., 2016). Finally,
to verify whether retrieval practice produced greater memory retention than the
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“restudy” condition, a final criterion test is conducted. The final test also can take
many formats, such as multiple choice or cued recall, for example. Also, it may be
conducted after various intervals, and greater intervals (over a couple of days) typi-
cally produce greater benefits for retrieval practice over restudy.

A growing body of research has been shown that retrieving previously studied
information is more beneficial for memory retention not only in comparison to
rereading (Rowland, 2014), but also in comparison to note taking (Heitmann et al.,
2018), to engaging in self-explanations (i.e., try to self-explain the learning mate-
rial) (Larsen et al., 2013), to copying notes (Gingerich et al., 2014), and even in
comparison to other learning strategies, such as conceptual mapping (Karpicke &
Blunt, 2011). It is also worth noting that a range of different materials has been used
to show its benefits, such as statistical content (Lyle & Crawford, 2011), biology
textbook (Uner & Roediger, 2017), medical topics (Larsen et al., 2009), educational
psychology course (Ekuni & Pompeia, 2020a), second language vocabulary (Candry
et al., 2020), and orthography learning (Jones et al., 2015).

Thus, due to the compelling benefits of retrieval practice for long-term memory,
a few theoretical accounts have been proposed to explain this phenomenon (see
Rowland, 2014). A prominent account assumes that memory retrieval promotes the
semantic elaboration of the retrieved content (elaborative retrieval hypothesis). That
is, every time a given information is retrieved, concepts that are semantically related
to that information are activated, which eventually produce alternative pathways
through which that information can be later retrieved (Carpenter, 2009; McKenzie
& Eichenbaum, 2011; Wing et al., 2013).

Another prominent hypothesis, the episodic context account (Karpicke, Lehman,
& Aue, 2014), proposes that because the studied item and its respective episodic
context are retrieved in a new context during retrieval practice, both the initial con-
text and the new context become associated to the item. At the final test, the memory
search will be facilitated, since only items associated with both contexts will be
considered. It is worth noting that these accounts are not mutually exclusive, and
that further research will be necessary to reach any consensus regarding the theo-
retical account for the retrieval practice effect (for further accounts, see Van Den
Broek et al., 2016).

In sum, retrieval practice is an empirically well-defined and replicable phenom-
enon. Also, it has already generated well specified and falsifiable theoretical
accounts. The question arises then as to whether the benefits for retrieval practice
found in laboratory experiments are also found in real classroom environments, in a
manner that can be adopted as a teaching or learning strategy.

Evidence from Classroom Studies

There are several differences between the application of retrieval practice in labora-
tory versus in real classroom settings. Such differences include, for instance, sim-
pler materials in laboratory than in classroom studies, or different motivation to
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perform retrieval practice in the laboratory than in the classroom. In this sense,
besides showing retrieval practice effects in laboratory settings, it is vital to show
whether the benefits of retrieval practice are also found in real classroom environ-
ments (see Wooldridge et al., 2012). Below, we discuss some studies on retrieval
practice in classroom environments, as well as the main issues surrounding such
application.

In order to use retrieval practice at class, there are a variety of test formats that
can be adopted, such as tests requiring students to choose the correct among a few
alternative answers (i.e., multiple-choice tests; McDaniel et al., 2007), tests in
which students judge whether a given statement is “true” or “false” (Uner et al.,
2021), tests requiring that students produce a short-answer (McDaniel et al., 2007),
and exercises requiring that students fill in blank spaces in a phrase or text (Hinze &
Wiley, 2011).

As the research on retrieval practice applied to classroom environments advances,
it becomes clearer that all these types of tests may be beneficial for students. For
example, early studies suggested that short-answer questions lead to greater reten-
tion than multiple-choice tests (Kang et al., 2007; McDaniel et al., 2007). More
recent meta-analyses reviewing both laboratory and classroom studies, however,
suggested that this is not always the case (Adesope et al., 2017; Yang et al., 2020).
In reality, both types of tests seem to be similarly beneficial for learning, suggesting
that several factors should be considered when determining the type of retrieval
practice to be adopted in class. These factors can be as general as the familiarity of
the student with the to-be-learned materials, to as specific as the quality of the alter-
natives made on the multiple-choice questions (Little et al., 2012).

Another variable that is important to consider for the application of retrieval
practice in classroom environments is the presence or absence of feedback. It should
be noted that researches that aim to investigate the isolated benefit of retrieval
should avoid including feedback in their research protocol (Karpicke et al., 2016).
However, when it comes to practical applications, it is well demonstrated that the
benefits of retrieval are boosted by feedback (Ekuni & Pompeia, 2020b; Yang et al.,
2020). For instance, when students are exposed to incorrect information when
answering multiple-choice questions, feedback is important to dismiss such infor-
mation (Roediger & Butler, 2011). Furthermore, when a teacher offers elaborated
feedback, the addition of more detailed information may favor the transfer of knowl-
edge (Pan & Rickard, 2018). Thus, whenever possible, students should receive feed-
back regarding the accuracy of their remembrances during retrieval practice.

An additional issue that should be considered for the application of retrieval
practice in classroom settings is whether retrieval practice should be conducted with
open- versus closed book (Agarwal et al., 2008). That is, whether students will be
allowed to search for the answers in their textbook during retrieval practice or not.
Recent research suggests that retrieval practice is more advantageous when admin-
istered with closed book (Tauber et al., 2018). It is important to note, however, that
the expectation of an open-book final test may hinder performance on the final test
(Agarwal & Roediger, 2011), probably because students exert less effort when they
know that a certain amount of information will be available at the final test. In any
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case, retrieval practice is beneficial for learning in classroom contexts with both
open- or closed book, especially when there is an expectation for later closed-
book tests.

In sum, a growing body of research has been showing that retrieval practice can
be successfully applied as a learning strategy in real classroom environments. We
discussed above some issues that should be considered for such application. A
remaining question, however, is whether retrieval practice can be successfully
applied to more diverse populations. We discuss this possibility below.

Retrieval Practice in Diverse Populations

As discussed above, retrieval practice is well demonstrated to benefit learning for
college students from WEIRD countries (see Agarwal et al., 2021; Moreira, Pinto,
etal., 2019). The question arises then as to whether retrieval practice is replicated in
more diverse populations, such as children, students with special educational needs,
individuals from non-WEIRD populations, and thus, can be used as an effective
educational technique in these contexts (Klein et al., 2018). Therefore, this section
has the goal of discussing the potential use of retrieval practice to improve learning
in these populations.

Although research on retrieval practice in children is scarce, the evidence shows
that it can improve children’s learning both from preschool and elementary school
children (Fazio & Marsh, 2019). That is, in children, retrieving information can
improve the learning of a wide range of materials, from learning how to write new
vocabulary words (Jones et al., 2015) to increasing the retention of book contents
(Cornell et al., 1988).

Evidence that retrieval can boost learning for elementary school children was
found in a study wherein children responded to multiple-choice questions after
reading a short story (Brojde & Wise, 2008). In the final criterion test, children were
asked to summarize and to answer to short open-ended questions about the story.
The results were favorable for retrieval practice, since responding to multiple-choice
questions after reading the story increased recall in both final tests. Unfortunately,
however, there was no control condition in this study (i.e., multiple-choice ques-
tions were compared to “no activity”), a limitation that should be considered in
future replications of these findings.

Interestingly, another study shows that although retrieval practice can be benefi-
cial for elementary school children, they might need some guidance to properly
perform retrieval practice (Karpicke et al., 2012). More specifically, in that study,
children tried to freely recall and to make conceptual maps of contents read in texts
from their school curricula. When they were left alone to perform these tasks their
performances were extremely low, whereas when they received guidance (e.g., a
conceptual map partially completed), they were successful in the use of retrieval
practice. Thus, further than showing that retrieval practice can be beneficial for
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elementary school children, this study highlights the importance of adapting the
practices tested with college students to elementary school children.

In a recent review on retrieval practice in children (Fazio & Marsh, 2019), only
one study made with a non-WEIRD sample is cited. This study was conducted in
Brazil and used a short text as learning material (Jaeger et al., 2014). After children
read the text, they either received the full text again and reread it (i.e., restudy), or
received the text with missing words, which they should remember from their first
reading (i.e., retrieval practice). The final criterion test also consisted in remember-
ing missing words from the text and was administered after an interval of seven
days. The group that practiced retrieval showed a significantly greater performance
on the final test than the group that just reread the materials. That is, the retrieval
practice effect typically found in WEIRD populations was replicated on non-
WEIRD children.

The studies above are examples of the benefits of retrieval practice for elemen-
tary school children. Because this population is younger, it is important to adapt the
activities involving retrieval practice according to their needs. For example, it might
be particularly beneficial to use cued-recall tests and to provide immediate feedback
for children in this age range (Kliegl et al., 2018). Also, it is important to note that
retrieval practice is not as beneficial when students remember less than 50% of the
studied contents when performing the practice (Rowland, 2014). Thus, retrieval
practice protocols that are beneficial for college students may not be beneficial for
children, unless they are properly adapted.

Retrieval practice typically involves responding to questions after a study phase.
A possibility that has been increasingly investigated, however, is whether questions
made before the study phase are also beneficial for learning. This possibility was
investigated in a study involving elementary school children in Brazil (de Lima &
Jaeger, 2020). In this study, children first responded to “prequestions,” then read a
text and responded to “postquestions.” Both pre- and postquestions consisted of
completing the text with missing words, whereas the control condition involved
only rereading the text again. Criterion final tests were conducted after an interval
of seven days, and showed that while postquestions (i.e., retrieval practice) pro-
duced greater memory retention than prequestions, both pre- and postquestions pro-
duced greater memory retention than rereading. These findings strongly suggest
that retrieval practice, as well as the administration of prequestions, enhances long-
term learning in non-WEIRD elementary school children.

Studies involving middle and high school WEIRD children also showed benefits
of retrieval practice. For instance, responding to a cued-recall test resulted in greater
long-term retention of a second language vocabulary than just copying or reading
the vocabulary (Candry et al., 2020). Also, middle and high school students learned
more Science and History contents when multiple opportunities to retrieve those
contents were administered (via multiple-choice or short-answer questions) than
when they were asked to reread the contents (McDermott et al., 2014). Unfortunately,
however, although studies on WEIRD populations indicate that retrieval practice
benefits learning of middle and high school students, we did not find studies in a real
classroom environment for non-WEIRD populations within this age range.
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Regarding non-WEIRD undergraduate students, a study conducted in Brazil
investigated whether the placement of retrieval practice, relative to study, affected
memory retention (Ekuni & Pompeia, 2020a). Retrieval practice consisted of short-
answer questions, and were placed either at the end of the class in which the content
was taught, or at the beginning of the following class. Memory retention was mea-
sured through a multiple-choice test, which showed that placing retrieval practice at
the end of the class was more beneficial for memory than placing retrieval practice
at the beginning of the next class. Interestingly, retrieval practice at the end of the
class was also more beneficial than a teacher-led review conducted during the same
class or at the beginning of the next class.

Another study involving non-WEIRD college students was conducted in
Pakistan. The study focused on medical school students, and investigated whether
retrieval practice in the form of multiple-choice quizzes was beneficial for the learn-
ing of curricula contents (Ayyub & Mahboob, 2017). This study showed that stu-
dents had a strikingly greater performance when quizzed after each class, during a
period of 4 weeks, in comparison to when no quiz was administered, a result that
support the view that retrieval practice is consistently beneficial for students from
different cultures and populations.

In the same line, during a review nursing course conducted in Taiwan, students
either participated of didactic instructions (i.e., teacher reviewed the studied con-
tents) or performed retrieval practice in the form of multiple-choice questions fol-
lowed by feedback (Tu et al., 2017). Importantly, based on a prior exam, the students
were divided into three groups: low, intermediate, and high performance. Although
low performance individuals were especially benefited by retrieval practice, inter-
mediate performance individuals were particularly benefited by didactic instruc-
tions. This is an important finding, since it suggests that individual differences can
influence the effects of retrieval practice.

Another study involving non-WEIRD college students was conducted in Turkey
(Yigit et al., 2014) and showed equivalent memory retention for chemistry contents
learned through multiple-choice questions or through rereading. Furthermore, no
differences between these learning strategies were found after intervals of one day
or one week. Intriguingly, however, research involving WEIRD students enrolled in
pharmacology or medicinal chemistry courses (Hernick, 2015), or just studying
chemistry contents (Marsh et al., 2009) found significant benefits of retrieval prac-
tice for learning such contents.

Although the studies reviewed so far focused on neurotypical populations, below
we review the few studies that focused on verifying the efficiency of retrieval prac-
tice for neurodivergent populations. In one of these studies, which was conducted in
Brazil, children with diverse reading skills were equally benefited by remembering
words previously studied in a text (i.e., retrieval practice) in comparison to reread-
ing these same words (Moreira, Pinto, et al., 2019). That is, retrieval practice was
equally beneficial for children with low and high reading skills.

Regarding special education students, another study conducted in Brazil found
that individuals with Down syndrome had a numerical advantage for the retention
of the contents read in a text when they engaged in a fill-in-the-blank test (i.e.,
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retrieval practice), compared to when they simply reread the text (Starling et al.,
2019). The limitation of this study, however, was that the sample was small. Thus,
although the effect did not reach statistical significance, this study has pioneered the
application of retrieval practice on special education students.

We found two studies focusing on assessing the benefits of retrieval practice for
individuals with attention-deficit hyperactivity disorder (ADHD; Knouse et al.,
2020; Knouse et al., 2016). These studies were conducted in the United States and
involved exclusively college students. Both studies found that individuals with or
without ADHD were equally benefited by retrieval practice to learn key-terms or
words from texts or lists of categorized words. Thus, they show that retrieval prac-
tice is an efficient learning strategy for ADHD individuals, as it is for individuals
without ADHD.

In sum, it is important that future studies consider whether the efficiency of
retrieval practice is affected by cultural as well as individual differences. A growing
awareness about this need is noticeable in the recent literature, as revealed by stud-
ies focusing on whether working memory capacity affects the benefits of retrieval
practice, for example (Agarwal et al., 2016). Furthermore, once research begin
focusing more intensely on individual differences and diversity, attention should
also be paid to socioeconomic factors, considering for example, whether potential
educational gaps cause by socioeconomic inequality can be reduced by efficient and
low-cost learning strategies, such as retrieval practice.

Practical Implications for Students and Educators

As discussed above, evidence-based strategies such as retrieval practice can be use-
ful to improve learning. However, research on the benefits of retrieval practice has
focused mostly on WEIRD populations. Above, we reviewed the literature on non-
WEIRD and other populations and showed that retrieval practices are also benefi-
cial for those individuals. Therefore, below we provide some practical guidance for
the use of retrieval practice by teachers and students from the populations dis-
cussed above.

As we stated before, one variable that influences the benefits of retrieval is the
success of the first retrieval attempt (should be above 50%, Rowland, 2014).
Considering children and students with special needs, it might be important to pro-
vide scaffolding strategies to have such high rate of initial retrieval success. For
instance, fill-in-the-blank question with word stem for the target word (e.g., Jaeger
et al., 2014; Moreira, da Silva Pinto, et al., 2019; Starling et al., 2019) or whatever
guidance that allows students to retrieve more information during retrieval practice
(Karpicke et al., 2012). Also, it is important to provide as much feedback as possible
after retrieval, a factor consistently shown to enhance the long-term benefit of
retrieval practice (Kliegl et al., 2018).
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Regarding older students (from high school students to undergraduates), it is
important to consider that students from both WEIRD and non-WEIRD populations
prefer to study by rereading, highlighting, and summarizing, instead of engaging in
retrieval practice (Karpicke et al., 2009; Persky & Hudson, 2016; Ekuni et al.,
2020). Even though most teachers report giving tips about how students should
study (Morehead et al., 2015), students report that they were not informed about
which study strategies are more effective to promote long-lasting learning (Hartwig
& Dunlosky, 2012; Karpicke et al., 2009; Hartwig & Dunlosky, 2012; Morehead
et al., 2015). In any case, when students prefer strategies such as highlighting,
rereading, or outlining, further than instructing them about more efficient learning
strategies, they can be instructed on how to use those habitual strategies in a more
effective way. For instance, if a given student prefers to highlight, she or he can be
instructed to first read the section one time and only highlight the important parts
(see Miyatsu et al., 2018). It is important to note, however, that strategies as high-
lighting and outlining are more beneficial for students that are able to identify the
important contents of the materials (Dunlosky et al., 2013).

As for children, another recommendation to maximize the benefits of retrieval
practice in older students is to provide tips or cues to increase retrieval performance
during retrieval practice. For example, if a given question is too hard for a student,
educators can provide specific guidance to enhance the chances that the student will
respond correctly to the question. Such strategy can also increase the motivation of
students to practice retrieval more often (Vaughn & Kornell, 2019). In the same line,
enhancing the awareness of students about the efficiency of the available learning
strategies, may lead them to choose more efficient strategies to study (Brown-
Kramer, 2021).

Interestingly, practicing retrieval through high-stakes quizzes or tests may intui-
tively seem to enhance the motivation of student to learn, and therefore to produce
greater long-term learning than practicing retrieval through low-stakes quizzes and
tests. Research shows, however, that high- and low-stakes quizzes produce similar
learning performances (Hinze & Rapp, 2014). In fact, low-stakes quizzes may pro-
duce even greater memory retention than high-stakes quizzes when longer intervals
between the quizzes and the final criterion tests are adopted. In the light of the stud-
ies discussed above, to use effective learning techniques such as retrieval practice
does not require only organization and preparation from teachers, but also student
engagement and often more effort to study, factors that if not carefully considered
may discourage the use of those study strategies in real learning contexts (Karpicke,
2009). Also, considering students from non-WEIRD countries that may be poverty-
stricken or highly unequal, it is important to note that retrieval practice does not
require large financial investments (Carpenter, 2012; Roediger & Pyc, 2012), not
even more time spent in the classroom (Agarwal et al., 2012), so it is a promising
strategy to implement even in schools with low financial resources.
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Final Considerations

Considering the growing demand for evidence-based education strategies, we
reviewed here the empirical basis and the applications of one of the most effective
study strategies, namely, retrieval practice. We reviewed evidence for this practice
from elementary school children to college students, and in more diverse popula-
tions, including the few non-WEIRD studies available in the literature. We also
pointed practical ways that both students and educators could use this practice. As a
final note, we highlight the need for future research to increase its focus on more
diverse populations, and to verify whether retrieval practice is equally effective for
a wider range of cultures, considering the specific needs of such distinct
populations.
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Introduction

Development of Executive Processes

The study of child development is fundamental for creating and implementing
actions that contribute to the design of interventions and policy sensitive to the par-
ticulars of such development (Farah, 2018; Lerner, 2018; Lipina & Segretin, 2015).
In this context, it is relevant to consider that cognitive and socio-affective processes
experience a high amount of integration during the first 5 years of life. In this period,
the development of executive functions (EF) tends to accelerate, showing perfor-
mance increases in tasks with EF demands. In turn, those functions have been iden-
tified as fundamental mechanisms for human cognition, associated with a variety of
daily life aspects such as school readiness, academic achievement, and long-term
health and educational outcomes (Doebel, 2020). They refer to high-level cognitive
processes that direct, coordinate, or engage lower-level processes, enabling individu-
als to flexibly control and regulate their thoughts and actions during goal-directed
behavior. However, the definition of EFs leads to important debates within develop-
mental sciences. Garon et al. (2008) proposed an integrative model of EFs by which
the development of such processes is based on the development and coordination of
simpler processes (e.g., sustained attention and simple representation memory)
(Diamond, 2013; Garon et al. 2008; Munakata et al., 2012; Posner & Rothbart,
2007). On the other hand, Friedman and Miyake consider EF as high-level cognitive
processes that allow individuals to regulate their thoughts and actions during goal-
oriented behavior (Banich, 2009; Diamond, 2013; Friedman & Miyake, 2017,
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Jurado & Rosselli, 2007). In turn, Diamond and Ling consider working memory,
inhibitory control, and cognitive flexibility to be the three core processes implied in
all EFs (Collins & Koechlin, 2012; Diamond & Ling, 2016; Miyake et al., 2000).

Cognitive control processes, executive attention, working memory, flexibility,
and planning are within the most studied EF. In particular, attention is associated
with a wide range of cognitive processes with common characteristics. Posner et al.
(2013) consider attention as a system consisting of three specialized networks:
alerting, orienting, and executive networks. In the present work, the latter will be
considered of special interest given its implication in monitoring and conflict reso-
lution mechanisms (Posner et al., 2013). As an example, in the Flanker task, the
participant is told to control the interference produced by distracting stimuli placed
next to the target stimulus.

Another process of interest for this work is working memory. This process refers
to the ability for online manipulation of goal-relevant information (Diamond, 2013;
Schelble et al., 2012). Working memory allows individuals to sustain a limited
amount of information that could be required for solving tasks oriented to a particu-
lar goal (Bergman Nutley et al., 2011). This involves performing mental operations
with information that is no longer perceptually available by, for example, remem-
bering rules, reorganizing elements, and making plans, among others (Baddeley &
Hitch, 1994; Smith & Jonides, 1999; D'Esposito & Postle, 2015).

On the other hand, cognitive flexibility could be defined as the ability to adjust
behavior according to the challenges imposed by the context (Dajani & Uddin,
2015). Diamond (2013) defines flexibility as the ability to change perspectives and
being as flexible as possible for adjusting to changing demands, priorities, and
objectives. It should be mentioned that this is considered to be a late-emerging pro-
cess because the ability to switch adequately between tasks involves specific work-
ing memory performance levels in order to maintain different rules in mind and
specific inhibitory control performance levels in order to inhibit previous rules or
interferences (Diamond, 2013; Miiller & Kerns, 2015).

