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PREFACE

In 2019, we hosted the Interdisciplinarity in Education Internation-
al Symposium as an activity of the Graduate Program in Developmen-
tal Disabilities (PPG-DD the acronym in Portuguese) from Mackenzie 
Presbyterian University. In fact, PPG-DD has in its strategic planning the 
goal to evidence and amplify interdisciplinary and internationalization 
actions with the exchange of students and participation in multicentric 
studies with international impact. 

The initial idea of hosting the Symposium was to gather knowledge, 
expose project, initiate discussions and form partnerships so that differ-
ent experiences in Education are spread and the challenges within each 
specialty can be seen from a different angle, the Interdisciplinarity. 

Therefore, the event had the goal of presenting and discussing dif-
ferent theoretical and practical effective educational strategies based 
upon well succeeded experiences and created a space of discussion and 
sharing of these practices from an interdisciplinary perspective, from ex-
periences, research and scientific evidence. 

The symposium gathered researchers and professionals dedicated 
to understanding and promoting effective educational practices in dif-
ferent educational contexts, from Early Education to Higher Education. 
It was targeted to whom was interested in educational practices that 
promote an egalitarian and just society. The symposium counted with 
the presence of students, researchers, educators, educational and policy 
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administrators, clinicians, family members, people with disabilities and 
specific educational needs in Brazil and internationally, from the USA 
and Europe. 

In the present book, as well as in the event, we raised discussions on 
essential themes within Transdisciplinarity and Interdisciplinarity in Edu-
cation, gathering knowledge from various regions of Brazil and different 
locations in the world. Besides, we bring these next 14 chapters, dis-
cussions bringing theoretic and practical aspects in an interdisciplinary 
comprehension of strategies and educational processes, accessible to 
diverse audience. We hope that the content of this book inspires you to 
look for new ways in which together we can create different aspects to 
education and look for interdisciplinary solutions in facing the obstacles.
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BOOK PRESENTATION 

In more than 20 years of existence, the Graduate Program in Devel-
opmental Disabilities (PPG-DD the acronym in Portuguese), has contrib-
uted to the knowledge production and the training of human resource 
in an interdisciplinary approach for development and its disorders. Rec-
ognized as program of excellence by the Improvement Coordination of 
Higher Education, in Portuguese acronym Capes, it is a strong program 
in the interdisciplinary area of Education. Because of its excellence, 
Capes recognized PPG-DD a as part of the Excellence Programs – PROEX, 
offering a series of measures that have allowed for the advancement 
of research, teaching and extension in the program. The present book 
is one of the products supported by PROEX – Capes process number 
1133/2019, which financed this free and bilingual ebook. Additionally, 
some of the research presented in the different chapters are funded and 
supported by other agencies besides Capes, including State of São Paulo 
Research Support Fund (FAPESP in Portuguese), National Council for the 
Scientific and Technological Development (CNPq), and Mackenzie Fund 
for Research (MackPesquisa) from Mackenzie Presbyterian University.

Offering the complete book on an electronic format, for free and 
in both versions, Portuguese and English, we target both our Brazilian 
population including educators, psychoeducators, psychologists, speech 
pathologists, and other professionals connected to schools, as well as an 
international audience allowing our research and practice to be broadly 
spread. The book itself was originated in the Interdisciplinarity in Edu-
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cation International Symposium, where there were the participation of 
Brazilian and international students, professors, and researchers, com-
ing from USA and in Europe. This symposium brought such a relevant 
theme to life, interdisciplinarity in education, allowing for profound re-
flections and exchanges between participants. 

Interaction and connections between disciplines is an extremely 
valuable theme in the current context, particularly for the promotion 
of practical-scientific efficient and applicable knowledge. Several profes-
sions, research projects and areas of study are occupied trying to under-
stand and promote their intersection with education, which is so basic 
and underlies all other areas of study due to the aspect of teaching itself.

In the current context of our education, an interdisciplinary ap-
proach becomes even more relevant. Relevant because it needs to be 
active and search for partnerships and actions in different contexts with 
different populations; it needs to borrow from and lend to technology 
promoting a dynamic interface accessible for more and more learners; it 
needs to be based in assessment models that in actuality translate the 
learning processes of our students; and finally, it needs to be occupied in 
contributing with strategies and practices that target in equity for access 
and learning for all students.

In the current reality, now in the first semester of 2020, besides all 
the habitual challenges that are part of developing efficient practices 
aligned with quality and equity of education, we are also dealing with a 
newly reconfigured society due to the need of isolation for diminishing 
the impact of COVID-19. We can see an even larger relevance in this 
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new context of interdisciplinary studies and strategies in these changing 
times. With the university and school classes suspended or adapted to 
be taught using virtual systems, technology became essential in educa-
tion. The attention to mental health and cognitive processes while we 
are confined, as well as the reconfiguration of social relationships and 
the importance of listening to personal repercussions, are even bigger. 
The individual experiences are merged with the collective ones and all 
the educational practices need to be strategized with this perspective in 
mind. 

We will start reading this book thinking about the possibilities of 
interdisciplinarity in action. Chapter 1 “Interdisciplinarity in education: 
Theoretical perspectives and the example of the Postgraduate Program 
in Developmental Disorders” presents the concept of interdisciplinarity, 
the relevance of this work in the educational context and research proj-
ects, giving the practical example of the PPG-DD and its practice-scien-
tific projects. In the second chapter “Culturally relevant pedagogy: An in-
terdisciplinary approach to developing cultural fluency about the Sateré-
Mawé”, the authors reveal that the interdisciplinary practices must have 
a role not just in academic success, but also the development of the 
cultural competence and political-cultural consciousness, that comes 
with a proposal of a critical and relevant curricular inclusion of the indig-
enous people, respecting and valuing their culture in various disciplines. 
Lastly in this section of the book, the Chapter 3 describes the consoli-
dated interdisciplinary project in “Inter-Institutional Doctorate (DINTER) 
in Developmental Disorders for teacher training and its contribution for 
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public policy in Maceió, Alagoas” in which the authors tell the trajectory 
of this partnership in the promotion of creating new graduate projects 
in other Brazilian regions offering different perspectives about this work 
from the promoting institution and the students themselves. 

The second group of themes  that present several intersections in-
tersection with education is technology. The Chapter 4 “Challenge Based 
Learning as a Transformational Method of the Educational Process” talks 
about the element of digital transformation in education, highlighting 
the use of this approach in technology as an interdisciplinary resource, 
essential to the construction of knowledge that is relevant to the student. 
The next chapter, “Educational digital tools to assist learning of people 
with intellectual disability”, describes how the different specialists can 
use digital games in the learning process of children with intellectual 
disabilities in two different disciplines, as well as what are the prereq-
uisites for the children, and in the end provides examples of games to 
be used. Chapter 6 “Use of functional near-infrared spectroscopy as an 
auxiliary tool for the evaluation of working memory in scholars” employs 
technology of functional magnetic resonance imaging to understand the 
relationship between the efficiency of the working memory in learning 
processes in improving expressive and receptive vocabulary.

This next section of the book focuses the importance of an interdis-
ciplinary assessment in education. In Chapter 7 “A model for evaluation 
of students’ neurobehavioral complaints in school context”, the authors 
emphasize the use of informatized systems that keeps developmental 
data of students with different disabilities and help educational pro-
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fessionals to make decisions on interventions aligned with family and 
the health system. The other chapter of this section “Contributions of 
science to the study of language and reading development”, describes 
different components, particularly the role of automatic rapid naming as 
one of the main predictors in the detection of reading problems, show-
ing how assessment can support prevention of delays and promote es-
sential abilities in learning. 

In this last section of the book, the authors contribute with edu-
cational practices and strategies. We start with “Non negotiables of in-
clusive education” in Chapter 9. In this chapter, the authors delineate 
essential elements in different disciplines so that a school and classroom 
can legitimately be considered inclusive and teach all students with eq-
uity. Chapter 10 “Students with special educational needs: Role of health 
in the interface with education” defends, as the authors themselves 
describe “An interdisciplinary and integrated approach between men-
tal health professionals and educators can lead to comprehensive and 
targeted treatments that encompass both academic and mental health 
interventions, contributing to the improvement of educational and 
health-related outcomes in vulnerable children and youth.”. Following, 
Chapter 11 “Autism in Brazil: From the early diagnostic related factors to 
the guarantee of rights” focuses on the theme of autism providing the 
reader an extended vision of the history of this condition, the diagnosis 
in the country and how the access to education is anticipated but not 
yet guaranteed in its totality. Next, Chapter 12 exemplifies interdiscipli-
narity and explains in “The contribution of Speech Therapy in programs 
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to support students with difficulties in the learning process at school” 
explains the importance of the clinical work and the role of educational 
speech pathologists to promote the development of students that have 
learning difficulties or disorders. Chapter 13 titled “Environmental en-
richment as an intervention in an animal model to improve cognition” 
presents the study of the memory formation in animals and the impor-
tance of an enriched environment for the processes of consolidation and 
recall of memories, and as a consequence, essential for learning during 
the schooling period. Lastly, Chapter 14 “Development of a resilience 
program for adolescents in a school setting” describes the basic and ef-
fective elements described in the literature as promoting resilience and 
finish proposing a structure to be established in classrooms acting in 
preventive and interventive ways in learning and other emotional and 
behavioral processes.

We hope the present book enriches your work and studies with the-
oretical and practical interdisciplinary proposals to be put into action.

Alessandra Gotuzo Seabra
Fernanda Tebexreni Orsati
Elizeu Coutinho de Macedo
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Chapter 1

Interdisciplinarity in education: theoretical 

perspectives and the example of the postgraduate 

program in developmental disorders

Maria Eloisa Famá DÁntino

Alessandra Gotuzo Seabra

“Everything that is positivity in us, it is due to some 
limitation. Furthermore, this limited being, this one-handed 
being that is what it called destiny, life. What we lack and 
oppress us is what constitutes and sustains us. Thus, let us 
accept destiny”.

(Ortega & Gasset, 2004, p.141)

The understanding of the concept of interdisciplinarity has been cur-
rently constituted as the study object for many researchers around the 
world. The sociologist Louis Wirtz was the first scholar to use the term, 
in 1937 (Mateus, 2015). However, it was from the 1960s, with George 
Gusdorf, that the debate (and clash) about interdisciplinarity in the sci-
ences began. In 1961, Gusdorf presented to United Nations Educational, 
Scientific and Cultural Organization (UNESCO) an interdisciplinary Proj-
ect for the Humanities, where he expressed his concern with a group 
of researchers, who were inclined to create a synthesis of knowledge, 
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aiming to culminate in an interdisciplinary mentality for coping with the 
techniques progress and the emergency of the multiple subjects that 
could expand the number of specializations. The interdisciplinary proj-
ect in the sciences had a first phase of a humanistic character, concern-
ing its definition and explanation. In the 1980s, it changed to a phase of 
scientific discussion, especially in the humanities.

Intending to break disciplinary barriers imposed by the positivism of 
the 19th century, from the idea of   building globalizing knowledge, the 
interdisciplinarity arrives in Brazil initially with studies of Gusdorf’s work. 
Later, it evolved by the hands of Hilton Japiassu who, in 1976, launched 
the book Interdisciplinarity and pathology of knowledge, which, even to-
day, has been dealing with interdisciplinary ideas in the epistemological 
field.

Gusdorf, who coined the term pathology of knowledge, was the one 
who influenced Jupiassu’s thinking, having even prefaced his work. In 
this preface, Gusdorf (1976) refers to the serious disease that affects the 
world and the cure for this disease, which would be interdisciplinarity, 
the cure for what he called the pathology of knowledge.

In Brazil, concern about interdisciplinarity was expanded so that it 
could be observed in several texts, especially in the education area, from 
the first half of the 1970s. The discussion on the interdisciplinarity foun-
dations, according to Gudorf, can be attributed to philosophy.

Interdisciplinary research, from the perspective of Jupiassu (2006), 
takes place at the border points among different sciences, can be de-
veloped by either one or a group of researchers, and can generate the 
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production, by merging, of a new interdisciplinary discipline, as in case 
of biophysics, for example. Interdisciplinary research seeks not only to 
promote the convergence and complementarity of various disciplines to 
achieve a common objective but also to use it to try to obtain a synthesis 
among the methods, the formulated laws and the proposed applications 
used by the different disciplines.

Ivani Fazenda, was also influenced by Gusdorf’s studies in the field 
of education, published, in 1979, Integration and interdisciplinarity in 
Brazilian education: effectiveness or ideology (known in Brazil as Inte-
gração e interdisciplinaridade no ensino brasileiro: efetividade ou ideolo-
gia). In that work, she sought the basis for the establishment of a concept 
for interdisciplinarity. She presented it as a new attitude that can under-
stand and transform the world from the restitution of the lost unity of 
knowledge. The same author warned us that the very repercussion of the 
word ‘interdisciplinarity’, used indiscriminately as fashionable, announced 
the need for a new paradigm construction of science, knowledge and the 
elaboration of a new education, school and life project (Fazenda, 1979).

Paviani and Botomé (1993, p. 11) state “it is not possible to escape 
from subjects scientific prison jumping their walls, but removing their 
false territorial limits whether of epistemological, methodological and 
linguistic nature or simple conventions of academic and bureaucratic 
practice “. At the same time, Nissani warns us,” it will be unlikely that, 
even under at more propitious circumstances, an interdisciplinary re-
searcher totally masters a broader area in knowledge than the experts 
on the subject” (Nissani, 1997, p. 208).
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In Japiassu (1976) we find the impasse consideration when he alerts 
on the need of going back to past, more specifically to Greek antiquity, 
to study the interdisciplinarity concept, given that in that culture the 
knowledge was treated in its totality and in the knowledge interconnec-
tions, not conceiving the knowledge isolated on its particularities. In an 
article entitled The Interdisciplinary Spirit, Jupiassu (2006) refers to Pas-
cal’s writings, therefore, to the 17th century, in which he said: I consider 
impossible to know at parts if I do not know the whole and if I do not 
know particularly at parts, referring to the idea of   both non-fragmen-
tation and the apprehension of the totality when one wants to know 
an object. What I meant is that when seeking to dominate an object it 
is not possible to rely on the fragmented knowledge, nor either in the 
apprehension of the totality, since the knowledge must take place in di-
alectical movement between the local and global level as well as the 
feedback from the global to the particular. In one way or another, these 
authors seek to meet, through their studies on interdisciplinarity, the 
hierarchical levels of the meetings and exchanges among subjects and 
its applicability in a real socio-historical context. 

Scientific and technological advancements that we have seen in 
many different fields encourage us, even more, to search tangencies 
among related areas to turn the fragmented knowledge in an amalgam-
ated knowledge that is likely to become more effective and humanistic 
to care for people with developmental disorders. In that sense, we bring 
Gusdorf again, in 1976 (and so current, still!) states that the “... blind run 
without paying attention to the human landscape surrounding it, with-
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out dreaming with what was left behind, to better follow the frenetic 
conquest spirit, which drags them to a terrible future” has been consti-
tuted the motto in our modern society (Gusdorf, 1976, p.23).

The importance of interdisciplinary performance has been recog-
nized by the Coordination for Improvement of Personal Higher Educa-
tion (known in Brazil as Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior - CAPES), a foundation of the Ministry of Education (MEC), 
which plays a fundamental role in the expansion and consolidation of 
the research graduate programs (master and doctorate).

According to the CAPES Interdisciplinary Area Report (2019), inter-
disciplinarity is a “form of knowledge production that implies theoretical 
and methodological exchanges, generation of new concepts and meth-
odologies and increasing degrees of intersubjectivity, aiming to meet the 
multiple nature of complex phenomena” (p. 9). Interdisciplinarity is con-
sidered a privileged space for the institution’s performance in relation to 
the national graduate system. This is because it has a transversal nature, 
exceeds the limits of isolated disciplines, enables the generation of new 
concepts, theories and methods, and establishes connections among 
different forms and logics of knowledge production.

Some characteristics of interdisciplinary performance, in which 
there is a convergence of two or more areas of knowledge, not belong-
ing to the same class, are the possibility of contributing to the science 
and technology frontiers advancement, the transfer of methods from 
one area to another, generating new knowledge, and the emergence of 
a differentiated professional, with a new profile, different from the ex-
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isting disciplinary professionals. They have training that enables under-
standing and proposing solutions to the increasingly complex problems 
that arise in modern societies (CAPES, 2019). In fact, according to Cesco et 
al. (2014, p. 57), “in social and techno-scientific issues (...), there are cer-
tainly political, technical, cultural and interrelational dimensions that will 
only be perceived and answered when we overcome disciplinary barriers”.

CAPES’ Interdisciplinary area has expanded rapidly since its begin-
ning in 1999, following a proposal by Professor Luiz Bevilacqua. That 
year, there were 46 masters and doctoral courses, addressed to study 
complex phenomena that required solutions that would overcome dis-
ciplinary barriers. There was a clear need both for new modes of knowl-
edge production and for the training of human resources qualified to 
deal with phenomena located on disciplinary boundaries. In 2006, with 
189 courses, four thematic chambers were created, within the Inter-
disciplinary area, with their own coordination, namely: Environment & 
Agrarian; Social & Humanities; Engineering, Technology & Management; 
Health & Biological. In addition, other areas were created, derived from 
interdisciplinary proposals, including Teaching; Biotechnology; Material 
and Environmental Sciences.

In 2019, the Interdisciplinary area already had 368 Programs. The 
area demonstrates a very evident concern related to their impact on 
society. It is expected that the programs allocated in it promote an inter-
disciplinary attitude in the three areas involved in a university, namely, 
teaching, research and extension, with a strong social insertion of its 
scientific and technological production.
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The interdisciplinary conception of the Postgraduate Program in 
Developmental Disorders emerged in 1992, with such a prospect of ad-
vancing beyond disciplinary boundaries, it searches to deal with frag-
mented knowledge in order to create new knowledge, as highlighted, 
for example, by Gusdorf.. This nomenclature was adopted based on 
the recommendations of the Diagnostic and Statistical Manual of Men-
tal Disorders-DSM III (APA, 1980) at the time. An academic trajectory 
markedly turned for the understanding of questions related to Devel-
opmental Disorders and, more particularly, for the genetic or acquired 
disabilities working on the systematization of studies and researches of 
socio-educational nature, mainly to those focused on the family-school 
and society triad. The research developed so far has centered its con-
cerns in theoretical and methodological aspects that underlie the his-
torical conceptions to developmental disorders conceptualizations. In 
addition, it explores identification and diagnosis of disabilities and the 
critical analysis of organization and care offered and provided to whom 
is affected by it. 

Special attention has also been given to questions related to the 
processes and mechanisms in exclusion, segregation, institutionalization 
and social inclusion, which already indicate a need to seek dialogues 
among philosophy, sociology, pedagogy, neurology, genetics, psycholo-
gy, physiotherapy, speech therapy, among others. Each area in itself has 
essential importance in dealing with the referred issues; however, they 
would know not be enough to understand and deal with such a complex 
and comprehensive phenomena separately. 
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Our challenge has been to find points of intersection among disci-
plinary knowledge areas for a better understanding of the phenomenon 
that involves subjects with developmental disabilities, seeking the es-
sential guiding principle for the articulation among them. In our view, 
the investigative spirit that leads to a search for new knowledge should 
be nurtured through the possibility of dialogue among several disci-
plinary and complementary fields. The object of our research is the sub-
ject in all his human dimension that must be considered and respected 
in his broadest possibility of being in the world, in the world in relation 
to others.

Nevertheless, the movement of approximation and intersection of 
areas for the understanding of such a subject has been generally only 
tangential with areas or disciplines “lending” to others some concepts 
or definitions of their own without, however, constituting themselves in 
researches that can be effectively interdisciplinary. Here are some issues 
that wonder us: a) what is meant by interdisciplinary research? How (or 
if) has it been built today? What has been its scope? Besides, if it really 
has already a theoretical-methodological constitution, how can it be put 
at the service in research involving the individual with developmental 
disabilities, given the complexity that accompanies their peculiar consti-
tution? Even if you do not have it here, in this space and time, the claim 
to respond to a broader and complex set of issues to be answered by us, 
we will look to accept them as provocations for our reflection process.

In the last twenty years of existence of our Postgraduate Program in 
Developmental Disorders, we have been able to follow the considerable 
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advances in the knowledge of the brain, since its anatomical organiza-
tion, its information processing system, as well as its interaction with 
the outside world, given with the neuroscience findings. That is, now we 
can better understand the relationship of the brain with the physical, so-
cial and cultural environment. Such advancements made it possible, to a 
certain extent, that some aspects of the fundamental importance of the 
“secret box” called the brain could be known, changing, from this knowl-
edge, deterministic conceptions about the brain functioning of some 
pathological and/or syndromic conditions, as well as some of its causes, 
consequently focusing on new researches. Such advancements, howev-
er, were not sufficiently incorporated and used by knowledge areas as 
pedagogy and even by special education so that they could carry out 
researches that could scientifically subsidize its educational practices, al-
tering not only the teaching approach but also taking into consideration 
its very learning conception underlying to interventionist performance 
in the educational field turned to this piece of the school population.

One of criticism that has been leveled at the scientific production 
area is related to what involves developmental disorders. In one hand, 
it refers to a reductionist perspective, based on closed investigations, 
primarily, medicine and psychology, which, in the last instance, are not 
able to cope, per si, with all the phenomenon complexity. On the other 
hand, there is a reduced scientific interest from human and social sci-
ences in dealing with researches in this area, highlighting the need of 
studies and investigations in eminently interdisciplinary character, for its 
better description, understanding and interpretation, so that studies and 
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investigations scientific of developmental disorders should “expand their 
disciplinary base beyond psychology and biology, in order to include differ-
ent social, policies and cultural sciences”, according to Skrtic (1996, p. 62).

However, the space of studies, reflection and researches and conse-
quently of scientific production in Brazil is still incipient, especially in the 
search for an interdisciplinary approach to questions that involve new 
technologies in diagnosis and interventions, whether within the clinical 
and/or therapeutic scope, or educational of this significant contingent 
of population. 

In this context, the Postgraduate Program in Developmental Disor-
ders (PPG-DD) has played a strategic role in the State of São Paulo and at the 
national level, for knowledge production and training of human resources 
linked to developmental disorder/disabilities in educational and health con-
texts. The program is organized around the area of   concentration in “Psy-
chology, education and health” and has three lines of research:

Line 1: Studies of development and its disorders in the clinical, cog-
nitive, behavioral and epidemiological areas: with individual and social 
implications. Study of the development of children and adolescents with 
special needs and/or physical and mental disabilities.

Line 2: Developmental neurosciences: an investigation of the basic 
neural mechanisms that determine or have a role in the establishment 
of developmental disorders. Conducting studies with animals and hu-
mans with observation and data recording of behavioral and molecular 
phenotype.
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Line 3: Policies and forms of care in education, psychology and 
health: a study of national policies related to people with disabilities, 
specialized procedures, and public and private care programs. 

From an interdisciplinary perspective, the PPG-DD considers that 
the study of development and its disorders is a great challenge in our 
society, as it is of great complexity. It demands the knowledge connec-
tion, methods and theories of different specific disciplines in an integrat-
ed way that allows new, creative and high social impact solutions. Our 
scientific and technological products are the result of such reflection, 
often derived from work along with education or health institutions. 
For example, we have worked with city halls in different municipalities, 
seeking, in partnership with the various health and education actors, to 
trace innovative ways of understanding and intervening with neurode-
velopmental disabilities. 

An example of our program performance is the projects carried out 
in partnership with municipal governments, such as in Barueri and Embu 
das Artes. In Barueri, a project was financed by the PROESP, coordinated 
by the first author of this chapter, which focused on the development of 
Basic Education, specifically with students with developmental disabili-
ties. The 4-year project integrated teaching, research and extension and 
resulted in more than 25 works among dissertations and theses (avail-
able on the website of our university: http://tede.mackenzie.br/jspui/
browse?type=program&order=ASC&rpp=20&value=Dist%C3%bar-
bios+do+Desenvolvimento ) and the production of four books with open 
and free access (https://www.mackenzie.br/pos-graduacao/mestra-
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do-doutorado/sao-paulo-higienopolis/disturbios-do-desenvolvimento/
livros-de-acesso-aberto/).

In continuity with this type of performance, in 2015, an interdisci-
plinary project was initiated, along with the Education Secretary of Embu 
das Artes, aimed at the development and implementation of a standard-
ized process model for screening and evaluating students with school 
complaints and signs of neurodevelopmental disorders. The project, 
coordinated by Prof. Maria Cristina Teixeira, includes four frameworks: 
Autism Spectrum Disorder, Intellectual Disability, Specific Learning Dis-
orders and Attention Deficit Hyperactivity/Impulsivity Disorder. Several 
steps make up the project, such as the development of screening in-
struments that can indicate signs, observable by teachers, of these four 
frameworks; availability of intervention to teachers, who can conduct 
it in the classroom, in order to observe the students’ response to the 
intervention, an important data to continue the identification and in-
tervention process; development of flowcharts and computer resources 
that assist the management team and teachers concerning the steps in-
volved in the screening of these students.

Such projects illustrate how interdisciplinary work is fundamental 
for understanding and working with complex problems of Early Educa-
tion, as well as offering examples on how the PPG-DD has conducted 
supports, intersecting teaching, research and extension in interdisciplin-
ary proposals aimed at education. We hope that, increasingly, the inter-
disciplinary view will be fostered, as we have observed that as proposed 
by Jupiassu, Gusdorf, so many other researchers and by CAPES itself: in 
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the dialogue among the disciplines and in the creation of new models of 
thought and performance that we will be able to make significant prog-
ress in facing issues as complex as our education.
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Chapter 2

Culturally relevant pedagogy:  

an interdisciplinary approach to developing 

cultural fluency about the Sateré-Mawé 

Elisa Macedo Dekaney 

Elizeu Coutinho de Macedo

In recognition of student diversity in the United States, educators 
have been challenged to reconceive their teaching approaches aiming to 
reflect inclusive teaching practices that are culturally relevant (Richards, 
Brown, & Forde, 2007). Similar considerations to embrace student diver-
sity in Brazilian classroom would be befitting because of similar historical 
colonization practices exercised by Western European cultures over Af-
ro-descendants and Indigenous peoples.

Therefore, this chapter introduces the concept of Culturally Rele-
vant Pedagogy (CRP) and challenges educators to implement intentional 
and transformative curricular changes that considers the perspectives 
of students who come from minoritized groups as well as those who 
belong to the dominant group. Through an analysis of the current status 
of the Indigenous people of Brazil, the authors propose interdisciplinary 
classroom activities based on the cultural traditions of the Sateré-Mawé.
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CULTURALLY RELEVANT PEDAGOGY (CRP)

Culturally Relevant Pedagogy (CRP) “is a pedagogy that empowers 
students intellectually, socially, emotionally, and politically through the 
use of cultural references to transmit knowledge, techniques, and at-
titudes” (Ladson-Billings, 1994, p. 17-18). The idea of CRP was coined 
by Ladson-Billings in 1995, when she began to consider practical ways 
to improve teacher education. Ladson-Billings envisioned a new gen-
eration of teachers who could appreciate their students’ knowledge 
and experiences, and incorporate these experiences into their work in 
urban classrooms, which were populated mostly with African Ameri-
cans (Ladson-Billings, 2014). One crucial element in culturally relevant 
teaching is the understanding of the social, cultural, political, and emo-
tional context upon which students are inserted. Instead of imposing 
the views, ideas, and concepts of the dominant group, culturally rel-
evant teaching aims to use the students’ social, emotional, and eco-
nomic locations to inform teaching practices and curriculum within a 
certain classroom. 

Furthermore, Ladson-Billings (2014) explained that CRP focused 
on three main pivotal domains identified in the work of educators who 
had implemented principles of this approach. The first of the three do-
mains, academic success, considered how teachers who implement CPR 
are committed to their students’ academic success as measured by the 
intellectual growth and curiosity that students experience in a culturally 
relevant classroom with appropriate learning activities. The second do-
main, cultural competence, identified that teachers who implement CRP 
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seek to promote their students’ appreciation for their culture of origin 
while learning about and being fluent in at least one other culture, lead-
ing to the development of cultural competence. And the third domain, 
sociopolitical consciousness, described how teachers who implement 
CRP develop the ability to expand learning beyond the classroom by “us-
ing school knowledge and skills to identify, analyze, and solve real-world 
problems” (Ladson-Billings, 2014, p. 75) with the ultimate goal of devel-
oping a sociopolitical conscience. 

Implementing an inclusive teaching environment in Brazilian class-
rooms would mean promoting and celebrating the various ethnic and 
cultural groups that constitute the complex cultural, social, and econom-
ic landscape in Brazil. Including students with disabilities in mainstream 
classrooms is another critical consideration and is paramount to a soci-
ety that seeks to promote an equitable education. Likewise, re-exam-
ining the school curricula to include representation and contributions 
of various ethnic and cultural groups is fundamental to promoting an 
environment in which every Brazilian child is respected and can envi-
sion and claim their rightful place in society. Applying the cultural com-
petence principle embedded in Culturally Relevant Pedagogy (CRP), 
teachers may provide a learning experience and classroom environment 
in which students develop an appreciation for their own culture while 
gaining fluency in one other culture. In the case of Brazil, elevating the 
contributions of Indigenous Brazilians and Afro-descendants seems an 
appropriate direction. 
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BRAZILIAN DEMOGRAPHIC DATA

Data from the IBGE 2000 Census revealed that in a population of 
170 million Brazilians, 53.4% identified as White, 6,1% as Black, 38.9% 
as Brown, 0.5% as Yellow (Asian) and 0.4% as Indigenous. In the sub-
sequent IBGE 2010 Census, the numbers were similar; however, there 
was an increase in Afro-descendants’ self-identification with more than 
50% of the 191 million Brazilians identifying as Black and Brown (7.6% 
as Black, 43.1% as Brown) and less people identifying as White (47.7%). 
The number of Asians increased to 1.1% while the number of Indigenous 
peoples remained unchanged (0.4%). The Afro-descendants’ self-iden-
tification may signal an increase in racial awareness among the mixed 
population, a trait that was not as overt in previous census (https://
agenciadenoticias.ibge.gov.br).

Should this demographic census data influence what is taught and 
how teachers deliver instruction in Brazilian classrooms? Given that mi-
noritized groups have been consistently left out of the standard class-
room resources and pedagogical books used in most Brazilian class-
rooms, it seems that demographic data should inform the scope of the 
curriculum and the mode of delivery. But how should the representation 
of Blacks, Browns, Indigenous, and Asians make its way into the class-
room? Sometimes, it is easy to simplify what it means to implement CRP 
by including in the curriculum a few examples of works by women, mar-
ginalized populations, people of color, or people with disabilities. How-
ever, this simplification is often executed without proper context and 
deep cultural meaning (Banks, 2004). It is tempting, for some educators, 
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to simplify the inclusion of “others” into the school curricula by plan-
ning some activities on special celebratory days. For instance, students 
may do a crafted headpiece and paint their faces to celebrate Indige-
nous People (Dia do Índio). Some teachers may select a Jewish song to 
acknowledge Yom HaShoa. And others may show a documentary about 
Zumbi dos Palmares during Black Awareness Day (Dia da Consciência 
Negra). Nonetheless, these attempts are most often void of contextu-
al, cultural, artistic, and educational meaning. Additionally, they are not 
taught in an interdisciplinary manner and frequently leave out import-
ant contextual facts that are imperative to the development of cultural 
competence and fluency as signaled by Ladson-Billings. The challenge 
for educators is to intentionally design and implement a curriculum that 
elevates the representation of minoritized groups in a meaningful way. 
To achieve that, one must go beyond special “day” celebrations and dis-
tribute these learning experiences across the entire academic year.

An intentional inclusion strategy for teachers that reflects the diver-
sity of the Brazilian population may reflect the following:

1. Elevate cultural traditions of the Indigenous peoples of Brazil 

2. Elevate cultural traditions of African descendants in Brazil

3. Disseminate culture of various global communities in Asia, Middle 
East, and other people who have contributed to Brazilian society

4. Continue to disseminate the Western European tradition without di-
minishing the contributions of others
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CULTURAL COMPETENCE

Ladson-Billings (1994) acknowledged that teachers committed to 
CRP are themselves culturally competent and use their students’ expe-
rience to celebrate their culture of origin while assisting them in gaining 
knowledge of and fluency of at least one other cultural tradition. Per-
haps, it would make sense for students in Brazilian classrooms to gain 
fluency in one of the Indigenous groups who live in Brazil.

