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Abstrakt. Brazylijski kontekst edukacyjny wykazal wzgledny nacisk na to, co przewiduja oficjalne
dokumenty dotyczace jedynie ,wykorzystania” ICT w przeciwienistwie do bardziej krytycznej po-
stawy, ktdra sytuuje te technologie jako instrumenty kulturowe o wymiarze wzmocnienia. W celu
stworzenia teoretycznych i epistemologicznych ram dotyczacych relacji miedzy technologiami
a edukacja niniejszy raport przedstawia koncepcje niesmialo prezentowane w Brazylii, sformuto-
wane na podstawie kompilacji badan opublikowanych w ciagu ostatnich pieciu lat na calym $wiecie.

Stowa kluczowe: ICT; media; narzedzia poznawcze; abstrakeja; perspektywa spoteczno-historyczna
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Abstract. The Brazilian educational context has shown a relative emphasis on what official doc-
uments foresee with regard to the mere “use” of ICT as opposed to a more critical stance that
situates these technologies as cultural instruments with an empowerment dimension. With the
purpose of constituting a theoretical and epistemological framework around the relationship
between technologies and education, this report presents concepts hitherto shyly presented in
Brazil, on the basis of the compilation of studies published in the last five years worldwide.

Keywords: ICT; media; cognitive tools; abstraction; social-historical perspective

INTRODUCTION

Pedagogical practices in higher education, including teachers’ education
process, demand proposals capable of developing differentiated autonomy, com-
petences and skills with future teachers, based on solid theoretical and concep-
tual pillars. From this perspective, the Brazilian educational context has shown
certain shyness with respect to practices theoretically based around Information
and Communication Technologies (ICT) that in fact enable a capacity for deep
reflection on the limits and potential of these instruments in interaction with
the historical-cultural context.

Considering recent studies conducted by our Research Group “Mongaba:
education, languages and technology” (Kurtz 2015; Kurtz et al. 2016; Kurtz and
Vargas 2017; Kurtz et al. 2018; Kurtz and Silva 2019), there is an immediate
connection between what official documents provide (the country’s educational
legislation) and the training practice in teacher education courses. This was also
verified recently by Denilson Rodrigues da Silva (2020), within technical areas
like Computer Science, involving pedagogical dimensions linked to academic
training in university courses.

This relationship to official documents precisely implies certain lack of con-
ceptual and epistemological understanding both about ICT educational role
and the pedagogical process itself. In studies still in progress, and with results
yet to be published, we were able to verify, within the Research Group inves-
tigations, indications that the technicist scenario depicted from some of these
official documents of exclusively “learning about” ICT does not seem to have
changed substantially from what Kurtz (2015) verified about five years ago. On
the contrary, what we perceive is that the need to “learn with” ICT with a strong
theoretical basis as to its character as a cultural instrument that alters the flow
of human actions (and conceptions) remains quite evident in Brazil.

We assume that ICT are cognitive tools, in David Jonassen (2000) terms,
however, within a more recent theoretical scope, as “cultural instruments” that
need to be developed as intellectual partners of the subjects, stimulating or
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facilitating critical thinking and higher-level learning. Such theoretical asso-
ciation is based on the assumption presented in Fabiana D. Kurtz (2016), that
ICT are conceived as cultural instruments, which, once introduced in the flow
of social activities, the qualitative changes of human actions become the focus
and not only if they are for better or worse, making activities faster or slower,
easier or more difficult. This perspective transcends, therefore, the focus (only)
on quantitative changes brought about by such instruments.

In moments of behavioral transition such as the one experienced, the intro-
duction of new forms of mediation or an older version of mediation can simply
be reworked, restructured. This implies that changes in human development are
always related to the emergence of new forms of mediation. This appearance,
however, does not erase the previous forms, but simply reformulates them, im-
proves them. Being (digital) literate is, therefore, an appropriation of new ways
of reading, writing and communicating, in a process that involves multimodal
elements (verbal and non-verbal), making it essential to look at concepts of “me-
diation” and “interaction’; seeking to complement them due to the multisemiotic
resources present in these cultural instruments.

