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Abstract. This study addresses the need for clear guidelines to teach computing
in early childhood, given young children’s growing exposure to technology. It
investigates how to design activities that integrate computational concepts while
supporting holistic development. Aimed at teachers planning design processes,
these principles ensure children actively collaborate in creating computing to-
ols and that the experience remains meaningful. Derived from thematic analysis
of scientific literature and validated by a focus group of computing and early
education experts, five principles emerged. Findings demonstrate that linking
family experiences to cooperative tasks provides educators foundation to culti-
vate digital literacy and computing education from the earliest school years.

1. Introduction

Nowadays, computing is everywhere, from seeking information and entertainment to
communicating with other people, working, and studying. Children of the 21st century
were born into a time when technology is an integral part of our way of life, and it is al-
most impossible to live without it. Paiva and Costa (2015) say that “children, even before
they become literate, learn to use most of the resources available on electronic devices
randomly without any specific objective”; they are passive consumers of technology. A
user is considered passive when they cannot create, modify, or actively participate in a so-
lution [Fischer et al. 2004]. Although children are surrounded by technology, they do not
understand the issues related to the creation or manipulation of technological products,
and cannot perceive the possibilities of future uses to solve real problems.

According to the Common National Curriculum Base (BNCC) [MEC 2021], chil-
dren must understand the digital world in the same way they understand the real world. It
is necessary to understand aspects related to storage, processing, data transmission, ethi-
cal issues, and the social and economic impacts of technology. Children must understand
the fundamental concepts of computing in a comprehensive way to understand the world
around them [MEC 2021]. In the literature, there are studies involving children aged 4
and 5, and concepts of computational thinking, programming, creation of technological
artifacts, or even fronts involving Design-Based Learning. However, challenges still exist,
including teacher training, developing appropriate curricula, and evaluating the impact of
computer science education on young children [Sentance and Csizmadia 2017].

Despite technological and methodological advances, many educators still face
challenges in effectively implementing these tools and approaches in the classroom. The
lack of clear guidelines adapted to the educational context makes it difficult to adopt
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practices that integrate computing in a meaningful way into the early childhood educa-
tion curriculum. These gaps highlight the need for research that proposes evidence-based
pedagogical design principles, aiming to guide teachers in the application of computing
activities that are aligned with local needs and realities.

This study aims to propose design principles for the integration of compu-
ting in early childhood education, using two complementary methodologies: Thema-
tic Analysis and Focus Groups (FG). The thematic analysis allows the identification
of relevant patterns and categories from qualitative data collected in a scientific article
[Braun and Clarke 2006]. The FG composed of experts in early childhood education and
computer science, serves to validate and refine the proposed principles, ensuring their
applicability and relevance in the educational context [Krueger 2014]. Consequently, a
collection of educational design principles was established to help teachers implement
computing activities in early childhood education, fostering meaningful and contextuali-
zed learning. Additionally, the combined application of thematic analysis and FG signi-
fies a methodological advancement in the field of educational research, providing a strong
model for the development and validation of evidence-based pedagogical guidelines.

The research question guiding this study is: “What pedagogical design principles
can guide the effective integration of computing education into early childhood educa-
tion?”. The investigation of this issue aims to contribute to the construction of a theoreti-
cal and practical framework that supports educators in adopting innovative and effective
practices in teaching computing to children.

The remainder of this article is structured as follows: Section 2 presents the back-
ground and theoretical foundations. Section 3 details the methodology, including the
Thematic Analysis and FG procedures. Section 4 introduces the design principles derived
from the study. Section 5 discusses the implications of these principles in practice, and
Section 6 concludes with final considerations and directions for future research.

2. Background

The involvement of young children in design processes has been widely studied. This
type of participation acknowledges children as technology users and active collaborators
in creating new solutions. While much of the research focuses on their role in desig-
ning systems, codesign with children extends beyond digital technologies and systems
to encompass artifacts and physical materials. This broader perspective enables a more
comprehensive examination of their creative contributions.