It is estimated that prior to the arrival of the Portuguese in Brazil 
there was a population of approximately six million Indigenous people 
speaking more than 1270 languages. Nowadays, 85% of these languages 
have disappeared; there are only about 180 languages. The Indigenous 
population decreased to about 500,000 and divided into 234 ethnic 
groups, living in thousands of villages in isolated places or in reservations 
designated by the government (Kahn, 2011). “The disappearance and 
systematic destruction of the Brazilian Indian are not just problematic in 
terms of sheer number of lost lives, but also the extinction of more than 
500 diverse ethnic groups and the thousands of years of their cultural 
heritage, evolution, and survival“(Gomes, p. 2). Surprisingly, Brazilian In-
dians have resisted centuries of colonial oppression and demonstrated 
resilience and resistance to the dominant group by preserving some of 
its own cultural, social, economic, and belief traditions. This resistance 
and resilience are worth teaching and learning.
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INDIGENOUS ACCULTURATION

For over two centuries, anthropologists have predicted that Brazil-
ian Indian groups would be extinct. Recently, however, Gomes (2000) 
pointed to new and surprising evidence of population growth (Table 1). 
In his anthropological study of the history of the Indians and Brazil, he 
sought to analyze and interpret data and historical facts that may explain 
this “wondrous phenomenon” (Gomes, 2000, x).

The paradigms of acculturation indicated that if two ethnic groups 
met, the stronger would tend to overpower the weaker one. Sometimes 
the outcome of such encounters would result in integration or assimila-
tion of the weaker into the more dominant culture. This paradigm, how-
ever, discounted the possibility that smaller groups can react against the 
imposition of the dominant culture and “preserve enough of its char-
acter to maintain its self-identity and accommodate itself to the new 
situation, without necessarily diluting itself into nothing” (Gomes, 2000, 
p. x). Gomes hypothesized that the breach in the paradigm aligned with 
the cracking of Western assurance and notions of superiority in the Indi-
ans’ mind. Further, better public health measures by the Brazilian Indian 
agency contributed to the current steadfast increase in population. 

The fact is that – independent of any other cultural or political vari-
able – in the last thirty or forty years the Indians have been experienc-
ing a new, unexpected, and extraordinary development that we may 
unabashedly call “the Indian demographic turnaround.” (Gomes, 2000, 
p. 2). Nonetheless, this is by no means a statement that the Brazilian 
Indians have overcome centuries of assimilation, extermination, and 
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demographic decline. It is, however, an interruption of the extinction 
pattern experienced by thousands of Indigenous peoples. It is crucial to 
remember that “95 percent of an entire population was wiped out over 
a period of five centuries in which there are only a few decades of con-
sistent recovery” (Gomes, 2000, p. 2).

Table 1. Sateré-Mawé Population

Year Population
1987 4710

1991 5825

1999 6950

2000 7134

2002 7376

2010 10761

2014 13350

Source: https://pib.socioambiental.org/en/Povo:Sateré_Mawé

In an attempt to develop cultural competence by being fluent in one 
other culture, a case can be made for an interdisciplinary immersion in the 
Sateré-Mawé culture. Why? First, the Sateré-Mawé are among hundreds 
of Indigenous Brazilian groups who have been systematically destroyed 
and oppressed. Second, judging by their population growth, the Sateré-
Mawé have defied the paradigms of acculturation and shown they are re-
silient. And lastly, Brazilians are proud of guaraná, an important element 
in Brazilian society and economy that is widely distributed and commer-
cialized in Brazil and abroad. Guaraná belongs to the Sateré-Mawé; to dis-
seminate and preserve their culture is to preserve Brazilian culture.
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THE SATERÉ-MAWÉ IN THE MUSIC CLASSROOM: GUARANÁ

The story of guaraná is a central point in the history of the Sateré-
Mawé Indians, who hail from the lower part of the Negro River, a trib-
utary of the Amazon River, in a region known as Sateré-Mawé (Salerno, 
2006). Of the etiologic type, the story explains not only the origin of a 
fruit from the Amazon forest but the very existence and origin of the 
Sateré-Mawé.

The story of guaraná has been retold by Almeida and Portella 
(2006), Dorson and Wilmot (1997), Fittipali (2005), and Salerno (2006). 
However, it has not been narrated in some of the earliest and most tra-
ditional accounts of Brazilian folk stories such as Cascudo (1997, 2001, 
2006, 2010) and Romero (1885 and 1907). One possible explanation is 
that little was known about the Sateré-Mawé by Romero and Cascudo. 
Another possibility is that Indigenous people narratives were excluded 
from the dominant discourse and had not yet been considered worthy 
of being captured, thus the need for meaningfully including them in 
mainstream pedagogical resources. 

Guaraná is a fruit believed to provide strength and energy. The In-
dians used to drink a guaraná beverage prior to and during hunting. 
Kahn (2011) explained that the Sateré-Mawé discovered the energetic 
power of waraná thousands of years ago. The drink they still prepare 
hitherto is called sapó, a bitter beverage with very little similarities to 
the popular soda drink from Brazil called guaraná. The men are respon-
sible for grinding the seeds until they resemble a stretchy dough; the 
women transform that into a stick and let it smoke for months until it 
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is completely dark, dry, and hard. The women then shred the smoked 
stick and wash it in the river. Traditionally, the women are responsible 
for shredding the guaraná; the Sateré-Mawé men only engage in this 
activity when are traveling alone, hunting, or fishing. 

In 1650, European priests learned about guaraná and its properties. 
The fruit, they concluded, provided energy, minimized hunger, could be 
used as a diuretic, and also eliminated fever and headaches (Salerno, 
2006). This fruit, with so many different applications, has become part of 
the fabric of Brazilian culture, cuisine, medicinal practices, and economy. 

CONCLUSION

Teachers who implement Culturally Relevant Pedagogy are cultur-
ally competent and seek to promote their students’ appreciation for 
their culture of origin while learning about and being fluent in at least 
one other culture, leading to the development of cultural competence. 
Given the historical colonization practices imposed by Western Euro-
pean cultures over Afro-descendants and Indigenous Peoples in Bra-
zil, it is imperative to find ways to include the narratives and stories 
of minoritized groups frequently excluded from pedagogical books and 
materials. 

In this way, students who belong to minoritized groups will be chal-
lenged to develop an appreciation for their own culture. Likewise, stu-
dents from the dominant group may develop a cultural fluency in one 
other culture, in this case, the Sateré-Mawé. To fully embrace student 
diversity in the Brazilian classroom, teachers and pedagogues must 
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intentionally elevate the stories and narratives of minoritized groups 
meaningfully throughout the academic year and not only on special cel-
ebratory days. 

After teaching and learning about the historical, cultural, and so-
cio-economic contexts of the Sateré-Mawé in an interdisciplinary way, 
teachers from various areas can address specific aspects of their own 
disciplines. For instance: 

1. A biology teacher may assist students in exploring the Amazon ecosys-
tem; a social studies teacher may explore sustainable ways of guaraná 
production in the Sateré-Mawé organic farms 

    (https://www.youtube.com/watch?v=Tb_jWXvBPA8&t=360s); 

2. A music teacher may plan a activity in which students compose with 
instruments and with voice sounds that represent the biodiversity of 
the Amazon rainforest as in this example (Samba Laranja Album Gua-
raná available at

    https://open.spotify.com/album/2RUZNX2bV9rWldfluJcLot; 

3. A visual art teacher may invite students to create artwork that depicts 
the story of guaraná. There are infinite creative possibilities to assist 
students in developing cultural fluency about the Sateré-Mawé.

In conclusion, this chapter introduced the concept of Culturally Rel-
evant Pedagogy and the impact its meaningful implementation can have 
on students’ learning, whether students are members of minoritized 
groups or belong to the dominant group. The adoption of culturally rel-
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evant pedagogy practices can be intentionally incorporated into the cur-
riculum with the goal of implementing well-designed interdisciplinary 
practices that will lead to meaningful learning experiences. The authors 
supported their approach to implementing a culturally relevant curric-
ulum by proposing the study of the Sateré-Mawé, an Indigenous group 
whose rich cultural practices have impacted and contributed to Brazilian 
economy, customs, and habits. 
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INTRODUCTION

The inter-institutional Doctorate — DINTER — is presented as a pro-
posal of Coordenação de Aperfeiçoamento de Pessoal do Nível Superi-
or (Coordination for the Improvement of Higher Education Personnel) - 
CAPES aiming at postgraduate training of human resources qualified for 
the socio-economic-cultural, scientific-technological development and 
innovation. Besides, one of the main goals focuses on training teachers 
who, once trained and certified, may be responsible for nucleation of 
new stricto sensu graduate studies programs in regions with fewer op-
portunities for a teaching qualification.

According to the Notice No. 2/2016 of CAPES, such programs are 
designed to enable the formation of masters and doctors outside the 
centers consolidated of teaching and research, with the same standard 
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of quality and to explore the potential of graduate programs already 
consolidated in order to support the training of teachers for the various 
levels of education. This action should be directed to subsidize the nucle-
ation and the strengthening of teaching and research groups; to strengthen 
and establish the conditions for the creation of new postgraduate courses 
and to contribute to the building of specialized and cooperative environ-
ment of innovation for education and training of human resources and the 
expansion of national productive environment (CAPES, 2016).

THE PROMOTER INSTITUTION VIEW

The DINTER proposal between the Graduate Program in Develop-
mental Disorders (PPG-DD) of Mackenzie Presbyterian University (MPU), 
which in this agreement is configured as a Promoter Education Institu-
tion and the FEJAL/CESMAC (Jayme Altavila Educational Foundation), 
Alagoas, as Receiving Education Institution, reconcile with the solidarity 
ideal established by MPU to foster an ongoing policy of teachers and 
researchers training, particularly tied to regional interest topics insuffi-
ciently met in the country, serving in this way the defined objectives by 
CAPES specific Ordinances (Sucupira Platform, 2017).

The receiving institutions should be supported to create and to strength-
en research topics with an emphasis on regional characteristics and needs 
and identifying new vocations for search among the student framework 
through the participation of scientific initiation fellows in scientific projects.

The partnership between MPU/Cesmac institutions was the result 
of a serious and consolidated investment of teachers’ team who makes 



53

up the PPG-DD throughout its trajectory, which culminated in getting 
grade 6 (six) of the Program in 2016. In order to meet more and more 
the CAPES guidelines and to invest in “solidarity and social inclusion” 
category, which is encouraged by the evaluation body to programs that 
minimally obtained a grade equal to or greater than 5 (five) in the Trien-
nial Assessment, MPU found a partner institution with the same desired 
objectives for the implementation of DINTER: interest in empowering 
their teachers and present future multipliers proposals for master and 
doctorate courses in the state of Alagoas.

This partnership resulted in an agreement between the institutions, 
following the CAPES guidelines and design. Conceptualized since 2016, 
it was effectively implemented in the Centro Universitário Cesmac – Ces-
mac (Cesmac University Center) in Maceió / AL, in the second half of 
2018, meeting the CAPES regulations regarding solidarity, a category in 
which the Program must demonstrate cooperation with programs that 
got a score of 3 (three) or 4 (four) or groups that still do not have stricto 
sensu postgraduate studies, to promote the creation and consolidation 
of courses, especially in other regions of the country or in countries with 
a less developed level in postgraduation courses. (Figure 1).

The Interdisciplinary area shows the careful evaluation of stricto 
sensu programs, focusing only 10 (3%) of the programs with grade 6 (six) 
and 2 (1%) with grade 7 (seven). Thus, the PPG-DD, with its grade 6 (six), 
is shown as a potential trainer of doctors in the area, contributing, with 
the implementation of DINTER, to expand the training of doctors in the 
permanent staff of teachers from distant institutions of the great centers 
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of learning and research, in order to reduce the currently existing asym-
metries and to foster academic production in the assisted institutions, 
which respond to the demands related to local and regional develop-
ment (CAPES, 2016).

Figure 1. Distribution by the grade of the Interdisciplinary Area graduate programs 
recommended by CAPES (adapted). Source: DAV / CAPES, 06/17/2019. (Capes, 2019)

Alagoas, in terms of number of Graduate Courses Stricto Sensu rec-
ognized by CAPES, at the time of the survey and proposal, was the north-
eastern state with the lowest number of offered courses, representing 
4% of total courses of this nature that were offered in the region. More-
over, it can be observed that from the approved and recognized courses 
by CAPES, there is a significant shortage of courses with the emphasis 
on studies of developmental disorders in the education, health and psy-
chology context (Figure 2).
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The interdisciplinary character that permeates the PPG-DD, since its 
conception in 1998, has been reproduced and maintained to the con-
figuration of the selection process that occurred for the composition of 
students’ body. The target audience of DINTER proposal were teachers 
of the receiving institution, which should be linked to the courses of-
fered by IES Receiving.

Figure 2. Distribution of the Interdisciplinary Area graduate programs per state of 
the Federation. Source: Sucupira Platform, 21/01/2019. The inserted table shows 
the absolute number and the percentage of programs by the Brazilian geographic 
region. (Source: CAPES, 2019).

Regions N %

North     29      8,0

Northeast     73    20,3

Mid-West     33      9,2

Southeast   147    40,8

South     78    21,7

TOTAL   360  100,0
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After careful selection, which took place with the participation of 
the two institutions, DINTER interdisciplinary student body was created. 
It was composed by ten students, teachers of undergraduate courses and 
with training in Pedagogy, Psychology, History, Physiotherapy, Nursing 
and Physical Education areas, whose work would be conducted in three 
traditional lines of PPG-DD research: a) Studies of the development and 
its disorders in the clinical, cognitive, behavioral and epidemiological 
areas: Individual and Social Implications; b) Neuroscience of develop-
ment: an investigation of the determinants neural basic mechanisms or 
are involved in the establishment of the developmental disorders and 
c) Policies and forms of assistance in education, psychology and health: 
study of national policies related to people with disabilities, specialized 
procedures and public and private assistance programs.

Above all, the idea of conducting projects that could support pro-
posals that benefit actions to public policies in the region in the health 
and education areas should be addressed considering the regionality 
and targets of social inclusion. This impact, directly planned – through 
the researchers’ group actions, or indirectly - by multiplying profession-
als who can act in the city, in the state, in the local Universities or re-
gional Institutions may occur from the interdisciplinary training and the 
future creation of the training courses on the initiative of the formed 
group by DINTER (Figure 3).
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Figure 3. Impact Expectations in public policy from the interdisciplinary training 
(Source: the authors)

Respecting the interests of newcomers and the affinities with the 
lines of research, the teaching staff of IES Promoter was made up to face 
the challenge of the proposal implantation, encompassing the classes 
to be held in the IES Receiving and the orientation process of newcom-
ers. The group consisted of seven teachers with the interdisciplinary for-
mation and members of the three lines of research: Alessandra Gotuzo 
Seabra, psychologist; Decio Brunoni, geneticist doctor; Elizeu Coutinho 
de Macedo, psychologist; Luiz Renato Rodrigues Carreiro, psychologist; 
Maria Eloisa Famá D’Antino, pedagogue; Paulo Sergio Boggio, psycholo-
gist and Silvana Maria Blascovi de Assis, physiotherapist.

Thus, this project started in 2018 and has its completion scheduled 
by 2022. It is intended to bring to the Maceio region, Alagoas, signifi-
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cant scientific improvement opportunities that can reflect on actions 
that benefit the public policy and the region’s population in the next 
years.

THE RECEIVING INSTITUTION VIEW

The FEJAL / CESMAC is located in Maceio, the capital of Alagoas, 
which has an estimated population of 1,021,709 inhabitants. Alagoas 
has the lowest Human Development Index (0.631) and the penultimate 
per capita income in Brazil. Regarding the Basic Education Development 
Index (IDEB), carried out in the year of 2016, Alagoas had one of the 
worst grades in the country for the third consecutive time, and lower 
enrollment rates than the national average, according to the 2015 Na-
tional Sample Survey of Households (IBGE, 2019). Maceio follows the 
same pattern of Alagoas state because the municipality has low income; 
39% has nominal monthly income up to half minimum wage and the per 
capita of average income of 2.7 minimum wages. Sum up the above that 
according to the latest map of poverty and inequality, provided by IBGE, 
shows Maceio with 58% of poverty incidence. As for education obtained 
grade 3 (three) in IDEB, on a scale from 0 to 10, in the evaluation of the 
final years of elementary school. In addition, in the 6 to 14 aged group, it 
shows one of the worst enrollment rates in Brazil as, among 5570 munic-
ipalities, it occupies the 5014 position. Furthermore, most children who 
enter elementary school did not attend kindergarten (IBGE, 2019). From 
these indicators, it is possible to realize the difficulties encountered in 
the city of Maceio and the State of Alagoas. 
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Maceió has a Municipal Education Secretary (SEMED), in which 130 
public schools in operation are linked, divided into eight administrative 
regions. These institutions offer early childhood education, elementary 
school and education of youth and adults (EJA) to 49,622 students en-
rolled, from which 2,321 are in special education in the dual enrollment 
form, referring to regular school and to the service called Specialized 
Education Assistance (INEP, 2015).

Despite the own investments and in technical cooperation with the 
Ministry of Education, the reality of Maceió Municipal Education Net-
work presents still an unsatisfactory framework concerning the Basic Ed-
ucation Development Index (IDEB), at the moment, as well as regarding 
the quality of teaching practice developed at schools (Barbosa & Fumes, 
2018). 

For special education, the municipality seeks to follow the direction 
of national legislation regarding the principles of inclusive education in a 
mainstream school environment for the target audience of Special Edu-
cation (BRAZIL, 2008). The last Brazilian School census shows that in Ma-
ceio, the students were enrolled in shared rooms and in the Specialized 
Service Assistance (BRAZIL, 2016).

The city still has a long way to go as it relates to special education 
from the perspective of inclusive education (Barbosa & Fumes, 2018). 
In this regard, four projects linked to Dinter are being carried out in the 
school context of Maceio. The first one is aimed at analyzing the knowl-
edge, practices and attitudes of elementary school 1 teachers about Au-
tism Spectrum Disorder (ASD) in municipal schools in the city of Maceio. 
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The second project aims to describe the mode of operation of the Mul-
tifunction Resource Rooms of the inclusive municipal network in Maceio 
and to verify how the Public Policy subsidizes the operation of these 
rooms. The third one will involve modeling, development and evaluation 
of an application with artificial intelligence usage to detect ASD by teach-
ers from the public network in Maceio. Finally, the fourth will examine 
children diagnosed with cognitive difficulties from elementary school 1 
in the same network to identify signs of ADHD, Dyslexia and Intellectual 
Disability.

Besides, linked to the health and in the context of Down syndrome 
(DS), two studies are being carried out: the first aims to design, develop 
and evaluate an application for toilet training in children in early child-
hood with DS. The second study is to identify if the training of the expi-
ratory muscles is effective at increasing expiratory muscle strength and 
the levels of care and quality of sleep in children with DS. Finally, an 
umbrella project will be realized that aims at conducting a cross-cultural 
study on affection, morals and sociability in the Quilombola community, 
composed of an Afro-Brazilian ethnic group, and the indigenous popula-
tion of Alagoas.

Starting from the indicators presented, the Receiving institution 
plans to train the students involved in DINTER to contribute to the im-
provement of public policies for Basic Education, especially for special-
ized education within the kindergarten and elementary school scope in 
the region, including academic training of doctoral students so that they 
can proceed in the region with the development of assessment and ear-
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ly intervention actions that aim to promote positive child development 
and mitigate the impact that many developmental disorders produce in 
children, adolescents and families. It is also expected that the Ph.D. stu-
dents instrumentalize themselves with a background in research in such 
a way that they can develop research projects in the region focused in 
education, psychology and health directed to child development and its 
disorders as well as they can contribute qualitatively with Cesmac using 
their research practice and teaching.

THE DINTER STUDENTS BODY VIEW

The student sees the DINTER in Developmental Disorders (UPM / 
Cesmac) as an excellent opportunity for a professional qualification, re-
search consolidation in the institution and to have a product capable of 
affecting the social reality of our state. The student body is made up of 
professionals in the areas of psychology, pedagogy, nursing, physiothera-
py and history with an interdisciplinary work profile. It is highlighted that 
in the state of Alagoas has only three programs in the interdisciplinary 
area (CAPES, 2019). The interdisciplinary is considered a valuable tool 
to generate professional, social, educational, technological, economic, 
cultural and artistic impact, which demonstrates the importance of the 
program. 

In the face of the State of Alagoas scenario, considering the numer-
ous complete and complex problems that require collaboration, inno-
vation, dialogue, questions and experiences exchanges, the projects 
are being developed in populations that are most affected with the so-
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cio-economic scenario as schoolchildren; ADHD, dyslexia and learning 
disabilities, ASD and DS children; quilombolas and indigenous. 

An important bridge for the group was the visit to the UPM labo-
ratories and assistance services, where it has access to protocols devel-
oped by program teachers and differentiated technological resources. 
As it facilitates the research in our institution, promoting academic re-
search, strengthening research lines, which meet the demands related 
to local and regional development, taking into account the objectives of 
interinstitutional programs proposed by CAPES.

These visits, which are part of the doctoral training proposal at an-
other university, provides students the experience in other research 
centers, in a city with a different reality. From an academic point of view, 
it is an opportunity to meet a new education structure that brings them 
new knowledge (Torres, 2016). Besides being together with postgrad-
uate colleagues, the opportunity to participate in events with national 
and international speakers are part of the programming for the group.

The challenges are countless and are related to the distance, to the 
public policy of the State of Alagoas, to financial investment and to oth-
er professional demands. By contrast, there is a great effort and com-
mitment to contribute to the reduction of the rate in reality worthy of 
actions, favoring the creation and consolidation of new research groups, 
teaching and extension, creating conditions for the expansion of investi-
gations that are dedicated to face challenges in understanding the disor-
ders/disabilities people or vulnerable populations.
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FINAL CONSIDERATIONS

Thus, the challenge that motivates both the promoter and the re-
ceiving institutions is that, through this partnership, the experience in 
interdisciplinary research experienced by a group of teachers from the 
Southeast can be replicated in a region of the country, which has its 
characteristics of development. 

Providing, through the training and qualification of its teachers, re-
search activities and encouraging, that in the future, this group can im-
plement a stricto senso program in the area viewing to academic and 
social activities, in collaboration with the public policy of the Alagoas 
region
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Chapter 4

Challenge based learning as a transformational 

method of the educational process

Joaquim Pessoa Filho

Ilana A. Souza Concilio

Pedro H. C. Braga

INTRODUCTION

Computing has become ubiquitous and the environments and de-
vices with which people interact have been enriched with new possi-
bilities for communication and interaction (Pacheco & Souza-Concilio, 
2014).

The wide variety of technological resources today promotes the cre-
ation of new work fronts in the area of   ICT (Information and Computer 
Technology) and, consequently, causes a need to readjust current teach-
ing standards in order to prepare students for the labor market and their 
future role in the society. It is necessary to rethink how education uses 
technology, as this new digital world also requires educators to adapt 
and adopt digital technologies, methodologies and mentalities (DMI, 
2020).

According to Mochizuki & Bruillard (2019), digital education stake-
holders believe in the promises of digital technology to “revolutionize” 
or “interrupt” ineffective education models. The authors also claim that 
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greater use of digital technology in education envisions schools where 
students acquire 21st century skills in a personalized and collaborative 
manner and at their own pace, with teachers acting like facilitators of 
learning.

With roots in experimental learning, in which the student has an 
active participation in the educational process, Challenge Based Learn-
ing (CBL) emerged as an alternative to the traditional models in course. 
Stimulated by digital transformation and consolidating the use of tech-
nology as a fundamental resource in the process of building knowledge, 
this approach allows more personal and collaborative learning experi-
ences.

The use of CBL as a teaching approach has been shown to be effec-
tive not only in the educational field, but also in the personal develop-
ment of students, stimulating and improving skills such as leadership, 
creativity, problem solving (Johnson & Adams, 2011) and also increas-
ing engagement, motivation and performance. The teacher’s role also 
undergoes a transformation, ceasing to be responsible for the control 
and transfer of content and becoming a mentor or facilitator, that is, a 
collaborator in the learning process, facilitating the development of col-
laborative knowledge (Oliveira, 2016).

This chapter presents the evolution of educational practices in re-
cent decades, being related to the current business models, in order to 
establish a relationship between the role of the teacher in the formation 
of good professionals and the establishment of efficient professional 
models.
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EDUCATIONAL JOURNEY

There are currently a large number of educators discussing new ways 
of teaching and learning in order to provide greater student engagement. 
The digital transformation is demanding an educational transformation, 
from the adaptation of curricular grids to include content involving new 
technologies, systems and professions to the modernization of teaching 
and teacher training methods.

In 1938, in his book Experience and Education, John Dewey was al-
ready talking about old education (traditional method) and new edu-
cation (progressive). The author argued that traditional learning means 
capturing content that was already embedded in books and in the head 
of older books, tied in the past and offering little help to deal with pres-
ent and future issues (Dewey, 1938). He stated that static objects and 
materials are opposed by a changing world and insisted on creating a 
new educational philosophy based on learning from experience.

Dewey (1938) stated that traditional teaching was not completely 
against experimental philosophy, but that the experience provided with-
in the walls of the classrooms did not continue outside them and that 
it did hurt the principles of evolution. Believing that the link between 
experience and education promotes a closer relationship between ed-
ucator and student, the role of teachers should also be rethought, as 
they were the agents through which knowledge and skills were commu-
nicated as well as rules of conduct imposed. Hence, the role of educa-
tor should be to discriminate educationally appropriate experiences and 
guide students on the direction the experience is taking.
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Following Dewey’s reasoning in 1964, Piaget reinforced the theory 
that experience is a basic factor in the development of cognitive struc-
tures. In his constructivist theory, he stated that the fundamental rela-
tionship involved in all development and learning is assimilation, or rath-
er, the integration of any type of reality into a structure from the point of 
view of didactic applications. The author defended that (PIAGET, 1964):

• the whole problem to be studied must be related to the student’s 
reality or environment, starting from a familiar point;

• searching must be stimulated, in order to make the arrival point in-
stigating and challenging;

• one should not explain everything to the student, leaving him to dis-
cover new things based on his own effort;

• teamwork is essential for socio-cognitive development, in which the 
exchange of ideas and various points of view stimulate the perception 
and the ability to explore problems from several different angles;

• The teacher should not be the owner of the content, but a mediator 
between students and knowledge, guiding throughout the process, 
showing new paths and not allowing them to keep making the same 
mistakes.

In 1984, David Kolb created his own model of experiential learning 
based on Dewey’s theories. According to Miettinen (2000), his propos-
al was not to develop an alternative theory of learning, but to suggest 
through the theory of experiential learning a holistic integrative perspec-
tive of learning combining experience, perception, cognition and behavior.
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With this experiential vision rooted in the pedagogical theories of 
Dewey, Piaget and Kolb, and also driven by the advancement of technol-
ogy, the study of innovative and transformative teaching methods has 
become a relevant and prominent subject in the academic community. 
It took years for educators and educational institutions to consider mod-
ernization in the teaching and learning process.

According to Mochizuki & Bruillard (2019), we are currently work-
ing on the idea that digital technology connects students in new and 
powerful ways and frees up learning from past conventions. Technology 
facilitates interaction and learning. Increasing attention is also paid to 
the social foundations of learning, and learning is seen to involve not 
only the transformation of cognitive structures, but also participation 
in cultural practices. Motivation, interest and persistence of the student 
are important considerations for understanding the impact of technol-
ogy-based pedagogy. At a certain level, the challenge for educators is 
linking this interest and familiarity with media to engage and improve 
students results.

CHALLENGE BASED LEARNING

Learning is a continuous cycle of a cognitive process involving con-
stant adaptation. Over the years, several methodologies have been de-
veloped from theories of cognition and development of children and 
adults and are being applied to replace, at least partially, the traditional 
method based on lectures that still dominates current configurations of 
education (Abio & Stoyanova, 2018).
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The social circumstances of the classroom and the student-teach-
er interaction play a significant role in motivating students, directly af-
fecting the teaching-learning process. According to Abio & Stoyanova 
(2018), innovative teaching strategies are more effective in improving 
student motivation, knowledge retention, transversal skills and the gen-
eral academic level.

Kolb’s theory of experiential learning has gained popularity as an al-
ternative to traditional didactic and behavioral approaches in the class-
room, assuming that individuals create knowledge from experience, and 
not just from the instruction received. Conflicts, disagreements and dif-
ferences lead the learning process, moving between modes of action, 
reflection, experience and reasoning (Bergsteiner et al., 2010).

Based on experimental learning, in which students learn better 
when actively involved rather than passively participating in academic 
activities, Apple Inc. developed Challenge Based Learning (CBL).

Challenge Based Learning is a teaching and learning methodology 
focused on real world problems to be explored from various angles and 
in a multidisciplinary way, strengthening the connection between what 
students learn at school and their perception outside school (Apple, 
2011). The aim is also to encourage them to use technologies with which 
they interact in their daily lives to solve real everyday problems.

The concept, according to Apple Inc (Johnson et al., 2009): 

“Challenge-Based Learning is a collaborative learning 
experience in which teachers and students work to-
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gether to learn about important events, propose solu-
tions to real problems and take action. The approach 
encourages students to reflect on their learning and the 
impact of their actions, publishing their solutions to a 
worldwide audience”. 

According to Santos et al. (2015), CBL presents the following char-
acteristics:

• teacher, students and stakeholders work as active collaborators in 
the learning process;

• inclusion of technical skills and professional life skills;

• focus not only on the final product, but on the process developed 
through reflection and publication of perspectives on what has been 
learned; and

• more time allocated to incorporate divergent and critical thinking.

In the CBL process, students must choose an area of   research and 
propose a challenge to solve one of the real problems related to it. The 
idea is that, from this challenge, the student generates questions, which 
generates research and answers until they find an appropriate solution. 
Through a process of discussion and research, they identify a selection 
of issues that may be relevant to their projects. Figure 1 illustrates a par-
allel between the traditional learning process and CBL.
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Figure 1. Parallel between traditional learning and CBL.Source: Henderson, S., Kinahan, 
M. & Rossiter, E. (2018). Problem-based learning as an authentic assessment method. PG 
Diploma in Practitioner Research Projects, DIT, 2018.
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Figure 2. CBL approach steps. Source: Nichols, M., Cator, K., & Torres, M. (2016) Chal-
lenge Based Learner User Guide. Redwood City, CA: Digital Promise. Retrieved on February 
15, 2020 from https://cbl.digitalpromise.org/wp-content/uploads/sites/7/2016/10/CBL_
Guide2016.pdf

Figure 2 shows the stages of the CBL process (Nichols et al., 2016). 
All phases are continuously permeated by the processes of reflection, 
informative assessment and documentation of the learning process.
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1. Engage - This phase starts with an area of   interest and ends with the 
identification of a motivating and actionable challenge.

• Great idea - it is a broad area of   research in which the student or de-
veloper wants to contribute. Some examples are: Education, Health, 
Sustainability, etc.

• Essential Question - within the scope of the Big Idea, there are some 
essential questions that, in the form of a question, represent a prob-
lem to be solved. As an example in education: how to increase chil-
dren’s motivation in the study of mathematics?

• Challenge - related to the Essential Question, the challenge is what 
the student or developer will have to solve. Following the example 
above: Create an interactive application (Learning Object) for teach-
ing Mathematics to elementary school children.

2. Investigate - This phase is about questioning and research, with stu-
dents acting actively in the process of formulating guiding questions, 
encouraging the acquisition of knowledge both individually and colla-
boratively. In the end, it is expected that students have successfully 
addressed all guiding questions and developed clear conclusions that 
will lay the foundation for the solution.

• Guiding questions - now that the student knows his challenge, he 
creates a list of questions that must be answered to validate the idea 
and solve any doubts about the problem, until the student or devel-
oper finds the best (or acceptable) solution for the challenge. These 
questions can be related to the problem or idea, as well as technical 
development issues.
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• Activities and resources - list of activities and resources used to an-
swer each guiding question.

• Analysis / Synthesis - after completing the guiding activity, students 
or developers create a synthesis that represents their findings during 
the research phase.

3. Act - Action that consists on the development, validation and evolu-
tion of the proposed solution.

• Solution - after all the previous process, the ideas are validated and 
some optimal solutions must be found and, in the case of more than 
one, another phase of reassessment and analysis of these solutions 
must be carried out until a single major solution is found.

• Implementation/Development - After working on the solutions, stu-
dents implement, analyze and measure results, reflect on positive 
and negative points and determine their impact on the challenge.

• Evaluation/Refinement - When the implementation is complete, stu-
dents can continue to refine the solution.