This is undoubtedly one of the major changes that answers the question
“What does it change?” with the dissemination of ICT in the social and educa-
tional sphere, which requires changes in curricular proposals both in teacher
training and in basic education itself. Having Lev Vygotsky written in 1930,
he obviously could not have included hardware and software in his writings;
however, it is possible to perceive his theory, in the current context, as perfect-
ly adequate, applying to these (new) cultural instruments. Hence the need to
understand how these new forms of mediation by the computer can alter the
flow and structure of mental functions, as “neo-Vygotskyan” James V. Wertsch
(2002) stated almost a decade ago.

These questions have direct consequences on the process of teaching and
learning, in all areas of knowledge, just like Silva (2020) observed in terms of
the understanding of computational thinking and its underlying concepts by
university professors in Computer Science. Knowledge about how the individ-
ual develops, learns, and lives in a historical-social context permeated by ICT,
and the extent to which computers and other technologies can be configured
as cognitive tools is a task for all areas.

For this reason, we present, in this article, a theoretical, conceptual and epis-
temological articulation around what we believe is necessary for the education
field as well as for different areas in which the pedagogical process remains un-
clear, especially regarding the effective integration between ICT and education,
with computational thinking as one of the highlights within this process.
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The elements presented here are twofold and follow questions raised since the
beginning of the study: 1) To what extent dimensions like “teacher education” and
“Education” are linked to concepts “cognitive tools’, “computational thinking’, and
“ICT” within Brazilian scientific publications; and 2) the same question, however,
related to the international scenario. Ultimately, the thesis supported is that ICT,
media, and computational thinking subjects must be part of different educational
instances given the need for undergraduate students in different areas to explicitly
articulate competences and abilities that will not only be needed in the job market,
but that assist them in their human and citizen development.

Abstraction, problem solving, critical and creative thinking, and logical rea-
soning are dimensions typically related to the concepts explored in the research,
especially computational thinking. They are fundamental to human action in
different social contexts and must be enhanced throughout their training process
at an academic and professional level.

METHODOLOGICAL ASPECTS OF THE STUDY

According to the scenario described in the previous section, we choose to
report, in this article, a theoretical, conceptual and epistemological articulation
around the relationship between ICT, media and education, with an emphasis
on teacher training. The elements presented here are the result of the search
carried out in Brazilian and international research articles, dissertations and
theses, from January 2015 to December 2019, both in Capes' Journal Portal and
in the search tool available in the reference management software, Mendeley

The second stage of the analysis, which is still in progress, will be carried out
through textual discursive analysis, a qualitative research with an interpretive
basis with the aim of organizing a conceptual and theoretical map explained by
the corpus, which is composed of 140 texts. This stage of the research will be
complemented with future data involving the values and conceptions of teachers
working in teacher training and basic education regarding the role of the media
and ICT in the educational process, either as an enhancer for the pedagogical
process or as an element of innovation.

This first stage of the research concerned the search for academic texts based
on the meaning attributed to the descriptors: “teacher training/education and

I Coordination for the Improvement of Higher Education Personnel, a Brazilian research
promotion agency, which has offered, since the year 2000, access to a portal of national and inter-
national journals in all areas of knowledge. Available at www.capes.gov.br [access: 10.08.2020].

2 Available at www.mendeley.com/?interaction_required=true [access: 10.08.2020].
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ICT”; “media and education”; “computational thinking and education”; and
“innovation in education”.

The criteria for refining the search, which returned thousands of texts over
the period in which we established monthly searches (from 2015 to 2019) fo-
cused on texts that had these descriptors in the titles or equivalent to these.
More than 10,000 texts were compiled and, based on these texts, and with the
aid of the qualitative analysis software ATLAS.ti, we will establish the analysis
for the second stage of the research.

The analysis on the conceptual articulation in the texts, from the presented
descriptors, even if in a preliminary way, demonstrates an association still timidly
disseminated in Brazil, but quite deepened in other countries for some time,
as pointed out by Shuchi Grover and Roy Pea (2013), Paul Curzon (2014), Matt
Bower et al. (2015), and Caitlin Duncan et al. (2017).