Finally, planning consists of the elaboration of strategies and execution of plans
for solving a given problem (Shallice, 1982; Unterrainer & Owen, 2006).
Programming actions involve assessing different possibilities, predicting conse-
quences, and, by means of that, organizing and executing the desired plan (Kaller
etal., 2011; McCormack & Atance, 2011).

Development of Children From Poor Contexts

In the last decades, there have flourished multiple studies showing associations
between early experiences and cognitive, emotional, and social development
in children. Such experiences influence development by means of a series of
individual and contextual modulators. Among them, the literature covers factors
related to income, educational levels, parental occupational levels, and dwelling
conditions (Bradley & Corwyn, 2002; Gassman-Pines et al., 2015; Li et al., 2017,



Consideration of Individual Differences in Cognitive Interventions for Children at Risk... 263

Lipina, 2016; Roy & Raver, 2014; Spencer & Swanson, 2013; Walker et al., 2011;
Yoshikawa et al., 2012). Depending on their characteristics, these factors can work
as protective (e.g., absence of neurotoxic elements in the parenting environment, an
available social network in the community) or risk factors (e.g., presence of neuro-
toxic elements in the parenting environment, absence of any social network in the
community). Related to risk factors, several researchers from psychology and cog-
nitive neurosciences have been dedicated to identifying the cognitive, behavioral,
and emotional effects of living in poor contexts as well as the mediating factors
(Lipina et al., 2017). Recent reviews (Johnson et al., 2016; Noble & Giebler, 2020)
reported the vast range of studies showing such associations through different levels
of analysis (i.e., neural and cognitive). In particular, EF development appears as a
mediator between socioeconomic level and different measures such as academic
performance in math and reading (Lawson et al., 2018).

In summary, poverty involves multiple factors and it has specific effects during
infancy. Evidence shows that poverty-related factors such as overcrowding, sanita-
tion, and parental occupation modulate the emergence and development of cogni-
tive and executive processes. With regard to Latin-American evidence, a systematic
revision (Segretin et al., 2016b) showed a significant variability in the type of stud-
ies, ages, processes, and criteria considered to measure poverty. In addition, only
few studies assessed mediating factors.

Cognitive Training Interventions with Children
From Poor Homes

Several researchers have been dedicated to the design of cognitive training interven-
tions for promoting child development. Recently, different types of behavioral and
cognitive interventions showed effectiveness in changing performance, structure,
and neural activity in EF demanding tasks with children from poor homes. In
Argentina, although there are still few studies on the issue, different intervention
efforts showed changes in executive functions and self-regulatory processes (Goldin
et al., 2014; Korzeniowski et al., 2017; Segretin et al., 2014).

However, evidence shows different patterns of results, which would be related to
different aspects such as the size of the effects, the sustaining of those effects in the
time, and the lack of far transfer to untrained processes (Diamond & Ling, 2016;
Scionti et al., 2020). A significant aspect linked with such limitations could be
related to the inter- and intra-individual differences in the studied samples. Several
authors highlight the need to consider the differential effects of diverse samples in
distinct groups of children (Diamond & Ling, 2016; Karbach et al., 2017; Katz
etal., 2021; Scionti et al., 2020). In fact, cognitive processes usually involve qualita-
tive and quantitative mechanisms that vary significantly between individuals
(Espinet et al., 2012; Fracchia et al., 2016). This means that, potentially, not
all children would be equally susceptible to their developmental contexts.
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In consequence, performance trajectories within cognitive tasks could be modulated
by such individual differences (Dunlosky et al., 2013; Raver et al., 2013).

The Relational Developmental Systems questions whether the interest of devel-
opmental sciences is the study of common characteristics shared by all humans or
the study of what makes us unique. This involves considering developmental trajec-
tories both as multifinal (processes that, even sharing a similar starting point, may
show diverse trajectories through time) and equifinal (processes that end in the same
point even after showing different trajectories) (McClelland et al., 2015). Such indi-
vidual trajectories could be linked with factors such as age, initial performance,
socioeconomic status, personality, and motivation among others (Katz et al., 2021).
In addition, cognitive training intervention approaches could benefit from the con-
sideration of other factors such as children’s values, beliefs, experiences, and
knowledge (Doebel, 2020).

In general, intervention designs in the field offer a particular program to all par-
ticipants without considering individual variability among them (Katz et al., 2021).
However, incorporating the study of individual factors to the design of cognitive
training interventions could contribute to boosting efficacy levels by generating tar-
geted approaches. This could imply considering the design of person-oriented
approaches in order to better understand the influence of individual differences in
child development. This perspective defies the idea of homogeneity among samples
(von Eye et al., 2015) since this could mask intra- and inter-individual differences.

On behalf of what has been told, the present chapter aims to describe two exam-
ples related to different ways of analyzing individual differences in the performance
of EF demanding tasks with preschool children from different socioeconomic con-
texts. In the first study, analysis of different population samples in Argentina were
described. We aimed to identify performance profiles in tasks with EF demands by
analyzing performance trajectories within them, with children coming from differ-
ent sociodemographic contexts. In a second study, we describe a cognitive training
intervention in which initial performance differences were considered for the design
of specific individualized and adaptive intervention menus. This work included, in
addition, the analysis of the impact of the intervention both at the behavioral and
neural levels. For the sake of manuscript length and clarity, we omitted informing
significance and effect size values in both studies. However, such data is available
in the respective published articles.

Individual Profiles of Cognitive Task Resolution

A cross-sectional study was implemented to evaluate the association between pov-
erty, environmental factors, and individual aspects of cognitive performance in
3-5-year-old Argentinian children. In particular, this section will focus on the anal-
ysis of specific aspects of four samples considered between 2005 and 2013 by a
team of researchers from the UNA-CEMIC.' These programs were carried out in
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Table 1 Sociodemographic characteristics of the samples from different Argentine regions

M SD M SD M SD

SES variables

Parental education 7.00 2.70 5.80 2.70 8.30 2.70
Parental occupation 3.70 2.90 3.40 2.70 5.50 3.00
Overcrowding 6.10 2.30 6.20 2.40 7.30 2.20
Dwelling 9.70 2.20 9.50 2.60 10.90 1.70
UBN (% of the sample) 55.40% 64.00% 61.40%
Note

UBN: Unsatisfied Basic Needs. A home was considered to have UBN if at least one of the follow-
ing indicators was identified: inappropriate dwelling; overcrowding (more than 3 people per
room); head of household with incomplete secondary schooling with more than four dependents;
presence of school-aged children not attending any educational system; absence of waste discharge
system in household and absence of water supply pipes inside the house or land

Parental education. 0: no education; 1: incomplete primary school; 3: primary school degree; 6:
incomplete high school; 9: high school degree or incomplete technical studies; 10: complete tech-
nical degree or incomplete college studies; 12: college degree or higher

Parental occupation. 0: unoccupied; 1: unstable worker; 2: unskilled laborer; 4: skilled laborer; 6:
small autonomous producer; 7: administrative employee; 8: technical professional; 10: small busi-
ness owner; 11: professional; 12: company manager

Overcrowding. People per room. 0: 6 or more; 3: 4-6; 6: 2—4; 9: 1-2

Dwelling. Values between 3 and 12. The score was calculated considering the type of dwelling,
type of floor, water access, type of bathroom, type of roof, external walls and dwelling property

different cities of Argentina (i.e., Salta City, province of Buenos Aires (PBA), and
Autonomous City of Buenos Aires (CABA)) (Table 1).

In order to identify different cognitive tasks’ resolution profiles and their modu-
lation by individual and contextual factors, we constructed a variable that consid-
ered cognitive performance trajectories in each task and program. This variable was
called H index and was aimed to analyze the trial-by-trial performance trajectories
of children. For this, we calculated the performance mean according to the age
group of belonging for each trial into each task, within the context of each program.
On the one hand, this allowed the different programs to be analyzed separately and
to involve different populations in terms of their sociodemographic characteriza-
tion. On the other hand, the literature indicated that, as development progresses,
performance in cognitive tasks related to spatial working memory, flexibility, and
planning tends to be more efficient (Best & Miller, 2010; Boudreau et al., 2018;
Garon et al., 2008; Grammer et al., 2014; Zelazo et al., 2004). In addition, previous
studies from our group considering the same population samples as those consid-
ered in the present study found a similar trend showing increasing performance with
age (Fracchia et al., 2020; Hermida, 2012; Segretin et al., 2014). Once we estimated
the mean performance in each trial, we compared it with the raw score of each par-
ticipant. Finally, a cuamulative sum method (i.e., CUSUM) was applied to character-
ize the trajectories of children’s performance in each task.

The mentioned method consisted in a sequential data analysis, from which the H
index indicator was selected (Grunkemeier et al., 2009; Siddiqui & Izawa, 2015).
This index results from the accumulated sum of correct answers and contemplates
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the mean of the population performance, applying the formula [H = Precedent +
(Present -X population)], where H is equal to the sum of the performance in the
previous trial (i.e., precedent) with the difference between the performance level in
the present trial (i.e., present), minus the population mean for that same trial (i.e., X
population). Given the H index values obtained in all trials, individual cognitive
performance curves were generated for each task. Based on this variable, the indi-
vidual trajectories were classified into different resolution profiles (Fig. 1).
Specifically, the trial-by-trial H index of each participant was compared with the
sample median for each trial. Finally, a classification of resolution profiles was gen-
erated according to the highest percentage of trials in which the H index was below,
equal to, or above the sample median. Once we generated the two variables of inter-
est, and with the aim of analyzing the level of prediction of individual (e.g., sex) and
contextual factors (e.g., home conditions, economic resource) on the classification
of the resolution profiles of each task, we implemented an analysis of the associa-
tions between the variables of interest (i.e., ordinal logistic regression).

Results and Conclusions

Program number 1 was carried out in Salta City and involved 382 children from 3
to 5 years of age. The assessment procedure included (1) the Corsi Blocks task
(Corsi) (Pickering, 2001), which was used to tap spatial working memory processes;
(2) the Tower of London Task (TOL), which was designed to assess planning pro-
cesses (Kaller et al., 2012; Shallice, 1982); and (3) the FIST task, which assessed
cognitive flexibility (Jacques & Zelazo, 2001) (Fig. 2).

Analyses showed that sex, household conditions, family composition, positive
events, and, marginally, the economic situation of the household predicted the clas-
sification of children in working memory resolution profiles. On the other hand, the
cognitive flexibility task’s classification was predicted by the sex variable. In rela-
tion to the planning task, no significant associations were found.

Program number 2 was carried out in PBA and included 288 children between 3
and 5 years old. These participants were administered Corsi, TOL, and FIST. The
results showed a significant effect of the economic resources factor on the working
memory resolution profiles. However, for the cognitive flexibility and planning
tasks, no significant effects were found.

Program number 3 was carried out in the CABA and included 296 boys and girls
aged 4 and 5 years old, who were administered Corsi and TOL. In relation to the
working memory task, results of the prediction analysis indicated significant effects
for household conditions, family composition, and household needs. Regarding the
planning task, no significant associations were found.

Finally, program number 4 was implemented in CABA and included 46 5-year-
olds children who were administered Corsi. The results showed a significant asso-
ciation between the working memory resolution profiles and overcrowding and
years of preschool attendance.
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H = [Background + (Actual - X sample)]
Example: 1,8 =[0,3 + (2 - 0,5)]
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Fig. 1 Examples of the three different performance profiles in the TOL task

Working Memory

First, girls showed better performance profiles in the task. It should be mentioned
that although there are a series of studies that show better performance of female
participants, most evidence claims that male participants achieved better perfor-
mances (Hyde, 2014; Voyer et al., 2017).

Second, household conditions also predicted the profile classification. In pro-
gram 1, and contrary to the literature, children who achieved a better profile classi-
fication lived in more stressful contexts associated with worst housing conditions,
building characteristics, and higher levels of overcrowding. In contrast, in program
3, the opposite association was verified, that is, more efficient profiles were associ-
ated with better housing conditions, lower levels of overcrowding, higher levels of
access to parents’ education and occupation, and lower scores in maternal anxiety
and depression. In the literature, structural housing problems have been associated
with the negative effects on children’s cognitive development, as well as with the
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A) Go/NoGo
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Fig. 2 Cognitive tasks involved in the intervention programs
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D) Corsi Blocks task

Each trial started with a series of blocks illuminated in an established order. Children had to remember
the exact sequence and press the buttons in the same order. Each level increased progressively from
one to eight blocks.

Manual version Digital version
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F) FIST

In each trial, children were told to select two cards which resembled in some way (1° selection). Then,
cards were sorted and children had to select two cards that resembled in a different way than before
(2° selection).
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social and intellectual well-being of children (Bradley & Corwyn, 2002; Brooks-
Gunn & Duncan, 1997; Flouri et al., 2014; Guo & Harris, 2000; Huston & Bentley,
2010; Lipina et al., 2013). It should be considered that (a) in program 1 the housing
characteristics scores were high and optimal for child development and (b) that
previous studies with the same population did not find such contradictory results
(Segretin et al., 2014).

Third, the presence of both parents at home and better parental occupation levels
were associated with more efficient profiles. In a previous study carried out with the
same population sample, the same association was verified for flexibility and plan-
ning processes (Segretin et al., 2014). Although there is a controversy about the
associations between family composition and children’s cognitive performance, a
possible explanation could advocate for an indirect association mediated by other
relevant factors (e.g., belonging to a household single parent could be associated
with lower income as a consequence of a single productive adult) (Santelices
Alvarez et al., 2015; Hobcraft & Kiernan, 2010; Rhoades et al., 2011; Sarsour et al.,
2011; Shonkoff & Philips, 2000).

In relation to parental occupation, literature shows two central aspects. On the
one hand, certain studies focus on the impact of parent’s schedules and the amount
of working hours in child development. That is, children of mothers who worked
full-time hours experienced a lower increase in learning (Han & Fox, 2011; Xie,
2016). On the other hand, other studies focused on the analysis of parental work
types (Parcel & Menaghan, 1990, 1994; Repetti & Wang, 2010). In addition, less
favorable work environments, as well as the presence of more work stressors, were
associated with lower levels of parental commitment and sensitivity (Benjamin
Goodman et al., 2008).

Fourth, and in contrast with the literature, results suggest an association between
the perception of fewer positive life events and better resolution profiles. Several
studies show that social support protects people from potentially negative influences
of stressful events, in addition to generating a beneficial effect on health and well-
being (Martin & Davila, 2008; Mikulic, 1999; Klausli & Owen, 2009). However, it
is important to consider that this association (a) was only identified within program
1 and (b) was not verified in previous studies (Segretin et al., 2014).

In the fifth place, and in relation with the literature, an association was found
between greater household economic resources and more efficient profiles. Various
studies support an association between children’s cognitive performance and family
economic resources (Johnson et al., 2016; Lawson, Hook & Farah, 2018; Lipina
et al., 2013).

In the sixth place, a lower presence of subsidies was associated with more effi-
cient profiles. Regarding the link between the perception of social and economic
support and cognitive development, studies have shown an association between
increased social support and better cognitive performance, which could be explained
by a reduction in stress related to financial problems, as well as greater availability
of resources and access to services (Morris et al., 2017; Offer et al., 2010; Park
et al., 2010). It should be considered that most families in the sample received at
least one subsidy, reducing its variability.
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Finally, and contrary to the literature, it was found that a lower number of years
of preschool attendance was associated with better profiles. In particular, early
schooling in contexts of poverty has been associated with better academic achieve-
ment and positive results in other domains of life (Blair & Raver, 2014; Padilla &
Ryan, 2018). In relation to this finding, it is important to consider that, on the one
hand, most of the participants in the sample had between 2 and 3 years of previous
school attendance, which implies a high attendance for preschoolers. On the other
hand, it could be hypothesized that children living in more vulnerable households,
and having poorer social support networks, were those in need for attend earlier
to school.

Cognitive Flexibility

Girls showed better performance profiles. However, the literature supports an
absence of sex differences in cognitive flexibility performances (Jacques & Zelazo,
2001; Lewis-Morrarty et al., 2012).

Summary of the Evidence

These results contribute to increasing knowledge about the relationships between
individual performance trajectories in tasks with executive demands and individual
and contextual factors. Consequently, they represent a contribution to the develop-
ment of learning and psychosocial processes throughout the life course. In particu-
lar, the present section represents an advance in terms of the implementation of a
new analysis method aimed at identifying individual differences modulating the
trajectories of cognitive performance in comparison with a reference population (H
index) (Jaeggi et al., 2011). This methodology differs from traditional ones, which
usually include raw scores for the characterization of cognitive performance.
Profiles could be considered an indicator of resolution strategies built by children
from an active position in the tasks performance.

On the other hand, we identified that the association between sociodemographic
variables and the resolution profiles varied between processes and children. In par-
ticular, there was a strong pattern of association between these variables in the
working memory task, which could not be verified within flexibility and planning
performances. Such associations could be interpreted from the conception of work-
ing memory as a more basic process (Garon et al., 2008). Likewise, another interest-
ing contribution consisted in approaching poverty from a multidimensional and
complex perspective. The previous contributes to deepening the knowledge about
the complex and mediated relationships between poverty and child development.
Therefore, it is necessary to continue exploring these issues, avoiding population-
based generalizations.
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Individualized and Adaptive Cognitive Intervention

Between the years 2017 and 2018, we conducted a cognitive training intervention in
Argentina with 5-year-old children from poor homes (see Table 2 for details).
Children were distributed into intervention (INT) and control (CON) groups and
classified as high- and low-performing groups (HPG and LPG, respectively) based
on the children’s baseline performance in three tasks considered to be related to
inhibitory control (Stroop-like), working memory (Corsi), and planning (TOL).
Differential intervention menus were designed for each group. The intervention
consisted of a total of 12 sessions in which children performed three different activi-
ties (four sessions for each activity). Then, the same cognitive tasks used in the
pretest assessment were administered to each group in the posttest evaluation. The
final sample was composed of 82 children (38 female; mean age, 5.32; SD, 0.34).
For more information on attrition rate and reasons refer to Pietto and colleagues
(2021). All the implemented procedures complied with national and international
research norms and were reviewed and approved by the IRB (CEMIC, Protocols
N°682, 961).

Assessment Procedures

All activities were administered in three 30-minute sessions in an ad hoc testing
room from the kindergarten for the exclusive use of the team for research purposes
and were performed on a tablet or a computer placed at a distance of about 30 cm
from the child.

Table 2 Sociodemographic characteristics of the sample

M SD
SES variables
Parental education 7.01 2.54
Parental occupation 3.91 1.74
Overcrowding 7.61 1.94
Dwelling 10.45 1.66
UBN (% of the sample) 95.46%
Note

UBN: Unsatisfied Basic Needs. A home was considered to have UBN if at least one of the follow-
ing indicators was identified: inappropriate dwelling; overcrowding (more than 3 people per
room); head of household with incomplete secondary schooling with more than four dependents;
presence of school-aged children not attending any educational system; absence of waste discharge
system in household; absence of water supply pipes inside the house or land, and living unfavored
neighborhoods
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In each session, the following tasks were administered: Session 1, Go/NoGo task
(Piettoetal., 2018); Session 2, Child-ANT (Rueda et al., 2004) and Corsi (Pickering,
2001); Session 3, Stroop-like (Hearts and Flowers, Davidson et al., 2006) and TOL
(Kaller et al., 2012; Shallice, 1982); and Session 4, K-BIT (Kaufman, 1983) (Fig. 1).
While all tasks were used to assess behavioral performance, the Go/NoGo task was
also used to evaluate neural activity using a portable EEG (www.emotiv.com).

Intervention Procedures

After the pretest assessment, we implemented the cognitive intervention activities
with two different intervention menus for each activity (one for each performance
group, see below). Each intervention menu consisted of 12 weekly training sessions
of 15 minutes each.

Intervention Group Activities

Participants in the training group performed three activities, each of them was
administered in two consecutive sessions in the following order: inhibitory control,
working memory, and planning activities. Then, this cycle was run one more time.

The activities followed two main principles: (1) the inclusion of new challenges
with increasing difficulty and (2) repeated practice (Diamond, 2012). Each activity
started at a particular difficulty level for each intervention menu and increased in
difficulty with different criteria for each intervention menu. If children encountered
difficulties in accomplishing the task, research assistants gave clues and encouraged
them to continue practicing. Besides, if the task was misunderstood, the trainers
repeated the instructions as many times as necessary.

The inhibitory control activity consisted of a Stroop-like task in which difficulty
level differed between performance groups. In the first place, congruent and incon-
gruent conditions for the LPG included a larger number of trials compared to the
HPG. Further, in the congruent condition, the stimulus appeared more frequently on
the opposite side of the button that the participant had to press. This was done to
extend the time during which the LPG was exposed to inhibitory control trials
before facing the mixed condition, giving a smoother difficulty slope to the LPG
than to the HPG. Finally, the LPG had longer response times than the HPG (e.g.,
while the former had 9000 ms available to respond in the first level, the latter had
only 4000 ms).

The working memory activity (Goldin et al., 2013) was designed to measure
working memory for visual patterns and was based on the Self Ordered Pointing
Task (SOPT) (Cragg & Nation, 2007; Luciana & Nelson, 1998). The difficulty
increased as the children won more trials and differed between performance groups.
The LPG was exposed to simpler items whereas the HPG was exposed to more
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complex ones. In addition, both groups were taught to use a mnemonic strategy at
the highest levels. However, the intervention menu for the LPG was designed to give
children more opportunities to practice this strategy than the HPG menu.

The planning activity was adapted from the Dog-Cat-Mouse task (Klahr, 1985).
The difficulty of the task was given by the length of the required plan as well as the
complexity of such a plan. For the HPG, difficulty levels included only the number
of movements required for plan completion. For the LPG, difficulty parameters also
included other parameters that smoothed the passage between trials.

Control Group Activities

Like the INT group, participants assigned to the CON group performed a series of
activities throughout 12 sessions of 15 minutes. Unlike the INT group, participants
in the CON group played three different games available for free download from
Google Play Store (Bubble shooter, Painting game, Dots). We did not expect these
activities to generate training effects in participants.