Nichols (2018) states that CBL contrasts with traditional didactic 
methods in which the teacher provides students with the necessary 
basic theoretical knowledge, controls content and restricts the role of 
students in the learning process. This approach transforms the roles 
not only of students, involving them in the learning process, but also 
of teachers who act as guides or mentors, connecting them with the 
possible resources and helping in the construction of new knowledge.
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CBL makes learning relevant, giving students the satisfaction of dis-
covering problems to be solved, tools to solve them and autonomy to 
define, validate and implement a solution (Johnson & Adams, 2011). It is 
the student’s role to derive the challenge or problem they will face and, 
through a collaborative process of discussion and research, students 
identify a selection of questions that may be viable for their project, fac-
ing a challenge not only as individuals but also involved in the processes 
of their group.

In the belief that it is the individual who learns, mentors do not 
intervene during implementation, which allows the individual and the 
team to teach themselves (Gibson et al., 2017). With its collaborative 
character, it allows a greater interaction between students, stimulating 
and encouraging creativity and research, so that the student learns 
to study alone, promoting self-learning and establishing a direct and 
personal relationship with the acquisition of knowledge. Throughout 
the process, students are expected to reflect on their actions and also 
learn to work on critical thinking in relation to their own choices and 
results.

This model is often interdisciplinary and encourages projects that in-
volve the community in general. There are reports of teachers who have 
implemented CBL in teams stating that collaboration with other teach-
ers is one of the most beneficial and positive aspects of the approach to 
their own professional growth and development (Apple, 2011).

Although widely applicable in all learning environments, CBL en-
courages the use of web and mobile technologies to implement solu-
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tions and publish results, forcing students to present their findings and 
reflections not only to the class, but also to the community (Educase, 
2012).

According to Henry & Lima (2012) and Wan & Gut (2011), schools 
and teachers should focus on offering new opportunities to develop 21st 
century skills to promote innovative learning methods that integrate the 
use of technologies, experiential approaches and high order cognitive 
skills. There are authors who claim that a set of 12- key 21st century 
skills have improved significantly with the use of CBL, including leader-
ship, creativity, problem solving, critical thinking, flexibility and adapt-
ability (Johnson & Adams, 2011). In addition, it can also contribute to 
stimulate decision making, collaboration, and communication (Educase, 
2012; Gibson et al., 2017).

CBL APPLIED TO SOFTWARE DEVELOPMENT

The different areas of knowledge continuously demand profession-
als with experience in software development, making professionals who 
are already employed need technical training in this area and, in paral-
lel, many universities have readjusted their curricula in order to include 
content in the area of   ICT (Information and Computer Technology) due 
to the fact that technology permeates these areas. On the other hand, 
the current scenario presented by Gallindo (2019) shows that Brazil, be-
tween the years 2019 and 2024, has trained and should train approx-
imately 46 thousand professionals per year, with a market demand of 
around 70 thousand professionals per year, as shown in Figure 3. There-
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fore, if nothing is done and this scenario remains as planned, the area 
that depends on ICT professionals will have a deficit of approximately 
260 thousand professionals.

Figure 3. Demand for Jobs and Supply of Technological Profile Professionals.

Source: Gallindo, Sergio Paulo (2019). Educational Training and Employability in ICT Findings and Recommendations. 
Intelligence and Information Report BRI2-2019-010 v81. August, 2019. Retrieved on February 14, 2020 from https://
brasscom.org.br/estudo-brasscom-formacao-educacional-e-empregabilidade-em-tic-achados-e-recomendacoes/

Still based on the research carried out by Gallindo (2019), in Bra-
zil, in 2017, face-to-face courses in the ICT area offered 381,461 places 
between public and private universities and registered 785,687 enroll-
ments, however, as can be seen in Figure 4, only 32% of vacancies are 
actually filled, only 10% graduate and only 5% are employed. It is im-
portant to note that the total number of vacancies is the sum of tech-
nological courses and bachelor’s degrees in the country. Based on this 
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reality, it is possible to notice that Brazil needs to improve the training 
process, seeking a better use of the vacancies offered.

Figure 4. On-site training in ICT in higher education in 2017.

Source: Gallindo, Sergio Paulo (2019). Educational Training and Employability in ICT Findings and Recommendations. 
Intelligence and Information Report BRI2-2019-010 v81. August, 2019. Retrieved on February 14, 2020 from https://
brasscom.org.br/estudo-brasscom-formacao-educacional-e-empregabilidade-em-tic-achados-e-recomendacoes/

According to a study by Boerhannoeddin et al.(2017) with compa-
nies in Malaysia, employee training proved to be more effective when 
working with the so-called soft skills, that is, social skills that allow pro-
fessionals to obtain a better result in the company’s daily routine. For 
example, salespeople who have ease for making friends usually have 
better results, as this skill helps you to perform your daily duties in the 
company.
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It is possible to notice that the curricula of courses offered by uni-
versities are mostly based on technical/scientific training with a focus 
on the so-called hard skills, as they are professional skills that are easy 
to observe and measure, however, if the focus of teaching is only in this 
type of skills students/employees will be trained to perform task-orient-
ed functions, without relationship and initiative skills (Boerhannoeddin 
et al., 2017). In addition, one of the problems observed in the workplace 
is the difficulty that many employees have in transferring the acquired 
knowledge to their daily work.

In this context, there is an initiative by some higher education insti-
tutions to make use of the Challenge Based Learning (CBL) methodology as a 
transformation tool (Nicholls, 2018; Santos et al., 2015). As presented in the 
previous section, CBL allows students to work on projects of personal interest 
and, together with the mentor, to learn concepts and develop attitudes and 
skills needed for the implementation of the solution found.

CBL, as a methodology based on documentation, reflection and 
sharing, allows those involved in research to work on real world prob-
lems, training their professional skills (hard skills), but also creates an 
environment conducive to the development of social skills (soft skills) 
(Johnson & Adams, 2011; Educase, 2012; Gibson et al., 2017).

When it comes to training students to develop applications, the use 
of CBL allows mentors to present situations that go beyond the code. 
Showing students of computing courses that the concern with the inter-
face and usability are important technical items opens up a space that 
has not been much explored in this area before. As it is a real challenge, 
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students need, during all phases of CBL, to talk to their target audience 
and discuss with their colleagues before coding. In addition, at the end 
of the process, it is necessary to present the results to the world, anoth-
er challenge that involves social skills (Educase, 2012).

CONCLUSION

An analysis of educational methods throughout history shows that 
creativity has been a characteristic that boosts teachers around the 
world in an attempt to create classes with deep and personalized mean-
ing for their students, which causes a positive transformation in the indi-
vidual journey of each student.

“Currently, many educators look after understanding 
and responding to the challenges of education consider-
ing only the elements of contemporary times. In a time 
of crisis and transformation, not only in the political and 
social spheres but also in the scientific and pedagogical 
spheres, the teaching processes aim to make learning 
possible for all. The multiplicity of subjects, knowledge, 
spaces and times cannot be secondary to school prac-
tices. “ (Lancanalho et al., 2007)

Thinking about the present, considering the needs of current stu-
dents is a rich and necessary practice for updating educational methods. 
However, in order to be able to draw a consistent future, it is necessary 
to analyze all the path that has been taken so far, retaining positive prac-
tices and learning from negative results.
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Lancanalho et al. (2007) affirms that it is necessary, at first, to un-
derstand Didactics without marginalizing it from other contexts. Educa-
tional processes are the product of a series of contexts that range from 
socioeconomic and political transformations to the state of the art of 
technology.

Therefore, teaching-learning methods need to be analyzed from a 
historical perspective, in order to avoid prejudices and misconceptions 
about their real effectiveness. When educational practices focus on 
teaching in technology, another factor is added, which is training for the 
labor market. It is very important that students of higher education in 
technological courses or even undergraduate courses in the technolog-
ical area, be trained so that they can, in industry or academia, continue 
to update the technology, once it is the target of their studies.

In this context, teaching practices are closely related to the orga-
nizational models of technology companies. The job market requires a 
very specific qualification from its future employees and requires the 
University to prepare the students for it.

The technology education journey therefore presents a transforma-
tion that aims to ensure that interpersonal relationships to have meaning 
and produce artifacts that can be commercialized in the future. Accord-
ing to Kim (2018), the subjectivity of interrelationships between teach-
ers and students promotes intentionality and conceptual significance, 
interfering in the teacher’s performance in the classroom. Hence, it is 
clear that the educational methods have been updated in order to take 
the teacher out of the classroom and put him in a position of mentoring 
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the students’ individual process and, along with it, the active methodol-
ogies look for student leadership.

When compared with the evolution of the organization of technol-
ogy companies, it is possible to notice the connection of these educa-
tional techniques with the emergence of startups. According to Longhi 
(2011), startups are small companies usually set up at home or in college 
that receive small capital contributions. It is clear, therefore, that the 
coexistence of a business model centered on a small group of entre-
preneurs and a theoretical and teacher-centered teaching methodology 
would be an unviable combination.

Since the end of the 90s and the beginning of the 2000s, both ac-
ademia and industry have turned, then, to an action/learning model 
aimed at the individual and their relationships in a creative microenvi-
ronment that pursues to achieve a more visible and acceptance macro. 
Then, it is possible to note a cohesion between the active methods that 
seek space in the educational scenario and the creative business models 
that guarantee their acceptance in the industry. 

Over the years, it was realized that the boom of startups would not 
be sustainable for a long time without a coherent organization and a 
good relationship with large companies. Likewise, active methodologies 
needed to be refined to balance the traditional content and the forma-
tion of skills for the 21st century professional. This journey then passed 
from its initial point of breaking barriers of traditionalism and seeks its 
normalization in the international context, ensuring the quality of stu-
dents/professionals trained around the world.
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INTRODUCTION

Limitations in performing daily activities characterize the Intellec-
tual Disability (ID) due to low intellectual functioning and the environ-
ment to which the individual, whether child or adult, is inserted (DSM-
5, 2014). The American Association on Mental Retardation, in its 10th 
edition, proposes an ecological view of ID in which, dynamically, should 
relate to people, environment and available support systems (Dias & Ol-
iveira, 2013). According to the American Psychiatric Association (APA), 
ID is characterized by a reduction in overall intellectual function, associ-
ated with limitations in, at least, one area of   adaptive, conceptual, social 
and practical behavior, and should occur under the age of 18. Another 
way commonly used to classify the cognitive profile is to use measures 
of intelligence quotient, as follows: mild (IQ 50-70), moderate (IQ 35 to 
50), severe (IQ 20 to 35) and profound (IQ less than 20).
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For this group of people, limitations in practical, social and emotion-
al skills can be found, besides a impairment to communication, self-care, 
social interaction, health and safety, which can permeate academic, lei-
sure and/or work situations. However, possibilities to develop their po-
tential using different strategies for learning) are real (Santos, 2012).

Digital and electronic games have been shown effective tools to as-
sist in learning, encouraging playfulness and developing cognitive skills 
(Faria, 2019; Feurstein, 2014). Affordable digital games have interactive 
features that facilitate access for disabled users. Digital games are con-
sidered inducers of positive effects in the learning acquisition due to 
their playful nature (Vereenooghe et al., 2016). However, more research 
is needed to sustain the adequacy of these games in order to train users 
with various disabilities (Börjesson et al., 2015; Britto & Pissaloto, 2016; 
Martins, Amato & Eliseo, 2018).

Throughout this chapter, some games are shown that may be im-
portant for cognitive support in the teaching and learning process of 
people with ID. A preliminary study, conducted with experts who serve 
people with ID, allowed eliciting requirements that must be prioritized in 
the digital games when they are for children with ID.

A preliminary survey showed that games developed in Brazil for chil-
dren with ID tend to emphasize the teaching-learning process. However, 
their creators argue that such technologies may develop the cognitive 
functions, may help in memorizing and perception of users; in fact, there 
are not precise about potential characteristics that can be attributed to 
disability. 
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INTELLECTUAL DISABILITY 

According to the American Association on Intellectual and Develop-
mental Disabilities (AAIDD), Intellectual Disability (ID) is characterized as 
a limitation in performing daily activities due to intellectual functioning 
below the average of the population, limitation on adaptive behavior, 
which includes conceptualization skills (verbal and written language), 
and social practices, beginning under the age of 18. It is also charac-
terized by a significantly reduced ability to understand new or complex 
information and to develop new skills (Guilhoto, 2011).

Cognitive impairment is characterized by a significant limitation 
of intellectual functioning and adaptive behavior before 18 years old. 
According to the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5, 2014), cognitive impairment can be classified into mild, moder-
ate, severe and profound, depending on the gravity of the impairments. 
It occurs alone or associated with the presence of malformations/dys-
morphic and affects about 1 to 3% of the population. The causes may be 
related to prenatal (genetic abnormalities, exposure to toxins or terato-
genic, congenital infections, et so on), perinatal (prematurity, hypoxia, 
infection, trauma, intracranial hemorrhage, et so on) or postnatal (trau-
ma, Central Nervous System (CNS) hemorrhage, intracranial infection, 
CNS tumor, et so on.). However, the etiology is only identified in about 
50% of cases (Ribeiro & Freitas, 2019).

According to the World Health Organization (WHO, 2020), the 
health conditions (diseases, disorders, injuries, et so on.) are classified 
primarily in ICD-11, which uses the term “disorders of intellectual devel-
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opment.” In ICD-11, there are four subtypes: mild, moderate, severe and 
profound. It can also be classified as unspecified when there is evidence 
of cognitive impairment, but there is insufficient information to desig-
nate the category itself.

A breakthrough for disability issues in Brazil was the alteration 
of the medical model to the social model, which enlightens that the 
limiting factor is how the individual is located and not the disability 
itself, referring us to the International Classification Features (ICF). 
Such an approach makes it clear that the deficiencies do not, nec-
essarily, indicate the presence of a disease or that the individual 
should be considered ill. Thus, the lack of access to goods and ser-
vices should be addressed collectively and with structuring public 
policies for the equalization of opportunities (Convention on the 
Rights of Persons with Disabilities, 2010).

The Federal Government launched, in 2012, the “Live without lim-
it” - National Plan of Rights of Persons with Disabilities – because of a 
firm political commitment to full citizenship of people with disabilities 
in Brazil (BRAZIL, 2020). Opportunities, rights and citizenship for all peo-
ple are targets to which the Plan is dedicated to. Solutions in products 
and services are also encouraged by the Brazilian government, through 
fiscal and financial incentives for the development of products that help 
people with disabilities to improve their quality of life and provide them 
mobility and accessibility.
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HOW IS ID DIAGNOSED? 

According to Guilhoto (2011), ID causes are primarily organic as 
genetic disorders such as malfunction of a single gene, chromosomal 
abnormalities such as trisomy 21, among others; pregnancy problems 
induced by drug problems, by alcohol, by toxic, by viruses, by malnutri-
tion of the fetus, among others; problems arising during delivery or in 
the first years of life (such as infections); diseases contracted in the first 
year of life, such as meningitis, lead exposure, continued ingestion of 
products containing lead, anemia due to iron deficiency. Guilhoto (2011) 
states that ID or cognitive delay is diagnosed by observing: 

a) the ability of the person’s brain to learn, think, solve problems, to 
make sense of the world, a world intelligence around them (this ability 
is called cognitive functioning or intellectual functioning);

b) necessary competence to live with autonomy and independence in 
the community in which one is inserted (this competence is also called 
adaptive behavior or adaptive functioning).

While the diagnosis of cognitive functioning is usually performed 
by qualified technicians (psychologists, neurologists, speech therapists, 
et so on.), the adaptive functioning should be object of observation and 
analysis by the family, by parents and by educators who are close to the 
child.

A field relevant to complement the assessment of children suspect-
ed of ID is the verification of emotional and behavioral problems. This 
check is widely used in the psychodiagnostic assessment of children and 
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adolescents with ID, but is not always used to support ratings of adaptive 
functioning indicators in social and practical domains. In Brazil, there are 
several instruments with adequate psychometric properties that evaluate 
these behavior problems, such as, Aberrant Behavior Checklist and Behav-
ior Problems Inventory beyond ASEBA inventories (Teixeira et al., 2018).

Clinically, the ID can be classified as mild, moderate, severe and pro-
found, and these defined levels are primarily based on adaptive func-
tioning and not necessarily in psychometric tests, which may be insuf-
ficient for reasoning assessment in real-life situations and domaining of 
practical tasks (APA, 2014).

To diagnose ID, professionals study the mental abilities of the indi-
vidual and its adaptive skills. These two aspects are part of the definition 
of typical cognitive delay to most scientists who are dedicated to the 
study of ID.

 ID COGNITIVE IMPAIRMENT 

According to Feurstein (2014) and Britto & Freitas (2019), cognitive 
development is widely linked to human development for learning in 
educational contexts and other skills throughout life. The authors state 
that it is possible the cognitive development, but some barriers may hin-
der the people development with moderate and severe commitment, 
they are:

a) Etiological barrier: the cause of deficits or dysfunction. The etiology 
term refers to a wide variety of causes. Some of these causes are or-
ganic and originate in human biological structure, and they are con-
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sidered responsible for malfunctioning (including many cognitive by 
nature). It is assumed that these barriers were invincible obstacles, 
and that brain damage was irreparable.

b) Age barrier: age at which the barrier has been identified and the inter-
vention started. It was believed that if a person did not reach certain 
functions, for example, the development of language, reading, or fo-
rward-thinking functions, until a certain age, the skill needed for adap-
tation and the behaviors that will enable the operation are unlikely to 
be modified. The option given to humans to develop themselves was 
limited by time and “if time went by”, there would be more possibili-
ties to change. There is a natural acceptance in the decline of skills or 
limited potential of changes in the functions after the passage of the 
critical period. Human beings are modifiable throughout their lives. It 
extends beyond purely physiological developments.

c) Barrier produced by the severity of the individual condition. There are 
severe multiple disabilities - physical, sensory and mental - that ques-
tion the changeability of a person. There are reports of many cases 
where people with severe disabilities have developed skills such as 
reading, writing and using the computer. This means we can no longer 
be satisfied with theoretical assumptions about changeability. There 
must be a willingness to overcome barriers and then the change op-
tion can be realized and can become a reality.

The most severe impairments in physical, sensory and mental condi-
tions may hinder the chances of the transformation of a person. Howev-
er, we can not say for sure that this is impossible. We can not be content 
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with theoretical assumptions, because as Feuerstein (2014), it is also re-
quired a need, an involvement and a commitment to help the other to 
achieve a quality of life, and this mediation, will make all the difference 
in the development of the individual in these conditions.

ID TREATMENT

According to Guilhoto (2011), there are not drugs that promote “ 
the healing” of the ID, but medications are often used for conditions that 
may or may not be associated, such as epileptic seizures, or psychiatric 
disorders such as depression, anxiety, psychosis and behavior changes 
that compromise the individual integration into family and society.

Stimulation proposal from techniques accepted by the child is car-
ried out for the development of specific functions that are outdated in 
children affected by the disability (Rodrigues, 2009). Thus, after an initial 
assessment that determines the time of development in which the child 
is, both the child’s needs and the program in which he must be submit-
ted are settled.

Professionals with different backgrounds can contribute and should 
participate in treatment, depending on the degree of impairment, of 
damages and of the goals that were set for enhancing the development. 
The sooner an intervention is started, the better the prognosis. In dif-
ferent phases of a person living with ID, the participation of physiother-
apists, occupational therapists, speech therapists, doctors of various 
specialties, psychologists, educators and/or other professionals may be 
relevant (Schwartzman & Lederman, 2017).
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ID PEOPLE WITH LEARNING DISABILITIES

As Rodrigues (2009), students who have trouble in concentrating 
need an organized space, routine, logical activities and rules. There are 
three main problems: lack of concentration, barriers in communication 
and interaction, and less capacity to understand the logic of the oper-
ation of the language as they do   not understand the written represen-
tation or require a different learning system. Ideally, the activities have 
a practical and instrumental beginning. It is also essential to adapt the 
proposal to the biological age of the person, using for an adult fewer 
children’s themes. The task must start as easy as it is necessary to realize 
that he can run it, but always with some challenge.

In addition to the problems faced by the person with cognitive issues, 
there are physical issues that, when they take part in the diagnosis, they 
also influence the learning process. Blascovi-Assis et al. (2018) present 
studies that evaluate the motor characteristics of people with Down Syn-
drome (DS) and report significant motor changes. However, the causes 
of this finding may be related to some peculiarities presented in the syn-
drome, such as the anatomy of the hand, which are small and thick, with 
short fingers, which can lead to differentiation in manipulative functions 
and affect grip strength. The DS is a genetic change that occurs at concep-
tion in chromosome cells. There is no scientific explanation for why this 
change occurs, but the limitations imposed by this syndrome are known 
and include motor, sensory and cognitive/intellectual difficulties.

 In another study by Neves (2019), on the use of digital tools, time-
use activities with digital tools can lead to fatigue, just by the physical 
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and the mental effort that people with ID need to provide for carrying 
out tasks lasting more than an hour.

DIGITAL EDUCATIONAL TOOLS FOR ID PEOPLE 

New technological features favor the functional development of 
people with disabilities, such as assistive technologies (Vereenooghe et 
al., 2016; Rose et al., 2005). Some of the assistive technologies that peo-
ple with disabilities use in different activities in their daily lives are: com-
puters, tablets, mobile devices, electric or manual wheelchairs, canes, 
walkers, screen readers, hearing aids, among others. Some of these fea-
tures can help people diagnosed with ID to access to digital information, 
such as communication boards, screen readers and voice commands 
(Vereenooghe et al., 2016).

People with ID forget the concepts very quickly and the learning 
process becomes complicated, making the use of teaching-learning 
applications useful to help the process of literacy and development of 
some cognitive abilities such as memory and laterality. In this context, 
digital games, have proven practical tools to assist learning, to stimu-
late playfulness and to the development of motor and cognitive abili-
ties (Vereenooghe et al., 2016; De Paula et al., 2016). Digital games are 
considered to have positive effects of inducing the acquisition of learn-
ing because of its playful and involving nature. However, more research 
is needed to sustain the adequacy of these games to train people with 
learning ID (Börjesson et al.,2015; Britto & Pissolato, 2016; Martins et 
al., 2018).
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Although there are few applications developed specifically for peo-
ple with ID, digital games are essential tools to assist the teaching and 
learning process and developing cognitive skills. A digital game devel-
oped to assist the process of literacy of a typical child, for example, can 
be used by an atypical child since the proposal of the game is accessible 
to him.

Whereas the subject with intellectual diversity presents difficulties 
in assimilating abstract content, it is necessary to use concrete learning 
materials, and of methodological strategies for this student to develop 
his cognitive skills and to facilitate his knowledge construction (Martins 
et al., 2018). 

INTERVIEWS WITH ID EXPERTS

In an exploratory survey conducted by Neves (2016), interviews 
were conducted with five health professionals work with people with ID, 
aiming to identify important features related to digital tools, specifically 
for this population. Below the main parts of the reports of these inter-
views are highlighted.

A) Occupational Therapist: one tool developed specifically for this au-
dience should consider some specifics learn mode in these people, 
such as slower pace of understanding and establishing cognitive re-
lations among the available information, lower readiness in respon-
se, learning generalization difficulties. It is essential to provide a large 
number of different situations involving the same cognitive skills that 
are being stimulated.
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B) Medical coordinator from an institution serving people with ID: te-
chnological resources can be tailored to a specific individual or group 
difficulties because even these individuals having a slower develop-
ment, similar in some steps to younger people, there is often a disparity 
in the difficult levels, for example, increased either in the visual-cons-
tructive sphere, or memory, or abstraction, or coordination, and so on.

C) Speech Therapists: considering the low investment in research and 
studies focusing on ID; the digital tools, are mostly developed for peo-
ple without disabilities, and may or may not be used with people with 
ID. However, it is essential to consider that the tools must meet the 
prospect of universal design, currently valued. This approach consists 
of stimulating the construction of resources, materials, instruments 
that may be used by many different groups with or without disabili-
ties. Thus, these tools have a broad usage profile in assisting from the 
typical population to those with physical, sensory, intellectual disabili-
ties, among others. This is possible since that it depends on careful ob-
servation on the need for possible adaptations (for example, for pro-
per use of the mouse for possible fine motor disability) aiming to use 
the tool in its entirety. Another essential aspect of being considered is 
still in the attention to concrete and abstract aspects of the selected 
content to compose the tool. Too much abstract content may hinder 
the understanding, by the user with ID, of what we expect him to do, 
the activity goals, the achieved targets. The focus on more concrete 
aspects, with closer everyday situations of these users, increases the 
chances of achieving positive results. 



99

D) Speech Therapists: a tool with more playfulness, like letters and 
appropriate images, would help to develop and to work skills that are 
more difficult for the ID public to understand and to assimilate.

E) Pedagogue: digital games are possible and necessary, since most of 
the proposed activities in popular games for any public, lead special 
people to frustrate themselves for, in a given situation, even not un-
derstanding what they are asked to do. Interestingly, it should be a 
tool directed to a particular audience, and, in that, the language, the 
speech, and the results should be consistent with the cognitive skills 
of people with ID.

Within the needs presented by the experts, there are applications and 
games for people with ID. Some of the features presented were included 
as requirements in the development of the software presented below. 

REQUIREMENTS OF GAMES AND APPLICATIONS FOR ID

Based on interviews with experts on the development of games for 
people with ID, the following characteristics were identified:

To present a slower pace when presenting the game information;

To offer lower readiness in response;

To contain some different situations to train similar skills;

To allow adaptation of difficulty levels;

To allow adaptation of different interaction devices (mouse, keyboard et 
so on);

To present concepts and playful situations closer to daily life. 
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EDUCATIONAL DIGITAL TOOLS WITH POTENTIAL FOR PEOPLE WITH ID 

Some digital educational tools found on a search based on the re-
quirements presented, have the potential of being used with people 
with ID. The digital games are presented below. However, there are no 
reports of scientific evidence that the technologies presented helped in 
the cognitive development of the people who used them, particularly 
people with an ID diagnosis.

Jecripe

Jecripe (Figure 1) is a game created to serve children with ID. The 
Jecripe activities are progressive and stimulate perception, logic and 
motor skills of children in actions such as moving, clicking and dragging 
objects with the mouse. The Jecripe brings an intentof imitation of what 
makes the main character, Betinho, which has features of a child with 
DS, to increase the identification with the player.

Figure 1. Jecripe game screens
Source: https://jecripe.wordpress.com/

Cognitive skills stimulated by the Jecripe game are divided into four 
different activities: a) beach view from the window for training memo-
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ry and attention; b) beach bag for training attention; c) sand beach for 
working the attention and phonological awareness; d) aunt Ina ranch for 
working memory, attention and phonological awareness.

Sacdi

Sacdi (Figure 2) is an educational application developed by researchers 
from the University of Rio Grande do Norte, with the aim of helping the 
process of literacy of children with intellectual disabilities, especially 
children served in multifunctional resource rooms in schools.

Figura 2. Screens of the App Sacdi  
Source: Paradeda & Silva (2013)
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The application offers two options after the login screen: the stu-
dent and the teacher. In the Student option, after selecting the “Litera-
cy” button, the user starts literacy activities. In the example in figure 2, 
two activities that work with letters and syllables were made available. 
The activity called “What letter do you start with?”, Presents a figure and 
the word corresponding to this figure without the first letter, where the 
user must choose among the options the letter that completes the word.

Papado

Papado (Figure 3) is an educational software created by the Cen-
ter for Education and Culture of the Federal University of Amapá. The 
software uses resources and services of assistive technologies, aimed 
at children with DS. It emerges as an educational tool for promoting the 
learning of the child for the 1st grade of elementary school through sym-
metry, colors, figures, ordinality, set, quantity, addition and subtraction 
features.

Figure 3. Papado game scre 

Source: http://educacaoinclusiva-entic-ufal.blogspot.com/2014/11/software-educacional-papado-o-software.html
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The development of this educational software was made based on 
the usual activities performed by teachers with students in their class-
rooms. The software has computer screens rather simple, like figures, 
colors and shapes that emphasize a playful intent to encourage the 
development of logical-mathematical reasoning and decision-making 
through the multimedia resources, which enables children to acquire 
knowledge in a fun and interactive way.

My ABC Down

“My ABC DOWN” (Figure 4) is an application for the Android mobile 
platform. The application assists in literacy and alphabetization process-
es aimed at reducing the impact imposed by disability, taking into ac-
count the specificities of this target audience for both the characteriza-
tion tool and the definition of its functionality. The application “My ABC 
DOWN” allows you to associate the letters with audio (sounds produced 
by children), images (captured by the children for the tablet’s camera) 
and the corresponding text to the name of the “object”. It has also games 
to improve exercise memory and motor coordination.
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Figure 4. My ABC DOWN game screens
Source: https://repositorio.ufpb.br/jspui/handle/123456789/3354

The keyboard is more extensive (to accommodate mobility limita-
tions) than the common one, has sound for all keys (to stimulate speech and 
language) and follows the alphabetical order ABCDEF (suitable for the literacy 
period), it does not offer the QWERTY format, common in tablets. All these 
requirements are taken as the application differential, compared to games al-
ready presented, as there are features that are best suited to the accessibility 
difficulties of a person with DS.
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Participar 2

Participar 2 (Figure 5) is a tool to support the teacher in the student 
literacy process with people with ID. It collaborates with digital inclusion 
as it brings the ID student closer to a computer.

 

Figure 5. Participar 2 game screens

Source: Costa (2015)

The objective of the Participar 2 game is to make the student have 
greater comfortability with technology, using the program. The more 
technology is used as a literacy tool, the more the concept of digital in-
clusion is gaining space so that the technology learning process will be 
natural.
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FINAL CONSIDERATIONS 

If the person with diversity knows very little about the skills from 
those people who have no limitations, the opposite is also a reality. The 
behavior and physical and cognitive abilities of an individual diagnosed 
with Down Syndrome or Autism are different from the individual’s be-
havior diagnosed with Fragile-X syndrome, for example. Besides the 
features of the disorders and syndrome diagnosis, there is also the as-
sessment of cognitive impairment. People diagnosed with ID with mild 
impairment can interact with games that are designed for typical people 
without disabilities. Adults with mild impairment, even if they are not 
literate, can interact with games that are intuitive and have a good GUI 
(graphical user interface). The biological age (children and adults) should 
also be taken into account, as adolescents and adults with mild impair-
ment do not appreciate infantilized games.

There is a significant evolution in the development of tools for ac-
cessibility, such as screen readers and voice synthesizers for people with 
disabilities, software in sign language for deaf and adaptive software for 
disabled people. On the other hand, there are still segments, such as ID, 
where there were not found references and studies related to the use of 
technology to evidence in the assistance to cognitive development, but 
a stimulus. Therefore, it is common the applications are being used by 
people with disabilities, even the software is not explicitly designed for 
them, especially in the teaching-learning approach.

Creating software for people with special needs still requires further 
research for the limitations understanding and impact, user experienc-
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es and studies of interaction design, applying concepts of usability and 
accessibility. Taking out all the barriers imposed by disability, the learn-
ing content should be presented by the digital tool, being for software 
engineers and software manufacturers the same challenge faced by a 
teacher, who seeks appropriate methodologies in a classroom where the 
limitations of disability are the main barriers to the teaching-learning 
process.
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INTRODUCTION

Language development accompanies and interacts with a series of 
cognitive changes in an interdependent relationship. Working memory 
(WM) is a system involved in the temporary storage and manipulation of 
verbal and non-verbal information and its functioning is closely related 
to language development at different levels such as vocabulary acquisi-
tion, foreign language learning, comprehension of sentences and texts 
and learning to read and write. In this chapter, we aim to present the 
technique of functional near-infrared spectroscopy (fNIRS) as a potential 
tool to identify neural correlates of WM development in children aged 7 
to 11 years at different stages of the literacy acquisition. We organized 
the chapter into four sections: in the first, we present the phases of ac-
quisition of reading and writing in typical development and an overview 
of how the characteristics of the Portuguese writing system influences 
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learning of reading and writing by children; in the second, we introduce 
the concept of WM and its relationship with the development of oral 
and written language; next, we present the neural correlates of this sys-
tem from structural and functional magnetic resonance studies and in 
the last, our experience in the use of functional near-infrared spectros-
copy to evaluate WM, as well as the advantages of this neuroimaging 
technique for studies in scholars.