Children can assume different roles in design, including informants, testers,
and design partners, with each role offering various levels of input and involvement
[Druin 2002, de Morais et al. 2024]. Including young children in these processes bene-
fits the participants and the resulting designs. Children gain cognitive and social skills,
such as problem-solving, critical thinking, and collaboration [Van Mechelen et al. 2017].
Additionally, being recognized as a contributor boosts their self-esteem and engagement,
especially when their ideas are taken seriously and implemented [Kapanen et al. 2019].
The creative input of children often leads to innovative solutions that adults might over-
look [Van Mechelen et al. 2017].

Codesign with children, particularly when involving physical artifacts, expands
the scope of their involvement beyond digital systems. Artifact-based design allows chil-
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dren to engage tactilely and imaginatively, offering opportunities to integrate their lived
experiences into the design. Such approaches broaden the design landscape, allowing
children’s perspectives to inform diverse domains, including educational tools, play ma-
terials, and even urban spaces.

Including young children in these processes presents challenges. Designers and
researchers must adapt methods to accommodate children’s developmental needs, which
may require additional time, resources, and careful planning [Van Mechelen et al. 2017].
Managing children’s expectations about implementing their ideas is also critical, ensuring
they understand that not all contributions can be realized [Kapanen et al. 2019]. Howe-
ver, this is a valuable practice that benefits both children and the design process outco-
mes. Expanding this participation to include the creation of artifacts opens new avenues
for engagement and innovation. Addressing the inherent challenges thoughtfully ensures
effective and meaningful collaboration, fostering skill development in children, and the
significant design creation.

In the Brazilian context, this perspective is reinforced by Computing: Comple-
ment to the BNCC [MEC 2022], which establishes learning objectives for the introduction
of computing concepts from early childhood education. Furthermore, several authors have
emphasized the role of digital technologies in transforming educational practices. Kenski
[Kenski 2003] argues that technology reshapes the dynamics of teaching and learning by
creating new times and spaces for interaction. Moran [Moran 2005] highlights that the
integration of technologies in education requires methodological innovation, so that the
tools are not used only as support, but as mediators of meaningful experiences. Valente
[Valente 1999b, Valente 1999a, Valente 2005] has long defended the idea that computing
in education should go beyond technical instruction, focusing instead on problem-solving,
creativity, and knowledge construction. These perspectives reinforce that, in addition to
the international literature, the Brazilian field of research also recognizes computing edu-
cation as a strategic element for children’s development.

3. Methodology

We used two methods to propose design principles focused on computing education for 4
and 5-year-old children. Initially, a thematic analysis with 13 articles focused on compu-
ting education was carried out. Based on the highlighted themes and codes, 5 principles
were proposed. Finally, we held an FG with professionals specializing in education, early
childhood education, and computing areas to discuss the thematic analysis results and fi-
nalize the formalization of the principles. Two online meetings were held, each lasting 1
hour and 30 minutes.

The combined use of thematic analysis and focus groups was chosen to ensure
both theoretical rigor and practical validation. Thematic analysis allowed for a systematic
identification of patterns in the literature, while focus groups provided an opportunity
to refine these principles through expert discussion. This methodological triangulation
strengthens the validity of the results, as it integrates evidence from scientific publications
with professional expertise in early childhood education and computing.

3.1. Thematic analysis

To identify and structure design principles that guide early childhood education teachers
in creating activities aimed at teaching computing to children aged 4 and 5, we carried
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out a thematic analysis. This method is widely used in qualitative research to organize
data into meaningful themes, allowing the construction of evidence-based knowledge
[Braun and Clarke 2006].

3.1.1. Data Source and Data analysis

Two main sets of publications were analyzed: (I) scientific articles produced in the context
of the research project “Discovering Computing”, an interdisciplinary group from the
Federal University of Sdo Carlos composed of researchers from the areas of Education
and Computer Science, and (II) complementary articles focused on teaching computing to
children, selected based on the literature in the area. All articles analyzed in the thematic
analysis can be viewed in the Appendix, Table 3 .

The selection of these data sources was based on their relevance to the research
objectives and their representativeness in the field. The first set was chosen to ensure
alignment with the interdisciplinary scope of the project, while the complementary arti-
cles were identified through searches in recognized academic databases (such as Scopus,
ACM, and IEEE) using keywords related to “computing education in early childhood”
and “participatory design with children”. This ensured a broad and consistent coverage
of the state of the art.