In the next section, we present the “interlacing” of concepts verified in the
preliminary analysis, with the aid of the qualitative analysis software ATLAS.ti.
We also present social implications of the gaps left for the limited presence of
elements that deepen understandings of what can be perceived as potentialities
and limitations of ICT in education, closely linked to social and cultural values
based on media education. It obviously transcends the almost exclusively instru-
mental character with which the theme is treated in these contexts, in school
curricula and in teacher training courses.

After that, we try to explain one of the issues present in the theoretical scope
linked to the concept of “computational thinking”, which has emerged from this
preliminary analysis. We believe that this subject must be one of the great themes
that educators need to address, in order to avoid perpetuating a pedagogical
process that limits students’ reflective power, and extremely restricts what could
be understood as their repertoire of scientific/media literacy.

ICT IN TEACHER TRAINING?®:
POSSIBLE SOCIO-CULTURAL IMPLICATIONS

In order to conceive ICT as cultural instruments, it is important to establish
that the theoretical support of this study is based on Vygotsky’s (2007; 2008) ideas,
which are, in fact, increasingly more alive and necessary to explain, from the

3 We do not consider differences between “teacher training” and “teacher education” pro-
cesses, despite some studies point to an epistemological difference in terms of technically “train-
ing” and processually/pedagogically “educating” teachers. Our intention here is to reach both
dimensions, then the indiscriminate use of these terms.
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historical-cultural perspective, how the social and cultural system and the human
cognitive functioning are altered by the introduction of (new) cultural instruments.
Basic ideas launched by “neo-Vygotskian” researchers, such as Wertsch (2007)
are fundamental in the sense of relating historical-cultural studies to the under-
standing of the human mind. It is in this sense that we assume that both cognitive
processes such as human actions are guided by cultural instruments used by the
subjects. Hence the urgent need to cease the exclusively technical and instrumental
treatment attributed to ICT in the educational field, mainly.

When considering ICT as cultural instruments, in these terms, it is impor-
tant to turn attention to the qualitative changes of these actions and not just
to their development or to their quantitative character. Research that explores
this pedagogical, conceptual and epistemological character of the relationship
between ICT and education is increasingly necessary and urgent in the sense of
implementing proposals that integrate technologies/media and education not
in a technical sense, but for critical and emancipatory purposes.

Planning, memory, voluntary attention, language, among other functions,
are not innate and are different from the more “rudimentary” actions, of an in-
voluntary character, such as automated reflexes as Vygotsky stated decades ago,
and that remain revisited. This would be the difference between higher psycho-
logical functions (or cultural ones, considering that they develop throughout the
process of internalizing cultural forms of behavior, and do not happen directly,
but mediated by instruments) and elementary functions.

When conceiving the process of internalizing higher mental functions,
Vygotsky asserted that this transition to mediated activity, by artificial means,
changes all psychological operations, in the same way that the use of instruments
expands the range of activities in which new psychological functions operate.
In this sense, ICT are equivalent to what Vygotsky referred to external stimuli
that allow human beings to alter their development flow, something that differs
from Piaget’s writings.

As Kurtz (2016) has already observed, based on this perspective, to be hu-
man is to use cultural instruments or mediational means, considering that these
instruments are not inventions independent of the subjects who use them. The
fact that cultural instruments (or tools) change the conceptions of sociocultural
setting, just like ICT (between subjects and instruments), allows to affirm that
“knowing how” seems to “know this”, when, in fact, mediation seems to take
new proportions when conceiving ICT as cognitive tools, which, in fact, alter
cognitive and cultural aspects of life of individuals.

Higher mental functions are culturally mediated because mind development
is an interrelation between biological factors and the appropriation of the existing
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cultural and material heritage in order to “coordinate” people with each other
and with the physical world. That is why higher functions do not involve direct
action in the world, but indirect, benefiting from human work or practice already
produced for a given purpose.