CHARACTERISTICS OF WRITING SYSTEMS AND PHASES OF 
DEVELOPMENT OF READING AND SPELLING 

 It is known that writing systems have an influence on reading. We have 
systems in which graphic symbols (graphemes or characters) represent 
words or concepts (logographic systems), others in which such symbols 
represent  syllables  (syllabary)  and,  finally,  those  in  which  graphemes 
represent phonemes, such as the alphabetical system. In the alphabetical 
system there is also great variation between languages, with more regular, 
or  transparente,  systems,  such as Portuguese, and more  irregular ones, 
with more ambiguities and exceptions, such as English. Graphemes are 
graphical representations of language’s phonemes, while phonemes are 
the smallest units of sound capable of distinguishing between meanings 
in a language: for example, <foca> and <toca> have different meanings 
in Portuguese depending on the distinction marked by the phonemes <t > 
and <f>. Graphemes do not correspond to letters, since we can have a set 
of letters representing a single phoneme. This means, for instance, that in 
<bola> we have 4 graphemes (representing 4 phonemes) and 4 letters, 
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on the other hand in <carro> we have 5 letters and only 4 graphemes 
and 4 phonemes (“rr” represents a single grapheme / phoneme). In this 
sense, when a system is more transparent in his word’s phonology, the 
regularity in the grapheme-phoneme conversion is greater, while, in less 
transparent systems, this conversion is less regular.

A word is considered irregular for reading when, through the ap-
plication of conversion rules, we are unable to come up with a single 
pronunciation, as in <táxi> and <tóxico>. We say that Portuguese is a 
system of medium transparency for reading because we have only three 
situations in which the application of conversion rules can generate dif-
ferent phonological representations: the phonemes represented by the 
graphemes <e> and <o> in paroxytonic words, which can have different 
pronunciations (E.g.: <mescla> vs <mesmo>; <foca> vs <fogo>) and the 
grapheme <x> that can represent different phonemes (E.g.: <exame> 
vs <máximo> vs <táxi> vs <enxurrada>). Another important feature of 
Portuguese is the simpler syllabic structure, compared to other systems 
such as English. These considerations about writing systems are relevant 
since lower transparency for phonology and greater syllabic complexity 
mean a slower acquisition of reading and writing by children (Seymour, 
Aro, & Erskine, 2003).

The reader, when faced with a word never read, may use some strat-
egies, such as decoding, analogy or prediction to read it. In decoding, he 
uses his knowledge of an orthographic system to convert graphemes into 
phonemes and to unite them in a familiar way. When using analogy, the 
reader searches for known patterns in the unknown word, as in <trilha> 
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recognizing <ilha> and from there, combine the pronunciation of the 
known word, with the phonemes represented by the remaining graph-
emes to be able to pronounce the word. In the prediction strategy, the 
reader uses the context, figures, close words in the sentence and part of 
the known letters to predict the unknown word. However, by storing the 
pronunciation of words in long-term memory, children start to recognize 
these words automatically, accessing their pronunciation and meaning, 
as long as they have practiced enough. As a result, the decoding strate-
gies mentioned start to be in the background, being used only when the 
child is faced with a new word or a word read with less frequently. In this 
phase of the reading acquisition process, when there is more fluency 
and automaticity for word recognition, there is a progressive decrease in 
the cognitive effort for reading, since, instead of individual graphemes, 
the reader starts to identify words as whole elements. This ability to 
read automatically by accessing long-term memory makes reading more 
fluid, besides providing a focus on the meaning of the text and not on 
the decoding of each word (Pollatsek & Treiman, 2015).

However, this type of more dynamic reading occurs only in more 
experienced readers, since the child at the beginning of the literacy pro-
cess needs individual grapheme-phoneme decoding. Children’s progress 
in reading development is explained by the four-phase theory proposed 
by Ehri (2005): pre alphabetic, partial alphabetic, full alphabetic and 
consolidated alphabetic. These phases reflect the child’s level of knowl-
edge of grapheme-phoneme conversion, using memory and gradually 
moving from the least elaborated to the most sophisticated. In the initial 
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pre alphabetic phase, the child deals with words like drawings or images, 
memorizing their meaning from the pictorial visual elements. In the next 
phase, the partial alphabetic, the child begins to associate letters with 
sounds and to make the conversion in a limited way. As it progresses and 
reaches the full alphabetic phase, this conversion becomes a familiar 
tool, but reading still occurs imperfectly, especially in irregular words. 
Finally, upon reaching the consolidated alphabetic phase, conversions 
become fluent and intensified, including syllables and morphemes (the 
smallest linguistic unit with meaning). During each of these phases, re-
gardless of chronological or school age, strategies vary as the child’s au-
tomation and orthographic knowledge progress (Pollatsek & Treiman, 
2015).

With regard to writing, this task can be more complex than reading 
(Mommers, 1987), it’s acquired later, in part due to the need for some 
prerequisites, such as having the spelling of the whole word in memory, 
having mastery of graph-phoneme conversion rules and have resourc-
es in WM to maintain the sequence of graphemes and letters, until its 
graphic production is complete, which is a slower process than the visual 
processing required for reading. As we mentioned for reading, transpar-
ency for phonology has considerable relevance in many languages, since 
the correspondence between the written form and the sound can vary 
between languages. The spelling brings information about the origins 
of words (influence of one language in another) and the oral language 
changes more quickly than the written one, which can generate more 
ambiguities and irregularities. In this sense, the child needs to realize 
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that the act of writing implies not only conversion, but also access to 
long-term memory to resolve ambiguities (Pollatsek & Treiman, 2015).

Despite some variations, there are also stages of development of 
writing, analogous to those of reading. According to Ehri (1997), in the 
first phase, the pre-phonologic, the child understands that words are 
made of letters, but the letters chosen may not be related to the pronun-
ciation of the word, such as writing <ABTOPM> for the word <GIRAFA>. 
As more alphabetic knowledge is acquired, the child begins to under-
stand that, in addition to being formed by letters, written words repre-
sent spoken words, and that, thus, letters form the sounds that make up 
those words. This moment marks the partial alphabetic stage, or semi 
phonetic stage, in which the letter-sound conversion is still incomplete, 
and the child can write strings such as <GRF> to <GIRAFA>, representing 
just some of the phonemes of the word. Then the child starts to produce 
more elaborate words reaching the full alphabetic or phonetic stage, in 
which the word <GIRAFA> can now be spelled <JIRAFA>, expressing the 
phonemes through graphemes in a way closer to the correct spelling 
and demonstrating the child’s effort to represent his knowledge of let-
ters and the way he hears words. When advancing and overcoming pho-
nological principles, the consolidated alphabetical phase represents the 
knowledge of the structure of words, prefixes, suffixes, silent letters etc.

The success in reaching the advanced stages makes the child a com-
petent reader and writer and encompasses a series of cognitive changes 
related not only to language processing, awareness of phonological rep-
resentations and formation of orthographic lexicons (memory of words 
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written for global reading and for written production), but also in mem-
ory systems and executive functions, since the increase in efficiency in 
these systems is closely related to language development. The acquisi-
tion of reading and writing requires efficiency of the memory systems 
just as literacy also shapes and promotes the development of memory, 
mainly of verbal WM (Demoulin & Kolinsky, 2016).

THE WORKING MEMORY AND ITS RELATIONSHIP WITH 
LANGUAGE AND ACQUISITION OF READING AND WRITING

WM has been conceptualized in several theoretical and experimen-
tal models (for a review on the various models, see Miyake & Shah, 1999), 
but one of the most cited models in the literature is the multiple compo-
nent model by Baddeley and Hitch (1974), Baddeley (2010). The multi-
ple component model proposes the existence of several domain-specific 
“slave” subsystems responsible for the temporary storage (in the order 
of a few seconds) of limited amounts of information (phonological, vi-
suospatial and multimodal) that are controlled by the central executive, 
a limited system in terms of attention that selects and manipulates the 
material stored in these subsystems, serving as a attentional controller 
or manager that commands the entire system (Baddeley, 2015; Gather-
cole, 1999). One of the “slave” components is called a phonological loop 
and is responsible for the temporary storage of acoustic sequences or 
speech-based items (Baddeley, 2015). The phonological loop is assumed 
to have two subcomponents, a short-term memory storage (phonologi-
cal buffer), and an articulatory rehearsal process that can be performed 
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openly (out loud) or covertly (subvocal) (Baddeley, 2015). Storage is as-
sumed to have limited capacity, with items recorded as memory traces 
decaying within a few seconds (Baddeley, 2015). However, the traces 
can be kept longer by the rehearsal, i.e., telling the items to themselves, 
which depends on a vocal or subvocal articulatory process (Baddeley, 
2015). 

Studies have shown that phonological loop performance can be im-
paired by two widely investigated factors: the effect of phonological sim-
ilarity and the effect of word length. The similarity effect corresponds to 
a worse performance when the words are phonologically similar (for ex-
ample, memorizing in sequence items such as < eight, great, weigh, wait 
> is more complex than when the words are phonologically different, 
such as the sequence < cap, school, ceiling, mild >. The other effect that 
can impair the performance of the phonological loop is the length of the 
word. This effect is defined by the finding that the memory capacity is 
lower for words which take longer to be spoken than for those that take 
less time (Eysenck & Keane, 2010).

As a slave system, phonological WM is well documented as a cog-
nitive ability that mediates the total variation related to performance in 
various complex cognitive activities, such as reasoning, learning, math-
ematical calculations, reading and writing comprehension (Baddeley, 
2015; Park et al., 2002). Some researchers (Baddeley, 2015) have drawn 
attention to the fact that the phonological loop plays an important role 
in controlling action. According to Baddeley (2015), it can be noted that 
participants in psychological experiments very often seem to rely on ver-
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bal coding in order to perform the task, basing themselves on a subvocal 
set of instructions to maintain their positions, demonstrating support in 
verbal coding.

In children that are learning how to read and write, studies have 
found relationships between phonological WM skills and speech and 
language skills (Grivol & Hage, 2011). Phonological WM processes are 
important for the acquisition of literacy because phonological informa-
tion needs to be recorded in WM and thus transferred to the long-term 
in order to result in the development of oral and written language (Car-
doso, Silva, & Pereira, 2013). Researchers have found evidence that ad-
vocates a prominent role in reading acquisition in verbal WM (Demoulin 
& Kolinsky, 2016). According to these researchers, initial decoding ac-
tivities may reinforce the development of the subvocal essay, which in 
turn would improve performance in serial order in short-term memory 
tasks of immediate recall. Another fact cited by Demoulin and Kolinsky 
(2016) is that learning to read and write in an alphabetic system allows 
the emergence of phonemic consciousness, refined phonological repre-
sentations and orthographic representations. These processes can im-
prove the quality, strength and accuracy of lexical representations and 
consequently provide better support for temporary coding of memory 
items and/or their recall (Demoulin & Kolinsky, 2016). This data is also 
found for the acquisition of written language, and the phonological in-
formation, once detected, is stored in WM and later transferred to the 
long-term, thus allowing the learning of the phoneme-grapheme asso-
ciation (Cardoso, Silva & Pereira, 2013). Several studies have shown an 
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increase in the performance of phonological WM (Cowan, Li, Glass, & 
Saults, 2017; Gathercole, 1999), i.e., during childhood development chil-
dren with 4 years have a small capacity to store speech-based items, an 
increase being observed at 6-8 years, with a smaller increase at 10-13 
years, which is no different from adults (Cowan et al., 2017). 

The multi-component model of WM presents a broad and complex 
cognitive framework, in which each component presents its specific do-
main and interacts with the other components of this system. In the 
phonological loop, the hearing information is stored in the phonological 
short-term storage system and can follow two probable routes: one is 
to go to the phonological output buffer (speech programming), and the 
other route would be through the reverberation process (making the 
information return to the storage system) (Lobo, Acrani, & Ávila, 2008). 
This component allows hearing and/or speech-based information to be 
coded, stored, reverberated and manipulated by the subject, process-
es that are of paramount importance for the use and understanding of 
language. Phonological WM is a construct that has accumulated a large 
amount of experimental evidence from typical developing adult and 
child participants as well as patients with cognitive dysfunctions (Bad-
deley, Gathercole, & Papagno, 1998) that demonstrate the relationship 
of this ability with: vocabulary acquisition, word learning, phonological 
storage, spoken language structure (both for immediate memory per-
formance and vocabulary acquisition), providing highly flexible language 
learning (Baddeley et al., 1998). 



121

NEURAL CORRELATES OF WORKING MEMORY 

Regarding the neural correlates, it is important to understand that 
by keeping information active, WM supports recognition of the stimuli 
specific patterns and interacts with long-term memory. Let’s take as an 
example sentence reading, which can be seen as a decoding of an ar-
ray of words organized in a serial order. The sentence comprehension 
requires a temporary storage of the words meanings and the sequen-
tial relationship between them. The processing of phonemes sequence 
or larger units, such as syllables, also requires temporary storage, but 
for an experienced reader the phonological information is represented 
at the lexical-semantic level (whole words) that is readily evoked from 
the long-term memory. The transition between WM and the long-term 
memory occurs whenever there is recognition of phonotactic, lexical 
and / or semantic patterns and regularities. Therefore, patterns can 
emerge in different tasks, such as memorizing pseudowords with famil-
iar orthographic structure, arrays of digits, word lists, etc. In these tasks, 
better performance, shorter reaction times and reduced neural activa-
tion have been reported (Eriksson, Vogel, Lansner, Bergström, & Nyberg, 
2015).

In adults, functional Magnetic Resonance Imaging (fMRI) studies as-
sessed neural activation in WM and reported a network of neural regions 
with different activation patterns. Tasks requiring verbal WM activated 
the middle and inferior temporal gyrus for processing of lexical-semantic 
information and the superior temporal gyrus for sub lexical phonologi-
cal representation. In addition, the supramarginal gyrus (inferior pari-
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etal cortex) showed activation during the maintenance of the sequence 
and temporal representation of the information while memorizing. In 
regard to the activation pattern presented by the supramarginal and su-
perior temporal gyrus, these regions seem to functionally resemble the 
phonological buffer (phonological storage system), a component from 
the Baddeley’s multicomponent model, that is, their function could be 
more specifically linked to language processing. The WM neural system 
involves other regions of non-specific fronto-parietal activation, such 
as the superior and inferior parietal cortex and the dorsolateral fron-
tal cortex (middle and superior frontal gyrus). These areas interact with 
each other through frontal-parietal connections, providing attentional, 
sequential and variable cognitive load support in different WM tasks 
(Eriksson et al., 2015).

In children, studies assessing neural activation in WM are rare. Few 
meta analyses show only partial agreement with the neural network ac-
tivated in WM in adults. For the N-back task in which the participants are 
asked to remember a past stimulus (in the previous position or in 2 posi-
tions back) and indicate whether the current stimulus is the same, chil-
dren activated similar regions as adults in the posterior part, but not in the 
frontal portion of cortex. The posterior part of the brain, as discussed in 
the previous paragraph, included the superior and inferior parietal cortex, 
portions that connect with the frontal cortex. Since the posterior regions 
mature before the frontal portions, there is evidence that WM in children 
mainly in visuospatial tasks can operate at least partially with the same 
neural structures as in adults (Yaple & Arsalidou, 2018).
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The neural maturation of the brain may also be evaluated by the 
thickness of the gray matter also called the cortex. With growth, the cor-
tex tends to decrease in thickness, which reflects neural reorganization 
in favor of greater efficiency; a process that goes on until the late adoles-
cence. In children aged 6 to 16 years, the reduction in cortical thickness 
of some regions was correlated with the performance in the central ex-
ecutive, such as the corpus callosum, bilateral posterior temporal cortex 
and left occipito-temporal cortex. Along with cortical thickness, changes 
were found in the brain white matter, which form bundles called fasci-
cles, connecting important regions of the cortex. In children, neural con-
nectivity indicates the use of general processing systems that, with in-
creasing age, reorganize into specialized circuits found in adults. Young-
er children show a more distributed system of white matter bundles in 
both hemispheres, whereas in older children specific regions correlate 
more with performance in WM, for example, the left occipito-temporal 
cortex responsible for lexical word recognition and lately maturing the 
dorsolateral prefrontal cortex (Bathelt et al., 2018).

One of the reasons for having relatively few studies with fMRI in 
children is the technique’s high cost and the prerequisite for acquiring 
quality data. The child must perform a task lying down inside the MRI 
machine and remain move less for about 10 to 20 minutes, which may 
be difficult even for many adult volunteers. In this sense, more ecologi-
cal techniques have emerged that respect the nature of specific groups, 
such as children and can be applied in their natural environment, for 
example, at schools.
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Figure 1. Scheme of neural areas (in fMRI studies) involved in WM tasks. Adults 
(green) activate regions of specific functioning such as posterior temporal cortex 
(upper, middle and lower temporal gyrus), occipito-temporal cortex and regions of 
non-specific activation such as parietal cortex (supramarginal gyrus) and dorsolate-
ral frontal cortex (upper and medium). In children (purple), activation similar to that 
of adults occurs in the parietal cortex and in regions different from those of adults 
in the frontal cortex (superior frontal gyrus; B- precentral gyrus). In red: locations of 
lesser cortical thickness in children with better performance of the central executi-
ve. (Figure prepared with MRIcron based on the studies by Bathelt et al., 2018; Yaple 
& Arsalidou, 2018; Eriksson et al., 2015).

THE USE OF FNIRS TO ASSESS WM IN SCHOOLCHILDREN:  
AN EXPERIENCE REPORT 

One of these techniques is fNIRS (functional near-infrared spectros-
copy), which uses emission and capture of infrared light, able to pen-
etrate cortical tissues and interact with hemoglobin in the blood. He-
moglobin absorbs part of the infrared light and disperses the rest; the 
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proportion of absorbed and scattered light changes, depending on the 
degree of hemoglobin binding to oxygen. Brain activity causes changes 
in the concentration of oxygen, and consequently in the concentration 
of oxygenated hemoglobin (oxy) and deoxygenated hemoglobin (deoxy). 
FNIRS will therefore measure, according to the difference between the 
amount of infrared light emitted and captured, changes in the concen-
tration of oxy and deoxy hemoglobin, which will be correlated to brain 
activity (Pinti et al., 2018).

Figure 2. fNIRS equipment. The instrument consists of a cap with optodes (sources 
and detectors of infrared light) whose locations in the scalp are mapped according 
to the brain areas to be observed.

Functional near-infrared spectroscopy is non-invasive and does not 
require immobilization, which is advantageous for studies with children. 
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It is also robust against muscle movements, a significant utility for stud-
ies of language development that involve speech production. In addi-
tion, it does not produce loud noises like those generated by magnetic 
resonance, not interfering with tasks that require the presentation of 
auditory stimuli, and its portability allows data collection in naturalis-
tic environments. Thus, the use of this technique has grown consider-
ably, being evaluated as one of the most appropriate tools to investigate 
changes in brain activation in the field of educational neuroscience, and 
it can be used for cognitive studies on the development of reading, writ-
ing and math skills in schoolchildren (Pinti et al., 2018).

The role of WM in the literacy process is investigated through cogni-
tive assessment and verification of neural correlates that point to chang-
es in WM, in general by the activity of the left temporal and parietal 
cortex and the prefrontal cortex bilaterally. In our work, we focused on 
the prefrontal cortex to investigate changes in the executive component 
of WM as children acquired greater fluency in reading and writing. This 
region is considered part of a wider neural network, whose function is 
related to information update, attention modulation and focus mainte-
nance during WM tasks (Moriguchi & Hiraki, 2013). Soltanlou, Sitnikova, 
Nuerk and Dresler (2018) specify that this network varies according to 
the complexity of the task, age and knowledge of the children.

In the project “Neural Correlates of the Development of Oral and 
Written Language Skills in Children in Typical Development”, developed 
at the Federal University of ABC (UFABC), the goal was to study the pro-
cess of literacy and cognitive skills in children in typical cognitive devel-
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opment through fNIRS. In particular, we sought to observe, at the neural 
level, the development of WM according to age progression.

For this, students from the 2nd to the 5th grades of a public school, 
in expected acquisition of literacy, were evaluated. The evaluations were 
carried out at the school: children were called individually and taken to 
a separate room within the institution. In the room, the children sat in 
front of a computer and the cap was placed on their scalp; the position-
ing regions of the optodes covered the frontal lobes.

The digit span task is a classic measure to assess WM capacity, con-
stituting a consolidated research tool in cognitive psychology (Conway 
et al., 2005), and was the one we chose as an instrument for this study, 
being performed simultaneously with the acquisition of the neural sig-
nal by fNIRS. The stimuli were presented in a computerized way (through 
the computer screen and sound). Two tasks were proposed: one in which 
the digits should be repeated in direct order and another in which the 
repetition should be done in reverse order. Each task was performed for 
5 minutes. On the direct order (forward digit span), the volunteer should 
listen (instruction represented by a red cross on the screen) a recorded 
number sequence and then repeat (instruction represented by a green 
cross) the same sequence, a task that is more related to the phonologi-
cal loop component of WM (phonological storage and subvocal rehears-
al). The second task followed the same procedure, but it was requested 
that the children repeated the sequence in reverse order, that is, starting 
from the last number of the original sequence and ending with the first 
(backwards digit span). This second task reflects the functioning of the 
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central executive component of WM, as the individual must store and 
manipulate verbal information, requiring, in addition to reverberation, 
a mental manipulation of the sequence. The size of the presented se-
quence was adjusted for each child according to their results in the cog-
nitive assessment (span of digits in reverse order), that is, the children 
were evaluated with fNIRS to the greatest extent that they were able to 
successfully reproduce in the reverse order, and the same span was used 
for direct order. For example, if the volunteer obtained a 3-digit span in 
the reverse order during the cognitive assessment, he performed both 
the forward and backwards digits task in the 3-span during the fNIRS as-
sessment. This means that the task in direct order was quite simple, and 
supposedly recruited the phonological loop more specifically. 

Figure 3. Diagram of the Digits task. When the screen showed a red cross, the par-
ticipant should hear the sequence. When the cross turned green, he should repeat 
the sequence in direct or reverse order. A white cross indicated a moment of rest, 
between the sequences.

Below are examples of patterns detected in the study. Activation 
in the direct task was subtracted from activation in the reverse task (ie: 
Reverse Order - Direct Order) to verify the resulting activation, which 
would be related to the executive component of the WM: 
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Figure 4. Thresholded activation (p-value <0.05) for the youngest children (2nd + 3rd 
grades) and for the oldest (4th + 5th grades).

The t-stat scale comprises the results of the statistics used to identi-
fy brain regions with significant activity; the values range from negative 
(blue) to positive (red). In the image, it is possible to observe significant 
positive activity in two regions: on the left (2nd and 3rd grade children), 
the dorsolateral prefrontal cortex and, on the right (4th and 5th grade 
children), the medial orbitofrontal cortex. These findings suggest that 
younger individuals are able to store / manipulate information (skills re-
lated to the dorsolateral prefrontal cortex), but do not efficiently use 
inhibitory control mechanisms (skills related to the medial orbitofrontal 
cortex), present in older individuals, who use both features.

These results may explain the increase in WM capacity with age: 
older children were able to perform the task with a longer digit se-
quence than younger children. It was also possible to observe, in gener-
al, a trend of evolution of reading and writing skills - measured through 



130

cognitive assessments - with school progression, suggesting that there is 
a relationship between the growth of receptive and expressive vocabu-
lary and the increase in the efficiency of WM, based on the refinement 
of neural activity.

FINAL CONSIDERATIONS

Our experience with fNIRS suggests that this tool has great poten-
tial to contribute to studies of language development, allowing for the 
monitoring of neural changes underlying the cognitive changes assessed 
at the clinic or school. The technique has simple set-up and allows for a 
quick assessment in schools, minimizing the disadvantages of a laboratory 
context for the acquisition of research data. The children had good ac-
ceptance and interest in participating in the experiment and looked calm 
and relatively comfortable during the performance of the proposed tasks. 
Their parents or caregivers were also able to get to know and monitor the 
procedures of the study, clarifying any doubts with the researchers. Final-
ly, research at the school itself made it possible for the research team to 
connect with the entire school team with important exchanges of knowl-
edge. This experience was then beneficial to everyone involved.

In relation to our findings, we observed changes in the capacity 
of the WM system and functional differences in the prefrontal cortex, 
during the performance of tasks involving this system. The different he-
modynamic activity profiles in the prefrontal cortex may indicate the use 
of different strategies, which, in turn, may indicate that children are at 
different stages of cognitive development.



131

The results can be used as a basis for teaching interventions and for 
studying changes in language acquisition, since they characterize a typi-
cal development pattern useful for comparisons. 
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Neurodevelopmental disorders, according to the Diagnostic and 
Statistical Manual of Mental Disorders, fifth edition - DSM-5 (American 
Psychiatric Association [APA], 2014), make up a group of conditions that 
manifest early during the development period and can include various 
impairments, from specific limitations of learning and executive control 
to global impairments of intelligence and social skills. They often appear 
before the child’s period of school entry and are characterized by di-
verse losses that reach the occupational, personal, academic and social 
spheres (APA, 2014).

Brazilian public policies, aligned with what is advocated in sever-
al other countries, reiterate the importance of early diagnosis of these 
disorders (Brasil, 2016). Such a recommendation is feasible because the 
main clinical characteristics of neurodevelopmental disorders are man-
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ifested since the first years of life. Early identification and evaluation al-
low the establishment of a differential diagnosis, when necessary, and 
effective monitoring and intervention (Mansour et al., 2017).

However, in Brazil, as well as in other developing countries (Olashore 
et al., 2017), public policies that establish mandatory population screen-
ing in the detection of indicators of neurodevelopmental changes in the 
children are still scarce, either because of the lack of mental health tools 
or public educational networks (Bordini et al., 2015; Couto & Delgado, 
2015; Paula et al., 2016; Bosa & Teixeira, 2017; Paula et al., 2018; Teixei-
ra et al., 2017; Faria et al., 2018).

Among the most studied disorders, due to the impact they cause in 
school performance, are Intellectual Disability (ID) or Intellectual Develop-
ment Disorder, Autistic Spectrum Disorder (ASD), Attention Deficit / Hyper-
activity Disorder (ADHD) and Specific Learning Disabilities (SLD) (APA, 2014).

Impairments in intellectual skills and social and adaptive function-
ing, for example, deficits in intellectual functions such as reasoning, 
problem-solving, planning, abstract thinking, judgment, academic learn-
ing and deficit in adaptive functioning, characterize ID. It has a general 
prevalence in the population of approximately 1%, with variations due 
to age. Severe ID has a prevalence of about 6: 1,000 (APA, 2014). ASD 
is a disorder characterized by signs and symptoms related to persistent 
deficits in interaction and social communication and the presence of 
restricted and repetitive patterns of behaviors, interests or activities 
with impairments in adaptive functioning, whose prevalence has been 
estimated at around 1% (APA, 2014). Attention Deficit / Hyperactivity 
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Disorder is characterized by a persistent pattern of inattention and/or 
hyperactivity-impulsivity that interferes with social, family and school 
functioning. It has an estimated prevalence in the child population of 
about 5% (APA, 2014). Specific Learning Disabilities are characterized by 
the presence of specific deficits in the individual’s ability to perceive or 
process information efficiently, and its main identifiers are persistent dif-
ficulties in basic academic reading, writing and/or mathematical skills. 
The prevalence of this disability in the academic domains of reading, 
writing and mathematics is 5 to 15% among school children in different 
languages   and cultures (APA, 2014). 

There are differences among the disorders previously presented and 
the variations in development that are expected. For example, according 
to Paiva and Azevedo (2009), learning difficulties constitute a hetero-
geneous set of disorders, which can result from problems in hearing, 
speech, reasoning or other aspects, including ineffective teaching meth-
odologies. That is, such difficulties should not be attributed exclusively 
to a disorder immanent from the child. This concern must be taken in all 
Neurodevelopmental Disorders.

Given the need for early identification of such disorders, in order 
to make the intervention feasible, professionals who work with children 
must be trained to identify possible signs of these conditions. This train-
ing is needed so we have appropriate referrals as well as they have tools 
to assist professionals in such identification and, whenever possible, 
they have knowledge on how to deal with children with different pic-
tures in the classroom.
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In fact, in school contexts in Brazil, teachers who work in the class-
room in are the main agents for identifying students with some type of 
school, emotional or developmental difficulties that affect academic per-
formance and adaptive functioning. The formal academic learning process 
requires the student to develop several socio-behavioral repertoires and 
cognitive skills compatible with the requirements of the school and educa-
tional activities in the school context, namely: reading, writing, calculating 
skills, repertoires of social skills in relationship with pairs; assertive social 
skills of relationship with colleagues, carrying out academic group activi-
ties, solving interpersonal problems, among others (Ansary et al., 2017; 
Dias & Seabra, 2017; Guzmán et al., 2015; Del Prette, & Del Prette, 2008).

Children with neurotypical development may present variations 
in school performance and adaptive functioning in the different reper-
toires of skills mentioned in the previous paragraph, depending on gen-
der, age, transient health problems, absenteeism from school and envi-
ronmental factors related to social, educational and pedagogical stim-
ulation, among others. (Silva & Cavalcante, 2015; Flatters et al., 2014; 
Osborn & Pereira, 2012). However, when a child has some type of com-
plaint whose signs indicate gaps in development, it is recommended an 
evaluation as early as possible to check for the presence of a neurode-
velopmental disorder or if it is some kind of intrinsic transient difficulty 
to the school adaptation process. For example, related to the learning 
style, socio-economic development, the student´s ability to respond to 
the school environment, factors related to the family environment and/
or temporary nature environment. 
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In the presence of indicative signs of neurodevelopmental disor-
ders, the teacher must have skills, competences and, also, have ade-
quate tools and/or instruments that allow him to identify and make an 
initial evaluation of the student so that, later, the student can receive, if 
necessary, other specialized evaluations and assistance that correspond 
to his needs (Li-Grining et al., 2010).

To assist such a process, in several countries, as in the United States, 
the use of evaluation technologies is already contemplated in govern-
ment policies, helping preventive intervention actions in children with 
signs of neurodevelopmental disorders (Rotholz et al., 2013). In contrast, 
public policies that advocate the use of scientifically validated evaluation 
technologies remain scarce in developing countries like Brazil. Tracking 
indicators of learning difficulties and neurodevelopmental disorders in 
the first years of formal schooling is a demand that requires the use of 
standardized instruments, which can be optimized by technologies.

Currently, instrumentalization of these professionals in the use of 
evaluation tools have significantly benefited them from computer sys-
tems for data collection and analysis with applications in sectors such 
as economics, education and health (Turban et al., 2010; Silberschatz et 
al., 2006). Basic education is one of the appropriate contexts for the im-
plementation of this type of technology, as these can assist in the collec-
tion, storage, monitoring and analysis of data from students enrolled in 
public education schools. In these computer systems, one of the devices 
with significant evolution has been the Database Management Systems, 
both in the aspect of storage and data mining (Silva et al., 2017). These 
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systems act as a resource for the creation of fact or transaction repos-
itories and, consequently, can be data analysis sources with a focus on 
the generation of management reports for follow-up or monitoring tasks 
and actions in the most diverse areas of human knowledge.

In order to instrumentalize the teacher in the identification of signs 
that may indicate neurodevelopmental disorders, as well as to train him 
or her on how to work in the classroom, especially with children with 
ADHD and SLD, a research project has been conducted with the mu-
nicipality of Embu das Artes. The main objectives of this project are: a) 
To instruct teachers and educational managers in the use of standard-
ized evaluation procedures and instruments for screening students with 
suspected of ID, ASD, SLD and ADHD; b) To develop and implement a 
computer system in basic education with four models that assist in de-
cision-making to attribute to a student of basic education the suspicion 
of neurodevelopmental disorder compatible with ID, TEA, ADHD or SLD; 
c) To instruct teachers and educational managers in the use of standard-
ized evaluation procedures in a computational environment for screen-
ing students with these suspicions; d) To instruct teachers in the use of 
interventional measures for students at risk for ADHD and SLD and to 
evaluate the effects of these interventions; e) To verify sensitivity indi-
cators of standardized screening and cognitive and behavioral evalua-
tion procedures based on the number of false positive and false negative 
cases; f) To verify that the Big Data environment, for data storage and 
analysis, contributes to the reduction of impoundments of students who 
need definitions as to the type of school and/or cognitive and/or behav-
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ioral complaints; g) To check the participants’ satisfaction indicators in 
the use of the Computational System, specially the potential using in the 
basic education context.

Data collection have already been conducted throughout 2019, and 
the results have been analyzed so far. In 2020, an article was published 
describing the initial steps referring to two disorders, ASD and ID (Teix-
eira et al., 2020). According to the article, the study related to these two 
disorders was carried out in two stages. In the first stage, two checklists 
were developed, directed to teachers, with descriptions of the charac-
teristics of the disorders, based on the DSM-5 (APA, 2014). Subsequent-
ly, the instrument’s construct validity was verified, based on the analysis 
of judges, with the criteria analysis of clarity, precision and objectivity. A 
final version of the checklists for ASD and DI was then made.