Content analysis followed the Braun and Clarke (2006) protocol and was conduc-
ted in five main stages. First, we familiarized ourselves with the material: each article was
read in full to elicit initial understandings and highlight passages that mentioned metho-
dologies, challenges, experiences, or teaching strategies. Then, in the coding phase, we

29 ¢

assigned inductive codes to specific passages such as “meaningful learning”, “use of play
in computer science teaching”, “collaboration in design”, and “child empowerment” cap-
turing units of meaning that reflected core practices and concepts. In the theme generation
stage, we grouped related codes to structure five broad themes: (1) activities based on
children’s daily lives; (2) child protagonism; (3) collaborative processes; (4) intentional
insertion of computing concepts; and (5) playful learning. Each grouping resulted from a
joint analysis of the interrelationships between codes, ensuring that each theme reflected

an aspect essential to the development of the principles.

We subsequently reviewed the themes to verify coherence and conceptual distinc-
tion, adjusting nomenclatures and eliminating overlaps. Finally, we defined and refined
the five final themes together with the second author, validating their applicability to the
context of early childhood education. This systematization provided the theoretical basis
for formulating the design principles presented in this study.

3.1.2. Results

The thematic analysis allowed the identification of the 5 main themes that guide compu-
ting education for children in early childhood education. The 5 themes identified were:
(1) Consider the child’s daily life, (2) The child must be the protagonist, (3) Adopt col-
laborative processes, (4) Involve computer knowledge, and (5) Include playfulness. A
list is available with all the codes that were grouped in the Appendix, TAble 4. Below,
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the identified themes are briefly explained, with their implications for the construction of
design processes.

Consider the child’s daily life: The analysis showed that computational concepts
are favored in early childhood education when presented within the children’s everyday
context. This theme emerged from codes that indicated the importance of connecting
computing to familiar activities and artifacts, such as the use of digital devices, remote
controls, and electronic games. This approach is aligned with the Meaningful Learning
Theory [Ausubel 2003], which emphasizes the importance of the relationship between
new knowledge and the child’s previous experiences. By incorporating elements of every-
day life into computer science teaching, teachers can facilitate the construction of mea-
nings and make learning more intuitive.

The child must be the protagonist: Another recurring aspect was the need to
ensure that children are active participants in design processes. This theme emerged from
codes related to active participation, children as decision-makers, and authorship in the
design processes. Research on children’s participatory design reinforces that children’s
active participation in design processes improves their relationship with technology and
contributes to cognitive and socio-emotional skills development [Druin 2002].

Adopt collaborative processes: Collaboration emerged as a key element, indi-
cating that learning occurs more effectively when children interact and share knowledge.
This theme emerged from codes that highlighted the importance of group learning, com-
munication of ideas, and collaborative solutions development. When engaged in collabo-
rative play, children observe, imitate, or build on what they observe [Scott 2017].

Involve computer knowledge: The thematic analysis revealed the need to en-
sure that computational concepts are introduced in a structured and accessible manner.
This theme emerged from codes that highlighted the importance of computational thin-
king and problem-solving in the early childhood context. According to Martins (2021),
digital literacy and the introduction of computational concepts from the early school ye-
ars are essential to prepare children for an increasingly technological world. In the early
childhood education context, this involvement can occur through activities that explore
computational concepts without the need for digital devices, such as challenges based on
sequential logic and unplugged activities.

Include playfulness: The presence of play as a central learning tool was one of
the most recurrent themes in the analysis of the articles. The literature emphasizes that
play keeps children engaged, active in knowledge construction, and enables experimen-
tation. This theme emerged from codes related to game use, creative exploration, and
play-based learning. Children’s learning occurs more effectively when mediated by play,
as children demonstrate what they are learning through experimentation and spontaneous
interaction with the environment [Scott 2017].

These 5 themes were essential for the construction of the design principles. Each
theme reflects challenges and opportunities for computing in early childhood education,
providing support for formulating applicable guidelines by teachers. The next subsection
presents a second stage of research based on these findings and discusses its applicability
in computing education to early childhood education.