Results and Conclusions

Inhibitory Control

In the case of the tasks with inhibitory control demands, (i.e., Stroop, ANT, and Go/
NoGo) results showed intervention-related changes in performance and neural
activity. In the behavioral level, only ANT showed changes in performance. In par-
ticular, within LPG, only LPG-INT showed an increase in performance, whereas
within HPG both groups showed changes, with HPG-INT showing greater effect
sizes. With regard to time variables, LPG groups showed increases in the executive
network. Nonetheless, LPG-INT showed greater changes.

Attention was addressed as a measure of cognitive intervention impact in several
studies with children coming from poor (Blair & Raver, 2014; Diamond et al., 2007;
Goldin et al., 2014; Segretin et al., 2016b) and non-poor homes (Pozuelos et al.,
2019; Rueda et al., 2012). With regard to the individual differences’ analyses, results
for ANT could be in line with studies including children from non-poor homes in
tasks with executive demands (Guye et al., 2017; Karbach et al., 2017).

At the neural level, the N2, ERN, and event-related theta oscillations showed
larger amplitudes in trials involving conflict (i.e., with NoGo stimuli and error
response). This is consistent with prior studies using conflict-inducing tasks in pre-
school children (Abdul Rahman et al., 2017; Abundis-Gutiérrez et al., 2014; Canen
& Brooker, 2017; Checa et al., 2014; Grammer et al., 2014; Lahat et al., 2010;
Torpey et al, 2012). Training-related effects were also observed on both
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stimulus-locked and response-locked activity. Particularly, increased mid-frontal
AN?2 was observed in the INT-LPG and INT-HPG following training. Additionally,
it was observed an increased mid-frontal AERN in the INT-HPG, which was accom-
panied by an effect in the power of the theta band (i.e., larger differentiation in
power between correct and incorrect trials following training). The training effects
observed on the stimulus-locked activity (i.e., AN2) are similar to those reported in
previous intervention studies with preschool children (Liu et al., 2015; Pozuelos
et al., 2019; Rueda et al., 2005; Rueda et al., 2012), whereas the pattern of brain
activation observed in AERN resembles a more adult-like activation (Hoyniak,
2017; Lo, 2018).

Training-related effects in stimulus-locked (i.e., N2) and response-locked activ-
ity (i.e., ERN and theta oscillations) could reflect changes on conflict monitoring
and/or control signal specification processes, at pre-response and post-response
stages, respectively (Cavanagh & Frank, 2014; Downes et al., 2017; Iannaccone
et al., 2015; Nigbur et al., 2011; Lo, 2018; Van Noordt et al., 2016; Yamanaka &
Yamamoto, 2010; Yeung & Cohen, 2000).

Working Memory

HPG CON showed a decrease in the fotal time in the Corsi. Conversely, none of the
groups showed changes in performance. It is relevant to mention that both perfor-
mance and fotal times were not homogeneous between 2017 and 2018 samples.

Unlike recent literature on the impact of cognitive interventions in working
memory demanding tasks with children from poor (Foy & Mann, 2014; Segretin
et al., 2016a, and non-poor homes (Diamond & Ling, 2019), our results did not
show changes in the Corsi. The lack of changes between phases could be related to
the instruments chosen for assessment and training. It could be possible that it was
not appropriate (1) for the participant’s age or (2) as a measure of working memory
transfer.

Planning

Both LPG showed increases in performance; conversely, within HPG, only HPG
INT did. These results are similar to those reported in the literature, where perfor-
mance in planning-demanding tasks showed intervention-related changes in chil-
dren from poor (Korzeniowski et al., 2017; Segretin et al., 2014) and non-poor
homes (Bergman Nutley et al., 2011; Goldin et al., 2013). Similar to our results,
Korzeniowski and colleagues (2017) showed that children with higher initial perfor-
mance values showed higher intervention-related changes in a planning task.
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Fluid Reasoning

Trained (i.e., INT-HPG, INT-LPG) and untrained (i.e., CON-LPG) children showed
an increase in the raw score of matrices subscale; however, children in the INT-HPG
also showed an increase in the proportion of correct responses. The proportion of
correct responses involved both raw score and errors, indicating that children in the
INT-HPG not only achieved a greater number of correct trials but also committed
fewer errors in the post-intervention stage. This result replicates previous evidence
indicating that fluid reasoning abilities may be improved with training in basic (e.g.,
inhibitory control, working memory) and more complex cognitive skills (i.e., plan-
ning and problem-solving), which are suggested as significant contributors to fluid
intelligence (Pozuelos et al., 2019; Rueda et al., 2005).

Apart from the apparent overlap between fluid and executive processing both at
the construct and neural levels (Liu et al., 2015; Rueda, 2018), the pattern of results
could be explained by the characteristics of the intervention. Specifically, evidence
suggests that it could be easier for participants with higher cognitive performance
levels to acquire and implement the strategies proposed by the trainers (Karbach
etal., 2017).

Summary of the Evidence

Results showed that the effects of the intervention followed different patterns for
each experimental and performance group depending on the cognitive task consid-
ered and the intervention menus implemented. Specifically, whereas children with
lower initial performance showed higher changes in ANT, children with higher ini-
tial performance levels showed bigger changes in TOL and K-BIT.

As mentioned previously, only few intervention studies considered the effect of
individual differences in initial performances. Some of them reported a compensa-
tory account by which children with lower initial performances showed larger
intervention-related changes (Karbach et al., 2017; Konen & Karbach, 2015).
Others reported a magnification account by which children with higher initial per-
formance values were the ones to show larger intervention-related changes (Karbach
et al., 2017; Konen & Karbach, 2015; Lovdén et al., 2012). Authors refer that such
effects could be attributed to different processes and intervention approaches. Our
results show different effects depending on the processes considered. Analyses
showed that children with lower levels of initial performance showed more changes
in ANT but children with higher initial levels of performance showed greater
changes in TOL and K-BIT. This pattern of results could be related to the distinction
between simple and integrated processes. In particular, literature referred to the
development of self-regulatory and EFs propose that those involved in attention,
inhibitory control, and cognitive flexibility usually show an earlier development
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whereas complex processes such as planning and reasoning usually develop later on
the basis of simpler processes (Garon et al. 2008; Nigg, 2017; Bailey & Jones, 2019).

In this way, intervention-related changes found in our analyses could be associ-
ated not only with the type of activities offered but also with the type of processes
involved. Changes of performance in simpler processes such as the attentional were
associated with the LPG while intervention-related changes in complex processes
such as planning and reasoning were associated with the HPG. Future studies could
follow this hypothesis in its theoretical, developmental, and empirical implications.

Our results in inhibitory control tasks show different effects depending on the
level of analysis considered. Children in the INT-HPG showed changes only at the
neural level, whereas children in the INT-LPG also showed changes at the behav-
ioral level. The fact that for the INT-HPG, inhibitory control changes were verified
only at the neural level could be due to the fact that children’ functioning was
already high, making it difficult to reach higher performance levels (Karbach et al.,
2017). Contrary, given that children in the INT-LPG were performing at lower lev-
els, they might have had higher possibility for improvements at two levels of analy-
sis. Another hypothesis could relate the differential pattern of results with the
specific training menus designed for the inhibitory control activity of each group. In
this sense, children with better performance in inhibitory control may have needed
more practice at the hardest levels of the inhibitory control activity. Despite the fact
that complexity of the training activity designed for the high-performing group was
higher than the one designed for the low-performing group, it could not have been
complex enough to promote performance flexibility and consequently enable even-
tual training effects on behavior.

Finally, even though our results could point to the presence of both types of
intervention-related effects for different processes, in the present study all children
in the INT took part in activities involving all three processes. Moreover, all activi-
ties involved some level of scaffolding and/or strategy instruction in addition to the
systematic training of the processes. In this way, the design of the study does not
allow to tell conclusively if the differential effects of the intervention are related to
the intervention groups, the intervention menus, or the targeted processes.

Discussion

Early development implies a group of basic cognitive processes such as executive
functions, which make up a central aspect of child development. They are involved
in the regulation of thoughts and behaviors engaged in daily activities. Research in
the area also indicates that these cognitive processes encompass different qualitative
and quantitative mechanisms that vary significantly between individuals (Espinet
etal., 2012; Fracchia et al., 2016; Scruggs & Mastropieri, 2013). This suggests that
boys and girls may not be equally susceptible to events in their developmental con-
texts, which also influences the diversity of strategies that they implement during
the performance of cognitive tasks (Dunlosky et al., 2013). Furthermore, certain
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aspects of task performance and cognitive processing could be modulated by differ-
ent individual (e.g., age, sex) and environmental (e.g., poverty during childhood)
factors (Boone et al., 2018; Kaller et al., 2012; Lipina et al., 2013; Lipina & Segretin,
2015; Otto et al., 2013; Wolbers & Hegarty, 2010). That is, the protective and risk
factors present in childhood could modulate the emergence and evolution of various
aspects of these associated strategies and processes (D'angiulli et al., 2012; Evans &
Kim, 2013; Fracchia et al., 2016; Sharkins et al., 2016).

In this context, it is important to note that the source of individual differences
may vary due to various factors such as age, sociodemographic context, personality,
and the processes addressed (Katz et al., 2016; Segretin et al., 2014). These results
support the need for greater efforts to study how the individual characteristics of the
participants interact with the intervention proposals. Potentially, this could involve
expanding the universe of possible effects of the interventions beyond the effects of
compensation and magnification. In other words, for different samples and inter-
vention proposals, the changes generated by the interventions could show trajecto-
ries that do not coincide with these effects. In this sense, it is important to consider
child development as a complex and multidimensional process (Spencer, Perone, &
Buss, 2011). This implies considering, among other things, the modulation of the
sociodemographic context in each aspect of child development. Therefore,
Ecological Psychology supports a conception of development, considering it situ-
ated in a sociocultural context, which in turn modulates individual development
(Barker, 1968; Bronfenbrenner, 1979). From this perspective, each person is signifi-
cantly influenced by the interaction of a series of interdependent systems, through-
out his life cycle. The environment is understood in both a dynamic and changing
manner whose interrelations are necessary in order to understand development.
Some of these levels influence the person more directly or closely, while others do
it more indirectly or remotely (Bronfenbrenner & Ceci, 1994; Bronfenbrenner &
Evans, 2000; Lerner, 2018). Considering the aforementioned, we can hypothesize
that the different performance patterns found could be linked to the influence exerted
from the diverse sociodemographic contexts in which we worked. Finally, in line
with relational meta-theoretical approaches would imply thinking of performance
trajectories as the result of dynamic and bidirectional interactions between individu-
als and various contexts (McClelland et al., 2015).
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Introduction

The advent of digital technologies has transformed human life, and it has promised
to transform education. Nevertheless, the contributions to education made by many
relevant and widespread technologies, like radio, television, and lately PCs, tablets,
and smartphones, are strongly dependent on the existence of a carefully designed
curriculum respecting what is known about human learning (Hirsh-Pasek et al.,
2015). There are many successful applications of different digital technologies to
education, both to the academic and the socio-emotional realms (Borzekowski et al.,
2019; Goldin et al., 2014; Judd & Klingberg, 2021; Mares & Pan, 2013; Nwaerondu
& Thompson, 1987; Watkins & Dehaene, 2021; Watson & MclIntyre, 2020; Wilson
et al., 2006). As with the development of many other applications, a user-centered
approach to Educational technologies is needed. In the educational milieu, the users
are students, teachers, parents, and policymakers, and the technological applications
need to be developed taking into account how students learn and what can be done
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about it, something that puts the topics within the realm of educational and cognitive
psychology or, more broadly speaking, in the field of applied cognitive sciences
known as “the learning sciences.” There are many possible uses of technology in
education according to which users the technologies are tailored to. For instance, the
Plan Ceibal in Uruguay uses the adaptive math platform (PAM in Spanish) to help
teachers create math-related activities for children and teenagers that can be used
within the classrooms or at home, thanks to the distribution of laptops and tablets to
all children attending public schools. These tools have been shown to be effective for
part of the population (Perera & Aboal, 2018). Some other digital tools are designed
to test and follow each child’s progress and find the stumbling block of their learning
process and can be used for both high stakes or low stakes testing. There are also the
so-called educational applications that are mainly targeted to children and suppos-
edly can help them develop some skills and competences.

Given that teacher training is expensive and takes time, the use of technology as
a means to give access to education has been specially sought in third-world coun-
tries, leading sometimes to naive proposals (Arora, 2010; Mitra, 2003). This has
heralded the need to have widely applicable theories of learning and cognition that
can point to evidence-based educational interventions (Dehaene, 2020; Golinkoff &
Hirsh-Pasek, 2016; Meltzoff et al., 2009). These theories have wide principles and
specific details. The wide principles are sometimes presented as pillars (Dehaene,
2020) or easy-to-remember lists (Golinkoff & Hirsh-Pasek, 2016) but for some
authors they revolve around attention, active learning, significant feedback, and
consolidation, whereas others would also include social learning, meaningfulness,
and joyful play. The relevance of these principles cannot be overstated, and we
believe that these aspects are quite generally applicable, despite the fact that most of
them have been studied in the WEIRD (Western, educated, industrialized, rich, and
democratic) population (Henrich et al., 2010).

Nevertheless, there is another, more specific knowledge that particularly refers to
learning specific topics like language, mathematics, science, history, or literature.
These theories are in a sense more vulnerable to the WEIRDness objection. In particu-
lar, as it is discussed elsewhere in this volume, most of cognitive science and neurosci-
ence theories have been developed based on studies of a biased sample of humanity,
the so-called WEIRD population. Both in terms of ethnic and social diversity, Latin
America, Africa, Asia, and Oceania have diverse populations, with different cultures
and socioeconomic situations. All these dimensions affect the way information is pro-
cessed and acquired, something that needs to be taken into account when designing
educational interventions, especially those based on digital technologies.

In this chapter, we present three studies in order to illustrate the need to consider
the specific cultural underpinnings of learning when devising and using cognitive-
based technological applications. The ANS-Puma study presents a tablet-based
intervention on mathematical skills, the Lexiland one presents a digital assessment
of prereading skills, and the Kalulu study presents a tablet-based intervention on
literacy acquisition (Fig. 1 and Table 1). In each study, we review how and why the
particular aspects of diverse populations should be taken into account when design-
ing the studies and interpreting the results. We believe that by considering these
theoretical bases, the promise of technology for education can be fulfilled.
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Kalulu

Fig. 1 Screenshots from the digital Apps presented in the studies. Left column: PUMA (Prueba
Uruguaya de Matematicas) presentation screen assessment (top) and Approximate Number System
(ANS) assessment (bottom). Middle column: Lexiland presentation screen (top) and phonological
awareness game within Lexiland (bottom). Right column: Kalulu presentation screen (top) and
grapheme to phoneme mapping game within Kalulu (bottom)

Table 1 Reading, writing, and letter knowledge measured before (Pre) and after the
intervention (Post)

Task Group Pre N Post N
Mean SD Mean SD
Writing 0.292 0.239 53 0.352 0.252 53

C

T 0.278 0.218 43 0.347 0.231 44
Reading C 0.455 0.371 54 0.551 0.387 52

T

C

0.444 0.338 41 0.532 0.367 45
0.659 0.194 54 0.722 0.195 54
T 0.659 0.205 43 0.702 0.223 43
Reading: read a list of 20 words, and we measure the proportion of correct words read. Writing:

proportion of words read to the children that are correctly written. Letter knowledge is the propor-
tion of letters from the alphabet that children can pronounce

Letter knowledge

The ANS-Puma Study: Interventions in Early Mathematics
Across SES Levels

According to one current theory of mathematical cognition, there are several sys-
tems that embody mathematical knowledge and that scaffold the learning of formal
mathematics (Mazzocco et al., 2011). In the field of arithmetics and early numerical
competence, these so-called core systems of knowledge (Spelke & Kinzler, 2007)
imply, at a minimum, the capacity to estimate in parallel small and even large
numerosities, termed the approximate number system (ANS), and the capacity to
follow a limited number of objects, the object tracking system (Le Corre & Carey,
2007; vanMarle et al., 2018). Substantial evidence suggests that both of these
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systems and maybe others as well are involved in the adult numerical and arithmetic
capacity, although there is some controversy concerning the role these systems have
in establishing the early numerical knowledge (Carey & Barner, 2019; Libertus
et al., 2011; Szkudlarek & Brannon, 2017) and whether they can be stimulated to
obtain better learning outcomes (Merkley et al., 2017; Park & Brannon, 2013; Valle-
Lisboa et al., 2017; Wang et al., 2016).

How much of this theoretical framework applies to diverse populations, includ-
ing those from lower SES countries? As it happens with many other school topics,
children from lower SES social environments tend to perform poorer than their high
or medium SES level peers, especially in symbolic mathematics (Sirin, 2005). If the
theoretical framework applies to all populations, one would predict that those popu-
lations at greater risk of falling behind would benefit the most from interventions
geared at enhancing any of the underlying systems and their connections, as enhanc-
ing the workings of these systems would increase the likelihood of developing a
functioning symbolic system. With this idea in mind, we designed an intervention
program to stimulate the precision of the ANS and evaluate its impact on early
numerical and arithmetic competence, in a population of low and high-SES children.

The aim of the project was to determine whether a game-based, 2-week interven-
tion on ANS could impact the learning of mathematics in children coming from low
and high-SES schools. To this end we collected data from seven schools, three char-
acterized as low-SES and four characterized as high-SES, based on a composite
measure of unsatisfied basic needs of the households including maternal education,
overcrowding, precarious housing, school attendance, and maternal education. A
total of 454 first graders, with ages ranging from 6.42 to 8.76, took part in this study.

Both training and assessment were conducted within the classroom with the full
class playing in parallel. Teachers were present but did not take part in the interven-
tion. For the intervention program, children completed 6-minute ANS training ses-
sions twice a week for 2 weeks for a total of four sessions. The ANS training task
presented different numbers of dots on the two sides of the screen, and children had
to decide which side of the screen presented a higher number of dots. Training was
delivered through tablets, and data was recorded online.

The tasks we used were included in the tablet-based Prueba Uruguaya de
Matemdtica (PUMA), which evaluates different mathematical skills related to num-
ber symbol knowledge. PUMA has shown a great internal validity and a strong
correlation with TEMA-3 (Ginsburg & Baroody, 2003) assessments (Lépez, De
Leon, Maiche, this volume). All the tasks are presented as games. Besides formal
mathematical tasks, we created games to evaluate time discrimination, i.e., the
capacity to compare the duration of two time intervals and digit span, the amount of
digits a child can retain in a short period of time. We also assessed ANS acuity by
means of the standardized Panamath task (Halberda et al., 2008). The ANS training
task consisted of asking children to decide which side of the screen presented a
higher number of dots. Children completed four ANS training sessions with feed-
back, with a duration of 6 minutes each.

Unfortunately, data from the control group could not be completed, and thus the
effects of the intervention program could not be effectively assessed. However, the
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collected data on the training across SES groups shed light on some of the inequities
brought by SES levels, their underpinnings, and how training can affect them
differentially.

Results showed that PUMA scores measuring formal math abilities differed sig-
nificantly between the two SES levels, as did the ANS and time discrimination mea-
sured (for full statistical details see Valle-Lisboa et al., 2017). While, regrettably,
this is not an unexpected result, we went further in trying to understand how the SES
effect is mediated. In a previous work (Odic et al., 2016), we had found correlations
between formal math performance and cognitive variables such as ANS and time
discrimination that were partially independent of each other. This opens the ques-
tion of whether ANS and/or time discrimination mediate the effect of SES on
PUMA scores. Thus, we conducted a regression analysis to understand what vari-
ables explain the differences in PUMA scores. Crucially, when ANS acuity, digit
span, and pre-/postassessment time were regressed together with time discrimina-
tion and SES, none time discrimination nor SES levels were significant predictors
of PUMA scores. Thus, these cognitive factors somewhat mediate the effect of SES,
and they change during the intervention.

The lack of a control group impedes the establishment of causal relationships.
Nevertheless, by analyzing the results in the PUMA test with respect to the number
of instances a child played the training games during the intervention, we evaluated
whether there were any dose-related gains, as there was natural variation for exter-
nal reasons (malfunctioning tablets, child absence due to sickness, etc.). The main
result of this analysis showed that, besides pretest scores, doing more trials of the
intervention games leads to a marginally significant increase of the PUMA score in
the posttest (p < 0.06). Critically, the interaction of SES and number of training tri-
als was significant, in particular with a stronger effect at the low-SES level.

Overall, the results suggest that the effects of SES can be mediated by basic cog-
nitive abilities and that these abilities can be the target of interventions. Of course,
the methodological limitations preclude us from making strong claims about the
effectiveness of the interventions. In recent years there has been a set of studies
questioning the effectiveness of ANS training, both empirical ones (Merkley et al.,
2017) and theoretical ones (Carey & Barner, 2019). One response to these studies is
to refine the theory (Spelke, 2017). In that new version of the theory, what is required
to learn mathematics is not to strengthen or enhance the workings of the basic cog-
nitive systems, but to link them to linguistic or other abilities to develop the full-
fledged symbolic but grounded system of representations. In that sense, merely
increasing the acuity of the ANS can only have a limited impact on symbolic math-
ematics. Consistent with this picture, in a recent study (Dillon et al., 2017) what
worked best for enhancing mathematical knowledge was the intervention based on
combining approximate and symbolic numerical representations. Likewise, several
results show that the development of other notions linked to numerical knowledge,
like the order representations, might have a greater impact furthering elementary
mathematics learning (Lyons & Ansari, 2015). Likewise, we have recently shown
that spatiotemporal conceptual knowledge predicts early mathematics above and
beyond age, general vocabulary, and intelligence (Fitipalde et al., submitted). The
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differences in formal mathematics we found between children from low and high-
SES schools can thus be traced to other more general abilities. There is a comple-
mentary interpretation of these results, though. Given the screening of the effect of
SES on mathematics by ANS and digit span we reported, one might wonder whether
the lack of effect some studies have found is a reflection of several of these studies
being conducted in affluent countries. Then, the other response to these studies is
that maybe in those societies the basic cognitive abilities are close to being satu-
rated, but that there are other non-WEIRD countries where there might still be value
in trying to promote the development of basic core cognitive abilities. This should
be further studied in a preregistered manner in different populations.