Then, in the second stage, flowcharts were developed, one for each 
disorder, consisting of a set of sequential activities, organized logical-
ly, which illustrated the process to be followed by the different actors. 
Thus, the tasks of the teacher, the specialized educational service team 
and the educational network managers were defined. Such flowcharts, 
therefore, help in the organization of actions that can be developed with-
in the very educational networks, until reaching a possible referral to the 
health system, when necessary. The procedure for developing the flow-
charts was based on the Business Process Model and Notation (BPMN) 
and used the Business Process Management System (BPMS) platform 
open code. At the end of the evaluation process, before possible referral 
(or not) to the health system, a final report of each student is produced, 
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which contains the evaluation results, such as checklist indicators, neu-
ropsychological emotional and behavioral evaluations (Teixeira et al., 
2020).

As previously stated, mental health professionals must perform the 
last activity drawn in the flowcharts in order to proceed to the evalua-
tion to confirm or not the diagnosis. It is emphasized that for the proper 
implementation of this procedure, teachers, professionals of the spe-
cialized educational assistance team and managers must receive specif-
ic training on expected milestones of child development in the specific 
cognitive, behavioral and functional aspects of each neurodevelopmen-
tal disorder involved in the project. They must also receive training on 
the entire procedure to be used.

As already published for ASD and ID, data regarding the procedures 
used with ADHD and SLD are being analyzed and organized. It is note-
worthy that, for these last two disorders, the procedure includes an in-
tervention made by the teachers themselves in the classroom since, ac-
cording to the DSM-5 (APA, 2014), the students’ response to scientifical-
ly based interventions, conducted in context education, is also necessary 
for diagnosis and possible referral to the health system.

The diagnosis of SLD itself, according to the DSM-5 (APA, 2014), in-
cludes the concept of persistence of difficulties to make the diagnosis 
possible, defined as limited progress in learning to read, write and/or 
math, despite adequate instructions offered to the child at school or 
home. Therefore, it is essential to verify whether the child with suspect-
ed SLD has a response that is less than expected (for age and grade) 
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when receiving the appropriate intervention (Miranda et al., 2017). Ac-
cording to DSM-5, this can be observed, for example, when a child has 
difficulties in learning to read isolated words that “do not solve com-
pletely or quickly with the provision of instructions on phonological skills 
or strategies for identifying words” (APA, 2014, p. 68). For this reason, in 
the model reported in this chapter, there is a moment of intervention, 
made by the teachers themselves, in the classroom, aimed at students 
with suspected of ADHD and SLD, so that the students’ responses to the 
intervention and the persistence of difficulties are analyzed to continue 
the evaluation process and possible diagnosis. 

The DSM-5 guidelines for the diagnosis of SLD, in which interven-
tion with a revaluation of the child is recommended, then, in case the 
difficulties persist, the diagnostic evaluation process starts (APA, 2014). 
This is our recommendation for ADHD cases. Considering that the signs 
of ADHD may be symptomatologically mixed with other conditions or 
with deficits in behavioral repertoires for socialization, or behavior-
al repertoires for studying (Daley et al., 2018; Barlow et al., 2016), it is 
recommended that children who show ADHD signs undergo behavior-
al interventions based on scientific evidence. After these interventions, 
children should be revaluated. In addition, if the signs of inattention and 
hyperactivity persist compared to the expected milestones of child de-
velopment, the diagnostic evaluation should be conducted.

Identifying neurodevelopmental disorders in school networks pre-
suposes a good integration with the health system of the municipality 
and/or region in which the school is located; however, this synchroniza-
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tion between health and education actions has not always been possible 
in the Brazilian context (Teixeira et al., 2017). For example, data from a 
school network in a municipality in the state of São Paulo showed that 
about 30% of ASD diagnoses, in which students are registered, did not 
support the students’ needs after an intense investigation by an interdis-
ciplinary team (Garcia et al., 2016).

This fact is certainly repeated in Brazilian municipalities due to the 
lack of dialogue between the Health System and the Education System. 
In fact, the literature reflects what probably happens in reality: lack of 
structured protocols for mental health professionals to investigate cog-
nitive-behavioral aspects of children in Specialized Educational Care, and 
teachers highlighting the difficulty of communicating with health. This 
panorama is very well demonstrated by Mendes, Cia and Valadão (2015) 
in volume 4 of the National Observatory of Special Education Series 
(known in Brazil as Série Observatório Nacional de Educação Especial). 
The book shows the experience of the operation of the Multifunctional 
Resource Rooms in 37 municipalities in five Brazilian regions, and the 
lack of integration between education and health is repeatedly highlight-
ed. Silva et al. (2016) also point out this fact. The authors investigated 
the teachers’ perception of the functioning of this interface, in the city 
of Santos, SP. The article concludes by showing deficient cooperation 
between the two areas.

In the Brazilian public system, it is expected that evaluations in the 
mental health area will be carried out by the Psychosocial Care Center 
(known in Brazil as Centro de Atenção Psicossocial – CAPS). In the case 
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of the disabilities, considered here, the children’s modality of these 
Centers, the CAPSi (known in Brazil as Centro de Atenção Psicossocial 
Infantil), is responsible. In the operating structure of these bodies, ma-
trix support is provided, which includes involvement with the schools 
in which assisted children are enrolled. The case of ASD, in which there 
is more abundant information, illustrates what should occur with other 
disorders.

The National Policy for the Protection of the Rights of People with Au-
tism Spectrum Disorder, Law 12.764 / 2012 (Brazil, 2012) provides in Arti-
cle 2 for “comprehensive attention to the health needs of people with ASD, 
aiming at early diagnosis, multidisciplinary care and access to medicines 
and nutrients.” Such assistance can occur in the Unified Health System 
(Know in Brazil as Sistema Único de Saúde – SUS). It is organized regionally 
through a decentralized but connected network of health services and re-
lated activities, made up of a complex number of facilities, both public and 
private, to provide care. As part of SUS, the Psychosocial Care Network 
(Known in Brazil as Rede de Atenção Psicossocial – RAP) works along with 
other health networks and programs, such as the Family Health Program 
(Known is Brazil as Programa de Saúde da Família - PSF) and the Care Net-
work for People with Disabilities (Known in Brazil as Rede de Cuidados da 
Pessoa com Deficiência - RCPD). Besides, there is a connection between 
educational and social systems. The CAPSis are part of RAP, which are plac-
es directly involved with diagnostic evaluation and intervention.

Designed in this way, the system should function properly to corre-
spond with the guidelines recommended in the law mentioned above 
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(Brasil, 2012). However, in practice, the situation is different, even in-
cluding in the Guidelines produced by the Ministry of Health (MH). In 
fact, both professionals linked to RAP and those linked to RCPD have pro-
duced guidelines for the care of individuals with ASD in the SUS network. 
Such documents, are called “Guidelines for Attention to Rehabilitation 
of People with Autism Spectrum Disorders (ASD) (available at http://
bvsms.saude.gov.br/bvs/publicacoes/diretrizes_atencao_reabilitacao_
pessoa_autismo.pdf)). The Health General Coordination for People with 
Disabilities led this document. The group linked to the “National Coor-
dination of Mental Health, Alcohol and Other Drugs” produced the doc-
ument called “Care Line for the Attention of People with ASD and their 
Families in the Psychosocial Care Network of the Unified Health System ( 
available at http://bvsms.saude.gov.br/bvs/publicacoes/linha_cuidado_
atencao_pessoas_transtorno.pdf). The excellent article by Rios and An-
drada (2015) indicates the philosophical conception of the two groups 
in the understanding of the individual with autism. Different positions 
concerning diagnosis and intervention result from it.

With such a situation, the need to produce research in this area is 
evident, in both university and public services, so that it is possible to 
understand exactly how people with autism and their families are being 
welcomed, evaluated and assisted in these places. From this point of 
view, Brazilian production is restricted. The studies point out the need 
to promote clinical training, including training in diagnostic instruments 
and early diagnosis. From the point of view of existing services, the need 
to expand knowledge of best practices in this area, increase the capacity 
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of these services and establish training programs for pediatricians and 
family doctors (Teixeira et al., 2010; Paula et al., 2011; Ribeiro et al., 
2017). From CAPSis, the work of Ceballos et al. (2019), profiles them 
from 2008 to 2012 in 837,068 records, in all Brazilian regions. It finds 
out that ASD represents the second frequency diagnosis in the system 
(12.4%). 

CONCLUSION

This chapter summarizes a process model for teachers and educa-
tional  administrators, which uses a computerized system to assist them 
in collecting and analyzing data, as well as making a decision in real-time 
to identify students with suspected neurodevelopmental disorders.

The hope is that the chapter will help teachers and educational man-
agers with models for evaluating students’ neurobehavioral complaints, 
in order to identify suspected neurodevelopmental disorders compatible 
with DI, ASD, ADHD or SLD. In addition, educators can include in these 
models the evaluations of signs of these disorders in real-time, priori-
tizing the verification of impacts on school performance and behavioral 
patterns of functioning. On the other hand, the chapter can assist them 
in making joint decisions along with the students’ families to carry out 
school and behavioral interventions with the children in the classroom 
and later verification of the persistence of these signs. With these con-
tributions, teachers and managers will be able to implement actions of 
the intersectionality guidelines between education and health. In this 
sense, teachers, through parents and caregivers, will be able to recom-
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mend the student’s referral to health services when persistent neuro-
behavioral complaints need diagnostic evaluations. Models such as the 
one described here can minimize the long delays of students waiting 
for an evaluation and, at the same time, optimize the use of specialized 
services from the SUS or specialized services in the educational network.
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Reading can be considered the most important form of access to 
academic information. However, learning to read is a complex process 
and requires different skills. This learning process involves the explicit 
presentation of the alphabetical principle. However, some skills can be 
assessed even before the literacy process begins and they have been 
shown to be predictors of learning. Among the predictive skills, rapid 
automatized naming (RAN) and phonological awareness (PA) stand out 
(Handler & Fierson, 2011).

RAN is the ability to name a series of symbols (e.g., letters, numbers, 
colors or object) as quickly as possible. Thus, it is possible to analyze indi-
viduals’ ability to perceive and quickly and accurately access the names 
of different types of symbols. This ability is related to the time when 
information is processed as it integrates the recognition of visual stimuli 
with the expressive aspects of language. Such a skill demands the inte-
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gration of different cognitive functions such as perception, motor skills, 
attention, language, and executive functions (Wolf & Denckla, 2005).

PA is another skill described in literature as being of great impor-
tance for the development of reading. This ability is related to phono-
logical decoding, helping to convert visual symbols into their sounds. 
Therefore, PA is a measure that correlates with the subsequent ability 
of reading accuracy (Cardoso-Martins & Pennington, 2001). In fact, nu-
merous studies (e.g., Pazeto, León, & Seabra, 2017) demonstrated an 
increase in PA with school progression, reinforcing the importance of 
teaching this skill in literacy classes, which is widely shown to be related 
to reading and writing performance.

The present chapter intends to emphasize and expand the discourse 
on RAN ability, emphasizing its relationship with PA ability and acknowl-
edging that reading is a complex process that develops with the automa-
tion and development of cognitive processes such as word recognition, 
comprehension, and fluency.

READING DEVELOPMENT

The main purpose of reading development is to comprehend the 
material read. According to the simple view of reading theory, reading 
and comprehending are the product of the development of two basic 
skills: decoding and oral comprehension. This model is represented by 
the equation R = D x L, where R stands for reading, D for decoding ca-
pacity; and L for comprehending oral language. Therefore, according to 
the equation, if there is damage or difficulty in one of the two skills (D or 
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L), reading will be deficient (Gough & Tunmer, 1986; Protopapas, Simos, 
Sideridis, & Mouzaki, 2012).

Decoding is the ability to read isolated words quickly and accurately. 
Thus, decoding makes use of letter–sound correspondence rules, which 
are important for the recognition of words (Protopapas et al., 2012). 
Based on that, another model, proposed by Aaron, Joshi, Gooden, and 
Bentum (2008), recommends changing the use of terms in relation to 
decoding and proposes the use of the term word recognition, since word 
recognition involves both decoding and visual reading skills.

Theoretically, word recognition consists of components dependent 
on written material (decoding and word reading) and independent com-
ponents of written material (verbal and oral skills and metalinguistic skills 
that are not related to written material). Within the first component, 
relevant measures include knowledge of the letter–sound conversion, 
fluency, and speed, with the ability for RAN relevant to the good devel-
opment of these skills and, therefore, to the understanding of reading. 
Within the second component, the relevant measures are auditory com-
prehension and vocabulary (Protopapas, Mouzaki, Sideridis, Kotsolakou, 
& Simos, 2013; Protopapas et al., 2012). From this explanatory model, 
adaptations and new proposals emerged to explain how reading skills 
develop.

According to one model (Seabra, 2011), reading development de-
pends on three specific domains, each containing specific and essential 
skills. The first domain is cognitive; it includes skills such as word rec-
ognition, comprehension, and fluency. The second domain, “additional 
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psychological,” is related to motivation, gender, and other psychological 
factors that do not involve cognitive skills. The last component involves 
environmental aspects that influence the development of learning how 
to read and includes aspects such as teacher expectations, family/cultur-
al and school environment, peer influence and language (Seabra, 2011). 
In the next section, we discuss cognitive skills: word recognition, com-
prehension, and fluency.

WORD RECOGNITION

Several cognitive models have been proposed to explain informa-
tion processing during word recognition. These models were developed 
to explain what steps are involved in word processing, and how. One 
of the first such models is the dual-route cascaded model (Taylor, Ras-
tle, & Davis, 2013), which suggests that word recognition consists of the 
phonological and lexical route. The phonological route is related to the 
process of grapheme–phoneme conversion whereas in the lexical route, 
morphological units are analyzed without the need for phonological de-
coding; thus, analysis of the word as a whole occurs (Ellis, Young, & An-
derson, 1988). Reading through the lexical route is consolidated based 
on the “frequency effect,” in which repeated exposure to the same word 
enables lowering the threshold of information necessary to activate the 
direct visual analysis system, making reading more fluid.

A new model, the connectionist dual-process model (Taylor et al., 
2013), also suggests that word recognition is formed by two routes: lex-
ical and sublexical. The lexical route is identical to that of the dual-route 
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model. The sublexical network, on the other hand, is not restricted to 
single grapheme–phoneme correspondences and allows quick access to 
the linguistic characteristics of words. According to this model, routes 
can be activated in parallel (Taylor, Rastle, & Davis, 2013). 

 In addition to good phonological and orthographic skills, visual 
skills are needed to facilitate the analysis of the printed code. Specifi-
cally, reading through sublexical strategies that involves the selection of 
graphemes is based on visual-attentional automation processes. To read 
new words through letter–sound conversion (i.e., phonological route), 
the reader must be able to segment the fixed information, which in-
volves a change in attentional focus. Fast serial coding allows integration 
between graphemes–and phonemes and automatic building of sublexi-
cal representations (i.e., lexical and sublexical route). Rapid serial coding 
treats letters as separate parts and allows the formation of visual forms 
of words (Bellocchi, Muneaux, Bastien-Toniazzo, & Ducrot, 2013).

COMPREHENSION

As previously mentioned, there is a strong relationship between 
comprehending spoken language and comprehending written language. 
Thus, comprehension is one of the processes that comes close to the ob-
jective of reading: comprehension, interpretation, and retention of the 
information presented visually (Cabral, 1986; Perfetti, Landi, & Oakhill, 
2005).

At the beginning of literacy, this relationship is small since compre-
hension is limited because cognitive processes are focused on decoding 
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and identifying words (word recognition). As the reader becomes more 
proficient, the relationship between reading comprehension and listen-
ing comprehension increases, since comprehension is no longer limited 
by aspects of word recognition (Perfetti et al., 2005).

The basis of the texts is built by the propositions (nouns and pred-
icates) that constitute the sentences. Therefore, the mental models of 
the text must also be created from the propositions, as well as infer-
ences (Perfetti et al., 2005).

The comprehension process during reading can be described in 
five steps. The first step involves the identification of the basic units of 
meaning in each sentence (proposition). The second step involves the 
apprehension of how each constituent unit of proposition is organized in 
the phrases (i.e., agents, target, instrument). The third step involves an 
understanding of the contextual meaning of words, excluding conflicting 
meanings as in ambiguities, and extracting new meanings in new words 
and in already known words. The fourth step involves making relations 
between the different units of the inter- and intra-sentence text and ap-
plying grammatical rules already known. Finally, the fifth step involves 
making inferences about the text, making the text read structured, and 
extracting central ideas from it (Cabral, 1986).

Comprehension involves processes of creating mental representa-
tions of the text, which occurs at multiple linguistic levels: word level 
(lexical processes), sentence levels (syntactic processes) and text level. 
In addition, comprehension depends on word identification, parsing, 
referential mapping, inferential processes, and conceptual knowledge 
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processes. Finally, factors important for comprehension are sensitivity to 
the structure of the story (i.e., type of text: narrative, descriptive, etc.), 
ability to make inferences, and comprehension monitoring (Perfetti et 
al., 2005).

FLUENCY

Fluency is the ability to read texts articulately, quickly, effortlessly, 
automatically, and accurately. Reading fluently involves direct and auto-
matic phonemic decoding and effective word recognition. Thus, fluency 
is developed from experience with reading and through the develop-
ment of more efficient strategies that ensure reading speed and accu-
racy and facilitate understanding. Therefore, when reading is not fluent, 
the available attentional resources are directed to decoding and identi-
fying words correctly, impairing the understanding of the material read 
(Handler & Fierson, 2011).

According to the simple view of reading (Protopapas et al., 2013, 
2012), fluency is an essential skill for understanding the read material 
since it is one of the skills present in the component dependent on the 
written material. On the other hand, Adlof, Catts, and Little (2006) ob-
tained significant results in relation to the independent contribution of 
fluency to the comprehension of material, which suggests that fluency 
is independent of word recognition and auditory and oral comprehen-
sion. According to this view, students in the literacy phase use more ef-
forts for word recognition, that is, when they are in a more advanced 
stage of reading, when they are able to recognize words more quickly 
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(i.e., with more fluency), they start to direct cognitive resources to the 
comprehension processes. Thus, competent reading involves decoding, 
visual recognition, fluency, and comprehension. Therefore, it is essential 
to identify the predictive factors for competent reading.

Finally, reading is a complex skill that requires the development of 
several underlying skills. In addition, it is a skill of great importance for 
the development of learning, as well as for social development. How-
ever, most children have some reading difficulties. One of the impaired 
skills in children with reading difficulties is PA. However, when PA is pre-
served, RAN can explain the difficulties in the development of reading 
(Siddaiah & Padakannaya, 2015).

RAPID AUTOMATIZED NAMING AND READING

RAN is the ability to name a series of symbols, alphanumeric or not, 
as quickly as possible (Wakamiya et al., 2011; Wolf & Denckla, 2005). It is 
the cognitive ability that involves integrating visual and verbal informa-
tion as quickly as possible (Norton & Wolf, 2012).

The first studies that described RAN tasks were related to the inves-
tigation of alexia, in which there are difficulties integrating visual and 
verbal processes. Norman Geschwind described these difficulties for the 
first time in 1965 in patients who had difficulties mainly in naming col-
ors. Subsequently, neurologist Martha Denckla, inspired by Geschwind’s 
studies, sought to further investigate the relationship between RAN and 
dyslexia (Norton & Wolf, 2012). Dyslexia is a neurodevelopmental learn-
ing disability characterized by a specific and persistent deficit in the ac-
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quisition of reading and spelling skills that cannot be explained by defi-
cits in other cognitive abilities, insufficient educational opportunities, 
or inappropriate literacy instruction (American Psychiatric Association, 
2014). Thus, in 1976, Denckla and Rudel developed RAN as a consistent 
paradigm that involves assessing the ability to read fluency. The visu-
al stimuli used for evaluation were letters, numbers, objects, or colors. 
The stimuli were presented in linear sequences, just as they occur in the 
reading of texts (Wolf & Denckla, 2005).

During quick assignment tasks, the integration of attentional, lin-
guistic, perceptual, and motor processes occurs (Wakamiya et al., 2011). 
The steps of processing information for such a task first involve visual 
processing for detecting stimuli characteristics and visual discrimination 
of the stimuli. After this step, it is necessary to integrate visual charac-
teristics with the previously stored orthographic, numerical, or imagery 
representations, depending on the type of stimuli presented. Later, it 
is necessary to access the stored phonological representations neces-
sary for the correct identification of the symbol’s name. Finally, there 
is the access and retrieval of the phonological record and subsequent 
activation and integration of semantic and conceptual information with 
all other information. This final step helps in understanding the infor-
mation so that, during the naming task, the meaning can be accessed, 
enabling the comprehension of what is being seen (Aguilar-Vafaie, Safa-
rpour, Khosrojavid, & Afruz, 2012; Wolf & Denckla, 2005).

RAN is, therefore, a cascading skill involving visual processes, pho-
nological and orthographic mapping, and articulatory planning (Silva, 
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Mecca, & Macedo, 2018). Different items can be processed simultane-
ously in different steps. When automation of early reading skills occurs, 
parallel processing of the observed items occurs. Thus, items can be 
processed automatically while executive control monitors the process 
through specific phases. Consequently, RAN can help to identify strate-
gies and development in the reading of different words that begin with 
the series processing (decoding and grapheme-phoneme conversion by 
phonologic route) and progresses to the reading of the word as a whole 
(direct lexical access by lexical route). The processes involved in naming 
tasks develop and change in the course of learning. These changes in-
volve the ability to process several items at the same time in a cascade 
and to process information within words (letters and syllables) and be-
tween words (Protopapas et al., 2013).

Therefore, RAN involves and depends on attentional processes and 
components, detection of characteristics, visual discrimination and iden-
tification patterns, integration of characteristics with orthographic and 
phonological representations, access to the phonological labels, activa-
tion and integration of semantic information, and articulation (Siddaiah 
& Padakannaya, 2015).

RAN skills develop according to age, and the naming speed increas-
es over time. Thus, there is greater skill development at early schooling 
ages, when the time for naming is even greater. However, as schooling 
and reading progress, the time for automatic naming decreases. Regard-
ing accuracy, children 7 years of age make more errors than those of 15 
years of age. Finally, studies indicate that RAN is a skill that may not in-
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volve a single type of processing such as phonological, speed, or memo-
ry, but may be a complex process that requires multiple skills, such as at-
tention, access to the phonological code, and activation and integration 
of semantic and conceptual information (Albuquerque & Simões, 2010).

Different studies point to the relationship between RAN and good 
reading performance (Silva, Mecca, & Macedo, 2018; Wolf & Denckla, 
2005). RAN is relevant, both for phonological and orthographic process-
ing in reading. With regard to the development of reading strategies, 
and based on the cognitive models presented, RAN is important for or-
thographic processing and for direct lexical access since in grapheme–
phoneme decoding it becomes necessary to access phonological and 
graphic codes, and the faster and more efficient this access is, the more 
successful the person will be in reading. In addition, it is noted that pro-
ficient readers make use of the two reading routes.

An important measure that also correlates with RAN and reading 
fluency is vocabulary. Words learned earlier are more quickly named 
than those learned later, thus facilitating lexical access. As a result, vo-
cabulary is a psycholinguistic variable that influences speed and accura-
cy in naming as well as lexical processing skills (Palmer & Havelka, 2010; 
Wakamiya et al., 2011).

Studies on naming are important not only for understating read-
ing, but also for assessing individuals with attention deficits (Alves et al., 
2016; Ryan et al., 2017; Whipple & Nelson, 2016). Specifically, RAN is 
used to assist in the assessment of attention since it is a measure of ver-
bal naming speed and processing speed that may be impaired in individ-
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uals with attention deficits. Thus, children with inattention have lower 
speed in naming tasks (Arnett et al., 2012).

To conclude, since RAN measures have multiple components, they 
can be used in different contexts and for different purposes.

PREDICTIVE VALUES OF RAN AND PA FOR READING

Analyses of different types of writing have shown that different 
spelling systems have different linguistic predictors. Specifically, there 
are differences in the predictive values for different linguistic systems 
for phonological awareness and naming (Furnes & Samuelsson, 2011; 
Georgiou, Papadopoulos, Fella, & Parrila, 2012; Georgiou, Parrila, & Pa-
padopoulos, 2008; Pae, Sevcik, & Morris, 2010).

Studies have sought to analyze the predictive effects of RAN and 
PA on the development of reading. Thus, RAN has been correlated with 
reading comprehension and fluency. PA, on the other hand, is a mea-
sure that has been correlated with the subsequent ability to read accu-
rately and with phonological decoding, helping the conversion of visual 
symbols to their sounds (Bowers, 1995; Cardoso-Martins & Pennington, 
2001; Torgesen, Wagner, Rashotte, Burgess, & Hecht, 1997).

More specifically, in relation to reading isolated words and 
pseudowords, studies indicate contributions of different cognitive skills 
with PA, phonological memory, and alphanumeric RAN being the best 
predictors, depending on the measure and the type of linguistic unit 
considered. However, in the course of schooling and the development 
of reading skills, the predictive values of the two skills (RAN and PA) 
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change. Thus, in the first two years of literacy, RAN is a better predic-
tor of tasks involving orthographic information, while PA is a better pre-
dictor of reading pseudowords (González-Valenzuela, Díaz-Giráldez, & 
López- Montiel, 2016; Manis, Seidenberg, & Doi, 1999).

Several studies focused on the different contributions of PA and 
RAN to reading and writing. Results showed that both skills contribute 
substantially to fluency in all six primary school years. However, the re-
lationship between PA and word reading fluency decreases as a function 
of reading experience, whereas the relationship between RAN and word 
reading fluency gradually increases (Vaessen & Blomert, 2010). In the 
case of writing, PA is associated with accuracy of dictation, while RAN is 
correlated with accuracy of dictation and fluency in writing (Albuquer-
que, 2012; Georgiou, Tziraki, Manolitsis, & Fella, 2013; Ibrahim, 2015). In 
addition, divergent results were obtained in studies of different languag-
es, indicating that there could be differences between the predictive 
strengths of PA and RAN for reading, depending on linguistic specificities 
(Park &   Uno, 2015). For example, a study by Furnes and Samuelsson 
(2011) suggests that RAN is more predictive for early reading skills than 
PA, as RAN is not affected by orthographic regularity.

RAN can, therefore, contribute to and predict the measures of word, 
text, and pseudoword reading and reading comprehension with greater 
predictive value for word and text reading. This predictive value depends on 
orthographic regularity and a student’s grade or school level(Araújo, Reis, 
Petersson, & Faísca, 2015). In order to verify the predictive effect of RAN 
throughout the school years, several longitudinal studies were conducted.
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These studies showed that RAN is a predictor of reading speed in-
dependent of previous reading skills, whereas phonological skills predict 
spelling aspects only when previous reading skills are controlled. Thus, 
RAN is an independent predictor of previous reading knowledge (Babay-
iğit & Stainthorp, 2010). In addition, vowel RAN and digit RAN are found 
to be good predictors of reading accuracy and speed (Hornung, Martin, 
& Fayol, 2017).

RAN tests represent one of the two best predictors for reading diffi-
culties, along with PA tests. This predictive ability—and the fact that the 
tests are simple, fun, and quick to administer—makes using naming tests, 
such as RAN, in any battery or diagnostic assessment of oral or written 
language more relevant. Naming speed tests, particularly for letters and 
numbers, provide one of the best measures for differentiating between 
good and bad readers. This is because both quick naming and reading in-
volve visual recognition of stimuli and access to their phonological rep-
resentation. Thus, naming tests are of great importance to better under-
standing of individuals’ reading skills (Wolf & Denckla, 2005). In fact, tests 
that assess RAN are used in several countries as diagnostic tools for read-
ing difficulties (Kirby et al., 2010), as they have been used for this purpose 
since their development. In their original study, Denckla and Rudel (1976) 
already showed differences in naming speed between groups of children 
with learning difficulties and control children (Silva et al., 2018).

Reading ability involves a series of attributions in cognitive and lan-
guage terms, and therefore, evaluating reading performance is a com-
plex and multivariate process (Evans, Floyd, McGrew, & Leforgee, 2001). 
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Understanding and studying the prediction of reading and writing is, 
however, extremely important for the identification of early reading dif-
ficulties. Currently, there is a high number of neuroscience studies in 
search of neural predictors of performance in reading and writing, as 
well as early identification of the processes and mechanisms that en-
compass them, which would enable a more effective intervention and 
guarantee good reading performance during development.
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Chapter 9

The non negotiables of inclusive education

Fernanda T. Orsati 

 Christine E. Ashby

Inclusion has become a popular buzzword in education. Many 
schools and programs claim inclusivity without considering the actual 
work that needs to be done to operationalize those aims, particularly 
for students with disabilities. This chapter will discuss factors that need 
to be in place to foster effective and meaningful inclusive classrooms 
and schools. The authors will draw from the literature policies, struc-
tures, strategies, and supports that are necessary for all students to be 
successfully included in diverse schools and classrooms. We consider 
the implementation of inclusive education a human right, promoting 
equality in access to education for all individuals. Besides being a right, 
it is also proven to improve outcomes for all students. However, when 
implemented poorly, without the necessary supports and structures in 
place, inclusive schooling ends up being ineffective and justifiably open 
for criticism. In this chapter, we outline practices that need to be in place 
to ensure that the schooling is really inclusive and sustainable. 

Inclusive education is regulated by law in several countries. For Bra-
zilian schools we follow the Special Education National Policy in an Inclu-
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sive Education perspective (Brasil, 2008); in the United States, services 
for students with disabilities are regulated through the Individuals with 
Disability Education Act - IDEA (U.S. Department of Education, 1997). 
One of the key components of IDEA is a requirement for education in 
the least restrictive environment, and in the Brazilian law it reads the 
privileging of inclusive environments. 

There is a considerable body of evidence to support the effective-
ness of this inclusive educational model for all children (Causton, Theo-
haris, Orsati & Cosier, 2011; Cosier, Causton-Theoharis & Theoharis, 
2013; Dessemontet, Bless & Morin, 2012; Dessemontet & Bless, 2013; 
Mitchell, 2014). Mitchell (2014) attends to the importance of a full im-
plementation of inclusive education with the following core elements: 
vision, placement, adapted curriculum, adapted assessment and adapt-
ed teaching, access and acceptance, support, resources and leadership. 
For inclusive education to work, it needs to be viewed as part of a system 
that extends from the classroom, to the broader society. 

Different measures can be used to describe effectiveness in inclu-
sive education. A qualitative study that assessed 1,300 students from 
six to nine years old, described a correlation between time spent in gen-
eral education classroom and performance in English and Math (Cosier, 
Causton-Theoharis & Theoharis, 2013). Put simply, the more time stu-
dents spend exposed to and engaged in general education content, cur-
riculum and experiences, the more they will learn, regardless of their 
disabilities. With the right special education services, aids and support, 
general education does not fail to deliver. 
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In 2012, Dessemontet, Bless and Morin followed 34 students with 
intellectual disabilities included in general education with individualized 
supports, and 34 students in the control group, who attended school 
in a special placement. The authors conclude that inclusion of students 
with complex needs is not only possible, but that the students with in-
tellectual disabilities in general education also had a better performance 
and progression than their peers in a special school. Furthermore, in 
2011, a group of researchers visited and described the experiences of 
segregated special education classrooms in the US and concluded that 
there is nothing “special” about those classrooms, and that they did not 
deliver on the promises a placement in separate schools rely on (Caus-
ton-Theoharis, Theoharis, Orsati, & Cosier, 2011). For example, they do 
not offer a sense of community to the students with disabilities, they are 
not distraction free - on the contrary, they are very distracting because 
of the diverse students’ needs, they do not outline specialized and indi-
vidualized curriculum and instruction, nor provide adequate behavioral 
supports. So, the argument that special education is a better placement 
due to what it can offer students with disabilities, is inherently flawed. 
Lastly, inclusive education does not interfere negatively with the learning 
experience of the typically developing students. Dessemontet and Bless 
(2013) did not find any differences in the performance of students with-
out disabilities, being the ones with low, average or high abilities between 
classes where they had students with and without intellectual disabilities. 

Given this foundation in regulation and research, we propose the 
following key elements of quality inclusive education. In the following 



176

sections, we introduce larger themes, including shifts in philosophy, 
school structures, classroom structures and supports, and finally teacher 
training. These are only a few of the important moving parts that need 
to be articulated to create an actual inclusive school. This chapter does 
not aim to explicate all possible elements, but to discuss what is mini-
mally needed, what is non-negotiable in inclusive education. 