568



X1V Congresso Brasileiro de Informética na Educacdo (CBIE 2025)
Anaisdo XXXVI Simpoésio Brasileiro de Informética na Educacdo (SBIE 2025)

Tabela 1. Details about FG participants.

ID Gender Level of education  Field of Study Experience Time

Computer Science Education
P1 F Master degree Education Between 1 year and 5 years Between 6 and 10 years
P2 F Postdoc Education Less than 1 year More than 10 years
P3 F Postdoc Education Between 1 year and 5 years More than 10 years
P4 F Postdoc Computer Science More than 10 years Between 1 year and 5 years
P5 M Master degree Computer Science More than 10 years Less than 1 year

3.2. Focal Groups

After identifying the 5 main themes through thematic analysis, an FG with experts from
early childhood education and computer science areas was conducted to validate and re-
fine the formulated design principles. The objective was to critically evaluate the princi-
ples, verifying their relevance, conceptual coherence, and applicability in the context of
teaching computing to children aged 4 and 5. The methodology adopted for the FG fol-
lowed approaches recommended in the literature [Krueger 2014, Braun and Clarke 2006],
ensuring that the discussions were conducted in a structured and collaborative manner.

We developed a script with key questions and organized the discussion into two
main stages. In the first stage, participants analyzed each principle individually, answe-
ring the following questions: (I) Is this principle relevant to computing education for this
age group? and (II) Is this principle correct? In the second stage, participants evalua-
ted the principles by answering the following questions: (I) Is there a need to exclude
any formalized principles? (II) Is there a need to include any new principles? and (III)
Do the principles present the minimum concepts necessary for early childhood education
teachers to be able to carry out co-design processes with the objective of teaching compu-
ting to children aged 4 and 5? The answers to all questions were analyzed qualitatively,
consolidating the main points raised by the experts.

3.2.1. Participants

The professionals were invited by convenience, considering their academic background
and practical experience in early childhood education and computing. All participants are
active in research groups and educational programs related to education or computing,
ensuring a balance between expertise in pedagogy and computer science. This diversity
of profiles enabled an interdisciplinary discussion, ensuring that the principles formulated
were analyzed from both a pedagogical and technology design perspective.

Table 1 presents details on the participants, including gender, level of education,
field of study, and time of experience. In the gender column, (F) represents the female
and (M) represents the male. In the occupation column. This study obtained informed
consent from all participants, who were informed about the objectives, procedures, and
voluntary nature of their participation. All personal data were anonymized, and con-
fidentiality was assured throughout the research process. The study was reviewed and
approved by the Ethics Committee of Federal University of Sdo Carlos, under protocol
number 78975524.1.0000.5504.
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3.2.2. Results

The FG results indicated a high degree of agreement on the principle’s relevance, but
suggestions for refinement were made to improve clarity and ensure their applicability in
the educational context. During the meetings, participants analyzed each principle criti-
cally, pointing out conceptual and practical aspects that could be improved. Discussions
ranged from terminological adjustments to the need to emphasize the teacher’s role and
the pedagogical intentionality of the proposed activities. Below, we present the main
improvements based on the experts’ contributions.

Consider the child’s daily life: The relevance of this principle was widely recog-
nized by the participants, who reinforced the need to relate computer science education
to children’s daily experiences. P3 highlighted that young children do not yet have a fully
structured theoretical mindset, and the learning should start from what they already know.
She argued that “when we think about child development, this age group works in the
empirical world, as theoretical thinking is still under construction. Therefore, starting
from what the child already knows is essential to enable new learning”. P4 added that the
principle formulation could emphasize the relationship between children, digital artifacts,
and their social and natural environment. She suggested that children’s everyday lives
should not be understood as just their daily routine but as a set of experiences and interac-
tions that they go through. Furthermore, participants stressed the importance of ensuring
that this principle is understood as a broad approach, connecting computational concepts
to contexts that are meaningful to children. No modifications to the principle statement
were necessary. However, an explanation expansion was recommended to reinforce the
relationship between computational learning and the child’s previous experiences.

