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Abstract. Computational Thinking (CT) has been recognized as a key compo-
nent in students’ development, strengthening abilities such as creativity, auton-
omy, and problem-solving. This work presents a workshop for high school girls
from a public school using Scratch to introduce programming concepts and en-
courage girls’ participation in Computing. The initiative provides an accessible
and interactive learning experience that supports digital skills and promotes a
more inclusive approach to programming education. Results show that most stu-
dents achieved “Adequate” and “Excellent” levels in skills involving abstrac-
tion, algorithms, and data analysis, suggesting assimilation of CT concepts and
the potential of the workshop to foster girls’ engagement in Computing.

1. Introduction

Computing in Brazil still presents a marked gender imbalance: fewer than 20% of en-
trants and fewer than 16% of graduates in Information Technology (IT) higher edu-
cation programs are women (2023) . This underrepresentation is related to structural
and historical factors, such as gender stereotypes, low visibility of female role models,
and the absence of efforts to encourage girls’ interest in Computing in Basic Education
[Deus et al. 2020, Souza et al. 2025]]. Thus, the inequality is not primarily the result of
individual lack of interest, but rather of limited educational opportunities and a socially
constructed sense of non-belonging [Santos and Marczak 2023]].

In this context, adopting educational strategies to increase women’s participation
in Computing is an effective way to reduce disparities. Among these strategies, Compu-
tational Thinking (CT) stands out as a set of problem-solving skills involving decompo-
sition, abstraction, pattern recognition, and algorithm development [Wing 2021]. When
embedded in inclusive learning environments, mediated by women and centered on stu-
dent protagonism, CT-oriented practices help reshape perceptions of the computing field,
reduce gender stereotypes, and strengthen self-confidence. Thus, integrating CT into ac-
cessible activities can increase girls’ engagement and broaden views on tech careers.

Teaching CT in Basic Education requires selecting appropriate tools. In this
context, Scratclﬂ stands out as one of the most widely used platforms to support
practices aimed at developing CT in educational initiatives and academic research
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[Resnick et al. 2009]. A study by Garcia and Bittencourt (2023) indicates that Scratch
was employed in 56.9% of the analyzed works on CT development, surpassing approaches
such as Code.or App Invento Kod and Blocklyﬂ This predominance is related
to its block-based visual interface, which reduces the cognitive load associated with the
syntax of textual languages and enables novice students to focus on understanding algo-
rithmic reasoning and structuring solutions. Moreover, the environment encourages an
exploratory approach, where error is seen as part of the learning process, contributing to
the gradual development of students’ confidence.

In addition to addressing educational demands, this initiative aligns with the
United Nations Sustainable Development Goals (SDGs), particularly SDG 4 (Quality Ed-
ucation) and SDG 5 (Gender Equality) [United Nations 2015]. By promoting learning
experiences in Computing for girls in public high schools through an accessible, playful,
and authorship-centered approach, the workshop helps expand opportunities and reduce
gender barriers in technology. In this sense, the proposal aligns with international ef-
forts to foster inclusion, diversity, and women’s participation in STEM, while remaining
aligned with national guidelines and the public school context.

Despite these advances, a significant gap remains in accessible school-based inter-
ventions that can effectively engage high school girls in introductory programming while
fostering CT in a meaningful and inclusive manner. In this work, we present an experi-
ence report on implementing an introductory Scratch programming workshop for girls in
public schools. The workshop was developed within the scope of the outreach Meninas
Programadoras JF [Coutinho et al. 2025] , in partnership with Escola de Games UFJF
[Genesio et al. 2023] , to encourage women in Computing and promote the development
of CT and programming skills. The remainder of this paper is organized into four sections:
related work, materials and methods, results and discussion, and final considerations.