SHIFTS IN PHILOSOPHY

The philosophy of inclusive education needs to precede the imple-
mentation of inclusive practices. Thus, one large category that is certainly 
a blueprint for a school to be inclusive is to construct a belief system for in-
clusion. All staff, as well as parents and students themselves, need a clear-
ly articulated and pervasive shared vision for inclusion that encompasses 
every facet of the school program and policies. For example, talking about 
the one inclusive classroom in each grade already demonstrates that a 
commitment to inclusion is not a schoolwide vision, but a place where 
you locate the students labeled as having a disability. A philosophy does 
not stand alone to promote inclusive schools, but practices and funding 
do not either if they cannot come alongside with the mindset to support 
it. We recommend the generation of a school wide inclusive vision state-
ment that becomes a touchstone for decision making. Whenever deci-
sions about policies or practices are being considered, come back to that 
non-negotiable vision and ask if the decision you are considering moves 
you closer to or further from that vision. A key element of an inclusive vi-
sion is a commitment to presuming and constructing competence. 
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Teachers need to presume that all students are interested in learn-
ing and are capable of far more than they are demonstrating using the 
currently available resources (Biklen, 2006; Jorgensen, McSheehan, & 
Sonnenmeir, 2007). In other words, when students with disabilities (or 
any students) are not demonstrating success, we should not assume 
that the difficulty lies within the child alone, but within the interaction of 
that child and their academic and social world. A presumption of compe-
tence places the onus of responsibility on the teaching staff to create a 
context that builds on student strengths’ and supports engagement and 
learning. If we presume that the child is incapable of learning and par-
ticipating, the creative problem solving stops. We also have to recognize 
that not all students are able to demonstrate competence in the same 
ways. Competence is commonly assessed in how students respond to a 
question, how they bring homework completed, or even how they so-
cialize with peers. Equating current performance with future possibility 
limits opportunities for growth. 

A students’ competence is not a given, but it is constructed over the 
year - or over many years. Teachers have a lot of influence, for exam-
ple in how students’ behavior problems get constructed as so (Orsati & 
Causton-Theoharis, 2013). Conversely, teachers can also be responsible 
for actively constructing student competence (Ashby, Woodfield & Delia, 
2016). For example, if you have a student in your class that does not use 
speech as a reliable form of communication, basing your assumptions of 
her or his understanding and competence through activities requiring 
verbal output will never allow you to access their knowledge or allow 
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the student a means to engage with your instruction. The presumption 
and construction of competence is a process that needs to be conveyed 
everyday for the student and their colleagues, in their access to par-
ticipation, materials, curriculum, and knowledge as a whole. When you 
believe all students are capable of learning, you, as a teacher, will create 
opportunities for success, for them to engage with materials, interact 
with peers, for performance on assessments, and connection with con-
tent. Therefore, constructing students’ competence is one of the most 
important steps a teacher can take for the success of inclusive educa-
tion. We will elaborate on practices that support a construction of com-
petence approach in a later section of this chapter. 

Just as teachers need to presume competence, they also need to 
presume a desire for connection and social engagement. “Inclusive ed-
ucation, therefore, demands more than presence. It demands engage-
ment and participation - belonging in action. But that expectation of par-
ticipation requires a presumption of competence and potential” (Ashby 
& Woodfield, 2019, p, 154). All students need to feel that they belong, 
that they have a positive relationship with teachers so that they engage 
proportionally and, consequently it enhances learning (Miles & Stipek, 
2006; White, 2013). For that to happen, teachers need to be close to the 
students and show them that individual differences are welcomed in the 
classroom and in the school, not just accepted. Students with different 
abilities and from different backgrounds need to feel a sense of belong-
ing to their group and environment. In addition, for that to happen, all 
students’ perspectives need to be reflected in materials, curriculum and 
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classroom participation. Besides that, a person living with a disability has 
their own perspective on their needs and accommodations that should 
also be taken into account when planning and interacting with them. 

All these elements are part of the school and classroom climate, 
which entails a positive, motivating and safe context that needs to be 
promoted. Teachers need to create an emotionally safe environment and 
establish positive and consistent relationships, in which all students can 
trust (Mitchell, 2014). When a student trusts the educator and feels safe in 
their school and classroom, they are prone to take more risks and try hard-
er without a fear of failing. In addition, when they have a good relation-
ship, they tend to display more socially positive and agreeable behaviors 
towards the teacher, trying to please and impress them (Miles & Stipek, 
2006). In a school where students feel they are part of and teachers and 
on their side, they are ready to collaborate and grow together with them. 

Finally, setting high and realistic expectations is essential so that 
students understand that there is a requirement for their behavior and 
academic performance, and they are believed to be capable of achiev-
ing it. It is not redundant to argue that we need to hold high expecta-
tions for everyone, despite their current level of engagement and per-
formance. The more you realistically expect, the more a student raises 
to meet those expectations. Research shows that students are aware of 
teachers’ expectations and that may also influence their performance 
(Schiavoni & Martinelli, 2005). This is related to the construction of com-
petence, because if you expect less from students with disabilities, you 
expose students to less general education content and, in consequence, 
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they do not perform as well as students in general education (Cosier, 
Causton-Theoharis & Theoharis, 2013). 

From a social model perspective, we should perceive student chal-
lenges as a result of the adequacy of the opportunities provided, rather 
than on an inherent student deficit. The burden is on adults to provide 
instruction, materials, activities and supports that enable students to 
perform academically and socially. When teachers provide challenging 
but achievable goals for students to work towards, students can be more 
engaged with the material and as a consequence feel more motivated 
to learn. 

SCHOOL STRUCTURES

In order for schools to be truly inclusive the structures, policies, 
and practices need to support its philosophy. Inclusive education is not 
a place, it is a portable service to be delivered in all our schools. Rather 
than creating special places for students with disabilities, services can be 
brought to them in general education spaces. Different elements need to 
be in place so that the structure can allow for inclusive practices to take 
place; without those, even with a clearly articulated and inclusive phi-
losophy there is no foundation for the realization of inclusion. Mitchell 
(2014) writes that primarily we need to provide a physical environment 
that enables learning, defending that something as basic as the internal 
structure of the school needs to be planned and developed purposefully 
because the quality of the space is one important variable to improve 
student engagement and learning. 
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Furthermore, there are necessary, but not sufficient, requirements 
for quality inclusive practice. First, it is important to maintain, as 
closely as possible, the principle of natural proportions. This states 
that the makeup schools and individual classrooms should mirror as 
closely as possible the demographic makeup of students in the general 
population (Causton & Tracy-Bronson, 2015). For example, in Brazil, we 
estimate the percentage of individuals with disabilities in the general 
population to be between 7% and 24% (IBGE, 2010). This number varies 
depending on the criteria established to define the disability or social 
functioning. Therefore, in a classroom with 30 students, we would 
expect to see around 10 to 20% of students with a disability, in this 
case from 3 to 5 students. When the ratio of students with disabilities 
is disproportionate, that can impact the quality of service delivery and 
teacher attention, with significant impacts on educational outcomes. 

A second parameter to follow in order to guarantee quality, is 
the teacher student ratio. Research shows that having a controlled 
and low teacher-student ratio is one of the most important variables 
to promote quality in education, and surely in inclusive education. 
For lower grades the ratio is lower, as well, because of the various 
needs of the students. For higher grades, we can afford to have fewer 
teachers per student, however, needed students should have a para-
professional for extra support when needed. Overall, having lower 
teacher-student ratios is found to enhance quality in education and 
help create conditions to facilitate better outcomes for students 
(OECD, 2019a; OECD, 2019b).
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Administration support is key, not only for school climate as de-
scribed before, but also for support in diverse practices. A socially just 
leadership, which is ready for the diverse student body, needs to achieve 
some key standards. Scanlan and Theoharis (2015) cite the importance 
of the administration in developing a school culture that is inclusive, 
where students have access to core curriculum and feel integral mem-
bers of the school community. In addition, they outline the importance 
of ensuring effective management of the organization, operations and 
resources for a safe, efficient and effective learning environment. 

Beyond the natural proportions and staffing ratio discussed above, 
necessary resources include in service training and paid planning time 
for teachers, for example. A well-executed class, in which all students 
are engaged and learning, is only made possible with careful planning. 
Therefore, the school leadership needs to recognize that teacher time 
outside of the classroom needs to be pre scheduled and paid. When a 
teacher is assigned with a full schedule of classroom time, they are so 
busy that they are not afforded time to research, collaborate with fel-
low teachers, and plan activities for all their students. This is a common 
practice in Brazilian schools, where it can be even worse with educators 
holding multiple jobs in different schools in the different periods to com-
plement their salaries to a livable wage. Therefore, it becomes clear that 
students, particularly those with identified disabilities, may not be as-
sisted in that class. This will only create and exacerbate a gap of inclusion 
of these students in their engagement with materials and peers, and as 
a consequence in performance. 
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CLASSROOM STRUCTURES AND SUPPORTS

When we consider classroom structures’ and instructional sup-
ports for inclusive education, this includes teaching models that employ 
co-teaching, integrated supports with other specialists, strategies for 
student participation and engagement, access to communication and 
provision of positive behavior supports are key elements. Co-teaching 
models require the collaborative work between two or more educators, 
most commonly a special educator and a general educator, so that 
the classes are taught by these two professionals with their different 
sets of complementary expertise (Friend & Bursuck, 2009). There are 
multiple co-teaching models outlined in the literature, ranging from 
one teacher providing direction instruction while the other provides 
student support to station teaching to full collaboration where both 
teachers are equally responsible for planning, delivery and assessment 
of learning. Implementation of specific collaborative models is often 
dependent on the skill and experience of the teaching team as well 
as specific demands of the content or lesson. However, regardless of 
the model, co-teaching needs the support of school leadership. In ad-
dition, the need for ongoing and adequate amount of planning time 
together, co-planning, so that the strategies and students’ supports 
are well supported in the research literature (Mitchell, 2014; Causton 
& Tracy-Bronson, 2015). Co-teaching, for example, is particularly rele-
vant in middle school, for example, where the specialized knowledge 
can be complemented by a teacher that understands more of students’ 
behaviors and teaching pedagogies.
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Besides collaboration between special and regular education teach-
ers, inclusive schools rely on the support of other professionals that as-
sist students in developing specific skills and/or provide indirect consul-
tation with teachers on strategies and adaptations to promote student 
learning. This could include the involvement of a technology expert to 
problem solve on resources that improve the engagement of a student 
with motor issues or a speech therapist to support language and com-
munication practices for the student and strategies for the classmates 
or teachers so that students can participate in class. The most common 
professionals with this role in schools are psychologists, speech pathol-
ogists, occupational therapists, physical therapists, and technology spe-
cialists, to name a few. Their participation depends on the students’ in-
dividualized needs. This type of on-site school presence and support is 
not a common practice in Brazilian schools, but needs to be encouraged. 
These professionals can participate to complement teachers’ knowl-
edge, but not supplant it. 

There is so much we are expecting from teachers in this inclusive 
schooling model, and the knowledge, practices and strategies imple-
mented in the classroom can be supplemented with a consultation with 
a health specialist, for example, in order for specific student needs’ to 
be supported. It is not an attempt to make schools what they are not, 
clinics, but an attempt to support all students’ needs so they can be 
included in that school. In truly inclusive schools, integration of these 
supportive services benefits all students, not just those with identified 
special education needs. 
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In order to promote student learning, participation and engage-
ment, different strategies are described as effective in inclusive schools, 
including individualized planning, adapted curriculum and/or materi-
als, peer support and collaborative grouping. Individualized educational 
plans (IEP) are an essential gathering of information about the student 
that will help educators plan accordingly (Friend & Bursuck, 2009). Min-
imally, an IEP needs to identify current strengths and needs, identify 
priority goals and outline the services and supports necessary to ad-
dress areas of need and engage meaningfully in content and curriculum. 
When educators plan the classroom and lessons with the individual stu-
dents’ needs and instructional goals in mind, we will be more successful 
in achieving them. Thus, once we have this individualized planning, and 
we know our students and their specific needs, we can adapt our curric-
ulum and activities. For some students, we need to oversee the planned 
curriculum for the semester or year. Alternatively, we may not need to 
adapt the curriculum but the activities and strategies to access it. Be-
sides thinking of how to structure the class so all students can learn, 
we can also aid the support for the student to engage in the proposed 
activity. Differentiation of instruction and materials is when students are 
working on similar topics but accessing it in different ways (Causton & 
Tracy-Bronson, 2015). 

Instruction that is engaging and motivating is essential to enhance 
student learning (CAST, 2018). When we recruit students’ interests, we 
can observe that they exhibit more sustainable effort and persistence, 
as well as self-regulation for learning (CAST, 2018). Universal design for 
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learning also outlines that supports for action and expression need also 
to be planned with the diverse learners in mind, and should include vari-
ous modes for response and navigation to use of assistive technology. In 
addition, individualized support of another adult is ideal depending on 
the complexity of needs of the students to engage with the materials. 
This individualized support is also guaranteed by law in Brazil, but rarely 
applied in the practice. This aide or assistant can ensure that students 
have access, that they can respond and participate equally in class. An-
other type of support is peer support, which is when classmates are di-
rectly taught on strategies to support students with disabilities, so that 
individualized support can be delivered when needed when an adult is 
not available. This is a very applicable, acceptable and effective strategy, 
for higher grades, for example (Carter, Sisco, Melekoglu, & Kurkowski, 
2007). 

Heterogeneous classrooms are at the core of inclusive schooling. 
Purposeful grouping, with attention to specific interests, strengths and 
needs, is an intentional strategy that allows all the opportunity to com-
plement each other’s knowledge and abilities. The use of work stations 
is another way students can be separated in small collaborative groups 
to work on different tasks or different parts of a larger task. These mod-
els go beyond the whole class teaching that does not contemplate the 
learning styles of most students to promote more engagement and 
learning.

Communication is a human right and an essential resource that ev-
ery student needs so to access learning and social engagement. Ashby, 
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Woodfield and Delia (2016) argue that all students deserve the assump-
tion of a communicative interest and competence, to afford appropriate 
support for expression and context for learning. Therefore, the use of 
Alternative Augmentative Communicative (AAC) is imperative in inclu-
sive schools for any students that cannot rely on reliable verbal speech, 
because we all need to have a voice so they can actually participate and 
engage with content, materials and classmates so that learning can ac-
tually take place for the student with complex communication needs. 
Supporting AAC users in the classroom requires proactive support such 
as increased wait time, reformatting activities to support participation, 
advance preparation and ensuring access to age- and context-appropri-
ate vocabulary.

Successful inclusive classrooms also integrate positive behavior sup-
port. One of the predictors of inclusion is the presence of behavior is-
sues, meaning that the first children to be excluded are the ones who 
present non-conforming behaviors. Understanding that all behaviors 
communicate a need, and this need is what to be addressed in order to 
support the student, then we will be successful in obtaining engaged be-
haviors. On the contrary, if we insist on dealing with symptoms, with the 
behavior and not its causes, we will be only developing remedies and 
not solutions. Preventive supports entail creating a positive climate, de-
veloping positive relationships with students and offering motivation are 
all paramount for the behaviors of students (Orsati, 2016). When you get 
to know your students, you can engage their interests, celebrate their 
successes, as well as learn to understand their underlying needs and 



188

support the student and their behavior when challenges arise. In addi-
tion, when teachers identify the skills the students are lacking, they will 
be able to understand why they are behaving the way they are (Greene, 
2008), and then support their behaviors and promote learning.

Just as not as all students will communicate in the same way, stu-
dents need a variety of ways to access instruction. Teachers need to 
allow for and encourage multiple ways of engaging with content and 
demonstrating knowledge. Ableism is the uncritical assertion that par-
ticular ways of being and performing are preferable and that those de-
sired standards of performance center a non-disabled experience (Hehir, 
2002). In inclusive classrooms, we need to have these structures and 
supports in place, so all students’ experiences are valued and promoted, 
and not disregarded or devalued. This may mean alternative texts, differ-
ent response formats, or integration of assistive technology. Teachers in 
the classroom, when they have the right mindset, have this fundamental 
role of knowing all the available tools to engage learning of all students. 

TEACHER TRAINING

A central and last piece to be discussed in this chapter is training. 
If we expect teachers and administrators to put in place the structures, 
supports and strategies necessary to successfully include a diverse popu-
lation of students, they need to be equipped with those tools. Therefore, 
we need to consider the role of experience, pre-service and in-service 
teacher education and development, especially for teaching students 
with disabilities. In Brazil, teachers will generally be assigned to inclusive 
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classrooms having only a few credits in special education, and without 
having prior experience teaching during college preparation, practicum 
hours and even less time interacting with students with a disability la-
bel (FEUSP, 2016). On the other hand, in the United States, all students 
complete four year undergraduate degrees, with direct teaching expe-
rience. In New York State, for example, the requirement was recently 
raised to 14 weeks of student teaching with at least 100 hours of ad-
ditional clinical practice prior to student teaching. Further, all teachers 
must earn a master’s degree to earn professional certification. There are 
additional exams that must be passed in order to be eligible to teach. 
Coursework and clinical experiences must address a content core and a 
pedagogical core. All teachers, regardless of certification area must earn 
at least three credit hours in supporting students with disabilities. Those 
seeking certification in the area of students with disabilities must com-
plete a program specifically targeted at that population, including specif-
ic coursework on topics including understanding the needs of students 
with disabilities, assessment, classroom management, instructional 
planning and working with families and caregivers. We highlight these 
staggering differences not to downplay the quality of Brazilian teachers, 
but to show the unfairness of placing Brazilian teachers in fully inclusive 
classrooms without the hours of training or practicum for such. These 
numbers are useful to examine the need to invest in teachers, who are 
our front liners in promoting inclusive education.

All in all, this chapter aimed in providing an overview of what should 
be minimally in place so that we can call inclusive the practices and 
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education provided. Inclusive education is a process that needs to be 
worked on in every school, because it is always in progress and it will de-
pend individually on students, teachers, schools and geographical loca-
tion. We hope to motivate you to look for more practices to complement 
the current state of inclusion in your school and provide more and more 
resources for all involved in this rewarding process. 
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INTRODUCTION

It is known that in order to achieve the diagnosis of a neurodevelop-
mental disorder, families tend to go through a difficult path that goes from 
strangeness and the first suspicions about the child’s behavior, passing 
through the decision to seek specialized assistance. In fact, it is a stage 
that requires patience and attitude, as it can last a long time and implies 
the search for accurate information to better understand the character-
istics of the child. Feelings of hope and disappointment fluctuate during 
this period, so the sooner these parents receive a diagnosis about their 
child, sooner the necessary steps will be taken to face the situation and 
seek appropriate treatment (Gray, 2002). 

Several aspects can interfere in the path traced by the families for 
finding a medical explanation about the child’s atypical development. 
Even though several signs of impaired development can be seen in very 
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young children, there is a widespread behavior of not valuing these com-
plaints, because development milestones are not homogeneous. The di-
agnosis often happens only when the child starts school and the differ-
ences in development, in comparison with its peers, are more evident.

The trajectory of parents, and especially mothers, for the acqui-
sition of medical information about the real clinical condition of their 
child, commonly goes through stages ranging from the family dealing 
with their own expectations, going through the urgency in obtaining in-
formation about what medical specialty to look for, until the eventual 
difficulty of finding a health professional who is in fact prepared to guide 
this family correctly. After a pilgrimage by several health professionals 
and services, causing a likely emotional exhaustion, parents must finally 
face the reality of the final diagnosis and the various interdisciplinary 
treatments necessary to favor the child’s development.

In this context, this chapter proposes to discuss the role of health 
in identifying students with special educational needs and what should 
be observed in environmental, social and behavioral terms in children at 
school to assist in the process of diagnosing neurodevelopment disor-
ders. It is understood that services structured in interdisciplinary teams 
offered to the population can minimize the problem of late diagnosis. 
Thus, we will address medical aspects, emotional/behavioral aspects, 
and will briefly present the results obtained in an assessment work on 
neurodevelopment disorders carried out by a multidisciplinary team in 
schools in the city of Embu das Artes/SP, Brazil.



195

MEDICAL ASPECTS

The intimate relationship between education and health should be 
emphasized, since these domains are often considered to be entirely 
independent without taking into account the necessary participation of 
Health when discussing issues related to Education. Even taking into ac-
count that there are numerous factors related to Health that must be 
considered in view of the need to establish causes and conduct in cases 
in which students are unable to contemplate the tasks proposed in class, 
in this space we will emphasize the cases in which varying degrees of 
Intellectual Disability (ID) may be present, while mentioning other neu-
rodevelopmental disorders.

People with more evident degrees of ID are perceived more fre-
quently, since their functional limitations are obvious. The biggest prob-
lem when we discuss this aspect in relation to school is that about 85% 
of the cases diagnosed with ID are categorized as mild and this popula-
tion, in general, is invisible in the school environment. 

The various conditions that belong to this group constitute an 
important health problem and are configured as being of great importance 
in several aspects, namely: (1) early identification; (2) accurate diagnosis; 
(3) adequate assessment; (4) identification of the etiology; (5) offering the 
necessary interventions; (6) adequacy of resources; and (7) establishing 
the prognosis (Shevell, 2008). They are, therefore, chronic conditions that 
share qualitative, quantitative deficits or both in the development of one 
or more of the following domains: motor skills, speech and language, 
cognition, personal-social domain and activities of daily living.
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The best way to define ID is through a multidimensional view, ac-
cording to which this condition would be characterized by a disability 
derived from a significant limitation in intellectual functioning and adap-
tive behavior expressed in conceptual, social and practical skills (Amer-
ican Association on Mental Retardation [AMMR], 2006). Although the 
difficulties result from cognitive impairments, it is evident that they are 
strongly influenced by environmental factors such as early diagnosis, 
prejudice, quality of support services, family inclusion, etc.

Estimates about the prevalence of ID vary according to the inclusion 
criteria and the methodologies used. According to the World Health Or-
ganization (WHO), 10% of people in the Third World, in peacetime, have 
some type of disability. In Brazil, the Institute of Geography and Statistics 
(IBGE) estimated, in 2000, the existence of 24.5 million Brazilians with 
disabilities (Silva, Panhoca, & Blanchman, 2004), and it is estimated that 
50% of them have some degree of ID. 

Possibly, due to a much higher number of people with discrete levels 
of ID, many disagree with the prevalence data that have been published. 
Most of the people in this group are not identified due to the subtlety 
of the signs and symptoms presented. Added to this is a trend that has 
strengthened that routine intelligence tests are not applied in psycholog-
ical studies, which contributes to an underestimation of this population. 
Thus, it should be considered that possibly many of the students we find in 
schools with learning difficulties have undiagnosed ID, which, when mild, it 
can be confused with other neurodevelopmental disorders, such as atten-
tion deficit hyperactivity disorder or one of the specific learning disorders.



197

As for cases of mild ID, it is known that the possibility of identifying 
an etiology is quite remote, becoming greater in the most severe cas-
es. According to Shevell (2008), in about three quarters of the cases in 
which we reach the etiology, we will find one of the following risk factors 
(in decreasing order of frequency): genetic syndromes or chromosomal 
abnormalities, intrapartum asphyxia, cerebral dysgenesis, severe psy-
chosocial deprivation and prenatal exposure to toxic agents (for exam-
ple, alcohol or other drugs). About 10% of children with global develop-
mental delay or with ID have some cytogenetic abnormality, and in 40% 
of these there are no evident dysmorphic changes.

Risk factors for ID can be pre, peri or post-natal and can be classi-
fied according to biomedical, social, behavioral or educational aspects 
(AMMR, 2006), as listed in Table 1. In addition to these risk factors, peri-
natal HIV infection should always be remembered for a few decades, as 
children and adolescents exposed and infected with HIV-1 in the perina-
tal period may show signs and symptoms of more than one of the fol-
lowing problems: encephalopathy, intellectual disability, language delay, 
pyramidal signs, microcephaly, behavioral and mood disorders (Rocha 
et al., 2005). Thus, it is important that serological investigation for HIV-1 
infection is part of the laboratory investigation protocol in cases of ID 
without determined etiology.
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Table 1. Pre, peri and postnatal risk factors according to biomedical, social, behavioral 
or educational aspects, according to the AMMR (2006).

Period Aspects
Biomedical Social Behavioral Educational

Pre-natal

1. chromo-
somal disor-
ders

1. poverty 1. parent drug 
use

1. losses
parents’ 
cognitive 
abilities 
(without 
support)

2. disorders 
caused by 
mutations in a 
gene

2. maternal 
malnutrition 2. alcohol use 

by parents

3. lack of 
preparation 
for the 
parental role

3. syndromes 3. domestic 
violence

3. parents’ 
smoking habit

4. metabolic 
disorders

4. lack of adequate
prenatal care

4. parental 
immaturity

5. cerebral 
dysgenesis
6. parental 
age
(early or 
advanced)
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Perinatal

1. prematurity 1. lack of access 
to childbirth care

1. parental 
rejection

1. lack of
referral for 
intervention 
after 
discharge

2. childbirth 
insult

2. parental 
abandonment

3. neonatal 
disorders

Post-natal

1. traumatic 
brain injury

1. compromised 
child-caregiver 
relationship

1. abuse and 
negligence

1. inadequate 
paternity

2. malnutrition
2. lack of
proper
stimulation

2. domestic 
violence

2. late 
diagnosis

3. meningoen-
cephalitis 3. Family poverty 3. lack of safety 

measures

3. services of
inadequate 
early 
intervention

4. convulsive 
disorders

4. chronic illness 
in the family

4. social 
deprivation

4. inadequate 
special 
education 
services

5. egenerative 
disorders

5. institutionaliza-
tion

5. difficult child 
behaviors

5. inadequate 
family support
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Treatments to be proposed for people with ID should be planned 
on a case-by-case basis, since each individual has unique peculiarities. In 
this planning, the degree of cognitive impairment, the degree of impair-
ment in the various adaptive areas, other characteristics present, possi-
ble comorbidities, characteristics of families, community resources, etc., 
should be considered.

The fact is that we must identify the deficiency as early as possible, 
in order to try to minimize its effects. The treatment of conditions with 
ID is, in general, expensive, prolonged and with results that are usually 
not significant. The person will have to be diagnosed and treated by a 
multidisciplinary team and, in some cases, have differentiated school at-
tendance.

In order to significantly reduce the number and severity of disability, 
the best approach is to prevent its occurrence. The preventive approach 
is the cheapest, most effective intervention and with much more inter-
esting results not only from the point of view of the individual, but also 
with regard to the public health problems involved. This involves good 
care for pregnant women, with vaccination, identification of syphilis, de-
tection of maternal-fetal Rh incompatibility, prevention of maternal HIV 
infection, among others. 

Educating women to avoid using toxic substances, as is the case with 
some medications, as well as the dissemination of the harmful effects of 
the mother’s use of alcohol and other drugs on the child, key to con-
tributing to reducing the number of babies affected. In addition, public 
awareness campaigns to raise awareness of the risk that older women 
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are more likely to give birth to children with chromosomal problems, 
such as Down syndrome, which affects one in 600 live birth babies, could 
help decrease the incidence of this condition. 

The obstetric problems that afflicted children frequently have de-
creased in a very important way, making the major birth injuries, which 
have been common for a few decades, become increasingly rare. The 
presence of the neonatologist in the delivery room has offered new-
borns the possibility of urgent and more efficient care in the event of 
hypoxemia, often avoiding neurological sequelae.

Performing the enlarged heel test early identifies the presence of 
phenylketonuria, congenital hypothyroidism and several other condi-
tions that can occur with ID. The first two, if identified early and if prop-
erly treated, will not harm the development of affected children. 

In view of the points discussed, it is clear that all efforts must con-
verge to the adoption of measures that can lead to the prevention of 
the described conditions, since prevention, in these cases, is essential. It 
is important to draw attention to the relevance of correct identification 
of ID cases as early as possible, so that we have the possibility to offer 
appropriate genetic counseling to parents and to develop the most ap-
propriate treatment plan.

In our primary care structure, it is up to the children’s doctor to iden-
tify, as soon as possible, children with suspected developmental delays, 
so that referral to the specialist can be made without delay. However, 
what is usually observed is that pediatricians often do not adequately 
identify these cases, which was described in the work of Tanaka et al. 
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(2009) in a Basic Health Unit (UBS – in Portuguese, Unidade Básica de 
Saúde).

Another relevant topic to be discussed is the importance of health 
professionals addressing adverse childhood experiences (ACEs) in their 
practices, discussing the impact of these experiences on brain develop-
ment and general health of children and adolescents, defending trauma 
prevention and improving services for those who have (or are) experienc-
ing adverse experiences, a topic whose relevance will be discussed fur-
ther below. Among the ACEs are: physical, sexual and emotional abuse; 
physical and emotional neglect; mental disorders or alcohol and drug 
addiction in any family member; divorce or abandonment by a parent 
and repeated violence against the mother, experiences that can reflect 
both insecurity, distrust, low self-esteem and suicidal thoughts (inter-
nalizing problems), as well as shouting, crying, presence of nightmares, 
challenging and self-destructive behaviors (externalizing problems). 

As we have already mentioned, the treatment, as well as the diag-
nosis and assessment of conditions that are undergoing ID, should be 
multidisciplinary whenever possible, since these people present losses 
in several adaptive areas. The evaluation profile can help to outline the 
therapeutic plan and should be determined on a case-by-case basis.

Professionals from various sectors should participate in the treat-
ment, depending on the degree and quality of the impairment, the pa-
tient’s age and the goals that are being placed as the most appropriate. 
The participation of physiotherapists, occupational therapists, speech 
therapists, physiatrists, orthopedists, psychologists, pedagogues, pedi-
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atricians, neurologists and psychiatrists should be requested whenever 
necessary. The work of a social worker can also be just as useful.

EMOTIONAL / BEHAVIORAL ASPECTS

Considering behavioral problems such as deficits and/or behavioral 
excesses that cause impairment to the life of the child and of those around 
him, it is necessary to pay attention to the problems presented by children 
with school complaints, including understanding if they are causes or con-
sequences of learning difficulties or if they are associated with ID. 

Emotional/behavioral problems can be classified as Internalizing and 
Externalizing (Achenbach et al., 2016). Internalizing problems are those 
expressed in a more private way, that is, as for the individual, how they 
deal with difficulties and environmental stressors individually, presenting 
issues that are called, for example, anxiety and depression. Externalizing 
problems are social expressions of the difficulties experienced by the 
individual and include, for example, aggressiveness, disobedience and 
opposition. Both are associated with poor school performance (D’Abreu 
& Marturano, 2010). Such association indicates, in some cases, the in-
fluence of environmental variables, such as adverse conditions in the 
family, which further compromises the prognosis. However, it should be 
noted that these may or may not be direct causes of school difficulties, 
that is, the influence of the environment on poor school performance 
may exist, however, we must consider them together with individual 
and/or neurodevelopmental factors of the child, which highlights the 
importance of the health/education interface. 
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Regarding the family and social environment, it is known that ex-
posure to ACEs is associated with an increased risk of behavioral and 
learning problems (Burke et al., 2011). As for individual and neurodevel-
opmental factors, there are neurodevelopmental disorders, such as Au-
tism Spectrum Disorder (ASD), ID and specific learning disorder, which 
is accompanied by persistent difficulties in learning and using academic 
skills, resulting in performance substantially lower than expected for the 
child’s chronological age, which generates losses in school performance 
and other daily activities (APA, 2014). The prevalence of this disorder is 
high in children of parents with reading difficulties, indicating the exis-
tence of interaction between genes and environment in determining lit-
eracy outcomes. When it comes to the environment, the one with a lack 
of stimulus to learning has a significant variation in the reading outcomes 
of children at family risk of specific learning disorder with impaired read-
ing - Dyslexia. By associating the lack of stimuli to the experience of ad-
verse experiences, the risk of social problems, behavior and psychiatric 
disorders is increased, highlighting the situation of psychosocial risk in 
which these children may find themselves. 

Certain factors increase the risk of abuse and neglect, such as, for 
example, ID or any other disorder / disability that decrease the child’s 
autonomy. However, the way parents deal with rules, behavior and af-
fection towards their children can influence the course of emotional 
development, psychosocial and behavioral behavior of the child, since 
the plasticity of the development of the neural structure is particularly 
vulnerable to environmental factors.
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Despite a strong reciprocal association between some neurode-
velopmental disorders and psychiatric disorders, their co-occurrence 
is often under-recognized and undertreated (Hendren et al., 2018). An 
interdisciplinary and integrated approach between mental health pro-
fessionals and educators can lead to comprehensive and targeted treat-
ments that encompass both academic and mental health interventions, 
contributing to the improvement of educational and health-related out-
comes in vulnerable children and youth. It should be noted that expo-
sure to ACEs without adequate support leads to prolonged activation of 
the body’s stress response systems, causing long-term changes in corti-
sol reactivity and immune function, affecting the development of brain 
structures essential for learning and memory (Burke et al., 2020).