Thus, it seems inevitable that the behavioral changes that occur in society
are the result of people’s participation and interaction with the socio-historical
context in which they live. One cannot assume an environmentalist position, in
which the individual is passively shaped by the definitions of the environment in
which he/she lives, as this is not the case. Following Vygotsky’s historical-cul-
tural approach, or the so-called “mediated perspective on social interactions’,
the individual appropriates the historical and cultural experience, internalizing
cultural forms, which does not imply a passive process. On the contrary, at the
same time, that the subject internalizes culture, he/she transforms and changes it.

Using ICT, therefore, not only changes the way people learn, but also “in-
creases” existing learning. This totally contradicts conceptions of simple “use”
of these instruments, as if they were merely instrumental. It is not the mere
presence of stimuli that determines human behavior, but rather the new or trans-
formed psychological situation created by humans, that is, what determines the
behavior that distinguishes elementary from superior forms is the creation and
use of artificial stimuli as means which help to understand someone’s reactions.
Human forms are, then, those that involve mediation.

Therefore, since ICT are human creations, their role are crucial in enhanc-
ing students’ critical thinking. They are not tools that are only at the service of
the population or teachers, but “intellectual partners” that empower subjects,
providing them with elements that, from a critical perspective, help them to
position themselves and act in the world.

Given the current circumstances regarding the implementation of technol-
ogies in the educational sphere, much more than meeting social, economic and
intellectual needs of society, it is crucial to start from the assumption that the
teacher is an intellectual. Based on this, it is essential that teachers have deep
theoretical, conceptual and epistemological understandings about the role, po-
tential and limitations of ICT in education within their training process, as we
argue in this text.

COMPUTATIONAL THINKING AND EDUCATION
As already verified by Kurtz (2015), it is necessary to be clear that articulat-

ing teaching and technology, for many educators, is something that provokes
certain distancing, often linked to a technical and instrumental concern. For
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many teachers, the theme itself becomes somewhat detached from reflections
articulated to theories and concepts that permeate and constitute the teaching
profession itself. There is the concern to reflect on aspects considered proper
to “being a teacher of..”, but when it comes to the role attributed to ICT in
education, the subject is restricted to the “domain of..] as if these instruments
“orbited’; or were external to the pedagogical process. Considering this scenario,
which is still noticeable today in some contexts, we realize that the concept of
“computational thinking” (CT) has been, in several countries, associated with
teacher training precisely in order to completely distance the instrumental con-
cern from teaching.

According to Jeannette Wing (2014), this concept is based on the founda-
tions of Computer Science and involves capacities and skills quite highlighted in
documents that govern education in different countries and in the international
literature proper to the educational sphere, as being something to be constituted
by professionals — whether from the educational field or not. Among these skills
are the resolution of complex problems, the understanding of human behavior,
logical reasoning, evaluation, and the ability to abstract — and most interestingly
— “even without the use of machines”!

However, there is still no consensus in the academic community on the
definition of the concept of “computational thinking” and discussions on this
definition are still ongoing (Brennan and Resnick 2012; Diordieva et al. 2019;
Grover and Pea 2013; Tedre and Denning 2016). Christian P. Brackmann (2017)
points out that, even after a decade of efforts to try to define computational
thinking, there are still questions about the true meaning of the term and how
this type of thinking can be evaluated.

For this reason, Brackmann proposes a broader and more detailed definition
for the term, as a human capacity to use the fundamentals of Computing in dif-
ferent areas of knowledge, “with the purpose of identifying and solving problems,
individually or collaboratively, through clear steps, in such a way that a person
or a machine can execute them effectively” (Brackmann 2017: 29).

Another research initiative aimed at defining the contours and particularities
of computational thinking was presented by Valerie Shute et al. (2017). In their
article, the authors make a broad analysis of the various definitions provided
in the international literature and synthesize a new definition. According to
them, CT is “the conceptual basis necessary to solve problems effectively and
efficiently (that is, algorithmically, with or without computer assistance) with
reusable solutions in different contexts” (Shute et al. 2017: 150).