The Lexiland Study: Learning to Read
in a Transparent Orthography

Reading is a paramount skill for personal and professional development (Arnold
et al., 2005). Reading, unlike language, is an acquired skill, and it requires teaching
and practice for it to develop. Typically, this happens in formal school settings. The
worldwide efforts to increase the number of children completing primary schooling
have yielded good results, but this has not guaranteed that all of these children leave
primary school reaching the expected minimum levels of proficiency in math and
reading (Roser & Ortiz-Ospina, 2013). According to World Bank and UNESCO’s
reports, 53% of children in low- and middle-income countries fall within the cate-
gory of what they call learning poverty (World Bank, 2019). Predictably, the COVID
crisis has made the situation even worse, with estimates of the number of children
in learning poverty escalating up to 70% (World Bank, 2021). A promising way to
face this crisis is to use technology, for instance, by screening for reading difficul-
ties early on, even before formal reading instruction begins, at times where interven-
tions are most effective (Fletcher & Vaughn, 2009). This is possible since, for
decades now, we have known that some of the prerequisites for reading acquisition
start developing way before the beginning of formal reading instruction.

According to substantial evidence, one of the most relevant preliteracy skills
needed for successful reading acquisition is phonological awareness, our ability to
isolate and manipulate speech units (Melby-Lervag et al., 2012). It is measured
through tasks assessing the capacity to segment words into their constituent sylla-
bles or phonemes or those requiring blending phonemes to form a word, among
others. In addition, children need to be familiar with the alphabetic principle, the
concept that letters represent the sounds of oral language (Rayner et al., 2001).
Next, children need to master letter knowledge (Foulin, 2005; Byrne & Fielding-
Barnsley, 1989), that is, knowing, for each letter, which is its corresponding name
or sound.

These three factors (phonological awareness, the alphabetic principle, and letter
knowledge) underlie the first stage of reading acquisition, known as decoding
(Hulme & Snowling, 2013). Decoding is the process by which children take each of
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the letters in a written word, convert it into its corresponding sound, and blend them
together into a spoken word. Once they achieve this feat, they can access the word’s
meaning. The decoding process in its beginning is slow and effortful, thus children
need to maintain each converted sound in their phonological short-term memory in
order to be able to blend them into a word by the time they reach the last letter.

Two stages follow decoding in the reading acquisition process: fluency and com-
prehension (Nation, 2019). Fluency entails automatizing the decoding process, in
order for it to be fast, precise, and effortless. It involves additional skills, mainly
related to lexical access, pattern recognition, and visuo-attentional skills relevant for
text processing (Kuhn et al., 2010). These factors are frequently measured through
an experimental task known as rapid automatized naming (RAN). In this task, chil-
dren are presented with a grid of objects, numbers, letters, or colors and are asked
to name them as accurately and rapidly as possible. Taken together, phonological
awareness, the alphabetic principle, letter knowledge, phonological short-term
memory, and the RAN task—known as preliteracy skills—have been shown to be
strong predictors of future reading outcomes. Since none of them requires actual
reading, they can be assessed in the kindergarten years, before formal reading
instruction begins.

These preliteracy skills can be used to predict and intervene promptly on those
cases where it is needed (Fletcher & Vaughn, 2009). A limitation of most predictive
studies is that they have been carried out either in the laboratory or by individual
assessments in the school context, an approach which is not scalable, especially in
under-resourced economies. The use of technology can aid in overcoming these
limitations, by potentially allowing automatic autonomous assessment, carried out
in groups in the school context.

With this scenario as a backdrop, in the Lexiland project, we aimed at developing
a digital universal screener of reading difficulties targeted at children attending kin-
dergarten. We developed an app—Lexiland—to assess preliteracy skills and vali-
dated its potential to predict future reading outcomes through a longitudinal
follow-up study from kindergarten to second grade of 617 children from public
schools in Montevideo, Uruguay. The sample was characterized as middle income
(quintiles 3 and 4 of the income distribution). Children were assessed in groups of
four to five at schools during school time. Since most schools did not have any extra
room for assessment to take place, the assessment was done mainly in hallways or
playgrounds. The research team provided the tablets with the loaded app, and two
research assistants monitored data collection. All tasks’ instructions and feedback
(for practice trials) were prerecorded and delivered through the videogame through
headphones, and research assistants were available for clarification upon demand.
The initial sample of children was followed for 2 additional years, assessed at the
end of first grade and the end of second grade, to evaluate their reading skills,
including decoding, fluency, and comprehension.

The study resulted in both expected and unexpected findings. Among the
expected, but yet novel, findings, we showed that by a brief—20 to 30 minute—
assessment of only three preliteracy skills at the end of kindergarten (letter knowl-
edge, phonological awareness, and short-term memory), we could predict future
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reading outcomes with high accuracy. Our model, tested through cross-validation,
offered 90% sensitivity and almost 80% specificity (Zugarramurdi et al., 2022b).
This high accuracy classification levels are equivalent to those reported in previous
lab or individual assessment studies (Ozernov-Palchik & Gaab, 2016; Thompson
et al., 2015) but remarkably in our case were produced by a group-based, in-school,
autonomous assessment.

Among the unexpected findings, our study showed that the role that phonological
awareness plays during reading acquisition is not as universal as previously thought.
While we did find phonological awareness to predict future reading acquisition, we
also found that, when considering it together with letter knowledge and verbal
short-term memory, phonological awareness did not contribute any additional
unique variance (Zugarramurdi et al., 2022a). These results contradict those reported
for English-speaking children and add to the scarce evidence coming from non-
English-based studies.

We believe that the differential contribution of phonological awareness is due to
two factors. First, we found that phonological awareness at the phoneme level does
not develop before reading acquisition in most children. It is possible that this is a
result of the cultural environment, where the contribution of oral language skills, in
general, and phonological awareness, in particular, to reading acquisition is not gen-
erally acknowledged. A large proportion of the evidence on reading acquisition
comes from studies carried out in the UK, a country with a long established policy
for teaching reading centered around phonics methods that assign great importance
to the development of phonological awareness and letter knowledge (Machin et al.,
2018; National Reading Panel, 2000) and therefore it is not surprising that phono-
logical awareness is a strong unique predictor of future reading outcomes. On the
contrary, in other countries, such as the USA or Uruguay, home environment and
teaching practices are much more variable, and although the capacity to develop
phonological awareness might be present, it is not consistently stimulated in schools
or at home. Second, our results can be interpreted in terms of the orthographic
specificities of the Spanish language. Orthographies can be characterized in terms
of the consistency of the mapping between graphemes and phonemes, in a contin-
uum from transparent to opaque. English, the most studied language in the reading
acquisition literature (Share, 2008), locates in the opaque end of the continuum,
where mappings are very irregular. That is, the same grapheme can have many very
different associated phonemes, as exemplified by the different sounds of the letter
/al in the words /cat/ and /table/. On the contrary, in Spanish (and similarly in
Finnish or Italian), graphemes almost always map to the same sound, irrespective of
the context in which it is embedded. In such transparent orthographies, learning to
decode requires learning a few associations and mastering the ability to blend those
sounds. Given that phonological awareness is not explicitly taught, when children
are taught to read, they develop phonological awareness at the same time, which
explains why it does not add unique variance to prediction. While some studies
before ours have made similar points (see, e.g., Lander] et al., 2019), the bulk of the
evidence has come from children learning to read in English, an opaque and atypical
orthography, obscuring the diversity inherent to the reading acquisition process.
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Thus, the Lexiland study highlights the great benefits of incorporating technol-
ogy into education, while also providing novel infrequent evidence on the reading
acquisition process from a less studied population and language.

The Kalulu Study: Lessons Learned From a Tablet-Based
Intervention on Reading Instruction

The third study we review concerns the use of tablets in early reading instruction.
The use of digital platforms is especially challenging during the end of kindergarten
and beginning of first grade, where direct social interactions play a primary role in
learning. In particular, learning to read depends on multiple factors, both individual
and institutional, that need to be taken care of for an effective learning process.
While educational institutions take all the factors into account, the traditional
teaching/learning dynamic was not designed to rely upon technological tools (von
Brevern, 2004).

The contributions from cognitive sciences can help in bridging this gap. There is
substantial evidence about the initial steps of learning to read (see before and
Cuetos, 2008; Defior et al., 2015; National Reading Panel, 2000; Perfetti & Bolger,
2004; Bradley & Bryant, 1983). In addition, several recent studies have specifically
evaluated the effectiveness of incorporating technological tools for educational pur-
poses in the domain of reading and literacy (Gaudreau et al., 2020; Kirkorian, 2018;
Ojanen et al., 2015; Potier Watkins et al., 2020). These studies demonstrate that
technology can help to optimize time management and organization of school work,
as well as to design out effective interventions. Here, we describe the adaptation of
a game—Kalulu—designed to enhance reading acquisition. Kalulu, originally
developed in France, is based on accumulated evidence stemming from neurosci-
ence research and its transfer to the field of education (Dehaene, 2011, 2014, 2015).
It was designed to complement classroom teaching by using it either within the
classroom or at home, and its effectiveness has recently been tested in a first experi-
mental research study in France (Potier Watkins et al., 2020).

The game targets reading acquisition through the explicit and systematic teach-
ing of letters and letter-sound correspondences. It presents a series of training
screens, termed lessons, where each student receives a short explanation of the
sounds and use of letters in different contexts. After this, several interactive games
are presented that aim to strengthen the knowledge presented in each lesson. In this
way, players learn the correspondence between graphemes and phonemes in their
different forms (uppercase, lowercase, and italics) and then deepen this knowledge
through the proposals of each interactive module.

Crucially, Kalulu presents letters in a systematic manner, from the simplest to the
most complex, according to an automatic procedure that weights the consistency
and frequency of different grapheme-phoneme mappings (see below). In addition to
a carefully designed progression of stimuli, the game has the benefit of gradually
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adapting to the individual difficulties of each player, being slower when students
need more time and increasing the pace for students who can handle more difficult
games. Therefore, Kalulu offers a regulated, systematized teaching in ascending
order of complexity to facilitate the decoding of words and stimulate the learning of
reading in a simple and attractive way for the youngest children.

Since the progression of letters is such a critical factor and the complexity of
grapheme-phoneme mappings is orthography-specific, a first step in the adaptation
involved adapting the progression of stimuli to the characteristics of the Spanish
orthography. For this purpose, an algorithm including a seq2seq transformer was
used, which was specifically designed to map phonetic coding of words to their
graphemic representation. The input to the transformer consisted of a list of 13,184
frequent Spanish words in children’s books (Corral et al., 2009), with the syllabic
structure and psycholinguistic properties obtained from ESPAL (Duchon et al.,
2013). As a result, an ordered sequence of letters was obtained for Spanish, based
on the consistency of the grapheme to phoneme mappings, from simpler to more
complex ones (Potier Watkins et al., 2019), coupled with words and phrases that can
be used for practice. The method produces a reasonable didactic progression. For
instance, the vowels are taught in the first lessons due to their very consistent graph-
eme to phoneme mapping and their high frequency. On the contrary, the letter C is
not taught in the first lessons because it is associated with two sounds in Spanish (/k/
and /s/); the letters X, K, and W are presented in the end due to the low frequency of
use. Grapheme-phoneme mappings are presented in isolation and also in the context
of frequent words.

In order to test the effectiveness of Kalulu, a randomized control study was car-
ried out, with first grade children from five public low-SES schools in Montevideo.
We choose to apply Kalulu in vulnerable contexts due to the fact that there is scien-
tific evidence that indicates that the context can act as an influencing factor in chil-
dren’s reading performance (Diuk & Ferroni, 2012; Fish & Pinkerman, 2003). The
study included 145 children (80 boys and 65 girls) ranging 6 to 7 years old, attend-
ing the last trimester of the school year. Children played Kalulu in tablets, individu-
ally, in the school context, in groups of five children playing in parallel, outside the
classroom. Each child played twice a week, and completed at least ten 20-minute
lessons. The training group played the Kalulu lessons described above, while the
control group also played Kalulu but on a different path focused on mathematical
skills (not described). Before and after the intervention, children were evaluated on
preliteracy skills (letter knowledge and phonological awareness), verbal short-term
memory, 1Q, and word reading and writing, through Lexiland (see above and
Zugarramurdi et al., 2022b). Groups were matched on phonological awareness and
1Q, and no significant differences were found on letter knowledge, reading, or writ-
ing before study onset.

Results showed that all children improved in reading, writing, and letter knowl-
edge between pre- and post-measures. However, no significant differences were
found between treatment and control groups.

Since the initial lessons of Kalulu are highly focused on grapheme to phoneme
mappings, and in trying to better understand the equivalent growth of literacy skills
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between groups, we further analyzed children’s letter knowledge before the inter-
vention began. The data showed that most children knew more than half of the let-
ters from the alphabet. In particular, when looking at letters taught during the ten
Kalulu lessons that children played, we found that, on average, children knew 75%,
showing a ceiling effect. We believe these unexpected results stem from a discrep-
ancy between curricula and in-classroom teaching practices. Explicitly teaching
grapheme to phoneme mappings is not encouraged in the national curricula, and
thus, before the study, we did not expect children to master Kalulu’s lessons con-
tents at the onset. However, as informally reported by the teachers taking part in the
study, all participants were getting daily explicit training on grapheme-phoneme
correspondences. These teachers had enough experience to know that such knowl-
edge was essential for children to develop basic reading skills, irrespective of what
the curricula suggest (or ignores). According to our previous experience with mid-
dle- and high-SES schools (Zugarramurdi et al., 2022a), it is mostly teachers from
low-SES schools that insist on teaching letter knowledge and word synthesis, effec-
tively implementing a form of synthetic phonics program. Moreover, since the inter-
vention took place in the last trimester of the school year, children had had enough
time to work on the lessons presented by the game in person with their teachers.

Surprisingly, even though children showed strong knowledge of letters and their
sounds, performance in post-intervention word writing assessments showed results
below 40% accuracy. Although teachers were able to work successfully on the
teaching of letters, they reported that the times explicitly dedicated to the teaching
of writing did not exceed 5 hours per week. In this sense, we believe that using tools
such as Kalulu at the beginning of literacy acquisition would optimize the time
devoted to the decoding process, allowing for an increase in the hours dedicated to
teaching writing. This is due to the fact that Kalulu presents the information in an
explicit and systematic way through the use of different interactive games that
proved to be attractive for children, which further motivates their learning.

General Discussion and Conclusions

What the three studies presented here have in common is that they were based on
the use of cognitive science to devise testing and intervention strategies using digital
media. Both the mathematics intervention and the reading assessment were aimed
at easing testing in school settings, one by deploying PUMA (see also Lépez et al.,
this volume) and the other by creating Lexiland. The Lexiland study was indeed the
development and validation of an assessment tool. The Kalulu study was interven-
tion in the literacy acquisition process by the use of a principled way of presenting
letters during the early steps of learning to read. Most of the testing tasks in this
study were possible thanks to the presence of Lexiland, developed for the second
study. Lexiland was also important because it was adapted to the characteristics of
the local population. As explained before, one important aspect of early reading in
Spanish, evidenced by the Lexiland study, which is not usually considered when
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dealing with more opaque writing systems, is that in a transparent orthography the
most important early predictors of future reading are letter knowledge, memory, and
rapid automatized naming, whereas phonological awareness, although it can be
used to predict future learning to read, seems not to be a prerequisite. We believe
that, in Spanish and other transparent orthographies, once letter knowledge and
enough working memory are in place, learning to read is underway. To put it in
another way, if a child knows the sounds of each letter and can hold them in mem-
ory, when they learn how to blend the different sounds, which is a phonological
awareness task, they know how to decode. This contrasts with other orthographies,
where letter knowledge, memory, and phonological awareness are not enough to be
able to read most words, especially because what is measured as letter knowledge is
not enough to define grapheme-phoneme mappings. Phonological awareness is thus
a prerequisite in those orthographies. Although there are both transparent and
opaque writing systems in WEIRD countries, most of the results in the mainstream
literature come from English, whose writing is quite opaque. Thus, when we
deployed our testing strategy, we remained open to the possibility that some predic-
tors are more important than others. Notice that this does not question the main
framework of the science of reading but parametrizes its application to the specifics
of the culture, a conclusion that becomes especially evident when working outside
WEIRD populations.

A similar parametrization applies to the PUMA-ANS study results. In effect,
although the lack of a proper control group limits the interpretability of the results,
the fact that there is a dose-response between training intensity and PUMA scores,
and that most of the SES effects are screened by basic cognitive skills, points to an
important explanatory value of these cognitive variables. What is noteworthy about
the role of these variables is that most researchers in the field nowadays maintain
that enhancing ANS is not enough (Dillon et al., 2017; Hyde et al., 2021) or even
necessary (Carey & Barner, 2019; Lyons et al., 2014) to master elementary mathe-
matical knowledge. This is interpreted as a result of limited association between
symbolic and nonsymbolic representations of magnitudes. How can our results be
interpreted? One possibility is that the range of situations that are explored in
WEIRD countries is limited and so the development of ANS follows more or less
the same pathway in those countries, where differences in ANS accuracy have little
or no importance. In contrast, in non-WEIRD countries where poverty is more
extreme, there might be cases of children with little opportunity to develop the
approximate number system, making stimulation much more important. This is
consistent with our results showing that children from low-SES schools gain more
in math when trained with ANS stimulation. The result contrasts somewhat with
those of a large study conducted in India (Dillon et al., 2017) where the authors
showed no effect of non-symbolic math training in school scores. Notice that our
intervention was short and that these authors use school mathematics as their depen-
dent variable, which is a more distal measure compared to our PUMA scores. Also,
the characteristics of the India population need not be equal to our Latin American
schools; not all non-WEIRD countries are created equal. An attempt to partially
replicate some positive findings of short interventions stimulating ANS on math in
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the same setting have failed to find significant results (Diaz-Simén, 2021) but these
studies used extremely short interventions. The theoretical interpretations of the
different sets of results remains open. Clearly, more work needs to be done.

Lastly, when we think about interventions in low-SES settings, it is important to
consider which other social agents are at play in the field. Although in our country
the reading curriculum is organized around an eclectic proposal mixing several
aspects of a whole language approach with some phonological awareness ideas, and
the inspector system strongly suggests that teachers follow these guidelines, several
teachers and principals of the Kalulu study said they were following more closely a
phonics-based curriculum, because, if not, children would not learn. In essence, our
experience from higher SES schools was not applicable to this low-SES setting. In
this sense, we only managed to repeat what they had already learned a few months
before. Our next step is clear, we should start earlier and make the game more adap-
tive to what children already know, and not to what we expect them to know, not
because they have some particular gift, but because we are not the only agents in
the field.

To conclude, our three studies evidence three types of peculiarities that need to
be taken into account when trying to apply cognitive science to non-WEIRD popu-
lations. In the first place, as in Lexiland, there are linguistic and more general cul-
tural differences between different countries that need to be taken into account.
Second, there might be situations where interventions in some countries use vari-
ables (like ANS accuracy) that are not elastic enough because in that particular
place they are already saturated, but that in other places they might need to be
enhanced; this should be analyzed in each particular case. Lastly, when applying
interventions, especially in settings that receive attention from many different
agents, what these other agents are doing needs to be put into the picture and dealt
with appropriately. If these provisions are met, the possibility of using cognitive
science to base the design of digitally based interventions is a principled way to use
technology in early education settings and a particularly valuable assets in low-
income countries where human and financial resources are scarce.
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Early intervention has been widely proven to be socially and economically effec-
tive, with an estimated rate of return to investment in human capital of about 3$ to
17$ for each dollar invested (Heckman, 2006; Knudsen et al., 2006). There is less
evidence, however, on which intervention programs work for whom. Addressing
this question represents a crucial step in order to bridge scientific knowledge into
health and education public policies.

This chapter considers language interventions that have been implemented in
school settings in WEIRD (Western, educated, industrialized, rich, democratic) and
non-WEIRD countries and explores if their success is associated with environmen-
tal factors, child characteristics, school features, or the nature of the intervention
itself. Possible explanations and implications will be discussed.

Language Development and Life Skills

It is well established in the scientific literature that oral language skills are associ-
ated with literacy development and academic achievement (Hoff, 2013; Lonigan &
Shanahan, 2010; Schoon et al., 2010; Snow, 2016; Snowling & Hulme, 2021), hav-
ing long-lasting consequences on social, emotional, and mental health (Hoff, 2006;
Justice et al., 2018; Yew & O’Kearney, 2013). Based on these findings, researchers
have argued that language skills constitute one of the solid foundation blocks for
children’s development, especially in the early years (Law et al., 2017; Snowling &
Hulme, 2011, 2021).

J. P. Gandara
Centro Baobd, Sao Paulo, Sdo Paulo, Brazil

H. G. da Silveira - H. Sousa - M. C. C. Ramacciotti - M. L. Puglisi (>)
Departamento de Fonoaudiologia — Universidade Federal de Sdo Paulo, Sdo Paulo, SP, Brazil
e-mail: puglisi.marina@ gmail.com

© The Author(s), under exclusive license to Springer Nature 305
Switzerland AG 2022

M. V. Alves et al. (eds.), Cognitive Sciences and Education in Non-WEIRD

Populations, https://doi.org/10.1007/978-3-031-06908-6_18


mailto:puglisi.marina@gmail.com
https://doi.org/10.1007/978-3-031-06908-6_18

306 J. P. Gandara et al.

Language skills are not only important for learning concepts and building strong
social relations but are also considered a cornerstone for reading development.
According to the Simple View of Reading,' the phonological component of lan-
guage — especially phoneme awareness — is a strong predictor of learning to decode
words, while vocabulary, grammar, and broader language abilities are the precursors
of reading comprehension (Catts, 2018; Fricke et al., 2013). Each strand develops
relatively independently (Lonigan, 2006), but both are required for proficient reading
and should be fostered way before children enter school (Lonigan & Shanahan, 2010).