2. Related Work

Recent literature reports initiatives for teaching Computing in Basic Education through
workshops, active methodologies, and introductory programming, including efforts to
promote girls’ participation. In this context, Pereira et al. (2025) adopted Problem-Based
Learning (PBL) in high school, integrating Computing with Digital Culture in a 16-hour
course, using quizzes and Dr. Scratch for evaluation. Results showed good learning out-
comes, although abstraction remained limited. Pinto et al. (2020) proposed activities for
37 girls from public schools that combined texts, comics, unplugged tasks, and Scratch,
which proved effective despite differences in prior knowledge.

Calderon et al. (2025) developed a progressive learning pathway with awareness
activities, Scratch, and Robotics (LEGO EV3), highlighting student agency, especially
in mentoring roles. Similarly, Santos et al. (2024) explored storytelling in workshops,
increasing engagement and strengthening university—school collaboration. In the same
direction, Gomes et al. (2014) also used Scratch to foster STEM learning, with students
applying programming concepts despite initial difficulties.
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Finally, Ferreira et al. (2025) addressed the transition from visual to textual lan-
guages. In a 20-hour course grounded in PBL and gamification, the authors found that
methodological adaptation and inclusive environments help mitigate performance drops
when moving from Scratch to Python, reinforcing the role of visual tools as an entry point.

Figure [I] synthesizes the assessment instruments and results, providing a compar-
ative overview. Our study combines Scratch, girls’ agency, women-led workshops, and
activities that foster authorship and autonomy.

Assessment Instruments

Reference

Presents strategies for contextualizing

Pereira et al. Automatic analysis (Dr. Projects classified as "In Development: rogramming learning in educational
(2025) Scratch) and gamified quizzes good logic but low abstraction prog g settingi
Pinto et al. Activity observation and Initial programming proficiency and Shows early experiences aimed at
(2025) project analysis algorithmic understanding increasing interest in programming

Motivation and performance in
questionnaires and

Highlights actions designed to
encourage girls' participation in

Calderon et al.
(2025)

The students’ protagonism consolidated
technical self-confidence

competitions Computing
Santos et al Qualitative discussions and The subjective connection generated Emphasizes inclusive and engaging
(2024) . personal narratives immediate engagement and strengthened approaches for teaching
(Storytelling) support programming

Mastery of control structures, interative
project development and collaborative
skills

Gomes et al. Final project analysis and
(2025) activity observation

Reinforces the potential of creative
programming activities in education

Identifying of performance degradation
during the transition to text-based
programming (Python)

Ferreira et al. Performance rankings and
(2025) learning curve analysis

Highlights Scratch as an initial step in
learning programming concepts

Figure 1. Overview of related works: assessment instruments and main results.

3. Material and Methods

The methodology was based on active learning and project-based learning [Bender 2012,
Prince and Felder 2006, Santiago et al. 2023]], which place students at the center of the
learning process, fostering autonomous and reflective learning through practice and ex-
perimentation. The Workshop Planning aimed to develop CT and programming skills,
based on the BNCC Computing competencies [Brasil 2022] (Table|[T). Strategies focused
on discovery and problem-solving. Activities were designed to promote engagement and
original solutions, encouraging programming practice in a playful, accessible way while
considering students’ prior knowledge. As part of this planning, we conducted an Infras-
tructure Mapping to identify available spots with functional computers with Internet
access, ensuring equitable participation and adequate resources. The Definition of Re-
sources included equipment and materials for instruction and practice. Computers with
Internet access and a projector were used to present Scratch and instructional materials.
These slide#ﬂ, developed with Meninas Programadoras JF and Escola de Games UFJF
supported the explanation of concepts and guided the activities.

3.1. Workshop Structure and Implementation

The Workshop Implementation followed a structure of progressive meetings that com-
bined expository moments, guided exploration, and practical tasks. The main resource
produced was the instructional material conceived as a mediation script that alternates
concise explanations, interactive examples, and proposals for experimentation. This or-
ganization contributed to content comprehension and continuous participant engagement

Shttps://www.canva.com/design/DAGO0gOSkJ90/IgHYJg _sttpHYs-s80KqzA/view
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Table 1. BNCC for Computing skills developed

Skill

EM13CO01 | Related to the identification and formulation of problems addressed through computational solutions. Developed
in the workshop based on the definition of objectives and the expected behavior of the projects created in Scratch.
EM13CO02 | Associated with abstraction and problem decomposition processes, explored through the organization of ideas
into actors, events, and distinct scripts within the Scratch environment.