The child must be the protagonist: The term “protagonist” generated discus-
sions among experts because it could be interpreted as a teacher’s role reduction in the
teaching and learning process. P3 highlighted that in early childhood education, children
are often expected to act completely autonomously without structured guidance from the
teacher. She argued that “the teacher will have to induce this protagonism. Children need
role models, otherwise they cannot do it. This needs to be built progressively”. P5 agreed,
emphasizing that children’s leadership development requires balancing autonomy and te-
acher mediation. He mentioned that, in some experiences with children, they expressed
the desire to have an adult present for support, but without the adult making all the de-
cisions. In light of these reflections, P4 suggested a reformulation of the principle title
to emphasize the shared responsibility of adults in this process. She proposed using the
term “‘stakeholders” which in computing refers to all those involved in a process. Thus,
it was decided that the principle name would become “Stakeholders must build the child
protagonism” ensuring that the teacher’s role is recognized as essential.

Adopt collaborative processes: The principle was revised to ensure greater spe-
cificity and clarity. Participants raised concerns about the generality of the “collaborative
process”, which could be interpreted too broadly. P4 stressed that “what is expected is
that children and adults engage in processes of joint creation. This needs to be clear so
there are no misinterpretations of the term collaborative”. P2 suggested replacing “pro-
cesses” with “activities” to make the principle more applicable to pedagogical practice.
She argued that “the word ‘processes’ can be very broadly interpreted. ‘Collaborative ac-
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tivities’ provide better guidance to the teacher on what should be done in the classroom”.
The name has been changed to “Carry out collaborative activities”.

Involve computer knowledge: Participants agreed that teaching computing in
early childhood education should involve broader computing concepts, not be restricted
to programming. P4 suggested including the document “Computing: Complement to the
BNCC” reference, which deals with the learning objectives for teaching computing in
Brazilian early childhood education. She mentioned that “this document can help justify
the principle and bring teachers closer to the topic, showing that computing is already
recognized as an important component in early childhood education”. P5 highlighted that
“children already use computational concepts without realizing it. Our role is to make
these concepts explicit and accessible”. During the discussions, the experts agreed that
“knowledge” could be replaced by “concepts” to make the principle more precise.

Include playfulness: This principle has sparked debates about differentiating
playful learning from games without pedagogical mediation. P3 raised concerns that
“playful” could be interpreted as an invitation to play without a structured purpose. She
pointed out that “playfulness must be present but with intentionality. The activity needs
to be provoking, challenging, and engaging, not just a moment of free play”. P2 sugges-
ted reformulating the principle to emphasize the need for practical and thought-provoking
activities, proposing that “instead of ‘Include playfulness,” the principle could highlight
hands-on, challenging, and thought-provoking activities”. P4 agreed, highlighting that
fun can be present within the context of structured learning. The name of the principle
was changed to “Include Fun Activities”.

4. Design principles

This study proposes a set of educational design principles aimed at supporting early
childhood educators in planning and implementing computing activities through co-
design processes. These principles serve as a practical guide to ensure that children
aged 4 and 35, in the final stage of Early Childhood Education, can actively participate
in meaningful learning experiences that foster computational thinking, creativity, and col-
laboration. Table 2 summarizes the five principles identified, with concise descriptions
that highlight their pedagogical focus.

These principles represent a synthesis of insights from the literature and validation
through expert focus groups, providing educators with clear and applicable guidelines to
integrate computing into early childhood education. Importantly, they are not intended
to be applied in isolation. Their combined use creates richer learning environments, ba-
lancing conceptual understanding, creativity, and collaboration. In the next section, we
critically discuss the implications of applying these principles in practice, highlighting
potential benefits, challenges, and conditions for successful implementation.

5. Discussion

The design principles proposed in this study provide a foundation for implementing com-
puting education in early childhood. Rather than repeating their definitions, this section
discusses their implications, potential challenges, and contributions to educational prac-
tice. The focus is on how they can support the development of computational skills,
creativity, and collaboration in preschool education.
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Tabela 2. Design principles for computing education in early childhood

Principle Short description Example of application

Consider the child’s | Connect computing concepts with | Organize a step-sequence game where

daily life children’s everyday experiences to | children build a “recipe” (e.g., making
promote meaningful learning. a sandwich) to introduce algorithms.