Unfortunately, although oral language and preliteracy skills are usually targeted
in the school curricula since the early childhood education and care (ECEC), teach-
ers are often not properly trained to deliver language activities using the most effec-
tive techniques (Lonigan, 2006). This is worrying given that a considerable number
of children rely on highly structured and rich linguistic school environments to opti-
mally develop their language skills. These are usually children living in socioeco-
nomically and culturally disadvantaged conditions and/or children with learning
language difficulties or language disorders.

Prevalence studies have consistently shown that around 7% of school-aged chil-
dren have significant language disorders of unknown origin (i.e., developmental
language disorder — DLD) (Norbury et al., 2016; Tomblin, Records, et al., 1997).
This is a high rate even compared to other well-known neurodevelopmental disor-
ders (McGregor et al., 2020). A smaller but still high prevalence has been found for
dyslexia (around 5%), a neurodevelopmental condition that affects the development
of decoding skills and can co-occur with DLD, among others (Scerri & Schulte-
Korne, 2010).

A longitudinal study by Snowling et al. (2016) showed that children who pre-
sented poor oral language skills at age 5 (when entering compulsory education) had
literacy and academic difficulties at age 8, showing that early oral language devel-
opment influences later academic outcomes. Thus, to become a skilled reader, a
number of developmental precursors are necessary, including language abilities that
children may struggle with (Lonigan, 2006; Lundberg, 2009) for several reasons
(from socioeconomic variables to language proficiency and emotional disposition).

We will next explore the wide variety of factors that influence oral language devel-
opment, imposing different challenges and opportunities for children’s language, lit-
eracy, and academic achievements. These factors may have a biological or
environmental nature; some constitute risk factors for language and reading disorders,
while others may influence the course of language development without necessarily
imposing risks (Bishop et al., 2017; Choudhury & Benasich, 2003; Conti-Ramsden &
Durkin, 2016; Eghbalzad et al., 2021; Lundberg, 2009; Rudolph, 2017).

'The Simple View of Reading is a theoretical framework developed by Gough and Tunmer in
1986. It states that proficient reading depends on two basic components: decoding and language
comprehension skills
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Biological Factors That Influence Language
and Literacy Development

Biological factors have been extensively studied and more is known today about what
puts children at disadvantage for both oral language and literacy development (Rudolph,
2017). These factors include family history of neurodevelopmental disorders, sex dif-
ferences, and pre-, peri-, or neonatal problems (Bishop et al., 2017; Conti-Ramsden &
Durkin, 2016; Weindrich et al., 1998). There is strong evidence that genetics play an
important role in language development as research shows that language and literacy
disorders run in families (Bishop, 2002, 2006; Choudhury & Benasich, 2003; Tomblin,
Smith, & Zhang, 1997). That means most children with language and literacy impair-
ment are likely to have first-degree relatives affected as well.

The reputed prevalence of language impairment among boys, on the other hand,
is controversial. Whereas some evidence shows that more boys are referred to spe-
cialized services (Conti-Ramsden & Botting, 1999), epidemiological studies found
a more balanced proportion of language deficits for boys and girls (Tomblin, Smith,
& Zhang, 1997). Such discrepancy may be rooted on behavioral problems being
more common among boys, which usually puts them on the spotlight earlier (Yew
& O’Kearney, 2013). Case in point, a meta-analysis showed that biological sex met
the criteria for clinical significance as a risk factor for language impairment
(Rudolph, 2017). The same study also showed the relevance of pre- and perinatal
indicators (Apgar score and birth order) for language development. Other studies
have also underscored premature birth (Brésch-Fohraheim et al., 2019) and neona-
tal complications (Whitehouse et al., 2014) as risk factors.

Environmental Factors That Influence Language Development

There are a great number of environmental factors relevant to language develop-
ment and literacy. The most consistently investigated are parental educational level,
socioeconomic status (SES), and multilingual contexts (Bishop et al., 2016; Conti-
Ramsden & Durkin, 2016; Dicataldo et al., 2020; Eghbalzad et al., 2021). Recently,
the COVID-19 pandemic has evidenced the effects of such environmental factors,
with implications for early language as well as academic development (Charney
et al., 2021).

Environmental variables may tip the scales for language and academic achieve-
ments. Parental educational level and socioeconomic status (SES) are some of the
factors that bear on the quality of the linguistic stimuli children are being provided
with (Eghbalzad et al., 2021; Justice et al., 2020; Kucirkova et al., 2016; Pace et al.,
2017; Puglisi et al., 2017). As reported, less educated parents and impoverished
families would usually provide less quantity as well as lower quality of linguistic
input, thus impacting children’s language development with rippling effects on
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literacy and academic performances (Dollaghan et al., 1999; Hirsh-Pasek et al.,
2015; Hoff & Tian, 2005; Law et al., 2011; Spencer et al., 2017).

Research on multilingual environments shows they may pose an initial disadvan-
tage for children’s language and literacy development when compared to monolin-
gual children, especially when the language spoken at home is different from the
language used in the school setting (Hoff, 2013, 2021; Hoff & Elledge, 2005).
Although multilingualism per se is not a risk factor for language impairment, stud-
ies show it may influence the quality of the linguistic input children receive in the
language spoken at school (for a review, see Hoff, 2021). Hence, multilingualism
does provide a different context for language learning, posing important variations
in opportunities and experiences, amount and proportion of exposure, and environ-
mental support. Such variations may affect the course of language development and
academic achievement (Chan & Sylva, 2015; Hoff, 2013, 2021; Sorenson Duncan
& Paradis, 2018).

Protective Factors for Language and Literacy Development:
Early Language Intervention

Inasmuch as roadblocks to language development may vary, experimental and clini-
cal evidence converge on how protective factors may upend children’s developmen-
tal course improving their language outcomes (Catts, 2017; Conti-Ramsden &
Durkin, 2016). Prosociality and sociability? have been recently studied as potential
protective factors (Conti-Ramsden & Durkin, 2016; Toseeb et al., 2017). The ben-
efits and effects of early interventions have also been extensively researched and
recognized as a way to fill in the gaps (Catts, 2017; Collisson et al., 2016; Dobinson
& Dockrell, 2021; Fricke et al., 2013; Greenwood et al., 2020). In this matter, early
high-quality education bears strong evidence for positive impact on the develop-
ment of all children but especially those from disadvantaged backgrounds (for a
review, see Sylva, 2014). Hence, over the past decade, emphasis on the use of
evidence-based programs to promote children’s development and prevent disorders
is of note.

Whereas research on the effectiveness of some interventions for oral language
and literacy skills improvement is mounting (Dobinson & Dockrell, 2021;
Greenwood et al., 2020; Snowling & Hulme, 2011), wide is the range of targets and
implementation variables that may account for differences in their specific out-
comes (for a review, see Williams & Beidas, 2019). Some programs may focus on
foundation skills, such as phonological awareness, vocabulary, and narrative, while
others emphasize preliteracy and reading skills. Some interventions are conducted
individually or in small groups, and others promote whole-class activities; some are

2Prosociality refers to behaviors that are intended to benefit others, caring for their needs and wel-
fare. Sociability is defined as the quality of being sociable, i.e., being friendly
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conducted by teachers and/or assistants or speech and language pathologists in the
school setting, while others are delivered by parents or caregivers at home. The
method and amount of training for program delivery also vary, as well as the amount
and intensity of the intervention.

Overall, early intervention programs are recognized and validated as a way to
foster children’s language and literacy skills, but scientific evidence on what works
for whom is still lacking, especially in school settings and, particularly, in low- and
middle-income countries.

Therefore, here we scrutinize the available scientific evidence on the success of
early language interventions in school settings. Specifically, we explore the vari-
ables and characteristics of programs implemented in various countries (both
WEIRD and non-WEIRD) to identify contextual differences accounting for effec-
tive interventions, i.e., those that foster children’s language development and liter-
acy readiness, especially in disadvantaged environments.

Review Methods

This chapter aims to provide a comprehensive review of contextual factors that may
be related to the success of language interventions in school settings. We used
PICOS search strategy to retrieve studies of interest based on the following ques-
tion: how and to what extent is the success of educational language interventions
associated to contextual factors?

Data Sources

We conducted a formal literature search using PICOS criteria, as presented in
Table 1. The terms used in each search were differently combined, so that strategies
were appropriate for each database.

The search was performed at the following databases: Cochrane, JSTOR,
PUBMED, SciELO, ERIC, SpringerLink, and SAGE Journals. Because we were
especially interested in obtaining studies conducted with non-WEIRD populations,
we also checked the reference lists of the studies retrieved from the databases that
could meet our criteria.

Study Selection and Inclusion and Exclusion Criteria

We started by analyzing the titles and abstracts of all articles identified by the search
to remove clearly irrelevant papers to the purpose of this review. To be included,
papers should have tested the effects of language interventions delivered in school
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Table 1 Terms used for PICOS strategy search

P | Population | (infant OR child OR child* OR “child, preschool” OR students OR school OR
“early childhood education” OR “early childhood education center” OR
“elementary school” OR “early education” OR “elementary education” OR
preschool) NOT (“language disord*”” OR autism OR “hearing loss” OR
adolescent OR math* OR mathematics OR arithmetic OR bullying OR “sexual
abuse” OR social OR emotion* OR attention OR physical OR anxiety OR
perception)

I | Intervention | “Early intervention, educational” OR “school intervention” OR “school
program” OR “educational program” OR “language intervention” OR
“language program” OR “preliteracy skills” OR program OR preliteracy OR
language OR intervention

C | Comparison | Not specified

O | Outcome language OR “semantics” OR “language tests” OR “phonological awareness”
OR phonology OR “oral language” OR reading OR preliteracy OR “early
literacy skills” OR test

S | Study type | “Clinical trial” OR “randomized controlled trial” OR “controlled clinical trial”
OR “meta-analysis” OR systematic review

settings. Exclusion criteria involved interventions in different settings, with a differ-
ent scope, and with insufficient information on methods or results. After the initial
selection of papers based on title and abstract, duplicate papers were removed, leav-
ing the remaining articles to be retrieved for full-text review. The selected papers
were then rated using the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation; Guyatt et al., 2008) approach, which is a methodol-
ogy that assesses the certainty of evidence. Only studies rated with high or moderate
grades were included in our analyses.

The flowchart (Fig. 1) shows the number of studies retrieved and excluded at
each point, as well as the final number of studies included in this review.

Our search showed a disproportionate overall number of intervention studies
from WEIRD and non-WEIRD countries, as shown in Fig. 2. There were less stud-
ies that included non-WEIRD populations (N = 12, as opposed to N = 34 from
WEIRD countries), with a lower proportion of them being graded with high and
moderate quality (50%, as opposed to 59%), suggesting a lack of quality evidence
in these contexts. In the next section, we present the findings from all papers that
met inclusion criteria, from WEIRD and non-WEIRD countries.

Findings: What Works for Whom and in Which Context?

Results showed that most intervention programs had overall positive effects. The
interaction between specific variables and the extent of the effects, however, varied.
In order to present and discuss these findings in light of the existing literature, we
divided this section in topics to tap into each contextual factor of interest: (1) envi-
ronmental, (2) child, (3) school, and (4) intervention. For each analysis, we
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Fig. 1 Flowchart showing the number of studies included and excluded at ach point

identified the effects of the intervention on phonological awareness (PA), oral lan-
guage (OL), and reading skills (read). Figure 3 summarizes the proportion of stud-
ies with positive effects for each variable of the contextual factors (1), (2), and (3),
which are discussed below.

Environmental (Social and Linguistic) Factors

We identified interventions that were delivered in different SES (low- and mixed-
SES) and linguistic (mono- and multilingual) environments. Figure 3 shows the
proportion of studies that found significant positive effects for three different out-
comes: phonological awareness, oral language, and reading.

We found more studies analyzing intervention effects in low-SES samples
(N =15, 58%) and only three studies gathering subjects from mixed-SES (two
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low- and middle-SES; one low- and high-SES). A considerable number of studies,
however, did not specify participants’ socioeconomic characteristics (N = 8, 31%;
not included in Fig. 3), posing a bias to this analysis. We found that in both low- and
mixed-SES conditions, positive outcomes were observed in the majority (65—-100%)
of the studies. At first glance, it could seem that the proportion of positive findings
was higher in the mixed-SES samples, but the limited number of studies (small dot
sizes) requires caution in comparing findings.

There is a body of studies showing that children from low-SES usually perform
poorly on language tasks (Dicataldo et al., 2020; Hirsh-Pasek et al., 2015; Hoff,
2006, 2013; Hoff & Tian, 2005; Law et al., 2011; Pace et al., 2017; Sirin, 2005).
This is usually associated with the quality of the stimuli they are receiving, both at
home and at school. A lower-than-ideal stimuli quality is, in turn, a product of a
series of conditions related to cultural and social aspects, from parental level of
education to the family’s cultural habits and logistical possibilities in daily routines,
as well as various dimensions of the classroom language environment, including
characteristics of the school and the teacher’s communication features (Justice
et al., 2018;Sylva, 2014 ; Sylva et al., 2013). Nevertheless, studies have shown
that poorer language and cognitive performances by low-SES children could
be counterbalanced by high-quality education at an early stage (Sylva, 2014;
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Fig. 3 Percentage of studies that found positive effects in phonological awareness, oral language,
and reading skills, for environmental, child, and school factors

Sylvaet al., 2013). This effect may be even stronger for children with better implicit
learning skills, as suggested by Eghbalzad et al. (2021). In this study, we did not find
that the intervention effects were higher for low-SES samples, but instead that the
intervention was beneficial for children in all studies, regardless of their
SES. However, we would need more studies analyzing the intervention effects in
mid- and high-SES populations to properly address this question.

Regarding language diversity, there were only eight studies analyzing the effect
of language interventions in multilingual environments, which showed convergent
findings: all of them yielded positive effects in at least one outcome (oral language
was the most benefited, with significant effects in all studies in which these skills
were measured). However, it is of note that most of these studies were carried out in
samples of bilingual immigrant children living in monolingual countries, which is a
specific subgroup that is more susceptible to social vulnerability and is not fully
representative of multilingual samples.

Many comparison studies have shown that multilingual children may be at dis-
advantage regarding language development when they enter school (Hoff, 2013,
2021; Hoff & Elledge, 2005). This characteristic, however, is related to the quality
and the amount of input these children receive in each language, which is, in turn,
related to other environmental factors, such as the effects of SES and other condi-
tions of social vulnerability (e.g., immigrants and refugees) (Hoff, 2013; Hoff et al.,
2012; Thordardottir, 2011). For instance, findings from multiple studies conducted
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in the United States suggest a “school readiness gap” between low-income bilingual
children and monolingual middle-class children (Castro et al., 2011). It is a fact that
language minority homes offer a variability of conditions (some only hear their
heritage language at home, and others are bilinguals from the start, although the
balance between languages may vary), and all these differences may pose both risk
and protective factors (Hoff, 2006, 2013).

Regardless of the differences observed in oral language abilities, multilingualism
does not make children slow learners (Hoff, 2021; Marchman et al., 2010). In fact,
there is strong evidence that multilinguals may show advancements in other areas
(e.g., executive functions) once they experienced a rich linguistic environment in
the target language (Hoff, 2013, 2021). As with SES and other environmental fac-
tors, children’s individual learning abilities may also constitute a protective factor in
a context of linguistic diversity (Hoff, 2021), and high-quality education have a
fundamental role in bridging the gap for their language and academic outcomes
(Hoff, 2013).

In sum, most studies included in our sample showed positive results for the out-
comes of interest (PA, OL, read) in all environmental conditions. This means that
most intervention programs were effective both for disadvantaged children (i.e.,
children from low-SES and those from multilingual environments) and children
with more favorable environmental backgrounds. The implications of the improve-
ments, however, may be interpreted differently. For disadvantaged students, the
positive effects suggest that most interventions have the potential to close the gaps
imposed by the unfavorable conditions, providing them with more opportunities to
succeed academically. For students with unidentified environmental disadvantages,
the interventions may have boosted the development of linguistic abilities that are
prerequisites to literacy and formal academic instruction.

As argued by Hoff (2013), the initial differences caused by poorer linguistic
environments should be recognized as deficits rather than differences that should be
embraced. As such, the implementation of effective interventions may leverage the
ground for all children to achieve their maximum potential. Although there is scien-
tific evidence that creates expectation for positive effects for language interventions
in low-SES and multilingual environments, systematic reviews are needed to
address this question more robustly.

Child Factors

Children’s characteristics also varied between interventions. We identified interven-
tions that targeted different populations based on their language status (language
disorder/at risk for language disorder — LD/at risk and “general,” which means
children were not selected for their language status) and educational level
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(preschool/kindergarten and elementary school®). Figure 3 shows the proportion of
studies that found significant positive effects for three different outcomes: phono-
logical awareness, oral language, and reading.

We found that intervention effects did not vary based on the target population.
The intervention effects for all outcomes (phonological awareness, oral language,
and reading) were positive for all groups, regardless of children’s language status
(60-83%).

The group of children with or at risk for language disorders included both indi-
viduals with confirmed diagnosis and those who had never seen a specialist but
performed poorly on language tests. As discussed previously, children may struggle
with language and literacy development for several reasons (Lonigan, 2006;
Lundberg, 2009), from individual predisposition to poor stimulating environments.
Our clinical sample might have reflected this heterogeneity, including both children
with persistent language learning difficulties (language disorders) and those with
poor language development (language delay). Different responses to intervention,
however, are expected for each of these subgroups.

Children with language disorders usually require intensive and ostensive training
delivered with multisensory learning cues to compensate their long-lasting lan-
guage difficulties (Ebbels, 2014; Ebbels, McCartney, et al., 2019, Ebbels, Wright,
et al., 2017). Children with language delay, on the other hand, need an enriched
environment to overcome their initial difficulties, since their language learning
capacity is usually preserved. These are the ones who probably benefit the most
from good quality interventions (Dodge, 2020). From the 12 papers that studied
clinical samples included in this review, 11 recruited at-risk children and only one
study involved children with diagnosed language disorder (over half of these
included children from low-SES). We can hypothesize, thus, that most children in
our clinical groups meet criteria for language delay instead of disorder, which helps
explain their good response to intervention.

Regarding children’s educational level, all interventions delivered in elementary
school showed positive effects, while those targeting preschool and kindergarten
years were still effective but to a lesser extent (a little over 80% for each outcome).
It is important to emphasize, however, that there were fewer studies focusing on
elementary school children, as shown in Fig. 3.

Even so, at this point, the importance of early language intervention for literacy
readiness is beyond question (Fricke et al., 2013; Snowling & Hulme, 2021; Terrell
& Watson, 2018). There is enough evidence showing that individual differences in
oral language skills for school entry-level children can predict literacy and later
reading performance (Snowling, Bishop, et al., 2000, Snowling, Nash, et al., 2019).
Indeed, our results showed that most interventions studies actually produced posi-
tive effects for all relevant outcomes, regardless of the educational level targeted.

3Preschool, also known as early childhood education and care, refers to noncompulsory education
for under school-aged children. Kindergarten, also known as pre-elementary or primary school
entry level, refers to the compulsory, first stage of formal education. Elementary school, also
known as primary or grade school, refers to compulsory first level education for ages 5-10
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Nevertheless, the finding that for children in preschool and kindergarten not all
interventions were effective suggests that the implementation of structured lan-
guage programs may be more difficult in the early years, especially for complex
programs, which pose additional difficulties in maintaining quality and consistency
over time (Snow & Matthews, 2016).

School Factors

We found interventions that have been delivered in different school settings (whole
classroom x small groups x individual) and by professionals with different back-
grounds (regular teachers, teacher assistants, and paraprofessionals, which were
students, tutors, or professionals with nontechnical backgrounds). Figure 3 shows
the proportion of studies that found significant positive effects for three different
outcomes: phonological awareness, oral language, and reading.

Regarding school settings, only two studies presented programs delivered in
individual sessions; 11 reported interventions in small groups, and for other 11
interventions were delivered for the whole class (other two studies did not mention
this information). Positive effects on phonological awareness were frequent for the
single intervention delivered in individual sessions, as well as for interventions
adopting group (75%) and whole-classroom arrangements (71%). When the out-
come was oral language, positive effects were robustly found for individual and
group interventions (100%), but only 50% of the studies with whole-classroom set-
tings were effective. A similar trend was observed for outcomes in reading skills:
the only study with individual and most of the studies with group (87%) interven-
tions had positive effects, while whole-classroom arrangements also had positive
findings but to a lesser extent (67%).

The fact that individual sessions were the best setting to improve children’s pho-
nological awareness, reading and language skills is not surprising, given that, in that
context, the professional delivering the intervention can precisely recognize and
address children’s needs. However, this conclusion must be taken cautiously because
of the very few quality studies with this school setting. Likewise, evidence showing
small group settings are effective to promote language and literacy skills for either
targeted (Snowling & Hulme, 2011) and universal interventions (Cohen-Mimran
et al., 2014) come as no surprise. The fact that classroom-based interventions did
not improve children’s oral language and reading outcomes as much as the other
settings may also be related to the amount of support and participation needed in
activities that target — directly or indirectly — these abilities. Within the classroom
context, it is considerably more difficult for the person delivering the program to
involve all students and recognize their individual needs (ref).