In addition to health professionals, the school plays an important 
role in tracking students’ behavior problems. Considering that this is the 
environment in which the child spends much of his/her time, it becomes 
a valuable resource for screening emotional and behavioral problems 
and an indication for early assessments and interventions that can mit-
igate the severity of symptoms and decrease the likelihood of negative 
epilogues. The integration of health and education professionals can 
make the diagnosis happen faster, as already discussed, and that the 
prognosis of the child’s development is better. 

A simple question, suggested by Eklund & Dowdy (2014), that can 
and is often used by teachers is “what happened / is happening to you?”. 
However, as emotional and behavioral problems are often underestimat-
ed, especially internalizing problems that, due to their nature, tend to be 
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more difficult to observe, the use of systematic screening is proposed. 
It should be carried out by interdisciplinary teams, with standardized 
tools, proven to be more sensitive than other methods and with the 
potential to identify most children with significant emotional/behavioral 
problems, as well as neurodevelopmental disorders.

IDENTIFYING STUDENTS WITH DEVELOPMENTAL DISORDERS IN 
THE PUBLIC-SCHOOL SYSTEM

In Brazil, public health services are the responsibility of the Unified 
Health System (SUS). The SUS is organized regionally through a decen-
tralized but connected network of health services and related activities, 
made up of a complex number of facilities, both public and private, to 
provide care. As part of the SUS, the Psychosocial Care Network (in Por-
tuguese RAP) works in conjunction with other health networks and pro-
grams, such as the Family Health Program (PSF, the Portuguese acronym) 
and the Care Network for People with Disabilities (RCPD, the Portuguese 
acronym). In addition, there is a connection with educational and social sys-
tems. The Child and Youth Psychosocial Care Centers (CAPSis) are part of the 
RAP, places directly involved with diagnostic evaluation and intervention.

Designed in this way, the system should work properly, but the prac-
tice does not include the system theorist, starting with the guidelines 
produced by the Ministry of Health. Regarding ASD, for example, there 
are sometimes conflicting guidelines.

Rios and Andrada (2015) indicate the philosophical conception of 
conflict in the understanding of the individual with autism. It results in 
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heterogeneous positions with regard to diagnosis and intervention. The 
documentation is greater in relation to ASD, but it is known that the 
situation is not better in relation to ID or Attention Deficit Hyperactivi-
ty Disorder (ADHD). The prevalence of the three disorders makes them 
more frequent in the school population. ASD and ID, even underdiag-
nosed, are among the most frequent enrollments of students with spe-
cial educational needs. ADHD is practically not included in these records 
(Teixeira et al., 2017).

With this situation, the need to produce research in this area is ev-
ident, mainly in university and public services, so that it is possible to 
understand exactly how people with special educational needs and their 
families are being accommodated, evaluated and cared for in these plac-
es. From this point of view, Brazilian production is restricted. The work 
points out the need to promote clinical training, including training in 
diagnostic instruments and early diagnosis. Considering the existing ser-
vices, there is a need to expand the knowledge of best practices in this 
area, increase the capacity of these services and establish training pro-
grams for pediatricians and family doctors (Ribeiro et al., 2017). From 
the CAPSis point of view, the work of Ceballos et al. (2019), profiles them 
from 2008 to 2012 in a total of 837,068 records, in all Brazilian regions. 
It is noted that ASD represents the second frequency diagnosis in the 
system (12.4%). 

In the Municipality of Embu das Artes, the Graduate Program in De-
velopmental Disorders at Mackenzie Presbyterian University has been 
developing research and training actions in the municipal public-school 
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system. One of these initiatives is described in detail in another chapter 
of this book (Decision-making model for identifying neurodevelopmen-
tal disorders in basic education), whose method has already been pub-
lished (Teixeira et al., 2020). 

Another experience in the same municipality refers to the clinical 
characterization of students diagnosed with ASD provided by the Special 
Education sector of the Municipal Secretary of Education. There was no 
prior information on these students’ clinical details beyond diagnosis. In 
the schools themselves, students enrolled with this diagnosis were ex-
amined and an interview with parents was conducted. The procedures 
were performed by two professionals with experience in the natural his-
tory of ASD: a doctor and a psychologist. A summary of this investigation 
is presented below. 

In the period from October 2017 to August 2019, 115 students were 
assessed, out of a total of 140, diagnosed with ASD, enrolled in the mu-
nicipal education network of city of Embu das Artes, in the great São 
Paulo. Through basic clinical instruments, parents or guardians were in-
terviewed at their children’s schools.

It was found that the percentage of identification and age is appro-
priate for the diagnosis of students with ASD; in almost all cases the 
diagnosis is made by the municipal public health system; the clinical pro-
file of students with ASD showed that more than half of them are signifi-
cantly compromised and need a lot of support in activities of daily living, 
at school and in society; ID and language impairment are presented by 
more than half of the sample; high number of perinatal complications, 
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notably events possibly harmful to the Central Nervous System and 
global development; comorbidities in the form of genetic syndromes 
and other conditions, such as epilepsy, were recorded in 21.7% of stu-
dents with ASD. 

FINAL CONSIDERATIONS

In this discussion about the role of health in the interface with edu-
cation, we seek to discuss the conditions that attend courses with varying 
levels of ID, including a synthetic description of the conceptualization, 
classification and the most common risk factors for this underdiagnosed 
condition, which is often, the etiology of school difficulties presented by 
the child. Once again, we call attention to the crucial importance of early 
diagnosis, followed by investigation to identify the etiology of the con-
dition and immediate referral for enabling treatment. It does not seem 
exaggerated to insist on the importance of tests of intelligence and as-
sessment of the emotional/behavioral profile in the face of any child 
who presents a significant delay in development and who can manifest 
itself more clearly at school.

The importance of observing the context in which the student with 
special educational needs is inserted was also part of our discussion, 
with emphasis on the ACEs to which the child may have been or may 
be exposed, which directly impacts his brain development and health, 
implying learning difficulties and emotional/behavioral problems, and 
compromising the prognosis of the case. In this sense, we advocate that 
such variables need to be observed and considered in the interdisciplin-
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ary planning of the intervention to lead to a better prognosis. Systematic 
screening should be performed by interdisciplinary teams to screen stu-
dents with significant emotional/behavioral problems, as well as neuro-
developmental disorders.

This work should be carried out in school systems in the early stages 
of elementary school, in order to identify students with special educa-
tional needs. For this, teachers in general, and special education sectors 
in particular, must have access to consultants with theoretical knowl-
edge about the main developmental disorders as well as master assess-
ment instruments specially developed for teachers. Interlocution with 
the municipality’s health system is fundamental for the validation of di-
agnoses and clinical characterization of these students from the cogni-
tive, behavioral, and functional point of view.
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Autistic Spectrum Disorder (ASD) is a neurodevelopmental disorder 
beginning in early childhood; with chronic course, it remains during ad-
olescence and adulthood, and is associated with a great emotional and 
economic burden (Paula et al., 2017).

 In the light of science, it is of great relevance to investigate what 
are the barriers in order to reach the diagnosis as early as possible, an-
chored in the robust theoretical framework of the importance of inter-
disciplinary intervention in the early stages of child development. The 
next step is to share this knowledge with society, outlining public poli-
cies that allow the guarantee of rights, helping to expand and guarantee 
access to services based on a broader understanding of the concept of 
inclusion, and also based on the theoretical model of law, in which the 
person should be included in the natural contexts of life, offering citi-
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zenship conditions so that he can exercise social roles according to his 
age, whether at school, at work or in independent life. The goals are for 
functionality and participation.

American estimates point to an increase in the diagnosis of ASD, 
with a prevalence of 1 to 166 children in 2004, increasing to 1 in 59 chil-
dren in 2018 (Baio et al., 2018). Dozens of studies of this nature have 
already been carried out, mainly in developed countries, indicating the 
best estimate of an ASD rate between 0.6 to 1.0% of the population (Baio 
et al., 2018; Fombonne et al., 2018; Baxter et al., 2015).

Its causes are not fully known, but certainly a a neurobiological ba-
sis of multifactorial origin, with a strong genetic component combined 
with the individual’s exposure to environmental events, particularly in 
the pre and perinatal periods (Chaste & Leboyer 2012; Kim & Leventhal, 
2015). A twin meta-analysis study estimated heredity in the range of 
64% to 91%, while estimates of the environment’s contribution to the 
development of ASD vary according to surveys from 1% to 35% (Bai et 
al., 2019; Yip et al., 2018). 

EARLY DIAGNOSIS

 Alongside the issues related to the etiology of the disorder, re-
searchers focus on aspects related to the diagnosis of ASD (Bai et al., 
2019; Tick et al., 2016). Recent follow-up studies of children at risk for 
ASD (children who had an older sibling with ASD, for example) show that 
clinical signs emerge at the end of the first year of life and become sta-
ble until the end of the second year, when a more reliable diagnosis can 
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be made (Landa, Gross, Stuart & Faherty, 2013; Zwaigenbaum, Bryson, 
Rogers, Roberts, Brian, & Szatmari, 2005; Bai et al., 2019). It is currently 
considered that in approximately 80% of cases, ASD is detectable until 
the age of 24 months (BAI et al., 2019). There is evidence that parents 
can identify concerns in the development of their children with ASD be-
fore 12 months of age (Bolton et al., 2012; Kozlowski et al., 2011) and 
the recommendation that the characteristics of ASD should be identified 
before the child turns three.

Strong evidence points to the importance of early intervention in 
children suspected of ASD (Landa, 2018; Su Maw & Haga, 2018; Mc-
mahon & Griffith 2017; Zwaigenbaum & Penner, 2018). The first step 
in ensuring care and access to specific programs is through a diagnosis, 
by screening, identification, and adequate referrals. A number of inter-
national guidelines provide parameters not only for screening, but also 
comprehensive high-quality assessments at a very early stage in the de-
velopment of babies. However, these more complete models require 
many resources and high specialization of the professionals involved, 
which can result in excessive waiting time, which often does not cor-
respond with the availability of services, whether human resources or 
instruments for a specific ASD diagnostic evaluation (Zwaigenbaum & 
Penner, 2018). In accordance to that, studies on early identification seek 
to evaluate different strategies applied.

Daniels and Mandell (2014), in a review study, identified 35 dif-
ferent approaches which were grouped into the following categories: 
awareness, routine screening and improvement of professional practic-
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es aimed at improving screening. Most of the studies that implemented 
routine screening almost always performed in childcare consultations, 
pointed to a greater recognition in suspected cases. However, there are 
several challenges common to the implementation of routine screening. 
The main barriers include the effect of changing the practice in the con-
text of limited time and resources, identification of the ideal manner and 
context of screening, lack of follow-up of cases with positive screening, 
and lack of professional knowledge about screening tools.

A literature review (Daniels et al., 2014), assessed barriers related to 
delayed diagnosis, which will be described below. This data also points 
out that there has been a trend in recent years towards an earlier diag-
nosis. However, recent studies show that there are disparities that may 
be related to the characteristics of the child, family and community.

The barriers related to the late age of diagnosis were: (i) lesser se-
verity of symptoms (that is, milder cases are detected later); (ii) low 
family socioeconomic status; (iii) delay in the parents’ concern with the 
initial symptoms; (iv) place of residence of the family (rural area); (v) lack 
/ limitation of community resources and organization of public policies 
and (vi) relationship problems or lack of trust / access of family members 
to health and education systems. Such factors point in the direction of 
the knowledge that factors other than the clinical presentation may be 
related to the age of diagnosis (Daniels & Mandell, 2014).

In general, the literature points out that the early identification of 
cases is strongly linked to the early recognition of developmental prob-
lems by parents and / or main caregivers as well as a greater knowledge 
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of clinical and behavioral signs, and symptoms, by professionals in the 
field, development surveillance, as well as greater access to informa-
tion by the general population. Initially, much like an educational pro-
cess. The first clinical signs of ASD are related to a delay in the main 
motor milestones, language and social communication, in addition to 
the presence of stereotyped behaviors, unusual manipulation of objects 
and incongruous regulation of emotions. These signs are usually present 
in the first year of life, but with a low rate of detection of delayed child 
development. (Williams & Clinton, 2011; Einspieler, Peharz & Marschik, 
2016). More severe forms of autism can be detected by families in the 
first year of life but are still rarely treated before 3 years of age (Viaux 
Savelon et al., 2018). 

The empirical and review studies presented above reveal that de-
spite advances in the field of early detection, there is a great variation in 
relation to the average age of diagnosis of ASD, which remains on aver-
age between 3.5 and 5 years of age (Zwaigenbaum & Penner, 2018) and 
many challenges in the early identification and intervention of babies 
and children with ASD. These results are particularly important consid-
ering that the diagnosis of ASD is stable and reliable, in most cases, at 
24 months of age (Ozonoff, Young, Landa et al., 2015). Delayed diagnosis 
is a missed opportunity to provide early intervention, and consequent-
ly to improve the functional prognosis of these children, increasing the 
opportunity for better functionality of these people in adulthood, with 
greater autonomy and less need for support and / or assistance from 
third parties (Whitehouse, 2017; Viaux Savelon et al., 2018).
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When identifying the factors associated with the age of ASD di-
agnosis, studies propose some solutions so that this interval between 
the perception of the first warning signs and the diagnosis is reduced. 
A first suggestion involves changes in public policies effective in differ-
ent countries, such as: expanding the number of centers that carry out 
evaluations, as well as expanding the number of professionals working 
in existing centers and establishing new teams to work at communities 
nearby those families. Another guideline would be to care for babies at 
risk, without waiting for the diagnosis of ASD to be established. There is 
evidence in the literature that demonstrates effectiveness for this inter-
vention model (Viaux Savelon et al., 2018).

Studies also point out that early detection efforts should include par-
ent/primary caregiver education on early recognition of developmental 
problems, interventions aimed at streamlining the process, from ear-
ly concerns to the final diagnosis, as well as strategies aimed at under-
served populations. Among several sensitive points for this statement, it 
is pointed out that during the first year of life the symptoms of children 
at risk are not specific and can be transient and not permanent. The only 
symptom that is permanent is the lack of desire to form relationships, 
that is, social interaction (Viaux Savelon et al., 2018).

Considering that children with ASD present important changes in 
specific developmental domains, such as communication, socialization 
and cognition, requiring permanent care in varying degrees throughout 
their lives, it is essential to identify the factors that promote a faster 
diagnosis or that lead to its delay, as well as, consistently evidence the 
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data described in the literature on diagnostic age. National studies are 
an important next step, as such estimates can be valuable in planning 
public policies aimed at this population.

GUARANTEE OF RIGHTS

 Important social normative instruments of the first half of the last 
century referred only to the social security of people with disabilities, 
offering no guarantees as to their education or the possibility of working 
and effectively exercising their citizenship. This information is ensured 
both in the Universal Declaration of Human Rights (UN, 1948), and in the 
Brazilian Federal Constitution of 1934, 1937 and 1946, (IBGE, 2018). It 
was in the second half of the 20th century that the eyes of the interna-
tional society turned not only to rehabilitation, but also to social guaran-
tees for the integration of people with disabilities (IBGE, 2018).

Dated only as of 1971, the resolution 2856 (XXVI) stated the first 
international legislation protecting the rights of people with intellectu-
al disabilities. This regulation advocated the rights to education, treat-
ment, rehabilitation, family inclusion, the need for protection, the right 
to protection from exploitation, degrading treatments and any type 
of abuse (UN, 1971). In 1975, the Declaration of the Rights of Persons 
with Disabilities was approved, which expanded the understanding and 
concepts of disability, beyond intellectual, on the issues of autonomy 
and self-confidence (UN, 1975). It listed rights not only those related to 
health, social security and social assistance, but also civil, political and 
social rights.



220

In 1981, UN declared the International Year of People with Disabili-
ties and launched the World Program of Action for People with Disabil-
ities the following year, with specific programs and concrete goals for 
policy planning, implementation and monitoring. It built materials with 
technical recommendations for statistics and reports, mainly in devel-
oping countries, in order to compare such information internationally. 
Since then, the theme has received more attention from official statis-
tical institutes on all continents, offering information of paramount im-
portance for decision-making on specific public policies aimed at this 
population (IBGE, 2018).

Thus, in 2011, UN used data from the World Health Organization 
(WHO) to report that 1 billion people lived with some disability in the 
world. Of these, 80% live in developing countries. It is also noteworthy that 
among the poorest people in the world, 20% had some type of disability 
(UN, 2011). According to UNICEF (2006), of this total, 150 million children 
under the age of 18 have a disability. Another alarming data from this 
group is that these children are more likely to be victims of violence and 
that 90% of people living in developing countries do not attend schools.

An important landmark published in 1980 by the WHO, was the 
International Classification of Disabilities, Disabilities and Disadvantag-
es - CIDID, classifying the consequences of diseases, injuries and other 
disorders and the implications of these consequences in people’s lives. 
Through CIDID, three dimensions were consolidated: impairments, dis-
abilities and handicaps. Over time, CIDID has become, in addition to a 
clinical tool, an instrument of social and statistical policy, guiding the 
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collection and registration of data on people with disabilities. In 2001, 
breaking through, the International Classification of Functionality, Dis-
ability and Health - CIF was approved by WHO, which started to pres-
ent a new way of measuring health and disabilities, considering envi-
ronmental factors and encompassing the social paradigm to the doctor, 
proposing a biopsychosocial approach to people with disabilities. From 
the publication of the CIF, WHO developed a series of tools for the op-
erationalization of the Classification, among which the ICF Core Sets in 
Clinical Practice and the ICF Checklist for primarily clinical purposes. And 
the WHO Disability Assessment Schedule and the Model Disability Sur-
vey with the purpose of instrumentalizing population studies.

In Brazil, according to the Ministry of Health, the first investigations 
of disability in the population date back to the 19th century. Howev-
er, it was only from the end of the 1980s that relevant actions were 
launched in relation to people’s rights, by means of the Brazilian Consti-
tution (1988) and Federal Law 7853, ensuring the exercise of individual 
and social rights and guaranteeing the obligation to include deficiency 
questions in the demographic censuses of 1991, 2002 of 2010. (Ministry 
of Health, 2019). According to the last census conducted in 2010, and 
data reviewed in a study entitled ‘National and International Panorama 
of the Production of Social Indicators’,– specific population groups and 
the use of time, by the Brazilian Institute of Geography and Statistics in 
2017, Brazil had 12.5 million people with some disability, totaling about 
6.7% of the population (IBGE, 2018). It is known that this data is inac-
curate due to methodological limitations, but they represent a national 
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landmark, since that for the first time a national survey of this scope is 
established.

In parallel, in relation to the educational aspects aimed at this popula-
tion, after the Conventions on the Rights of Children (1990) and the Sala-
manca Declaration on Education for All (1994), principles and policies with 
regards to special aid education were instituted, guaranteeing every child 
the right to education, and for those with special needs access to regular 
school, providing pedagogy centered on the individual needs’ of each child.

In 2008, the “National Policy on Special Education from the perspec-
tive of Inclusive Education” was formulated with broad participation by 
civil society and education managers and educators from all over Brazil. 
This policy guarantees access, participation and learning for students with 
motor, sensory, intellectual, and multiple disabilities in addition to global 
developmental disorders and high skills / giftedness in regular schools. It 
also guarantees that special education is transversal, from early childhood 
education to higher education; specialized educational assistance (AEE); 
continuing schooling at the highest levels of education; the training of 
teachers for AEE and other education professionals for school inclusion; 
family and community participation; urban, architectural accessibility in 
furniture and equipment, transport, communication and information; and 
intersectoral articulation in the implementation of public policies.

Specifically addressing the guarantee of the rights of people with 
ASD, despite the advances achieved under previous laws, it was only in 
2012, through federal law No. 12,764 (popularly known as ‘Lei Berenice 
Piana’) that the Brazilian government instituted the National Policy Pro-



223

tection of the Rights of the Person with ASD. Thus, the rights of people 
with ASD are enshrined, specifying the guarantees of early diagnosis, 
multidisciplinary care, adequate nutrition, and medications, with a view 
to comprehensive care to their needs.

In line with the National Education Guidelines and Bases Law (Law 
9.394 / 96), this policy ensures that the person with ASD is included in 
regular educational classes, also bearing the right to a specialized as-
sistant when necessary, and inclusive / aided education at all regular 
schooling levels, subject to a fine if the school does not comply or refus-
es to allow their enrollment (BRASIL, 2012). The Statute of Persons with 
Disabilities (2016, Art. 28, XI), is also categorical when it enshrines the 
right to educational training and the availability of teachers for special-
ized educational assistance and support professionals in the classroom 
in order to achieve the maximum possible development, according to 
their characteristics, interests and learning needs.

Moving to the most recent historical moment, in July 2015, the Bra-
zilian Inclusion Law - LBI (Law 13.146 / 15) was sanctioned. This law, 
also known as the Statute for Persons with Disabilities, is intended to 
ensure and promote, on equal terms, the exercise of the fundamental 
rights and freedoms of persons with disabilities, with a view to their so-
cial inclusion and citizenship. The LBI summarizes the rights and duties 
of persons with disabilities, previously distributed in various laws. It is 
made up of 127 articles, with a series of innovations such as the right to 
decide, no longer allowing total interdiction, thereby not revoking dis-
abled people’s intrinsic human rights.
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Historically, people with ASD, as well as people with disabilities, 
face discrimination and barriers that hinder access to their rights. As a 
result, individuals with ASD have long been marginalized and excluded 
from social life. Policies and legislation are important to guarantee so-
cial inclusion and the resumption of rights. Advances in health and ed-
ucation have been noted in Brazil, especially from 2016 and 2017, with 
guarantees under the law of an assessment for child development and 
advances in education through the principles of equity and equal rights, 
ensuring specific learning needs.

The understanding of the historical trajectory which involves the 
transition from the health model to the model of rights, alongside ac-
cess to services and citizenship is fundamental because it amplifies the 
participation of all citizens in an active process of promoting citizenship 
and health. As a cascade reaction, the inclusion of people with ASD as 
active people involved in processes, allows society’s perception of di-
versity to expand. Through the consolidation of these rights, the expan-
sion of knowledge and the continuous occupation of social spaces, some 
gaps can be filled, such as the diagnosis and guarantees of necessary 
interventions at an early stage and throughout life.

Despite advances identified to date, we would like to highlight more 
vulnerable groups due to the lack of specific public policies. Particularly 
those aimed at adolescents, adults and the elderly with ASD in Brazil, 
many of whom are unassisted in their specific needs, and lacking in op-
portunities for social participation.
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INTRODUCTION

Speech-language pathology is a science that studies human communi-
cation, and its performance is related to the development, rehabilitation and 
improvement of oral and written language, voice, hearing, balance, spee-
ch (fluency and articulation), as well as orofacial functions (swallowing and 
chewing) (Brazil, 1981). Despite being considered a profession in the health 
area, the performance of the speech-language therapist may be related to 
learning, and therefore transitions between the two areas: health and edu-
cation. Undoubtedly, acting with the complexity of the learning process and 
its difficulties, there is a need for an interdisciplinary approach. Thus, in the 
educational scenario, speech-language therapy develops, together with edu-
cators, actions to promote, improve and prevent difficulties that may nega-
tively interfere in school performance, such as difficulties in socialization; in 
the execution of activities in class; in the development of reading and writing, 
and the teaching and learning process (ASHA, 2010).
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Considering learning issues, the specialties of Language and Edu-
cational Speech Therapy are involved, both recognized by the Federal 
Council of Speech Therapy (CFFa,2010; CFFa 2006). The performance 
of the speech therapist covers, in this context, both clinical and educa-
tional activities, with the development of programs to prevent learn-
ing difficulties in written language, the identification and intervention 
of learning disorder, as well as the development of educational support 
and guidance programs in cases of communication disorders in general 
(Navas, Ciboto & Borges, 2017).

Numerous situations can generate difficulties in the learning pro-
cess, which can be circumstantial or persistent (Snowling, Duff, Nash, & 
Hulme,2016). Students who present biomedical conditions such as ge-
netic syndromes, intellectual disability, Autism Spectrum Disorder (ASD), 
hearing or visual impairment, neurological lesions, among others, may 
present failures in the development of oral language or learning difficul-
ties. Besides, according to the 5th edition of the Diagnostic and Statis-
tical Manual of Mental Disorders - DSM-5 (American Psychiatric Associ-
ation,2013), Neurodevelopmental Disorders present different levels of 
difficulties with the learning process, some of which are specific learning 
disorders.
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Figure 1. Diagram of Neurodevelopmental Disorders according to DSM-V (adapted)

Source: American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders, 5th ed. Ame-
rican Psychiatric Association, Arlington.

As described in Figure 1, Neurodevelopmental Disorders include 
Communication Disorders which present difficulties in oral language 
and speech production that may impact the process of learning how 
to read and write. It often also causes difficulty in understanding (re-
ceptive language) requests from teachers and expressing (expressive 
language) their answers, doubts, and needs (Catts et al. 2002). Among 
these, in Developmental Language Disorder (DLD), there is significant 
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impairment in the acquisition and development of oral language, in 
the absence of associated conditions (Bishop et al., 2017). In the case 
of Attention Deficit Hyperactivity Disorder (ADHD), because it pres-
ents some impairment in executive functions and oral and written lan-
guage, there are reading comprehension failures. There are reports of 
frequent retention and school dropout that reflect difficulties in school 
performance when there is no necessary support (Alves, Casella & Fer-
raro, 2016; Bouguen, 2016).

Finally, Neurodevelopmental Disorders also include a general cate-
gory called Specific Learning disorders, which include the specific man-
ifestations of learning difficulties in three academic domains, that is, in 
reading, writing, and mathematics. Thus, based on well-defined crite-
ria, specific criteria were suggested: specific learning disorder with (a) 
reading impairment (which corresponds to the term known as devel-
opmental dyslexia); (b) the written expression (which corresponds to 
the term known as dysorthography)or (c) of mathematics (which cor-
responds to the term known as dyscalculia) (Mousinho & Navas, 2017). 

This chapter aims to discuss the performance of Speech-Language 
Therapy, considering the different levels of education and educational 
contexts, both in the school environment (Educational Speech-Language 
Therapy), as well as in the clinical environment, to evaluate and inter-
vene in cases of learning difficulties in general, and especially in neuro-
developmental disorders.
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THE CONTRIBUTION AND SUPPORT OF SPEECH THERAPY 
 IN THE EDUCATIONAL CONTEXT

Initially, speech-language therapy was based on rehabilitation, and 
this vision guided the process of professional consolidation until it be-
came the practice that we have today. As its identity was shaped by re-
habilitation and, based on the known clinical model, several criticisms 
were made to speech-language therapy that supported education. How-
ever, as new laws and new performances emerged within the profes-
sion, Educational Speech-language Therapy reinvented itself by bringing 
perspectives of health promotion, educational actions, and assistance 
in activities with a focus on the best performance of students, teachers, 
and their institutions (Celeste et al. 2017). The basis of this action is to 
perform a situational diagnosis (Cavalheiro, 1997), that is, to identify rel-
evant aspects that can contribute to the development of the work plan, 
considering the following points:

a) Nature of the Institution: Public or Private;

b) Level of schooling: Stages of primary education from early childhood 
education, elementary education I and II and high school, including 
the modality of teaching Youth and Adult Education (EJA) and higher 
education;

c) Educational Conceptions: What is the act of educating, how you in-
tend to train people;

d) Methodologies applied;

e) Organization and management: Know all the areas that exist on site, 
the infrastructure, the conditions;
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f) Daily routine: To know the routine of students, teachers, coordina-
tors, and principals.

Recognizing the above characteristics can expand the work and al-
lows the speech-language therapist to plan his or her actions in numer-
ous possibilities (CFFa,2015) to support the learning process, such as:

• to emphasize the importance and promote discussions on the pre-
cursors of literacy and development of competence in reading and 
writing;

• develop educational and informative actions for parents, students, 
and teachers;

• guide parents/guardians on language development;

• participate in the continuing training of teachers;

• guide on practices and strategies in classrooms; participate in discus-
sions on tests adaptations and materials;

• health promotion in the areas of language, voice, hearing, eating, 
inclusion, and communication.

All these possibilities demonstrate a set of actions that will promote 
knowledge, generate skills, and propose interdisciplinary work among 
teachers, coordinators, and educational speech-language therapists, fo-
cusing on improving the process of learning. However, in the context of 
learning difficulties and specific learning disorders, we should empha-
size the importance of the orientation of the school team, suggesting to 
parents that the student can be referred to specialists, who will research 
and investigate the existence of a possible diagnosis.
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Brazil has made significant progress in discussing accessibility in the 
education system and has created opportunities for inclusion programs 
for students with special needs in Regular Education systems. The pub-
lication of the Statute of Persons with Disabilities and following the ap-
proval of the Brazilian Law on the Inclusion of Persons with Disabilities 
(BRASIL, LBI - Law No. 13,146, of July 6, 2015) incorporates an essential 
change in the concept of disability, no longer with specific audiences, 
but in situations of permanent or temporary difficulties. What matters is 
to reduce the barriers and obstacles to learning, ensuring the linguistic 
and cognitive adaptations necessary to meet all students, regardless of 
the difficulty presented (Mousinho, Santos & Navas, 2017). The litera-
ture has pointed out numerous benefits of the speech-language thera-
pist’s performance to high school and higher education students, either 
in cases that have learning difficulties or in specific cases of neurode-
velopmental disorders (Ehren, 2002). This would be another example 
of how the educational speech therapist can participate in the interdis-
ciplinary team and assist in the development of an individual plan for 
students in high school or higher education. This support is particularly 
important and can mean minimizing the dropout of these students from 
the educational system.

THE CONTRIBUTION AND SUPPORT OF SPEECH THERAPY  
IN THE CLINICAL CONTEXT

When children or young people with learning difficulties are identi-
fied in the school context, it is necessary to follow up on these difficulties 
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through pedagogical interventions. If these difficulties persist even after 
programs to strengthen some skills in the school context, referral for a 
detailed diagnostic evaluation should be considered, and if necessary, to 
plan a specialized intervention in the clinical context. Such an approach 
of early identification of learning difficulties is used, as educational pol-
icy in several countries, and is called Response to Intervention (Fuchs & 
Fuchs, 2007; Silva, Luz, Mousinho, 2012; Mousinho & Navas, 2016). 

In this clinical scenario, the speech-language therapist acts in the 
evaluation of students with complaints of learning difficulties, compos-
ing the multidisciplinary team that performs the diagnostic investiga-
tion. His or her performance is also in the rehabilitation and strengthen-
ing of oral and written language skills that directly impact the academic 
and social performance of these students. For this, the speech-language 
therapist considers the difficulties and skills that the person has, verifies, 
which skill needs to be improved, and from this analysis, an individual-
ized therapeutic plan is elaborated.

It is also considered that acquisitions follow a sequence, and with-
out one of the previous skills (prerequisites), it is challenging for the 
child to advance to the learning of the next skill. Thus, if the child does 
not yet know the letters, we cannot expect him to read words; if having 
difficulty understanding explicit questions (i.e., information present in 
the text), answers to implicit questions may be impossible. If one still 
cannot produce or change a speech sound, it will be difficult represent-
ing it correctly in writing (Artemis, Papadimitriou & Vlachos,2014; Mc-
Neill, Wolter, & Gillon,2017).
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In cases of learning difficulties and specific learning disorders, the 
speech-language therapist stimulates precursor skills for the develop-
ment of reading and writing, involving processing skills at the phonolog-
ical level. Among these skills is phonological awareness, that is, the ma-
nipulation of speech segments (words, syllables, and phonemes), pho-
nological memory, and rapid naming (Bar-Kochva, & Nevo, 2019). It also 
performs activities aimed at improving the relationship between letters 
and sounds (grapheme-phoneme) in reading and sounds and letters 
(phoneme-grapheme) in writing, to improve decoding (Dehaene-Lam-
bertz,2015). As a consequence, that makes reading faster and more ac-
curate, allowing it to become more automatic, which in turn improves 
reading comprehension (Milne, 2005). Together, it performs tasks that 
seek to improve text comprehension (Cunha et al., 2012), using strat-
egies such as the identification of characters, primary and secondary 
ideas, establishing cause and effect relationships, use of previous knowl-
edge, among others (Castillo,1999).