Stakeholders must | Encourage children’s active participa- | Children design a maze on the floor

build the child pro-
tagonism

tion in co-design, with teachers medi-
ating and guiding autonomy.

with tape/chalk while the teacher gui-
des peers to “program” one another th-
rough it.

Involve
concepts

computer

Introduce fundamental computing
concepts (e.g., sequences, patterns,
algorithms) as defined by Compu-
ting: Complement to the BNCC
[MEC 2022].

Use rhythmic clapping games to re-
present loops, or sorting toys to teach
classification and pattern recognition.

Carry out collabo-
rative activities

Foster collaboration among children,
teachers, and peers through structured
joint tasks.

Groups create a collective story where
choices follow logical “if/then” struc-
tures, simulating conditionals.

Include fun activi-
ties

Use playful and thought-provoking
experiences to engage children while
exploring computational ideas.

Organize a treasure hunt with logical
clues that use conditionals to lead to
the next step.

Consider the child’s daily life: Incorporating computing concepts into every-
day experiences allows children to connect new ideas with familiar contexts. This stra-
tegy strengthens meaningful learning and aligns with the Computing: Complement to the
BNCC [MEC 2022]. The challenge lies in preparing teachers to identify and translate
these experiences into structured learning opportunities.

Stakeholders must build the child protagonism: Children’s active participation
is fundamental, but it requires careful teacher mediation. Autonomy must be progres-
sively constructed, with adults guiding interactions to ensure sustained shared thinking.
The main implication is the need for teacher training focused on balancing guidance with
opportunities for co-design.

Involve computer concepts: Introducing fundamental computing concepts (such
as sequencing, pattern recognition, and problem-solving) helps children understand tech-
nology beyond programming. The Computing: Complement to the BNCC [MEC 2022]
reinforces this approach. However, a critical challenge is ensuring that teachers feel con-
fident with these concepts, which demands continuous professional development.

Carry out collaborative activities: Collaboration fosters social, cognitive, and
emotional skills while strengthening collective knowledge construction. Activities such
as group problem-solving or storytelling with logical structures illustrate this principle.
The implication is that schools must provide time and space for joint creation, which is
not always prioritized in curricula focused on individual outcomes.

Include fun activities: Playful and thought-provoking tasks are essential to en-
gage young learners. Activities like treasure hunts based on logical clues or simple algo-
rithmic games exemplify how fun can be aligned with intentional pedagogical goals. The
critical issue is avoiding the reduction of play to entertainment without clear educational
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mediation.

Overall, these principles highlight that computing education in early childhood
should not be reduced to isolated technical skills. Instead, it must integrate children’s
contexts, emphasize their role as active participants, and rely on structured teacher medi-
ation. The main implication for practice is that teachers need both didactic strategies and
institutional support to apply these principles effectively. Future research should explore
how these principles perform in real classrooms and identify conditions that enable their
successful implementation.

5.1. Limitations

This study has some limitations that must be acknowledged. First, the FG sample was
small and selected by convenience, which may restrict the diversity of perspectives. Se-
cond, the proposed design principles were validated theoretically but have not yet been
tested in classroom contexts with children and teachers. This represents not only a li-
mitation but also an important avenue for future research. Conducting applied studies in
real educational settings will make it possible to assess the pedagogical effectiveness and
feasibility of the principles, generating empirical evidence to complement the theoretical
foundation established here. Finally, the study focused on Brazilian educational guide-
lines, which may limit generalization to other educational systems. Future work should
conduct pilot implementations and longitudinal studies to evaluate both short-term and
long-term impacts of early computing education.

6. Conclusion

This study presented a set of design principles for teaching computing in early childhood
education, derived from a thematic analysis of the literature and validated through a FG
with experts in early childhood education and computer science. The principles offer
practical guidance for educators seeking to introduce computing in a way that is both
meaningful and contextually relevant.