For professional background, we also found different patterns according to the
outcome of interest. Curiously, interventions delivered by teacher assistants and
paraprofessionals had a slightly higher impact on all skills (100% for phonological
awareness, 83% for oral language, and 100% for reading) than interventions
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delivered by regular teachers (67%, 77%, and 71% respectively). It is important to
note, however, that there was a much higher number of studies involving teachers
(18 studies) than teacher assistants and paraprofessionals (8 studies), which may
have posed some bias in our results.

The literature shows that language interventions can be delivered successfully by
trained professionals, being them teaching assistants (Bowyer-Crane et al., 2008) or
specialist teachers (Snowling & Hulme, 2011). However, Lonigan (2006) found that
programs evaluated as teacher-implemented rather than researcher-implemented
yielded significantly smaller gains on children’s skills. He argues that many early
childhood educators would consider some of the phonological awareness activities
outside the range of developmentally appropriate practice for preschool children. If
these beliefs are in fact true for experienced teachers, we could speculate whether
paraprofessionals and teacher assistants are naturally more dependent on norm-
following and “sticking to the rules” of intervention guidelines due to their novel
status as applicants. As far as speculations go, of note here is research lacking clear
parameters for such granular analysis.

Intervention Factors

Interventions differed in scope (which abilities were at focus) and intensity (length
of the session, frequency of sessions per week, and overall duration in weeks).
Figure 4 shows the proportion of studies that found significant effects in each vari-
able related to these factors, for three different outcomes: phonological awareness,
oral language, and reading.

We identified interventions that targeted different language skills: phonological
awareness, oral language, and/or reading. Intervention scope was divided into three
categories: (1) “outcome as the single target” refers to interventions in which the
outcome (either PA, OL, or read) was the only skill trained directly, (2) “outcome as
one of the targets” refers to interventions in which the outcome was one of the skills
trained directly, and (3) “outcome not a target” refers to interventions in which the
outcome has not been directly trained but could have been influenced indirectly.

Phonological awareness seemed to be more effectively improved with interven-
tions targeting them directly in combination with other skills (89%) or indirectly
(75%). Interestingly, fewer studies showed improvements in these skills when tar-
geted in isolation (only 50%). Oral language, on the other hand, had a more even
improvement, regardless of how it was targeted: the greater proportion of positive
effects were observed when it was one of the targets (89%), but significant improve-
ments were also observed when it was directly targeted in isolation (75%) and when
it was not directly targeted (75%). Showing a different pattern, reading skills
improved the most as single targets (100%) but also ameliorated as one of several
targets (78%) and, to a lesser extent, as an outcome not directly targeted (60%).

In general, interventions were effective to improve trained skills — in isolation or
combined with other targets. The exception was the effectiveness of programs
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50 . 100

Fig. 4 Percentage of studies that found positive effects in phonological awareness, oral language
and reading skills, for intervention factors

focusing on phonological awareness skills as single targets. A more refined analysis
showed that, in our sample, phonological awareness was better improved when
trained together with reading (N = 6, 100%) than with oral language skills only
(N =2,0%). We speculate, therefore, that combining phonological awareness train-
ing with reading may more beneficial to children than targeting them alone.

Regarding transfer effects to nontargeted areas, we surprisingly found significant
findings, especially for oral language and phonological awareness. There is a con-
sistent body of evidence showing indeed that intervention studies rarely find what is
called “transfer of knowledge.” For example, in a large-scale longitudinal study
training dialogic reading in 4-year-olds, positive effects on vocabulary did not gen-
eralize to reading scores at the end of second grade (Lonigan, 2006). The author
justifies that promoting oral language does not impact phonological awareness or
print knowledge. Similarly, Bowyer-Crane et al. (2008) found that training phono-
logical awareness and reading fostered decoding skills whereas the oral language
program improved vocabulary and grammatical skills. The same group of research-
ers concluded in a further study that neither program produced statistically signifi-
cant improvements in secondary outcomes (Fricke et al., 2017).

Given the evidence that emergent literacy skills are relatively modular and that
interventions usually improve more consistently the trained skills, Lonigan (2006)
advocates that it may be advantageous to incorporate in preschool curricula all lan-
guage and emergent literacy skills that are crucial for learning to read and write. He
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even demonstrates, for example, that phonological awareness interventions that have
included letter knowledge training produced larger gains than phonological aware-
ness training alone (Lonigan, 2006). Our data is in line with these findings, since
interventions that simultaneously targeted multiple skills were the ones that yielded
more positive effects for all outcomes, with a more consistent body of evidence.

With regard to intervention intensity, we identified programs with different
lengths for sessions (less or more than 30 minutes), for weekly frequency (1-2; 3—4,
or 5 times per week) and overall weekly duration (less than 10 weeks, between 10
and 20 weeks, and more than 20 weeks). Figure 4 shows the proportion of studies
that found significant effects for phonological awareness, oral language, and
reading.

Phonological awareness improved both through interventions that had shorter
(less than 30 minutes) and longer (more than 30 minutes) sessions (83% and 75%,
respectively), lower (1-3 times per week) and higher (4-5 times per week) fre-
quency (75% and 100%, respectively) but overall longer (> 20 weeks), rather than
shorter (< 20 weeks) duration (86% and 57%, respectively).

Reading skills had a similar pattern, benefiting both from interventions with
shorter (100%) and, to a lesser extent, longer (75%) sessions. The frequency of the
sessions also did not differentiate the proportion of positive findings, as both higher
and lower frequencies showed consistent positive results (100% and 86%, respec-
tively). Reading outcomes, however, consistently required longer (100%) rather
than shorter (57%) intervention program (20 or more weeks were mostly effective).

Differently, oral language skills improved more consistently in studies with
interventions that had shorter (100%) rather than longer (50%) sessions. They also
required a much less intense training than phonological awareness, with 1-3 ses-
sions per week (100%) yielding more consistent positive effects, although daily
sessions were also effective for most studies (75%). The duration of the program did
not matter as much for these skills, as studies with both shorter and longer durations
had mostly positive effects (80%).

For intervention intensity, at first glance, the more seems to be the merrier.
However, it is important to scrutinize the variables used to measure the intervention
intensity and the effects on each type of outcome. Our analyses showed that most
intervention regimens produced positive effects on all measured outcomes. The
duration of sessions (less than versus equal or more than 30 minutes) was not a vari-
able that played a significant part in producing more improvements for phonologi-
cal awareness or reading, but shorter sessions were better for oral language
outcomes. Frequency of the sessions were also did not differentiate the effective-
ness of the programs for any measured outcomes. The duration of the intervention,
on the other hand, yielded different effects for phonological awareness and reading
outcomes, in favor of longer interventions (equal to or more than 20 weeks). Thus,
it is reasonable to suggest that shorter sessions (low dose) distributed with higher or
lower frequency for longer periods of time produce better outcomes for phonologi-
cal awareness, oral language, and reading skills.

Regarding variables used to measure the intervention intensity, Schmitt et al.
(2017) were the first and only ones to find that more intensive treatments measured
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as time were not significantly associated with improved outcomes. They demon-
strated that best combinations of features to improve the language abilities of clini-
cal groups were treatments delivered in high frequency and low dose or low
frequency and high dose. These two conditions promoted better outcomes than the
ones involving high frequency, high dose or low frequency, low dose. Similarly,
Smith-Lock et al. (2013) found that, under a constant overall number of sessions,
children receiving more distributed treatment over time (weekly) had more gains in
grammar than massed treatment sessions (daily). It is important therefore to analyze
intensity parameters separately rather than cumulatively.

Regarding the overall duration of language interventions, there is evidence show-
ing that two versions of the same language program (one lasting for 20 weeks and
the other lasting for 30 weeks) improved children’s oral language skills, but the
shorter version showed small effect size (d = 0.21) while the longer version had
moderate effect size (d = 0.30) (Fricke et al., 2017).

Summary

In summary, this chapter explored for whom and in which contexts language inter-
ventions seem to be more effective. Although our intention was to analyze the effec-
tiveness of language interventions delivered in school settings comparing WEIRD
and non-WEIRD populations, we could only find a few studies from non-WEIRD
countries, most of which rated with poor quality of evidence. Therefore, the results
of all good-quality studies (both with WEIRD and non-WEIRD populations) were
taken together in our analyses. We emphasize the need for more research with good
methodological quality in non-WEIRD countries for further conclusions on possi-
ble effectiveness differences as compared to WEIRD populations.

We found that, in general, factors related to the quality of the provided interven-
tions (i.e., methodological variables, such as who delivered the intervention, which
abilities were stimulated, and intensity of the intervention) produced more consis-
tent effects than factors related to the individuals (i.e., which are risk factors, such
as background SES, multilingualism, and previously detected language disorders).

It is relevant to point out, though, the limitations of these analyses. This chapter
provided a scope rather than a systematic review. Although our search retrieved 46
studies that initially met the criteria for our analyses, almost half of them were
excluded from our sample for poor quality ratings (20 studies). Furthermore, not all
of the contextual factors were explored in all studies included, which restricts the
robustness of our findings. We are aware of these limitations and highlight that the
intention of this chapter is to raise the contextual factors that seem to play an impor-
tant role on the effect of language interventions. Future studies are needed to
approach the topic in a more systematic way.
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Developing Higher Order Thinking
in Elementary School Science: A Narrative
Around a Research Group Quest

Melina Furman, Mariana Luzuriaga, and Inés Taylor

The Question Where Our Quest Begins

Imagine the children of today in 10, 20, 50 years’ time... What kind of adults do you
hope they are?

This is one of the main questions that guide our work and commitment to improv-
ing education. At conferences, training sessions, and interviews, we repeatedly ask
school principals, teachers, and parents to reflect on their answers to that question.

Frequent responses include “curious,” “creative,” “resilient,” “kind,” “thought-
ful,” “critical thinkers,” and “problem-solvers.” Thus, there is a consensus that we
aspire for children to have the necessary knowledge and tools to function in the
world, to develop a taste for lifelong learning, and to have an awareness of the
“common good.” All of these speak to the need for developing higher order thinking
skills, which encompass a continuum of cognitive processes, such as understanding,
applying, analyzing, evaluating, and creating, across factual, conceptual, proce-
dural, and metacognitive knowledge dimensions (Anderson & Krathwohl, 2001;
Bloom et al., 1956; Forehand, 2005), key in developing twenty-first-century citizen-
ship (Scott, 2015).

The next questions we ask are “how do we achieve it?” and “what must we do
now to prepare our students for the future we envision?.”

One way of doing so is through science education, which has long been consid-
ered a field of opportunity to develop higher order thinking skills. In particular, an
important goal of science education is the development of scientific thinking,
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defined as the skill set of “ways of knowing” involved in science, which include
higher order thinking skills, such as inductive and deductive reasoning, interpreting
and constructing data and models to explain phenomena, designing valid experi-
ments, building evidence-based arguments, and finding and assessing ways to solve
socioscientific problems (Klahr et al., 2011).

Although there is evidence that children have some rudiments of scientific think-
ing skills even at a very young age (Gopnik et al., 2001; Gweon et al., 2010; Gweon
& Shultz, 2011), they do not fully develop spontaneously (Kuhn, 2010). Instead,
they need to be intentionally taught and put into practice in a systematic and sus-
tained way overtime (Duschl et al., 2007).

An effective science education for all is perhaps even more important within
non-WEIRD (Western, Educated, Industrialized, Rich and Democratic) popula-
tions, both as a means to foster and increase citizens’ informed participation in criti-
cal issues, such as health and environmental matters, and potentially promoting
vocational orientations in the fields of science, technology, engineering, and math-
ematics (STEM), which are fundamental in knowledge-based economies. There is
evidence that, in Argentina, the context of this study, as in many other countries,
only few students pursue career choices related to STEM, especially among women
and populations from socioeconomically vulnerable contexts (Albornoz et al.,
2009; Szenkman & Lotitto, 2020).

Consequently, science teaching reform efforts were implemented in several
countries over the last decades. As a recent study on the state of affairs regarding
science education in primary schools in Latin America shows, starting in the second
half of the 2000s, several countries, such as Chile, Colombia, Ecuador, México,
Paraguay, and Uruguay, have renewed their science curriculum and implemented
professional development programs, all aimed at enhancing science teaching with a
particular focus on developing scientific thinking skills (Furman, 2020). This is also
the case in Argentina (Tedesco, 2009).

However, low standardized test results and research studies consistently suggest
that what happens within classroom contexts is still far from what is expected.
Argentine and Latin American students, in general, achieve very low levels of per-
formance in science and particularly struggle to solve questions relating to higher
order thinking skills, such as interpreting data and drawing conclusions, analyzing
and solving science-related problematic situations, and assessing or proposing
experimental designs to answer inquiry questions (Meschengieser & Otero, 2016;
UNESCO, 2015). Furthermore, there is great inequity in learning opportunities,
with a consistent pattern showing students from wealthier families attaining higher
levels of learning achievement than their less privileged peers in many countries
(OECD, 2019; Vegas et al., 2014).

Faced with this scenario, we wonder: how can these societies facing structural
challenges aspire to thrive when so few students seem to be equipped with the nec-
essary skills? More specifically, the prevalence of such low learning outcomes
opens up questions regarding current science teaching practices: are they encourag-
ing children to become the thinkers and problem-solvers we aspire them to be?
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Unfortunately, it appears that we aren’t. Research on teaching practices, although
limited, indicates that teachers across many Latin American countries show persis-
tent difficulties in handling conceptual content and enacting reform-based teaching
practices (Furman, 2020; Kisilevsky et al., 2019). In turn, this is consistent with
these countries having poor teacher training systems in general (Bruns & Luque,
2015) and in science in particular (Furman & Luzuriaga, 2017; Maiztegui et al.,
2000), which seems to negatively affect the quality of science instruction.

Thus, some of the main questions our research projects address are as follows:
What do science teachers need to be able to improve their “business as usual” prac-
tices? How can we help them move toward enhancing science education and thus
student learning of scientific thinking skills?

This is where the “CABA study,” which will be described throughout this chap-
ter, came in. Our quest to better understand the current state of scientific thinking
skills development in relation to science teaching practices, and how to strengthen
them, led us to develop a research project set in a representative sample of schools
in the City of Buenos Aires (CABA), Argentina. Through this study we sought to
characterize science teaching practices and student learning outcomes, both in gen-
eral and as a result of teachers receiving specific professional development (the full
design and results can be found in Albornoz et al., 2019).

In particular, we set out to rigorously evaluate if providing teachers with educative
curriculum materials (ECM), specially designed to foster scientific thinking skills in
students, is an effective way to improve science teaching and learning in the local
context. ECM are detailed lesson plans, including reading materials, worksheets, and
other resources for students, aimed at supporting teachers in the organization, con-
tent, and pedagogy of given topics (Ball & Cohen, 1996; Davis & Krajcik, 2005).

ECM became a widespread, regular source of consultation for teachers as well as
a key component in curriculum reforms and teacher training policies in general as
in science education, endorsed by research that brought attention to their potential,
particularly in contexts with low-quality indicators in teacher education and student
learning (Bruns & Luque, 2015; Mourshed et al., 2010).

However, while studies show mixed results on the effects of providing teachers
with ECM on student learning and teaching practices (Davis et al., 2016), there is a
dearth of evidence to this regard in the region. Considering that, within these con-
texts of resource scarcity, providing ECM represents a significant investment, we
identified a pressing need to contribute with large-scale, high-quality, rigorous stud-
ies on the implementation and effects of science ECM in student learning of higher
order scientific thinking skills as well as in teaching practices.

In this chapter we present a narrative of how this research project unfolded, from
our initial questions to its design, the findings and new questions that emerged along
the way, to the lessons learned at the end of the process. Although the overall find-
ings for the wider randomized controlled trial were published (Albornoz et al.,
2019), as are several more in-depth papers considering different aspects of the peda-
gogical intervention (Furman et al., 2021; Taylor et al., 2020), for this chapter we
conducted further data analysis and present new results focusing on the implemen-
tation of ECM.
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Designing Our Action Steps

We proposed a randomized controlled trial to evaluate both student learning and
teachers’ teaching practices in seventh grade (the final year of primary schooling)
science, comparing everyday teaching against the effects of supporting teachers in
the implementation of scientific, higher order thinking skills oriented teaching prac-
tices through the provision of ECM. Two experimental groups were defined: the
control group, in which “business as usual” teaching practices and learning out-
comes would be observed, and the intervention group, which we provided with ECM.

The study was set in the City of Buenos Aires, the federal capital of Argentina
(CABA, for its Spanish acronym). CABA is the most densely populated city and
also one of the districts with better socioeconomic and educational indicators at the
national level. However, this is within a context of low levels of academic perfor-
mance and high degrees of educational inequity to the detriment of students from
disadvantaged contexts (Di Virgilio & Serrati, 2019; Meschengieser & Otero, 2016).

Mimicking Argentine education policies more generally, participating in this
research program was mandatory yet not enforced, and there were no formal conse-
quences if schools or teachers chose not to abide by what was requested (i.e., there
were no financial or administrative incentives or penalties). Also, given that con-
ducting research within school contexts is not a well-established practice in the
country, this required involving and consulting senior officials of the CABA
Ministry of Education, stakeholders from different ministerial areas, and school
district superintendents and principals, as their support was essential to access
schools and promote teachers’ participation.

A sample of 47 state primary schools located across six (out of 21) school dis-
tricts in the city participated in the study. These schools were representative of
schools in CABA in terms of socioeconomic conditions, their total school and sev-
enth grade enrollment, pass and repetition rates, overage rate, and previous district
test scores (see Albornoz et al., 2019 for full sample balances).

As shown in Table 1, 24 schools were randomly assigned to the control group
and another 23 to the intervention group. Within each group, all seventh grade sci-
ence teachers participated in the study. After analyzing the differences in the means
along with p-values from two-tailed t-tests of equality of means, no significant dif-
ferences were observed between each group in student-level variables (e.g., gender,
socioeconomic background, and academic performance), teacher-level variables
(e.g., gender, seniority in seventh grade teaching, and seniority in the current
school), nor school-level variables (e.g., location, total enrollment, amount of

Table 1 Sample description

Control group Intervention group
Number of schools 24 23
Total seventh grade classrooms 50 44
Total seventh grade students 1086 917
Total seventh grade science teachers 36 32
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seventh grade classrooms, percentage of schools with double school day, and school
dropout and overage student rates).

We chose to focus our study on one particular science seventh grade curricular
topic: the human body, in order to limit the scope of the intervention and favor the
comparison between both experimental groups. Besides being one of the prescribed
contents in the national and district curricular guidelines (Argentine Ministry of
Education, 2005; CABA Ministry of Education, 2012), the human body is regularly
taught in primary level science lessons for it’s a well-versed topic, often valued by
teachers as relevant and interesting for students.

Teachers in the control group addressed the topic of “the human body” as they
regularly did in science lessons, allowing us to capture common teaching practices
and learning outcomes, while teachers in the intervention group were provided with
science ECM to address the topic, focusing on the basics of the digestive, circula-
tory, and respiratory systems and how they contribute to cellular nutrition.

ECM were developed by the team of researchers based on curriculum guidelines
and informed by research-based, best practice science principles (Davis et al., 2014;
Davis & Krajcik, 2005; Harlen, 2013) and then discussed with nonparticipating
primary science teachers and validated by the curricular team of experts at the
CABA Ministry of Education. They ought to support teachers by organizing science
content, with detailed indications on how to guide science activities with specific
learning goals. Activities were designed to have students explore different topics
and carry out diverse tasks following an inquiry-based approach (Harlen & Qualter,
2018). As Table 2 shows, as well as some more traditional activities such as reading
from informative texts or diagrams and answering simple questions, the ECM
included activities promoting higher order thinking skills, associated with scientific
thinking (Anderson & Krathwohl, 2001; Li & Klahr, 2006). The ECM were designed
for implementation in an estimated 38.5 hours of science lessons over a maximum
of 12 weeks (the original Spanish version of the ECM can be found here (shorturl.
at/gnsAR)).

The intervention began at the beginning of the school year, when all participating
science teachers were summoned to one in-service 4-hour informative meeting
aimed at presenting the research project, encouraging teachers’ commitment to par-
ticipate, and establishing what they were expected to do. All teachers were asked to
teach the “human body” in their science lessons over the following 12 weeks, at the
end of which students would complete an external assessment in the form of a writ-
ten test.!

The written test was developed by our research team based on the content and
skills covered in the local curriculum regarding the topic, so that students of teach-
ers who did not use the ECM, but followed the national and district curriculum
frameworks as expected, should be able to achieve good learning outcomes. It was
reviewed by science teaching experts and then piloted in two seventh grade

At the end of the intervention, teachers in the control group received a copy of the ECM.
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Table 2 Characterization of the activities present in the provided ECM, according to their

cognitive demand

Activities associated with lower
order science thinking skills

Activities associated with higher order
science thinking skills

General Reading and writing activities based | Activities based on the analysis of

description on content-based texts on different history of science episodes and on
aspects related to the human body, designing and conducting
specially focused on the learning of | experiments, as well as where students
scientific vocabulary and facts, and | have to explain more complex
activities involving observing and scientific phenomena and reflect on
describing phenomena their own understanding

Scientific Recall Analyze

thinking skills | Read information from simple tables | Explain

involved and diagrams Apply
Observe Interpret and draw conclusions from
Describe data

Design a valid experiment
Synthesize information
Metacognition (reflect on one’s own
learning)

Examples of

Read and answer simple questions

Design and carry out an experiment on

activities about the importance of a balanced | changes in human heart rate under
present in the diet different conditions

provided Write a sentence about the role of Read about the experiments conducted
science ECM each organ in the digestive system by Robert Boyle on the role of oxygen

Observe a heart dissection

in living cells, identifying his research

questions and procedures and
explaining how his experiments led to
changes in understanding at the time
Compare the role of the three systems
(digestive, respiratory, and
circulatory), and create a concept map
on how they work together

classrooms from comparable, nonparticipating schools, based on which necessary
adjustments on language, clarity, and content levels were made.