EM13CO05 | Linked to the analysis and comparison of different computational solutions for the same problem, encouraged
through collective discussion of projects and reflection on alternative implementation strategies.

EM13CO06 | Related to software evaluation, considering characteristics such as functionality, clarity, usability, and adequacy
to the proposed objectives, based on the critical analysis of the programs developed in Scratch.

EM13CO15 | Explored transversally through the analysis of the interaction between students and the artifacts created in Scratch,
considering user experience, interface clarity, and the suitability of the projects to educational and playful contexts.

Pedagogical relationship with Scratch activities

throughout the activities. We organized the workshop into four practical classes and one
final meeting, each lasting one hour, totaling five hours of instruction, with a logical pro-
gression of content, as shown in Figure Q

A JOURNEY OF CODE: AN ADVENTURE IN SCRATCH WITH COMPUTATIONAL THINKING

CLASS 1: THE AWAKENING | CLASS 2: THE FIRST STEPS || CLASS 3: THE POWER OF CONTROL
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Figure 2. Visual representation of the workshop structure.

The first session began with interaction among participants and instructors to es-
tablish a welcoming, safe environment appropriate to students’ levels of technological
familiarity. Next, an introduction to the basic functioning of computers addressed con-
cepts related to input, output, and data-processing devices. This stage enabled students
to understand how computers receive, process, and return commands and information,
providing a conceptual foundation for the logical principles explored in later sessions.

Next, we presented the concept of a programming language, then introduced
Scratch. The interface organization was explored in detail, highlighting essential func-
tionalities for project development and reducing difficulties during practical activities.
We also guided students in creating platform accounts, which enabled them to save and
resume their work later. Additionally, examples of games produced by the instructor and
other creators were presented, illustrating the platform’s variety of development possibil-
ities, particularly in themes close to participants’ daily lives.

In the subsequent sessions, the activities focused on exploring the Scratch block
categories, starting with fundamental elements and progressing to more complex re-
sources. In practice, the proposed exercises directly revisited the concepts presented in
the expository moments, ensuring coherence between theory and experimentation. Stu-
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dents developed the activities mostly individually, with instructor mediation provided on
demand, a strategy that fostered student autonomy, protagonism in the learning process,
and independent problem-solving.

We conducted the Final Project Application, consisting of creating an original
project in Scratch. To encourage creative expression, no specific theme was imposed,
nor was a minimum technical difficulty set. In this activity, each participant applied the
knowledge acquired throughout the workshop. This stage served as a moment of synthesis
and reflection, allowing students to share their work, exchange experiences, and collabo-
ratively analyze their learning processes. During development, we observed student au-
tonomy in problem-solving and in combining blocks, events, and control structures. The
most recurrent difficulties concerned the appropriate use of conditionals and coordination
across different parts of the code, requiring targeted instructor interventions to advance
the participants’ conceptual understanding.

3.2. Participants and Ethical Considerations

The characterization of participants’ profiles was conducted based on the analysis of a
questionnaire administered before the workshop (Figure [3)). To ensure transparency and
reproducibility, the original data collection instruments (questionnaires and blank consent
forms) and the anonymized raw dataset utilized in this study are publicly available at an
online repositoryﬂ The collected data indicate that the group was composed of a total of
eight participants. The majority consisted of six high school students aged 16-19 years,
enrolled in public schools in the region. Additionally, two undergraduate students from
the initial semesters of the Exact Sciences and Information Systems programs partici-
pated, resulting in a heterogeneous group in terms of educational background. Although
the workshop focused on Computing, responses revealed diverse professional interests
across the life sciences, humanities, and exact sciences, and many students remained un-
decided about their career choice.