This definition shows that CT is fundamentally a way of thinking and acting,
which can be visualized through the use of specific skills. Shute et al. (2017)
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categorize computational thinking into six main approaches or cognitive pro-
cesses: decomposition, abstraction, algorithm design, debugging, iteration and
generalization. Decomposition, involving breaking up a complex problem into
smaller parts and using systematic processes to solve each of these minor prob-
lems; iterative and systematic debugging, ensuring that each part of the minor
problems is resolved efficiently; abstraction as the act of finding patterns within
problems and solutions — being in a position to generalize solutions to similar
sets of problems; and the design of algorithms allows the development of reusable
tools/procedures to solve classes of problems.

As Silva (2020) observes, there is a wide range of definitions around CT,
especially with regard to the skills associated with this form of thinking. A wide-
spread definition in the literature places the concept sustained from “four pillars”
— decomposition, pattern recognition, abstraction and algorithms. We can also
consider these components as four dimensions that represent the concepts and/
or skills that support this particular form of thinking. According to the literature,
the four pillars are complementary to each other and make the problem-solving
process interdependent.

In these terms, decomposition is associated with the ability to decompose
a complex problem or system into smaller and more easily manageable parts.
Pattern recognition makes it possible to identify similar characteristics and
properties between and within problems. Abstraction refers to the ability to
focus efforts only on important information and characteristics, ignoring details
not relevant to a given problem; and the algorithms, which involve the ability
to work out a solution to a given problem through well-defined steps and rules.

Besides this conceptual dimension, Cynthia Selby (2013) proposed a defini-
tion of computational thinking with a broad scope, highlighting the key concepts
represented in Figure 1 as proposed by Silva (2020). Briefly, these five key con-
cepts can be understood as: algorithmic thinking, which considers the ability to
define precisely and clearly the steps necessary to solve problems; evaluation,

/ [ A Thought Process J \

Heontmie e
: Evalua[ion :

Figure 1. Key concepts of computational thinking (adapted from Silva 2020)

Abstraction
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which includes the ability to evaluate processes in terms of efficiency and use of
resources, as well as the ability to recognize and evaluate results; decomposition,
understood as a way of thinking about problems, algorithms, resources, artifacts,
processes and systems in terms of their parts.

By analyzing the parts separately, it is easier to solve complex problems and
design large-scale systems; generalization, as a cognitive process aimed at solv-
ing new problems based on similar solutions already established. This concept
involves the ability to verify functional and structural characteristics common
to different contexts and situations; and abstraction, which refers to the ability
to select attributes and hide the complexity and details of implementation in
a problem-solving process.

Considering this, the so-called “21*-century skills” have contributed sub-
stantially to the realization of numerous reflections on education, at all levels,
as well as on the pedagogical processes mediated by ICT. On the other hand,
understanding about the role of these cultural instruments in the educational
process is still a major challenge for teachers and students in Brazil.

Wing (2010; 2014) supports the idea that all people (children, youth and
adults), in their educational processes, should develop this way of thinking with
the aim of constituting knowledge and skills previously attributed to Computer
Science professionals. In this context, CT considers a set of mental processes
(cognitive tools) used by computer professionals when they operate with a view
to solving problems that can effectively involve all areas of human knowledge
— in an inter/transdisciplinary perspective. Still, based on contributions from
other researchers, Wing (2014) added the conception that the thought process
involves formulating problems and expressing their solutions in such a way that
human beings can effectively accomplish them in the most different areas and
not just subjects directly involved with the computing area.

Since then, the scientific community and, especially, the international edu-
cational field, has been directing efforts to investigate the nature of this type of
thinking and to verify ways for its insertion in school curricula and in teacher
training processes, just like Cristina Diordieva et al. (2019) present, with a case
study between Brazilian and American teachers.