The result was an 11-item, 90-minute written science test, consisting of both
multiple-choice and open-ended questions. This combination allowed evaluators to
capture a wider range of student responses, including stronger evidence of critical
thinking skills, than is typically associated with only multiple-choice tests (Stanger-
Hall, 2012). In addition, items aimed to capture learning gains with different levels
of complexity according to the demanded thinking skills (see Table 3).

Tests were conducted in class with the classroom teacher and an external
researcher present following international examination standards (such as complet-
ing the examination individually on separate tables in silence and teachers only
allowed to answer questions relating to clarifying the question). Then, student tests
were anonymized and randomly allocated to members of the research team for the
marking and grading process. The tests were graded on a 10-point scale according
to a shared rubric, which had been piloted by researchers and shared with graders.
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Table 3 Description and examples of the science test items, according to the cognitive demand
involved in each question

Cognitive Complexity level of the Examples of test items for each Maximum
demand of | questions, according to the | level score given to
evaluated demanded thinking skills correct
thinking answers per
skills question
Lower order | Level 1: Recalling scientific | John ate a plate of ravioli and is 1
thinking concepts. Reading data from | digesting. The following diagram
skills simple tables and diagrams | shows the organs that form John’s
(4 items) digestive system. Name each
organ and briefly describe its
function
Higher order | Level 2: Analyzing and 7th grade students were in a 2
thinking explaining a given situation | physical education class. The
skills involving scientific teacher asked them to run for
phenomena based on the 5 minutes. When they finished,
concepts learned and everyone noticed that their hearts
establishing relationships were beating faster than at the
between them beginning. Why does our heart
(5 items) beat faster when we exercise?
Level 3: Interpreting 7th graders wanted to investigate |3
science-related problematic | whether there are differences in
situations, proposing the average heart rate between
feasible solutions based on | males and females when they are
evidence. Designing valid sitting and resting. Describe in as
experiments to answer much detail as you can what
research questions (2 items) | experiment they could do to find it
out

Graders participated in a training session and practiced marking a set of students’
examinations, achieving inter-marker reliability of over 85%.
As shown in Table 3, the science test questions were weighted according to dif-

ficulty, with higher order questions scoring 2 or 3 points and lower order questions
scoring 1 point. Answers were classified as either “correct” (given full marks), “par-
tially correct” (given half the maximum marks), “incorrect” (no marks given), or
“omitted” when no answer was provided by students (no marks given). Overall test
results were calculated, and average levels of performance for each group were
compared using ordinary least squares, including control variables for student,
teacher, and school characteristics (Albornoz et al., 2019).

Reaching a Milestone: A Look at Students’ Science Learning

So what did we find in terms of student learning? Students in the intervention group,
in which teachers received ECM, learned more on the topic of the human body than
their peers in the control group. When considering the total average test score for
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each group, as shown in Fig. 1, we found that the intervention group students sig-
nificantly outperformed (p < 0.01) those in the control group. While students in the
control group had an average score of 3.74 points over 10 (SD = 2.08), the average
score in the intervention group was 4.79 points over 10 (SD = 2.33). Considering
that the pass score in CABA is 4 (out of 10), this means that control group students
did not reach the minimum level of performance considered acceptable and that the
treatment produced a gain of 0.55 standard deviations in the average test score.
Our next step was to try to understand what happened in terms of students’ sci-
ence thinking skills, for which we analyzed the types of questions students in each
group could solve correctly. We found that students in the intervention group
achieved a significantly (p < 0.01) greater average percentage of correct answers for
questions involving both lower and higher order science thinking skills (see Fig. 1).
Coincidentally, the average percentage of omitted answers, frequently regarded as
an indication of what students find too distant or complex to even risk a possible

Average total test score (out of 10)
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|
Questions demanding lower order Questions demanding lower higher
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Fig. 1 Average total test score and percentage of correct and omitted answers per type of question
for each group (*** = p < 0.01; ** = p < 0.05). Error bars show standard deviation



Developing Higher Order Thinking in Elementary School Science: A Narrative... 335

answer (Jakwerth et al., 1999; Kohler et al., 2015) was significantly lower in the
intervention group (p < 0.05).

Encouragingly, our results show that when teachers are provided with science
ECM to guide their teaching practices in ways that support higher order science
thinking, student learning increases. Yet, overall results remain low and still far
from what could be expected. Thus, here, we encountered a new major “think
point”: although the provision of ECM contributed to student learning, why were
the effects limited?

Perhaps, as accounted for in the literature, we were in the presence of an “imple-
mentation gap”, where the ways in which ECM are implemented in classroom con-
texts differ from their original design (Davis et al., 2016; Penuel et al., 2009).
Analyzing ECM implementation requires addressing questions such as the follow-
ing: Are the proposed activities implemented during instruction? Do teachers choose
to implement certain activities in particular over others? How do they carry out
these activities? Are the ways in which teachers use ECM consistent with the
intended pedagogical goals and rationale?

These led us to want to “open the black box™ of the ECM implementation. As we
describe below, doing so implied characterizing and comparing what science teach-
ing practices are usually like (as observed in the control group), against teaching
practices when teachers are provided with ECM. Thus, a new milestone on the road
emerged for us in our quest to understand the current state and opportunities to
enhance science education.

Looking Deeper: Understanding Science Teachers’
Teaching Practices

To understand teachers’ teaching practices in each group, we decided to use student
notebooks as the main data source. In general, student notebooks are endorsed as a
legitimate data source for teaching practices for, despite capturing only written
work, particularly at the primary level, they are extensively used during lessons to
record classroom activities (Badanelli Rubio & Mahamud Angulo, 2007; del Pozo
Andrés & Ramos Zamora, 2012; Gvirtz, 1997). Therefore, at the end of the inter-
vention, all teachers were asked to choose a student notebook they considered to be
most complete and thus representative of their science teaching. Student notebooks
were photographed page by page and then analyzed by researchers. All information
regarding the students’ and schools’ identities was blinded to contribute to perform-
ing an unbiased analysis.

Considering an “activity” (i.e., a distinct task specified by the teacher, with a
specific learning objective — Caiial de Ledn, 2000) as our basic observation unit, we
determined (a) an estimation of the time dedicated to each activity and (b) what
types of teaching activities were present in the notebooks. The estimation of the
time dedicated to each activity was determined based on previous, similar
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interventions and in consultation with experienced science teachers. Three possible
values of time were allocated to each activity: for example, 0.5 hour for closing
activities aimed at reflecting on learning, 1 hour to complete a short set of questions
based on a science text, or 2 hours for experimental activities. In this way, it was
possible to calculate the total time destined to science teaching in each class during
the intervention.

Also, following the same criteria used to classify ECM activities and test items,
the activities found in student notebooks were identified as either promoting lower
or higher order science thinking skills (Albornoz et al., 2019). Then, by calculating
the percentage of time dedicated to activities demanding higher order science think-
ing skills versus those demanding lower order science thinking skills, we deter-
mined what we called the “cognitive blueprint” of science lessons. Making an
analogy with fingerprints, this allowed us to characterize the “cognitive identity” of
each science classroom, with a particular focus on what thinking skills students are
learning, for both the control and the intervention groups.

Comparing the Cognitive Blueprints of Control and Intervention
Group Lessons

When comparing the cognitive blueprint in the control and intervention groups, and
that of the proposed science ECM, we found some clear differences, which led us to
two important insights. For one, the cognitive blueprints of science lessons in the
control and intervention groups were very different. As Fig. 2 shows, in the control
group, on average only 20% of the time was dedicated to activities demanding
higher order science thinking skills, and 80% of the time was focused on activities
involving lower order thinking skills. In other words, “business as usual” science

Control Group Intervention Group Proposed science ECM

20%

Lower order science thinking activities
= Higher order science thinking activities

Fig. 2 Cognitive blueprint. Proportion of time dedicated to activities demanding higher and lower
order science thinking skills during science lessons in the control and intervention groups and in
the proposed science ECM
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lessons are characterized by a prevalence of lower order science thinking, with a
striking cognitive blueprint of 20/80.

On the other hand, in the intervention group, we found a cognitive blueprint of
40/60, meaning that 40% of the time was dedicated to activities demanding higher
order thinking skills, exactly double that seen in the control group. However, this
was still far from the original cognitive blueprint in the proposed science ECM
(80/20).

So what did this mean in terms of how science lessons are being taught? In the
control group, students spend most of their time conducting activities that involved
lower order thinking skills: filling their notebooks with information, typically defini-
tions of concepts, and even copying informative texts from their textbooks by hand.
Activities based on reading and working with texts were also one of the most pre-
dominant across all notebooks, but in the vast majority of cases, the posed questions
only demanded for students to reproduce explicit information with a particular focus
in specific terminology. The latter was also seen in the great presence of word search
puzzles, anagrams, crosswords, and “fill-in-the-blanks™ exercises (see, e.g., Fig. 3).

On the other hand, in the intervention group notebooks, there was more frequent
evidence of activities that are associated with the promotion of higher order science
thinking skills. For example, even when they involved reading texts and answering
questions, these usually included questions that implied analyzing and/or inferring
information, explaining, and/or drawing conclusions. Experimental activities also
had greater presence in the intervention group notebooks and were distinctive, in
that in general they followed an inquiry-based approach.

Using the ECM: Patterns of Implementation by Teachers

These results led us once again to a new “think point,” around how teachers used the
ECM. Given that the cognitive blueprint in the intervention group was 40/60, still
far from the original 80/20 of the ECM, we realized that teachers adapted the ECM
by lowering its cognitive load.

Considering that previous research raises certain “red flags” around teachers’
implementation of ECM, pointing out that lowering the cognitive load of proposed
activities is a regular practice (see, e.g., Davis et al., 2016), we wondered: With what
frequency and intensity did teachers use the ECM provided? Which activities did
they select to implement with their students? How did they adapt them? Did they
propose other activities besides those from the ECM?

A closer look at how teachers in the intervention group used the ECM allowed us
to address these questions. For this, we analyzed which of the activities proposed in
the ECM teachers chose to implement, identifying whether activities present in the
intervention group student notebooks had come from the provided ECM or if they
used activities from elsewhere.

Overall, we found great diversity in how much teachers used the ECM in their
science lessons but, at the same time, certain common patterns as to the ways in
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A. lllustrative examples of lower order activities that predominated in the

Control Group student science notebooks

= {
L uGieamd 5'& Mo lmes

@\1?5:6 Srnn A dal oA Lon

: cecudd
@n\aﬂsoona odarng B fiec ) .C-, L\ N LRges

wowdo da cAfeonS 56‘-!‘"“:““5 —rtad
Simsrat e mol) O b.\\‘i‘ s
ples
A 7
5 = 0
s PO A Q8] semann cacenmort D L ®2la
Yorizoaaihy

5. 83 woar
E\ (\RSme o Cormhent

@‘ arantd) zaeds Eloaiat rones

“
16 /09 Bl rypnlin.. {.w..vcu-:

Boor: Lo wintin enbonm Y ARG o ol
o ;L ,én..‘_j-«:- A M\(jn e L adlive ]
..d;f) _Iw.ru“'r\ raCie A= é|‘__s,\‘,-\--lii..

y

p—— ]

'H;\QM ;’w.--imu Dla s Ao push ne pecomiita,
In o vofuts MAon M odi sl o Ll

J'é Cowialy g wg\,m‘wm.-mm Vs Pl L,_épcﬂ
MP U Auiminaeran sAf A Ll - :;ﬁf"_(é‘_n,_{
{é“_‘_ ){Jf’.—}‘\‘-._ﬁ-_v_l_"_k_::—n dn E‘LﬂJm r,f‘.D\M‘M 14 L
ATl (50 .')‘J.’ Ls ‘;}m‘r__u: | ,é"’ Homedegen

Ll JA@LJ.‘{\?;J, Gart Coligoum —walor

Lin gimascoh Yl MMaefin w?nj- A corfuesn|
Hip—am 15760 /e s o s St |
bl ey il gn el

v Lnowes pane e A(m' 2 . P b@m.r,
s M ol alimtoie Jlge o unthine, £
b 5 eqiltoctiin H nulsopeiin

Example of lower order,
terminology centered activity. In
this case, a crossword puzzle on
the topic of the circulatory
system. Based on the six
provided definitions (on the left),
students had to complete the
crossword on the right.

For example:

(1) Blood vessels in the heart -
answer: “arteries”

Example of an activity based on
copying information (typically
from textbooks, the board or
dictated by the teacher). In this
case, under the title “The
digestive system”, it defines the
functions of the mouth and the
liver. E.g.: “Mouth: teeth cut and
grind food; the tongue mixes
them with saliva and pushes
them into the pharynx”.

Then, the digestive process is
described. Terms referring to the
involved organs (“mouth”,
“tongue”, “stomach”) and other
keywords (“saliva”, “alimentary
bolus”) are highlighted.

m dte dan

Fig. 3 Illustrative examples of activities present in the control group and intervention group sci-
ence student notebooks

which they were implemented. On average, teachers implemented 27.17%
(SD = 17.98) of the activities in the ECM, ranging from teachers that implemented
0% (n =3) to over 60% (n = 2) of the total activities. Most teachers predominantly
used the ECM (as opposed to other activities of their own choice) in their science
lessons. When calculating what percentage of the activities present in each note-
book belonged to the provided ECM, the median was 73.2% (SD = 30.59). This
means that, although teachers used a limited percentage of the activities proposed in
the ECM, in general, they did not add other activities beyond those present in the
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B. lllustrative examples of higher order activities found in the Intervention
Group student science notebooks

Questionnaire based on a history
of science episode, in this case,
the experiments performed by
Boyle, Hooke and Lower on the
respiratory system.

Questions included: (1) What
questions were Boyle, Hooke and
Lower investigating? (2) What
experiments did they perform to
investigate them? (3) What did
they find out and managed to
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Posters produced by the students,
showing the resuits of an
experimental activity. In groups,
they had to define a research
question (e.g. Is there a difference
in the average height of female
and male students? Are left-
handed students' hands bigger
than right-handed students?),
acquire the necessary data
(measuring students” heights and
length of their hands), analyze
them, take averages, build
graphs, discuss results in their
teams, and draw conclusions.

Fig. 19.3 (continued)

ECM. They simply used fewer activities than those suggested in the ECM to teach
the human body.

But which activities did they choose to implement? Interestingly, we found
salient patterns in the types of activities that teachers selected (and those that they
did not). In this way, we distinguished between what we called “popular” activities,
that is, those that the vast majority of teachers implemented, and “unpopular” activi-
ties, which were rarely chosen. Popular activities were mainly those based on read-
ing and answering questions on texts, while metacognitive (i.e., students reflecting
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on their own learning) and some experimental activities were identified as unpopu-
lar. Given that the popular activities involved lower order thinking skills, this
explains why the cognitive blueprint of the intervention group showed a higher
proportion of lower order thinking activities than originally intended by the ECM
(40/60 versus 80/20).

Identifying popular and unpopular activities led us to think on what makes teach-
ers choose to implement or skip certain ECM activities. Our results show that when
teachers received ECM predominantly based on more demanding activities than
those they regularly propose to students, they managed to at least partially incorpo-
rate them into their teaching practices. However, they also adapted ECM by “cherry-
picking” activities, possibly favoring those that were closer to their regular practice,
with which they might have felt most comfortable or confident about, and that they
considered their students would be able to solve without major difficulties.

Conclusions: Lessons Learned and Opening of New Horizons

“What do we want the children and youth of today to be like in the future, and how
do we achieve this?” This is the big question that initiated our quest and still sets the
course of our work as a research team. In this chapter we narrate the questions and
insights that emerged when conducting a research project on primary level student
learning and teaching practices in science, in a context where there is a pressing
need to enhance science education as an opportunity to foster higher order thinking
skills. Along this way, we learned many valuable things, relevant in Argentina as in
other non-WEIRD contexts.

First, we learned that opening the “black box™ of science lessons in a rigorous
manner contributes to understanding why student learning outcomes in the area are
lower than expected. In Argentina, as in much of Latin America, research on the
insides of classrooms and science teaching practices is still insufficient. Beyond
those based on national or international standardized assessment programs, in gen-
eral, few studies attend to student learning, and even less so that experimentally
evaluate the effects of teaching and learning improvement interventions. In this
sense, our study broadens the field of knowledge, potentially favoring the design,
implementation, and evaluation of evidence-based interventions, so necessary in
contexts such as ours.

Our findings when analyzing student notebooks and the cognitive blueprint of
science lessons reveal that, in its regular form (as shown in the control group), sci-
ence teaching in CABA is far from what is promoted by the literature and curricular
policy, with a clear predominance of lower order activities focused on recalling
factual information. They present an alarming picture of what and how our students
are learning in science, showing that their opportunities to develop higher order sci-
ence thinking skills are very limited, thus explaining the observed learning results.
Having students spend 80% of their time in science lessons performing tasks that
involve lower order science thinking skills is a matter that needs to be urgently
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addressed. This is of particular importance within non-WEIRD populations, consid-
ering that developing higher order science thinking skills is key to promoting criti-
cal thinking; citizens’ informed and active participation in social, health,
environmental, and economic issues; and the centrality of science and technology in
economic development.

From our results it becomes evident that there is still a long way to go for science
teaching practices to contribute to attaining the goal of fostering scientific thinking
for all. Perhaps this is not entirely surprising, given that it has been reported that
preservice teaching programs in the region are deficient in this regard. They pre-
dominantly focus on teaching contents also through traditional approaches rather
than modeling and promoting the enactment and reflection on reform-based teach-
ing practices oriented toward the learning of higher order science thinking skills
(Cofré et al., 2015; Furman & Luzuriaga, 2017). Therefore, our study points toward
the need to provide support to both preservice and in-service science teachers to
strengthen their knowledge and practices.

Along this line, the second thing we learned is that research-based ECM are
effective to provide this needed support to teachers to move toward higher order
thinking skills oriented science teaching practices and that this has positive effects
on student learning. What we identified as an alarming state of affairs of science
teaching in the control group was improved in the intervention group where the
cognitive blueprint of science lessons showed a higher proportion of activities
demanding higher order science thinking skills. In turn, these changes in teaching
practices are consistent with the improvement in the intervention group students’
performance in the science test, both overall and specifically in the higher order
questions. In other words, even when we are faced with a critical scenario, the con-
dition of science education in CABA and, arguably, in similar contexts is not a lost
cause. We found proof that it is possible to start up the path of improvement in the
short term through the provision of ECM.

However, we also learned that ECM are not enough to profoundly transform sci-
ence teaching practices and maximize student learning. Similarly to what was found
in other contexts and educative levels (Beyer & Davis, 2012; Davis et al., 2016;
Furman et al., 2017), in this study teachers in the intervention group selected and
adapted the provided ECM in ways that resulted in lowering the cognitive load of
the suggested activities. This scenario opened up new questions that are worth
addressing in future research.

In particular, one of the main concerns that emerged is what is needed to go “the
extra mile” toward enhancing the science education we aspire to offer our students?
Is it a matter of time, in the sense that these types of interventions based on the pro-
vision of ECM need to be longer and sustained overtime? Are there other strategies
that can be put in place to complement and deepen the effects of teacher profes-
sional development interventions? What other changes are called for?

As both previous research and our own study point out, the need to provide sig-
nificant and sustained support for teachers is of clear importance. On the one hand,
this has implications for in-service teacher professional development programs
based on ECM. Particularly, to consider, design, and evaluate professional
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development strategies that may enhance the use of ECM, providing tools and
learning opportunities to teachers that, while contributing to their professional
autonomy, foster their abilities to select, curate, adapt, and design curriculum mate-
rials focused on the development of higher order science thinking skills. For
instance, mentoring and instructional coaching programs, which provide teachers
with individualized, relationship-based, context-specific, intensive, and sustained
support (Desimone & Pak, 2017; Knight, 2007; Tschannen-Moran & Carter, 2016),
may be promising to facilitate teachers to embody knowledge and discrete skills
associated with research-based instructional practices (Joyce & Showers, 2002).

There is also evidence that suggests the need to take into account the institutional
dimension of educational change. Considering the importance of evaluating the
long-lasting effect of teacher professional development efforts, 1 year after the end
of our intervention, we performed a follow-up study to reveal if participating teach-
ers continued using the provided ECM. Surprisingly, we found that only 27% of the
teachers in the intervention group continued to teach science in the seventh grade
the following year. Even when all of those remaining teachers reported that they had
used again the given ECM to teach the topic of the human body, which advocates
the sustainability of our intervention, concerns arise regarding teaching turnover,
which may dissipate part of the science teaching reform efforts. This could be indi-
cating the importance of framing these types of interventions within the schools’
institutional projects with the principals’ support and endorsement to help sustain
changes in teaching practices and thus student learning.

In non-WEIRD contexts such as ours, investing in in-service science teacher
professional development is crucial as a large-scale, economically viable solution to
ensure that students who are currently going through their schooling do not miss
valuable learning opportunities while working together with teachers to strengthen
their knowledge and skills (Bruns & Luque, 2015). But this is only part of the equa-
tion; deeper, systemic, long-term changes are also necessary, which demand attend-
ing to preservice teacher education and improving teachers’ working conditions.