By linking computing activities to familiar experiences, this work reinforces that
children learn more effectively when concepts are introduced through materials and si-
tuations already present in their everyday lives. Valuing children as active participants
proved essential, as it stimulates autonomy and supports their role as co-designers and
problem solvers. Collaboration among children, teachers, and other stakeholders emerged
as another cornerstone, strengthening social skills and collective knowledge construction.
At the same time, deliberately integrating computing concepts such as logic, patterns, and
sequences ensures that young learners develop a solid understanding that extends beyond
mere programming. Ultimately, adopting playful strategies creates a dynamic and moti-
vating environment that nurtures curiosity and experimentation.

The design principles laid out here provide a well-founded framework to support
educators in cultivating computing education from the earliest school years. Continued
collaboration among researchers and teachers will be crucial to developing increasingly
inclusive, accessible, and effective computing education.
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A. All articles analyzed in the thematic analysis

Tabela 3. All articles analyzed in the thematic analysis.

Title Authors

Discovering Computing

Descobrindo o Computar: tecnologia, ciéncias, | [Hai et al. 2023]
design e computacio para criangas de 4 e 5 anos

Buttons, devices, and adults: how preschool chil- | [Silva Neto et al. 2023]
dren designed an [oT programming tool

Tecnologia e Educagdo: ciéncias, computacdo | [Neris and Hai 2023]
(des)plugada e pensamento computacional na
educag@o de criangas de 4 a 10 anos

Systematic mapping of computational thinking in | [Martins et al. 2023]
preschool children

Um arcabouco tedrico para o ensino de | [Menezes et al. 2023]
computacdo para criangas de 4 e 5 anos pau-
tado no codesign

Building an IOT programming environment with | [Neto et al. 2021]
and for preschool children

Aprendendo e experimentando tecnologia e | [Hai et al. 2020]
ciéncias na educagdo de criancas de 4 a 5 anos

Towards an Interaction Model for the Program- | [Neto and Neris 2018]
ming of Devices by Children in the Age of Internet
of Things

Manual Search

Exploring Computational Thinking with Physical | [Yu et al. 2023]
Play through Design

Embodied responsive teaching for supporting | [Flood et al. 2022]
computational thinking in early childhood

Children as players, modders, and creators of si- | [Grizioti and Kynigos 2021]
mulation games: A design for making sense of
complex real-world problems

Teaching Computer Science to 5-7 year-olds: An | [Wohl et al. 2015]
initial study with Scratch, Cubelets and unplugged
computing

Teaching children digital literacy through design- | [Bekker et al. 2015]
based learning with digital toolkits in schools
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B. Results of thematic analysis

Tabela 4. Details of the themes, their codes, and occurrences

Theme Codes Occurrence
Exploration of materials from children’s every- | 24
day lives

Consider the child’s | Use of technology in everyday life 10
daily life Need for prior knowledge 6
Exploration of everyday situations 4
Encouraging exploration of everyday life 4
Encouraging the use of materials from chil- | 1
dren’s everyday lives
Encouraging children’s active involvement 19
The child must be | Adults as support 16
the protagonist Encouraging autonomy 6
Children as decision makers 5
Adopt collaborative Collaborative processes With children 21
processes Benefits qf part1c1pat1ng in df.)Slgn processes 7
Encouraging collaboration with children 2
Integration of multidisciplinary knowledge and | 22
computing
Introduction to logic concepts 16
Introduction to data processing concepts 10
Introduction to prototyping concepts 10
Encouraging the teaching of digital literacy 9
Introduction to computational thinking con- | 8
cepts
Introduction to electronics concepts 8
Involve computer - -
knowledge Introduc'qon to abstraction cc?ncepts 7
Encouraging computer teaching 6
Introduction to debugging concepts 6
Encouragement of multidisciplinary teaching 5
Introduction to data transmission concepts 5
Benefits of teaching computing 4
Encouraging IoT teaching 4
Encouraging programming teaching 3
Introduction to the concept of pattern recogni- | 3
tion
Introduction to boolean logic concepts 3
Introduction to parallelism concepts 1
Introduction to robotics concepts 1

Include Encouraging play anq entertainment 9

Need to adapt the design process 3
playfulness -
Integration of fun and game elements 1
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