We argue that computational thinking must be conceived as a competence,
as it has a greater breadth and reach. It is the general objective to be achieved by
computer professionals. In order to make this competency feasible, several skills
of a particular order, of specific scope, i.e. the listed skills, must be developed to
malke this thinking effective as a higher competence. A visual representation of
part of this conceptual system is shown in Figure 2.
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Competence
Higher Mental Function
A
Skills
Algorithmic

Generalization | Decomposition | Abstraction Evaluation

Thinking

Higher Mental Functions

Figure 2. Computational thinking as a higher mental function
(adapted from Silva 2020)

It is interesting to note that two important guiding documents such as
Brazilian Curricular guidelines of the area and the training references for un-
dergraduate courses (Zorzo et al. 2017) do not list computational thinking as
a competence to be developed. They just indicate that the bachelor’s degree
courses in the field of computing must provide professional training that re-
veals the skills and competences to, among others, recognize the importance
of computational thinking in everyday life and its application in appropriate
circumstances and in different domains.

In these terms, it is important to highlight that the use of ICT in the teach-
er training process is not something new. In order to conceive a teaching and
learning process, in the contemporary technological context, one cannot ignore
the need to rethink the process of mediation, interaction, and the educator’s
own role in such a context.

Since the publication of Wing’s original essay (2006), there has been consid-
erable interest and research dedicated to incorporating computational thinking
skills at all levels of school curricula. Government agencies and private interests,
such as the National Science Foundation and British Royal Society, Microsoft and
Google have supported these efforts. Therefore, we follow what Wing suggests,
when considering computational thinking in an expansive way, as a cognitive
structure and a “grouping” of problem-solving methods suitable for various dis-
ciplines. Arguably, computational thinking is a pre-existing component of many
human efforts; the old formula of “computing = programming” is outdated. In
this perspective, CT is “a new way of reasoning” that must be presented in as
many contexts as possible.
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CONCLUSIONS

In view of the scenario that we seek to present and discuss in this text, we
understand that the theoretical articulation carried out may help educators and
professionals involved in teacher training with elements that, hopefully, should
enable the proposition of parameters that surpass the technical and instrumental
perspective regarding ICT in education, and reaches an effectively reflective and
critical process with regard to the relationship of ICT in the world.

We believe it is urgent to introduce specific discussions not only about CT
in teacher education programs, but, fundamentally, questions that articulate and
expand these understandings to the scientific literacy process of these future
teachers and, ultimately, of basic education students. This may enable a new
look at education itself, which needs to innovate and review certain processes,
and deserves investment.

Efforts to integrate ICT in teacher education are collective and must show
that the principles of teaching linked to these technologies are the same, whether
in person, distance or mixed (blended learning). Thus, the more teachers who
engage in this integration process, the greater the possibility of spreading the
potential of ICT in the process of teachers’ training and throughout educational
institutions in other areas.

Therefore, in times when Brazilian education has been so criticized, mainly
for the low performance of students of basic education in national exams, it is
fundamental to reflect on the current scenario, including school and teachers’
role. The creation of new meanings to the generalized knowledge and experiences
that are easily accessible to students, such as those provided by social networks
and other instances of the “digital life” to which these subjects have access, are
realized based on historical knowledge, constructed over time by individuals.

From the moment that this historical, classic and traditional knowledge starts
to make sense to the student, the learning will, finally, be elevated to another level
of abstraction that, in Vygotskian terms, means the possibility of awareness of the
meaning that the cultural instruments and their own access to culture. This dis-
tinguishes what is secondary from what is primary: instrumental use is secondary.
The essential thing is the awareness of the potential of cultural reconstruction in
solving human problems. This is only possible if the meaning of what is easily
found, daily and quickly, as the context permeated by ICT signals, is deepened
and located in contexts other than those routinely conceived by students.

This aspect demands refinement, a gigantic theoretical specialization on
the part of the teacher. It is certainly in the initial training course that it must
be developed, considering the so-called use of ICT extended to a process that
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considers them as cultural instruments in a meaningful way, associated to the
context with which the subjects interact. Otherwise, the posture remains that of
considering ICT from an instrumental perspective, and social reality as some-
thing outside the school walls.
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