In all, what did we learn as researchers invested in science education in non-
WEIRD contexts? The stakes are high; the need for change is urgent. But it is also
possible, and that will continue to be our quest.
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of Childhood and Adolescence Poverty
Through the Lenses of Neural Sciences

Sebastian Javier Lipina and Maria Soledad Segretin

Conceptualization of the Categories Childhood
and Development in Latin America Poverty Studies

In Latin America, the scientific study of the impact of poverty on emotional, cogni-
tive, and learning development and of the evaluation of interventions aimed at opti-
mizing it has been approached mainly by economists, pediatric epidemiologists,
developmental psychologists, and to a lesser extent neuroscientists (e.g., Aurino &
Burchi, 2017; Bernal & Fernandez, 2013; Canet-Juric et al., 2020; Lopez-Boo &
Creamer, 2019; Rubio-Codina et al., 2015; Schady et al., 2015; Segretin et al., 2016).
In general, these scientific approaches refer to categories of childhood, which assume
that the fragility and dependency of children require specific, natural, relatively uni-
versal care practices and socialization processes, in accordance with the norms and
habits that regulate kinship relationships considered hegemonic in Western societies
(Nilsen, 2017). In tune with such academic proposals, different governmental, non-
governmental, and multilateral organizations tend to sustain this perspective in their
intervention and policy proposals (e.g., Keller, 2020; Lipina, 2021; Villalta &
Tiscornia, 2014). In such cases, it is also possible to verify the use of notions of
unique determinants of brain development that condition people throughout the life
cycle (Lipina, 2021). Although in this perspective, the categories childhood and
development usually involve the notion of integration of different aspects of human
development, from the molecular to the cultural level, in general, they have a norma-
tive character based on milestones and the achievement of developmental aims sup-
posedly consensual and universal (e.g., attachment, adult productivity) (Black et al.,
2017; Gibson et al., 2015; Keller, 2020; Lipina, 2021; Nilsen, 2017). These notions,
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which are explicitly or implicitly proposed as prototypical, are usually based on (a)
the type of predominant samples used in the academic studies, which are usually
middle-class Western individuals; (b) an instrumental use of the category of child-
hood; and (c) the optimization of individual values (i.e., individualism) related to a
certain independence of the individual in relation to his/her environment, in corre-
spondence with contemporary Western capitalist culture, which globalization pro-
cesses reproduce through the social and economic organization in different societies
(Salazar Pérez et al., 2017; Yelland & Saltmarsh, 2013). Psychologically, such per-
spective sustains the notion of an individual autonomy in terms of independent men-
tal states, with a focus on individual preferences for self-determination. The
socialization format corresponding to this assumption usually refers to dyadic expe-
riences in which a child participates in encounters with a single caregiver who
attends his/her exclusively. Likewise, the emphasis on the face-to-face interaction
format, complemented with verbalization and mentalization processes, usually also
depends on primary caregivers with high degrees of formal education (Keller, 2020).

On the other hand, the Latin American anthropological, historical, and sociologi-
cal explorations in the field of social studies of childhood verified that different
social groups can propose distinct kinship systems, care practices, and socialization
processes with high degrees of variability (e.g., Canosa & Graham, 2020; Keller,
2020; Villalta & Tiscornia, 2014). From these perspectives, there would not be a
single category of childhood, but multiple childhoods, which are considered
socially — not natural — constructions that combine several biological, social, and
historical factors, including demographic categories, experiences, and a locus for
human rights and political interventions. Such perspectives contribute to the decon-
struction of the category childhood proposed by the Western middle-class culture.
Complementary, several studies in the field of developmental psychology have evi-
denced that in caregivers with fewer years of formal education and higher socioeco-
nomic deprivations, conceptions of childhood and child development may vary with
respect to the emphasis on the individual (Canosa & Graham, 2020). Consequently,
these perspectives give rise to other values and practices of social regulation in
which children have greater autonomy in the construction of their subjectivities and
are cared for by networks of polydiadic caregivers, in which development expecta-
tions may vary in terms of the individual’s commitments to his/her social group
(Keller, 2020; Lavelli et al., 2019; Lillard, 1998; Mejia-Arauz et al., 2007; Stagno,
2011). From these perspectives, the categories childhood and development are nec-
essarily relational to the extent that any aspect of development is signified by its
interdependence with social and cultural phenomena and processes of specific
socio-historical moments (Lerner, 2018). In this context, the notion of integration is
associated with equi- and multifinality phenomena, unlike the same notion in the
more individualistic perspectives that generally limit it to accumulating information
about different dimensions without operating theoretically and/or methodologically
on the involved interdependent processes (e.g., Black et al., 2017).

Both types of perspectives (i.e., more individualistic and more relational) are far
from representing opposite poles but rather positions on a continuum in which dif-
ferent types of conceptual integration operate on the categories childhood and
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development. Such continuum is the product of the historical and dynamic imple-
mentation of concepts and biases of different academic communities, with low to
moderate degrees of dialogue and interdisciplinary work (Lipina, 2021). An aspect
that is usually verified in some cases is the naturalization and reification of such
categories (i.e., childhood, development), which does not guarantee their ontologi-
cal condition, but rather a crystallization of reduced aspects of the relational pro-
cesses that characterizes development. What is common to all of them is that
although all children have emotional, cognitive, and learning adaptive skills, the
ways of conceiving how their developmental contexts modulate their trajectories
vary depending on how their caregivers and care systems conceive the catego-
ries childhood and development. In this sense, given the expectation of the multi-
plicity of trajectories and developmental needs, it is pertinent to ask what it does
mean to approach the study of childhood poverty from a neuroscientific perspective
in Latin America in particular, given that it is a culturally heterogeneous region with
respect to care and socialization practices. In the following sections, we will address
the synthesis of the available neuroscientific evidence of poverty studies at the
global level, a critical analysis of which are the categories of childhood and devel-
opment that it assumes, to finally evaluate possible research topics that contribute to
the construction of a Latin American perspective.

Summary of the Neuroscientific Evidence in Poverty Studies
During Childhood and Adolescence

Associations Between Poverty, Structural, and Functional
Neural Networks

The neuroscientific study of poverty during childhood and adolescence is an area of
recent development. The first works that implemented neuroimaging techniques
began to be published in the 2000s (Farah, 2018). Approximately 80% of such evi-
dence was generated in the United States; synchronous designs were applied in 75%
of the published studies; 50% of them report structural information; and less than
5% address issues related to learning or interventions aimed at optimizing aspects
of emotional, cognitive, or learning development in samples from poor homes.
Although this evidence includes the consideration of factors that mediate and mod-
erate the association between different indicators of poverty and structural and/or
functional neural aspects, the character of such relationships continues to be essen-
tially associative (Farah, 2018; Lipina, 2020; Lipina & Segretin, 2015). Although
the specificity of the neuroscientific approach is still under construction, the incor-
poration of its technological advances contributes to deepening the knowledge of
the effects of poverty at levels of analysis that had not previously been explored
(i.e., neural). In such a context, it is worth to ask about the use of categories child-
hood and development in this literature.
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A summary of the evidence from studies that have applied structural magnetic
resonance imaging techniques indicates that socioeconomic deprivation evaluated
in terms of low family income, lower parental education and occupation, and/or
poor neighborhoods can be associated with changes in the volume, thickness, sur-
face, connectivity, and functional segregation of cortical and subcortical networks
in frontal, parietal, temporal, occipital, and basal ganglia networks, from the prena-
tal stage to at least the third decade of life (e.g., Assari, 2020; Assari & Boyce, 2021;
Avants et al., 2015; Barch et al., 2021a, b; Betancourt et al., 2015; Brito et al., 2016;
Ellwood-Lowe et al., 2018; Gonzalez et al., 2020; Hair et al., 2015; Leonard et al.,
2019; Lu et al., 2021; Mackey et al., 2015; Merz et al., 2019a, b; Noble et al., 2015;
Piccolo et al., 2016; Spann et al., 2020; Sripada et al., 2014; Takeuchi et al., 2021;
Tomasi and Volkow, 2021; Ursache & Noble, 2016; Uy et al., 2019; Vanderauwera
et al., 2019; Vargas et al., 2020; Weissman et al., 2018; Ziegler et al., 2020). In sev-
eral of these studies, structural changes were also associated with performance on
tasks with demands for cognitive control, language, and learning (e.g., Brito et al.,
2016; Hair et al., 2015; Leonard et al., 2019; Mackey et al., 2015; Noble, et al.,
2015; Takeuchi et al., 2021; Tooley et al., 2020; Tomasi & Volkow, 2021; Ursache
& Noble, 2016). The evidence from one of the first published systematic review
shows that early deprivations associated with experiences of poverty are associated
with the thinning of frontoparietal, default, and visual networks (e.g., Colich et al.,
2020). Recently, it has also been proposed that such associations would not only
involve structural changes but also in the pace of development, so that socioeco-
nomic status (SES) would be associated with an acceleration of cortical thinning
and segregation of functional networks in children from homes with low SES
(Tooley et al., 2021).

Regarding the evidence from studies in which functional magnetic resonance
imaging techniques were applied, it has been verified that the same type of poverty
indicators mentioned in structural studies can be associated with changes in the
activation of (a) occipito-temporal networks during tasks with demand for rhyme
discrimination and combination of sounds, in children from 4 to 8 years old; (b)
prefrontal networks during the performance of tasks with associative learning
demands, in children aged 4-8 years; (c) prefrontal and parietal networks during
working memory and arithmetic processing tasks in different samples of children,
adolescents, and young adults between the ages of 8 and 24; (d) amygdala networks
during tasks in which threatening faces have to be processed during the first 5 years
of life and in adults aged 23-25 years with a history of child poverty in their first
decade of life; and (e) spontaneous activity of neural networks involved in language
processing and emotional self-regulation between the ages of 6 and 14 (e.g., Biazoli
etal., 2020; Finn et al., 2016; Gard et al., 2020; Javanbakht et al., 2015; Noble et al.,
2006; Oshri et al., 2019; Raizada et al., 2008; Sheridan et al., 2012; Tomlinson
et al., 2020; Turesky et al., 2019). Likewise, in some studies, it has been observed
(a) the association of different frontal or occipital-parietal neural networks during
the solution of arithmetic subtractions according to the SES of children aged
8—13 years (Demir-Lira et al., 2016) and (b) different connectivity patterns accord-
ing to the SES of children of the same ages during the performance of standardized
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reading tasks (Gullick et al., 2016). This last group of evidence suggests that differ-
ences in SES would be associated with different types of recruitment of neural
resources for solving mathematical and reading tasks, suggesting that the mecha-
nisms involved in such modulations would not be necessary and only deficient but
adaptive. On the other hand, from the evidence analyzed in the first meta-analysis
studies, the conclusion emerges that SES is usually associated with the hypo- and
hyperactivation of the neural networks involved in cognitive control and reward
processes, respectively. Furthermore, levels of variability of such associations have
been also verified according to different profiles of individual susceptibility (i.e.,
vulnerability versus resilience) (Yaple & Yu, 2020).

In relation to the studies in which electroencephalography (EEG) techniques
have been applied, the evidence indicates that low family income, low parental edu-
cation, and/or occupation levels have been associated with changes in (a) resting
state electrical activity between 6 and 24 months; (b) evoked-related potentials
(ERP) associated with attention and inhibitory control processing in children
between 3 and 8 years old; (c) EEG activity associated with the processing of speech
and environmental sounds in infants and pre-adolescents; (d) frontal ERP related to
error detection and theta power, associated with cognitive control processes, in chil-
dren aged 16 to 18 months and 4 years old; and (e) the prediction of cognitive per-
formance at 15 months based on resting state EEG activity at 1 month of life (e.g.,
Brito et al., 2016; Cantiani et al., 2019; Conejero et al., 2018; D’ Angiulli et al.,
2012; Jensen et al., 2021; Skoe et al., 2013; St. John et al., 2019; Stevens et al.,
2009; Tomalski et al., 2013). Likewise, from the implementation of other neural
function exploration techniques (i.e., fNRIS, MEG), associations have been verified
between low family income, low maternal education, and low subjective socioeco-
nomic status with changes in the hemodynamic neural activity of frontal networks
during performing tasks with working memory demands in children aged
4-48 months (Wijeakumar et al., 2019), face recognition of faces in children from
3 to 36 months (Perdue et al., 2019), and phonological processing in children aged
9-11 years (Anwyl-Irvine et al., 2021).

Mediation and Moderation Mechanisms in the Associations
Between Poverty and Neural Structure and Function

The available evidence from neuroscientific studies of poverty during the first two
decades of life shows (1) the moderation of the SES in the association between
neural structures and functions and self-regulatory performance; (2) the moderation
of neural structures and functions in the association between SES, emotional, cogni-
tive, and learning performances; and (3) the mediation of different risk/protective
factors in the associations between SES and neural structure and function (Farah,
2017; Stevens et al., 2020).
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Some examples of such mediations and moderations are (a) epigenetic changes
in the expression of genes that encode the reception of glucocorticoids in popula-
tions of preadolescents from poor homes exposed to abuse during their childhood,
as a mediating factor between exposure to stress and gene methylation (Romens
et al., 2015), and the mediation of cortisol in the association between parental edu-
cation and the volume of the CA3 and dentate gyrus of the hippocampus between 5
and 9 years of age (Merz et al., 2019a, b); (b) volume, thickness, and cortical surface
of different neural networks, as mediators of the association between income and
academic performance in populations aged 4-22 years (Hair et al., 2015; Noble
et al., 2015) and cognitive performance and high-risk behaviors in children aged
3-5 years (Barch et al., 2021a, 2021b); (c) connectivity between the hippocampus
and amygdala, as mediators of the association between income and symptoms of
depression in preschool-age children living in low-income homes (Barch et al.,
2016), between maternal education, cognitive control, and academic achievement
(Hair et al., 2015; Noble et al., 2013), or reasoning and vocabulary (Johnson et al.,
2021) in school-aged children; (d) SES as a mediator of the relationship between
gamma power and expressive language in 24-month-old children (Cantiani et al.,
2019); (e) the moderation of neighborhood SES in the association between age and
the functional structure (i.e., connectivity) of the limbic, somatosensory, and atten-
tional neural networks between 8 and 22 years of age (Tooley et al., 2020); and (f)
the moderation of social support (i.e., partner status) in the relationship between
SES and frontal, temporal, and occipital neural networks in the neonatal stage
(Spann et al., 2020).

In summary, the mediation and moderation mechanisms involve a diverse set of
risk/protective at different levels of organization, which allow supporting hypothe-
ses generated in other disciplines regarding the importance of early care environ-
ments (Ursache and Noble, 2016). Of greater neuroscientific specificity are the
potential mediation and moderation of structural and epigenetic changes. However,
neuroscientific research must still increase its efforts to incorporate different sources
of variability involved in the processes of neural development in contexts of adver-
sity due to poverty (e.g., sample compositions and size, longitudinal designs)
(Lipina, 2021; Lipina and Segretin, 2015; Stevens et al., 2020).

Potential for Neural Change Due to Interventions

Neuroscientific approaches in the area of interventions for children living in poverty
began in the past decade. In this section we will mention three examples that illus-
trate such a preliminary area of research. The first of these studies corresponds to an
intervention aimed at optimizing selective attention processes for preschool chil-
dren who lived in low-SES homes in Eugene-Oregon (United States), through the
implementation of two weekly intervention modules, for 8 weeks, at school, after
school hours (Neville et al., 2013). One of the modules consisted of attentional
training activities for children through manual and group games. The other
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consisted of holding meetings with families, during which they discussed parenting
and stress management issues and communication at home with experimenters. In
addition, the families were given guides to carry out different activities at home, in
order to stimulate self-regulatory behaviors in their children and to reduce the fac-
tors that induce stress in daily family communication in such a cultural context. The
researchers compared performance before and after this intervention (PCMC) with
that of children participating in two other interventions, one consisted only in atten-
tional training and the other the usual as business Head-Start curriculum. The results
showed that the PCMC intervention group improved their cognitive performance at
a behavioral level but also electrophysiological for an ERP component of selective
attention. Specifically, these children expressed a neurophysiological pattern in
which the activation of different neural resources could be clearly differentiated for
both relevant and irrelevant stimuli of the implemented attention paradigm. In a
later study, the same researchers found that the children who benefited the most
from the intervention were those who had a specific polymorphism in a gene that
codes for serotonin transport (Isbell et al., 2017). This evidence addresses on the
importance of consider different levels of organization in the analysis of the impact
of the interventions and the specific neuroscientific contribution.

The second of these examples corresponds to a study that implemented an exper-
imental design consisting of computerized tasks aimed at training attention, inhibi-
tory control, cognitive flexibility, and planning processes in a sample of 5-year-old
children from low-SES homes from the city of Buenos Aires (Argentina) (Pietto
et al., 2018, 2021). After a 12-week period with biweekly training sessions, it was
observed that the children in the intervention group expressed a greater differentia-
tion in the amplitude of the ERP N2 component when comparing the trials with the
highest and lowest inhibitory demands for a Go/NoGo paradigm.

The third example consists of a follow-up evaluation of the Abecederian project,’
during which measurements of the cortical volume of different neural networks
were made in a subsample of participants from the intervention and control groups,
four decades after the intervention ended. In this case, a greater increase in this vari-
able was verified in the male participants (Farah et al., 2021).

In summary, this evidence shows that it is possible to change neural resources in
children from low-SES contexts through different intervention approaches.
Furthermore, these changes can be possible to generate beyond the first 2 or 3 years
of age and in different countries. Nonetheless, as was mentioned, it is still necessary
to advance in the accumulation of more intervention evidence to improve the under-
standing of the mechanisms of plasticity in the context of a relational perspective of
development (Lipina, 2020).

"Model RCT intervention aimed at optimizing emotional, cognitive, and learning development in
the first 5 years of age, through multiple modules implemented in a responsive and positive child
care environment (https://abc.fpg.unc.edu/abecederian-project)
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Conceptions of Childhood and Development Based
on the Neuroscientific Studies of Poverty

Although the researchers in the area do not make explicit which categories of child-
hood and development they support in their research and in the interpretation of
their findings, it is possible to extract some aspects of them that could contribute to
a discussion on the issue. On the one hand, in the theoretical frameworks that pre-
cede the research proposals, children are often referred to as active agents who, in
interaction with their caregivers and with different factors present or absent in their
developmental contexts, modulate self-regulation and learning trajectories.
Although such assumptions imply variability of trajectories and socialization con-
texts, the implicit category of childhood tends to represent a universal version of
what a child and self-regulatory competencies are in such a way that what would
vary would be a typical general expectation (e.g., Johnson et al.,, 2016).
Psychologically, persists the notion of an individual autonomy in terms of indepen-
dent mental states, with a focus on individual preferences for self-determination.
Complementary, the socialization values refer to care experiences in which are
emphasized face-to-face interactions complemented with verbalization and mental-
ization processes.

In such discussions, at the beginning of the research in this field, the effects of
poverty-related deprivations on neural structure and function were assumed as phe-
nomena of deficit and immutability of long-term effects in adult emotional, cogni-
tive, and learning functioning (D’ Angiulli et al., 2012). In this respect, it is a fact
that the structural and functional changes verified in different neural networks
involved in emotional, cognitive, and learning processes have been observed in
populations of children and adolescents from different countries and continents,
which would imply a common effect. It has also been verified that such associations
can be mediated and/or moderated by different individuals and contextual factors
and that the longitudinal evidence available supports the hypothesis of an accelera-
tion of cortical thinning and segregation of functional modules in association with
deprivation of income and parental education (Tooley et al., 2021). Although the
experiences of development and deprivation, and their individual experimentation,
would vary between individuals, one aspect of the effects would occur on similar
neural systems of different individuals involving distinct adaptive mechanisms,
eventually regressive (i.e., deficit) and/or progressive (i.e., acceleration) (Colich
et al., 2020; Kraaijenvanger et al., 2020). Thus, part of the evidence suggests similar
neural impacts for different children and adolescents in distinct societies, which is
consistent with the notion that the species homo sapiens shares at least some neural
systems involved in adaptive and regulatory contextual demands. In addition, in
recent years evidence has begun to accumulate suggesting that some of these effects
could be the result of adaptive processes that can be the result of the recruitment of
different neural resources in distinct individuals (e.g., Demir Lira et al., 2016;
Gullick et al., 2016) and that different individuals would also preserve plausible
levels of plasticity if affected by different types of interventions (e.g., Neville et al.,
2013; Pietto et al., 2018, 2021).
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This evidence suggests that beyond sharing adaptive and regulatory neural mech-
anisms, there are some qualitative aspects of them that can be modulated by indi-
vidual and contextual differences. It could be conjectured that the field of
neuroscientific studies on child poverty began from modern conceptions of the cat-
egories of childhood and development and that in the last decade such conceptions
have begun to change in relational senses based on the sequential and simultaneous
interdependent phenomena illustrated in the recent literature. However, such con-
structions do not necessarily follow an interdisciplinary effort aimed at discussing
the categories childhood and development. In this sense, Latin America could con-
stitute a propitious setting to initiate such efforts explicitly, in order to contribute to
the construction of notions that honor the complexity and variety of childhood expe-
riences in contexts of poverty. On the one hand, its cultural diversity imposes the
need to consider specific neural and cognitive development experiences in terms of
the effects of the combination of exposure and co-occurrence of deprivations and
threats, and the modulation of different child care practices on different physiologi-
cal systems involved in regulatory processes. In addition, the progressive imple-
mentation of portable neuroimaging technologies in combination with regional
home and school visit programs will allow the generation of neural information in
contexts in which participants cannot access research facilities. Finally, to the extent
that the evidence is communicated in interdisciplinary forums on child develop-
ment, the opportunities for processes of deconstruction of reductionist categories
and the interdisciplinary construction of others of a relational nature will expand. In
such a sense, future directions aimed at deepening knowledge constructions that
contribute to more relational conceptions of development should consider: (1)
Expanding the analysis of deprivations considering the ways in which children and
adolescents experience them in different contexts, which implies complementing
the classic indicators of income and SES with specific information of developmen-
tal experiences and contexts, since different indicators can be with distinct impacts,
and their use in the Latin American can be controversial (Lipina, 2017). (2) The
identification and differentiation of common and specific aspects of the effects of
deprivation on different neural networks in mechanistic, structural, and functional
terms and the conceptual interpretation of such evidence in terms of developmental
theories. And (3) the identification of diverse socialization practices that contribute
to experimentally exploring different intervention platforms aimed at capitalizing
on neural plasticity, attending to not only individual but also contextual
particularities.
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