The clinical professional knows in-depth each of the cases he or 
she attends. Thus, the interaction with educational speech-language 
therapists and, undoubtedly, with the school team, is fundamental to 
enhance the development of students who present learning difficulties 
and disorders. Therefore, may direct, guide, and propose adaptations 
necessary and pertinent to the reality of each student, showing once 
again the importance of interdisciplinarity.
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FINAL CONSIDERATIONS

Specifically, regarding the support of speech-language therapy, we 
present the perspective of direct action in the educational context and 
indirectly in the clinical environment. In the educational context, the 
concern with early stimulation of skills that are predictors of excellent 
learning performance is one of the support actions for the prevention 
of learning difficulties in reading and writing. The development of oral 
language can be stimulated from preschool until high school, ensuring 
a solid basis both for the early stages of literacy, but also in the more 
advanced years, improving performance in reading comprehension and 
writing texts. Besides, speech-language therapy can act in support pro-
grams for students with neurodevelopmental disorders, always in part-
nership with the educational team, such as support for the adaptation 
of materials and tests.

In the clinical context, the speech-language therapist acts in the 
specialized intervention process. When the complaint revolves around 
learning difficulties, this work should maintain a constant and robust 
communication beyond the family, involving the education professionals 
who accompany the child.

Finally, we would like to highlight the essential nature of interdis-
ciplinarity for the support of children and young people with learning 
difficulties. The exchange of knowledge and discussions involving var-
ious perspectives only enriches and qualifies the work to enhance the 
learning of all students.
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Behavior is the result of the interaction between genes and the en-
vironment. Showing the importance of both the genes and the environ-
ment in determining human behavior. However, the environment can 
also modulate the behavior by processes of learning and forming memo-
ries. Thus, the ability to learn something new and store this information 
is a fundamental part of proper development.

Learning is the process by which we acquire knowledge about the 
world, while memory is the ability to store and use this information in 
our daily lives. Thus, memory allows us to modulate our behavior based 
on previous experiences. The process of memory formation is divided 
into 3 phases: 1) Acquisition, which is when the information reaches the 
Central Nervous System (CNS) through a sensory pathway such as smell, 
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vision, hearing and touch; 2) Storage / Consolidation, when final memo-
ry occurs and 3) Evocation, the process of recovering the memory after 
its consolidation (11). Memory consolidation and evocation are influ-
enced by several factors, such as the development of the SNC, how the 
acquisition process takes place and the environmental context (Dudai, 
Karni, & Born, 2015). 

PHYSIOLOGICAL PROCESSES INVOLVED  
IN MEMORY FORMATION

The hippocampus and parahippocampal structures, perirhinal and 
entorhinal cortex, are fundamental to the process of memory consolida-
tion. The role of the hippocampus and its adjacent structures in memory 
process was discovered in the 1950s based on studies describing the 
case of the patient H.M., who suffered a bilateral ablation of the medial 
temporal lobe in 1953. Soon after the surgery, when the hippocampus, 
the perirhinal and entorhinal cortex were removed, the H.M. patient was 
no longer able to form new memories, the so-called anterograde amne-
sia. Remarkably, all the memories before the surgery were preserved 
(Milner, Corkin, & Teuber, 1968; Scoville & Milner, 1957).

H.M. was not the only case, as Penfield and Milner described sev-
eral cases in 1958 of medial temporal lobe ablation surgeries, whose 
patients developed a very similar disorder as the one observed in H.M. 
(Penfield & Milner, 1958). 

The hippocampus, more precisely the dentate gyrus, exhibits a pro-
cess of great relevance, the neurogenesis. Many studies have suggested 
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that neurogenesis is a fundamental process for processing and storing 
memory (for review see (Kozareva, Cryan, & Nolan, 2019)). Thus, it is 
possible that if we can modulate and stimulate hippocampal neurogen-
esis, we will be able to improve the learning processes in younger indi-
viduals and even prevent the memory loss observed with aging.

What are the regulators of the hippocampal neurogenesis process 
and how can we activate this process in order to improve cognitive abil-
ities? 

In 1997, Kempermann et al. published the first study showing that 
environmental enrichment can stimulate hippocampal neurogenesis. 
In this study, mice were exposed to more complex environments with 
larger cages containing tunnels and toys, as opposed to standard cages 
where animals are normally kept. The exposure of animals to the en-
riched environment significantly improved their memory and learning, as 
well as increased the proliferation of neurons in the dentate gyrus (Bru-
el-Jungerman, Laroche, & Rampon, 2005; Kempermann, 2019; Kemper-
mann et al., 1997; Nilsson, Perfilieva, Johansson, Orwar, & Eriksson, 1999). 

ENVIRONMENTAL ENRICHMENT AS AN INTERVENTION TOOL

EE refers to a behavioral intervention technique that aims to in-
crease the animal’s psychological and physiological well-being. It can be 
used in different contexts that explores different types of stimuli. Initially 
recognized by Yerkes (1925) and later by Hediger (1950) (Hediger, 2013a, 
2013b, 2013c; Yerkes, 1925), this technique was developed to offer to 
animal in captivity conditions that stimulate its natural behavior, help-
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ing to prevent abnormal behaviors, known as stereotyped behaviors. It 
also reduces the expression of fear and aggression behavior, normalize 
reproductive functions and increases the animal’s motivation.

This technique has also been shown to be effective in zoos. The cap-
tive environment has become an important tool for the conservation 
and maintenance of many species. Studies have shown that offering re-
sources such as different objects promotes exploratory behaviors and 
social interaction, in addition to reducing self-directed behaviors (Regai-
olli et al., 2020; Regaiolli et al., 2019). 

In humans, EE also has important implications in the context of 
well-being and lifestyle. Behavioral interventions such as physical and 
social activities reduce the aging process and cognitive decline (Phillips, 
2017; Sampedro-Piquero & Begega, 2017). All these interventions are 
beneficial for the CNS, as they stimulate hippocampal neurogenesis in 
adults increasing the number of new neurons in the dentate gyrus (Phil-
lips 2017). In addition to neurogenesis, the brain exhibits a process called 
neuroplasticity. In this process, the brain changes due to interactions with 
the environment, exhibiting structural modifications such as the regen-
eration of axons and dendrites in the peripheral and central nervous sys-
tem and the establishment of new connections between neurons, which 
results in the refinement and/or maintenance of diverse skills (Phillips, 
2017; Regaiolli et al., 2019; Rogge, Roder, Zech, & Hotting, 2018). 

Understanding the mechanisms that are involved in the benefits of 
environmental enrichment is important to build strategies that seek to 
prevent, delay and mitigate cognitive and motor impairments observed 
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in humans. Animal models provide a faster and more elaborate inves-
tigation when compared to studies in humans. Thus, the use of animal 
models aims to understand how these stimuli interfere in the structure 
and function of the brain and how this is reflected in their behavior and 
quality of life (Sampedro-Piquero & Begega, 2017). 

 EFFECT OF EE IN ANIMAL MODELS

The EE used in animal models can consist of several stimuli, such 
(van Praag, Kempermann, & Gage, 2000; Zimmermann, Stauffacher, 
Langhans, & Wurbel, 2001):

1) Physical enrichment: in which there is the introduction of materials 
in the enclosure that stimulate activities in their natural environment, 
such as the introduction of burrows and tunnels;

2) Sensory enrichment: which consists in stimulating the animal›s sen-
ses, such as introducing herbs to stimulate the sense of smell and the 
presentation of objects with different textures and temperatures to 
stimulate touch;

3) Cognitive enrichment: challenges for the animal in an increasing lev-
el of difficulty, such as hiding snacks or making access to them more 
difficult;

4) Social enrichment: it can be intra or inter-specific, favoring social rela-
tions such as establishing hierarchy, and territory, among others;

5) Food Enrichment: consists of modifications in the animal’s diet, such 
as frequency of feeding, the time and type of handling in which the 
food is offered;
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6) Physical exercise: increasing the animal’s physical activity, with the 
introduction of repetitive exercises on a treadmill and / or exercise 
wheel, as well as activities to overcome obstacles.

ANIMAL MODELS AND THE STUDY OF EE
Animals that do not express Beta3 (Arβ3) adrenergic receptors. 

Many neurotransmitters are involved in the memory consolidation 
process, including the noradrenaline (NE) (Izquierdo & Medina, 1997; 
Lu, Pang, & Woo, 2005; McDonald & White, 2013; McGaugh, 2015). 
NE remains high in the SNC throughout the day, participating in the 
process of memory acquisition and consolidation. In addition, NE also 
participates in facilitating the formation of memory from stimuli with 
emotional valence with increased attention levels and when the re-
lease of NE reaches its highest levels (Berridge, Schmeichel, & Espana, 
2012; Liddell et al., 2005; Samuels & Szabadi, 2008; Sara & Bouret, 
2012).

Beta adrenergic receptors (Arβ) are recognized for their important 
role in the process of consolidating memory and learning (Cammarota 
et al., 2008). Mice that do not express the Arβ subtype, the β3-type ad-
renergic receptor (Arβ3), exhibit deficits in short and long-term memory 
(Souza-Braga et al., 2018). 

These animals, called Arβ3KO, are a good model to assess whether 
the EE is efficient in correcting learning disabilities in animals with al-
ready established cognitive impairments. Thus, we adapted a protocol 
and studied Arβ3KO animals submitted to the EE protocol The protocol 
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consisted of routine of sensory, cognitive, feeding and physical changes 
in the environment for 8 weeks (Huttenrauch, Salinas, & Wirths, 2016; 
Simpson & Kelly, 2011). The results were very encouraging, as the EE 
completely corrected the impairments in learning and memory exhib-
ited by the animals. These promising results were observed in animals 
that were stimulated by the EE right after the weaning of the mice, 
around the 21st day of age, which corresponds in humans to ~6 months 
of age. These animals remained in the EE for 8 weeks, that is, until 85 
days of age, which corresponds in humans to ~20 years of age. We can 
infer that the period studied in animals corresponds to almost the total 
amount of time that human beings remain in school. These data show 
the importance of the school period in the cognitive processes of indi-
viduals.

Is the age of the animal when EE is applied relevant to its success? 
Therefore, we submitted 4 month old animals on the same EE proto-
col, enriched for 8 weeks. This means that Arβ3KO mice remained from 
4 to 6 months of age being stimulated with the EE protocol, age that 
corresponds between the period of ~ 33 to 53 years in humans. The re-
sults obtained showed that the exposure to EE later in life was not able 
to reverse the cognitive impairments of the Arβ3KO animals. The data 
obtained in this study suggest that the EE protocol was able to reverse 
the impairment in memory of young ARβ3KO mice, but in adult ARβ3KO 
mice this protocol was not efficient in reversing memory deficits. This 
suggests that there is a time frame for the environmental stimulation of 
the CNS for it to be successful.
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Gestational hypothyroidism: Hypothyroidism is the most common thy-
roid dysfunction in pregnancy and its impact on the development of offspring 
is well known. Adequate lack of thyroid hormone during pregnancy leads to 
failures in the differentiation of nerve cells, inadequate development of the 
central nervous system, increased risk of perinatal defects, low birth weight 
and impacts on motor and cognitive development (Morreale de Escobar, 
Obregon, & Escobar del Rey, 2004; Segni, 2000; Springer, Jiskra, Limanova, 
Zima, & Potlukova, 2017). Several studies with rats and mice have shown that 
maternal hypothyroidism impairs cognitive functions in the offspring, reduc-
ing operational memory and spatial learning (Chakraborty et al., 2012; Liu et 
al., 2010; Opazo et al., 2008; Shafiee, Vafaei, & Rashidy-Pour, 2016).

The induction of clinical gestational hypothyroidism in female rats 
resulted in offspring of males with normal physical development. How-
ever, at 30 days of age the animals showed impairment in cognition 
and increased anxiety and depressive patterns of behaviors. These re-
sults confirm that the lack of thyroid hormone during pregnancy has a 
profound impact on the development of offspring. In an attempt to try 
to reverse these effects in the offspring’s of hypothyroid mothers, we 
submitted the animals to the EE protocol for 8 weeks from 2 months of 
age, which corresponds to ~ 20 years of age in humans. EE corrected 
the cognitive impairment and reduced the depressive and anxious be-
havior. Thus, these data suggest that EE applied to young adult animals 
is able to reduce damage induced by lack of thyroid hormone during 
pregnancy.
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FINAL CONSIDERATIONS

The environmental enrichment technique has been considered as 
an alternative to reverse deficits in the memory formation, a key step in 
the learning process. The results found in the literature show that this 
intervention is promising to suggest that by adding activities that require 
a greater cognitive effort than that usually required in the environment, 
it is possible to reverse cognitive impairments, and they can be extrap-
olated to human behavior. However, studies published so far have been 
shown that EE is more effective when administered during childhood 
and young age, and it is still unclear whether the AE applied to adults is 
capable of reversing impairments in cognition. The translation data ob-
tained in animal models to human beings reinforces the importance of 
several stimuli in the period that includes schooling.
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Chapter 14

Development of a resilience program 

for adolescents in a school setting

Tatiana Matheus Pinto

Elizeu Coutinho de Macedo

This chapter presents a brief history of the development of the con-
cept of resilience in the field of psychology and its current definition. 
After this initial conceptualization, some strategies for promoting re-
silience and, more specifically, the characteristics and effectiveness of 
resilience intervention programs for children and adolescents are sum-
marized. Based on scientific evidence reported in systematic reviews on 
resilience promotion strategies, the structure of a resilience program 
developed by the authors for implementation in schools is presented. 
Finally, the chapter concludes with some thoughts on the importance 
of the school setting in promoting resilience among children and ado-
lescents; future directions and possible short- and long-term benefits of 
resilience processes are also discussed.

PSYCHOLOGICAL RESILIENCE

In the 1970s, the first studies on psychological resilience approached 
the concept of resilience as an intrinsic and immutable trait. Resilience 
was understood as a synonym for invulnerability to adversity and chal-
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lenges throughout the individual’s life trajectory. This meaning of the 
concept has changed over the years, mainly due to the advancement 
of knowledge in the field of human development sciences. Given that 
human development is influenced by various non-linear and dynamic sys-
tems, resilience has also come to be understood as a complex and dynam-
ic characteristic that can undergo modifications depending, not only on 
personality aspects and individual cognitive skills, but also on the interac-
tions between subjects and their environment (Masten & Barnes, 2018).

The American Psychological Association currently defines resilience 
as the ability to recover and adapt to adverse situations, trauma, threats, 
or significant sources of stress. Resilience is influenced by cognitive, atti-
tudinal, and behavioral aspects of the individual. The individual’s capac-
ity for resilience can thus be expanded with the help of structured strat-
egies that develop these aspects (Palmiter, Alvord, Dorlen, Comas-Diaz, 
Luthar, Maddi, O’Neill, Saakvitne, & Tedeschi, 2020). 

In general, strategies that promote resilience seek to mitigate pos-
sible risk factors that give rise to maladaptive adjustments and strength-
en protective factors, which contribute to a positive result and greater 
adaptation (Masten & Barnes, 2018). Both risk factors and protective 
factors can be external to individuals, such as greater or lesser financial 
stability and social support, or internal to individuals, such as personality 
characteristics and individual cognitive ability (Laird, Krause, Funes, & 
Lavretsky, 2019). 

Some of the main risk factors for the development and adaptive 
functioning of children and young people are traumas, such as sexual 
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abuse, loss of parents, situations of neglect, poverty, natural disasters, 
or wars. Protective factors, on the other hand, may involve the establish-
ment of good quality relationships, school engagement, connection with 
others, coping skills, problem solving, emotional regulation, self-efficacy, 
optimization and hope, perception of the meaning of life, and establish-
ing routines (Masten & Barnes, 2018). 

Besides reducing the risk of possible non-adaptive outcomes, imple-
menting strategies that strengthen these protective factors could thus 
also promote the individual’s resilience capacity and positive attitude 
and adaptability. Figure 1 schematically illustrates how the strategy of 
these strategies work, contributing to adaptive behavior.

Figure 1. Strategies that seek to promote the individual’s resilience capacity by 
strengthening protective factors
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PROMOTING RESILIENCE IN CHILDREN AND ADOLESCENTS

Since resilience is dynamic, and multidimensional, and is a product 
of the interaction between risk and protective factors, it could be de-
veloped by promoting protective factors, in other words, resources that 
help individuals obtain positive results and adaptive behaviors, especial-
ly in adverse situations (Laird et al., 2019; Masten, 2018).

A study that followed the life trajectory of more than 600 children 
in situations of social vulnerability demonstrates how resilience capaci-
ty evolves according to the interaction between these factors. Approxi-
mately 200 children living in poverty and in dysfunctional family environ-
ments, some of whose parents were subject to chemical dependency or 
serious mental disorders were followed up as part of the study. At age 
10, two out of three children were found to have learning or behavior-
al problems. At age 18, more than half had mental health problems, a 
history of delinquency, or teenage pregnancy. However, at age 32, only 
about 18% of the sample had a criminal history or chronic mental health 
problems, and most exhibited a more adapted trajectory, being able to 
maintain healthy relationships with peers, satisfactory marriages, and 
stable jobs. This change to a more adapted and functional life path can 
be explained by the presence of protective factors, such as continuous 
education, the acquisition of vocational skills, religiosity, bonding with 
peers, and community participation (Werner, 1993). Figure 2 summa-
rizes the life trajectory presented by the participants of this study and 
illustrates how resilience can evolve.
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Figure 2. Illustration of the participants’ life trajectories, Werner et al. (1993).

Childhood, and especially adolescence, are phases of development 
that are conducive to the implementation of these resilience promo-
tion strategies (Masten & Barnes, 2018). Childhood is characterized by 
great cerebral plasticity, which can favor and facilitate the learning of 
the skills taught in resilience promotion programs. Adolescence is char-
acterized by rapid brain development and consequent acquisition of im-
portant executive functions, such as planning and self-regulation skills. 
In addition, this phase is also characterized by a tendency to associate 
with peers who can act as role models and favor the establishment of 
good-quality interpersonal relationships. Thus, in adolescence, there is 
a confluence of biological and environmental factors that represent a 
window of opportunity for a more adaptive direction in life trajectory 
(Masten & Barnes, 2018). The development of resilience in children and 
adolescents is especially important, since negative experiences during 
this period of life tend to be associated with impaired psychological 
functioning in the future, leading to the emergence of emotional and 
behavioral problems, such as depression, anxiety and conduct disorders 
(Harmelen, Kievit, Ioannidis, Neufeld, Jones, Bullmore, Dolan, Finagy, & 
Goodyer, 2017; Traub & Boynton-Jarrett, 2017).
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RESILIENCE PROGRAMS AND THEIR FEATURES

As resilience gains in popularity as an area of research, some resil-
ience programs have been developed with a variety of features in re-
cent years (Helmreich, Kunzler, Chmitorz, König, Binder, Wessa and Lieb, 
2017). These may be designed for clinical or non-clinical populations, 
may present an individual or group format, be implemented face-to-
face or remotely, have different theoretical approaches, and different 
numbers of sessions (Helmreich, Kunzler, Chmitorz, König, Binder, Wes-
sa and Lieb, 2017). In general, most programs tend to be implement-
ed face-to-face, as these seem to yield better results than distance in-
terventions because they provide a more direct contact with program 
leaders and other participants, which also increases adherence to the 
program. Interventions carried out individually may provide more per-
sonalized assistance and may be tailored according to the demands of 
each participant, which facilitates feedback, while group interventions 
may be better for learning social skills, because the participants are en-
couraged to collaborate with others during the program (Helmreich et 
al., 2017). Cognitive-behavioral therapies, mindfulness-based therapies, 
acceptance and commitment therapies, and problem-solving therapies 
are some of the main approaches used in resilience programs and on 
which program procedures and activities are based. Most programs, 
however, adopt a psychoeducational approach to the concept of re-
silience and use methods such as discussions, practical exercises, role 
plays, and homework to reinforce skills learned (Helmreich et al., 2017). 
In addition to the more traditional psychotherapeutic procedures, some 
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interventions also include other types of activities, such as meditation, 
yoga, and even physical exercises (Laird et al., 2019).

While some programs have 15-minute sessions, others can take up 
to 120 minutes. Some interventions can be short, lasting 5 weeks, while 
others can last up to 32 weeks. The average duration of the sessions 
is usually around 65 minutes, lasting 14 weeks (Dray, Bowman, Camp-
bell, Freund, Wolfenden, Hodder, McElwaine, Tremain, Bartlem, Bailey, 
Small, Palazzi, Oldmeadow, & Wiggers, 2017). Thus, it is clear that these 
programs tend to adopt a traditional therapy format according to the 
duration of the intervention (Joyce, Shand, Tighe, Laurente, Bryant, & 
Harvey, 2018).

EFFECTIVENESS OF RESILIENCE PROGRAMS

Due to the diversity of program features, a number of review stud-
ies have been carried out to assess the effectiveness of the programs in 
children and adolescents (Baños, Etchemendy, Mira, Riva, Gaggioli, & 
Botella, 2017; Dray et al., 2017; Fenwick-Smith, Dahlberg, & Thompson, 
2018; Hodder, Freund, Wolfenden, Bowman, Nepal, Dray, Kingsland, 
Yoong, & Wiggers, 2017).

Baños et al. (2017) conducted a narrative review of positive psychol-
ogy-based programs for adolescents using technology. Nine randomized 
controlled trials were selected, and seven different programs were iden-
tified. All of these used websites to implement the programs. Although 
each study analyzed different program results, all the authors reported 
some form of positive outcomes, such as decreased anxiety and depres-
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sive symptoms, and increased psychological well-being (Baños et al., 
2017).

Dray et al.’s (2017) systematic review sought to examine the effect 
of universal resilience programs implemented in a school setting among 
children and adolescents aged 5–18 years on mental health problems. 
These mental health problems involved both internalizing problems, 
such as psychological distress, anxiety, and depression, as well as ex-
ternalizing problems, such as hyperactivity and conduct problems. Of 
the 57 randomized controlled trials (published between 1995 and 2015) 
included in this review, 49 provided sufficient data for a meta-analysis. 
The main results indicate that the programs were effective in reducing 
anxiety symptoms in children up to 12 years of age, while in adolescents 
aged 12–18 years, these programs helped reduce internalizing prob-
lems. In addition, the programs appear to be effective for depressive 
and anxious symptoms in the short term, that is, until 12 months after 
the program implementation. In the long term, that is, for a period lon-
ger than 12 months, the programs are more effective for internalizing 
problems (Dray et al., 2017).

Fenwick-Smith, Dahlberg, and Thompson (2018) carried out anoth-
er review that also analyzed universal resilience programs implemented 
in primary schools in children aged between 5 and 12 years. Eleven pa-
pers published since 2002 were selected, and seven different programs 
identified. Ten of the 11 papers reported improvements in resilience and 
other factors, such as coping skills, internalizing behaviors, and self-ef-
ficacy. The authors emphasized that the involvement of teachers in the 
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implementation of universal programs, and the intensity and content 
of the sessions were key in ensuring their effectiveness (Fenwick-Smith, 
Dahlberg, & Thompson, 2018).

Hodder et al. (2017) sought to specifically assess the effect of uni-
versal resilience programs implemented in schools among adolescents 
between the ages of 10 and 18 years on reducing the use of tobacco, 
alcohol, or illicit drugs. Nineteen clinical trials published between 1994 
and 2015 were included. The outcomes reported were tobacco use (15 
studies), alcohol consumption (17 studies), and the use of illegal sub-
stances (11 studies). Only 13 clinical trials, however, provided sufficient 
data for a meta-analysis. The main result was the effectiveness of re-
silience programs in significantly reducing the use of illicit substances. 
However, there were no significant results for the other outcomes as-
sessed (Hodder et al., 2017).

A RESILIENCE PROGRAM FOR ADOLESCENTS

Based on the data reported in several studies on the features of re-
silience programs, a resilience program for adolescents was developed 
by the authors. In addition to being based on the literature, the pro-
gram developed by the authors was also evaluated by different experts 
in the fields of psychological development, interventions, and resilience 
in order to ensure the adequacy of the components, objectives, and the 
activities included in the program. The experts’ suggestions were sub-
jected to agreement analyses and these were taken into account in the 
final version.
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The program was developed to be implemented in groups in school 
settings, and consists of a total of 15 sessions, each lasting 45 minutes. 
Program components include self-efficacy and active coping, social sup-
port and communication skills, cognitive flexibility, and optimism. These 
components and the activities of each component were selected be-
cause of their high association with resilience (Helmreich et al., 2017).

Activities designed to develop self-efficacy involve the identification 
and awareness of positive personal characteristics that are important to 
face challenges. These activities also involve the identification of past 
situations in which the participants used their personal positive charac-
teristics to deal with problems and achieved a successful outcome. To 
promote an active coping style, activities that favor the development of 
planning and problem-solving skills through the creation and selection 
of effective ideas for solving problem situations were included in the 
program. Activities with a social support focus involve reflecting about 
which individuals compose the current social network of the participant 
and the importance of this social network in facing challenging mo-
ments. Given that proper communication is essential for the creation 
and maintenance of good interpersonal relationships, the DEAL tech-
nique that teaches assertive communication skills is also presented, and 
role playing is used to train participants in this technique: participants 
are encouraged to (D) describe a situation objectively, (E) express how 
the situation makes them feel without blaming the other person, (A) ask 
for a specific change, and (L) list the benefits of that change. To develop 
cognitive flexibility, that is, the ability to reevaluate the interpretation of 
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situations, the ABC model has been included. This model addresses the 
relationship between the occurrence of (A) adverse events, which lead 
to the emergence of (B) beliefs and dysfunctional thoughts and (C) con-
sequences and negative feelings. Activities that help challenge dysfunc-
tional beliefs through exercises in which participants must select a belief 
and, based on real data, seek evidence to determine whether the belief 
was true or false are also covered. If the beliefs are true, participants are 
encouraged to reflect on what could be done and what behaviors they 
should adopt to address or minimize its consequences. Finally, the dif-
ference between pessimism, and unrealistic and realistic optimism was 
addressed. The importance of a realistically optimistic viewpoint in deal-
ing with daily difficulties and challenges is also highlighted. In addition 
to the adoption of a positive attitude, activities in which participants are 
encouraged to identify positive aspects in their lives, despite difficulties 
are also covered by the program.

The program therefore has a psychoeducational structure, in which 
the component addressed in each session is first introduced and the un-
derlying concept explained. How the component relates to resilience, its 
importance, and how associated skills can be applied daily are then dis-
cussed. All components are illustrated with the help of typical examples 
from adolescent lives, which facilitates the understanding and applica-
tion of the skills learned (Gillham, Brunwasser, & Freres, 2008). Examples 
are provided from the typical situations of adolescence, involving fam-
ily and school issues, such as relationship problems with parents, sib-
lings, friends, teachers, and failure at school (Polleto, Koller, & Dell’aglio, 
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2009). After presenting and discussing each session component, specific 
activities for skills training are proposed. Finally, the session is closed 
following an exchange of views about the activities among the partic-
ipants, so they can learn from each other’s experiences. At the end of 
each component, homework tasks to consolidate the skills learned and 
promote their generalization to other environments are set.

Table 1 summarizes the program structure, sessions, components, 
objectives, activities, and homework set.
Table 1. Resilience Program Structure.

Ses-
sion 

Component Objective Activities Homework 

1 Resilience Program presentation Group discussion - 

2 Self-efficacy Introducing the 
concept of self-
efficacy, i.e., the ability 
to deal with problems/
challenges

Listing positive personal 
characteristics that help 
deal with problems/
challenges 

Listing events that the 
participants believe they dealt 
with well and their outcomes 

3 Self-efficacy 
and active 
coping 

Introducing the 
concept of active 
coping, i.e., having an 
active attitude when 
faced with challenging 
situations

Identifying a personal 
example of active coping 

- 

4 Active coping Developing active 
coping through 
planning skills 

Creating and selecting 
solutions for problem 
situations

Identifying a challenge, 
listing possible solutions and 
selecting the most viable ones 

5 Active coping 
and social 
support

Introducing the 
concept of active 
coping and social 
support and reflect 
about its importance

Listing people who 
comprise the social 
support network of each 
participant and determine 
how this social support 
may be beneficial 

- 
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6 Social 
support and 
communication

Reflecting 
how adequate 
communication may 
help the creation and 
maintenance of good 
interpersonal relations 

Introduce the DEAL 
technique 

- 

7 Communication Developing assertive 
communication 

Exercising the DEAL 
technique 

- 

8 Communication Developing assertive 
communication 

Role playing Describing a situation in which 
the DEAL technique was used

9 Communi-
cation and 
cognitive 
flexibility

Introducing the 
concept of cognitive 
flexibility, i.e., the 
ability to re-evaluate 
the interpretation 
of situations) and 
understanding the 
relationship between 
(A) adverse events, (B) 
beliefs and thoughts, 
and (C) consequences 
and feelings

Presentation of ABC model 
(Adverse events 

Beliefs and thoughts 

Consequences and 
feelings) 

- 

10 Cognitive 
flexibility

Understanding the 
relationship between 
(A) adverse events, (B) 
beliefs and thoughts, 
and (C) consequences 
and feelings

Creating an example with 
the ABC model (Adverse 
events 

Beliefs and thoughts 

Consequences and 
feelings) 

Identifying and analyzing a 
situation according to the ABC 
model

1 Cognitive 
flexibility

Developing the 
ability to reinterpret 
situations 

Challenging beliefs and 
automatic thoughts

Challenging an automatic 
thought

12 Cognitive 
flexibility and 
optimism

Introducing the 
concept and 
importance of 
optimism (positive 
perspective) and 
understanding the 
difference between 
pessimism and 
unrealistic and realistic 
optimism

Identifying an objective 
situation and interpreting 
it according to a 
pessimistic, optimistic, an 
unrealistic and a realistic 
perspective

- 

13 Optimism Having a realistically 
optimistic viewpoint

Identifying a realistically 
optimistic viewpoint for at 
least 2 situations

Adopting a realistically 
optimistic viewpoint regarding 
a personal situation
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14 Optimism Incorporating a 
realistically optimistic 
viewpoint by 
identifying the positive 
aspects of one’s life

Listing positive aspects List positive events each day 
until the next session

15 Program 
components 

Concluding the 
program

Group discussion; 
participants asked to write 
about what contributed 
the most to resilience 
promotion 

- 

THE IMPORTANCE OF THE SCHOOL SETTING AND FUTURE 
DIRECTIONS IN PROMOTING RESILIENCE 

Resilience-promoting strategies, such as intervention programs for 
children and adolescents, have yielded promising results, not only in 
promoting the individual’s capacity for resilience, but also in promoting 
secondary outcomes, such as reducing depressive symptoms, substance 
use, and increasing psychological well-being (Baños et al., 2017; Dray et 
al., 2017; Hodder et al., 2017). A possible explanation for the positive 
outcomes may be the fact that when individuals become more resilient, 
they also become more prepared to deal effectively with and persevere 
in the face of challenges and difficulties. Thus, resilience programs that 
promote active coping skills, optimism and positive emotions, self-ef-
ficacy and self-esteem, cognitive flexibility, social support, healthy life-
styles, and the meaningfulness of life contribute to the reduction of a 
negative view of oneself and the world, passive coping styles, non-emis-
sion of important behaviors, social isolation, a sedentary lifestyle, and 
loss of meaning, all of which would favor negative results, such as the 
emergence of depression (Helmreich et al., 2017; Laird et al., 2019).
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It should be noted that the school environment might give rise to 
greater adaptation or maladjustment in children and adolescents, de-
pending on the nature of the interpersonal relationships established and 
the habits developed in that environment. Thus, if negligent or abusive 
relationships are established, the school setting becomes a risk factor that 
hinders development and adaptive functioning of children and adoles-
cents. On the other hand, if activities that stimulate potentialities, and 
promote cooperation and social support are encouraged, the school en-
vironment may be a protective factor that favors greater adaptation and 
resilience processes (Poletto & Koller, 2008). The school may also be con-
sidered a key environment for the implementation of these resilience pro-
grams, since the execution of these strategies in the classroom ensures 
that these reach a greater number of children and adolescents than if 
these were implemented individually. Thus, early, and preventive inter-
ventions that seek to develop resilience in young people may improve 
levels of health and well-being in the short and long term, as these indi-
viduals would be more prepared to deal effectively with daily challenges.

These benefits may also represent an important reduction in future 
health care expenses, as these preventive interventions reduce the risk 
of developing mental disorders that are often disabling, improve people’s 
quality of life and may even increase productivity levels, since the indi-
vidual’s capacity for normal functioning is more likely to be preserved. In 
fact, the greater the resilience, the greater the chances of perseveration 
and recovery in the face of adverse situations (Laird et al., 2019; Traub & 
Boynton- Jarrett, 2017).



274

Thus, investing in resilience programs for young people brings in 
benefits not only for the individual, but also for the entire society be-
cause these lead to benefits in the educational, public health and finan-
cial spheres in the short, medium and long terms, insofar as these in-
dividuals, having an improved quality of life and adaptive functionality, 
would be less likely to drop out of school or develop emotional and be-
havioral problems. In other words, they would be better able to respond 
effectively to demands that arise in their lives.
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