Regarding prior programming knowledge, students reported basic logic skills and
prior exposure to textual languages. This initial background facilitated exploratory en-
gagement with Scratch, enabling participants to broaden their understanding of represen-
tation forms and algorithmic construction. Concerning motivations for participating in
the workshop, the analysis of responses about factors that sparked students’ interest re-
vealed active engagement beyond initial curiosity. An explicit pursuit of technical skills,
especially related to “programming” and “Computing”. Moreover, interest in “creating a
game” and “learning tools” indicates that participants envisioned a practical application
of knowledge, demonstrating a desire to apply learning through original projects.

The workshop was offered as an extracurricular activity open to any girl interested
in participating, without a formal selection process based on prior knowledge of Comput-
ing. The initiative was announced in classrooms at the partner school, and participation
was voluntary, with registration via an online form. The number of participants can be
partially explained by contextual factors, particularly the workshop schedule, which took
place at the end of regular classes, during lunchtime. This timing may have limited partic-
ipation due to the students’ daily routines. On the other hand, small group enabled closer
mediation, individualized support, and more detailed observation of learning processes.

Thttps://drive.google.com/drive/folders/15E892qt54VVNat
wmltnd4l/6GRTTyzz—
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Figure 3. Demographic profile and characteristics of the participating students.

This work was developed within the scope of a university outreach activity, with
educational and formative purposes, aimed at the practical application of knowledge and
the dissemination of technological expertise. The workshop implementation was pre-
ceded by formal authorization from the partner educational institution, which reviewed
and approved the proposal and validated the adequacy of the physical and computational
infrastructure needed to conduct the activities.

Regarding ethical aspects of student participation, all procedures adopted followed
ethical principles governing research and educational activities involving human subjects.
For underage students, a Free and Informed Consent Form (ICF) signed by parents or legal
guardians authorizes participation in the activities and the use of data, visual records, and
academic productions for scientific and dissemination purposes, ensuring anonymity and
confidentiality. Additionally, to respect the participants’ autonomy and decision-making
rights, a Free and Informed Assent Form (IAF) was used, through which the students vol-
untarily and knowingly agreed to participate in the workshop. The participants were duly
informed about the objectives of the activity, the procedures involved, and the possibility
of withdrawing at any time, without any academic or institutional prejudice. The infor-
mation collected during the workshop, including questionnaire responses, photographic
records, and Scratch projects, was treated as strictly confidential. For purposes of analy-
sis and dissemination of results, the participants’ names were suppressed or replaced with
alphanumeric codes, ensuring that no student could be identified directly or indirectly.
Thus, the work preserves the privacy, dignity, and rights of the participants and follows
ethical principles for studies and experience reports in education.

3.3. Project Evaluation Criteria and Data Analysis

Finally, the Results Analysis was based on a formative, continuous evaluation, prioritiz-
ing observations of interactions, participation, and students’ progression throughout the
meetings. A predominantly qualitative approach was adopted, focused not only on final
products but also on the knowledge construction process, considering the understanding
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of the concepts addressed and engagement in the proposed activities.

Based on the projects developed at the end of the workshop, an integrated quali-

tative and quantitative analysis of participants’ learning was conducted. In this analysis,
both the use of the Scratch tool’s features and the logical construction of the implemented
solutions were considered. The evaluation followed the criteria established in the activity
description to assess the complexity, the diversity of the elements used, and student au-
tonomy during solution development. To align the evaluation with the pillars of CT, the
criteria are presented below with their respective CT mappings:

1.

2.

w

Nownks

Abstraction: The development or adaptation of original scenarios incorporating
multiple entities, such as characters or objects.

Algorithmic Thinking: Use of at least three distinct code blocks, not necessarily
associated with the same character;

Pattern Recognition and Logical Reasoning: Use of at least one control struc-
ture block (such as repetition or condition);

Data Collection and Analysis: Inclusion of at least one sensor block;
Mathematical Reasoning: Use of at least one operator;

Decomposition: Creation and manipulation of a variable;

Algorithms: Implementation of some form of interaction with the player, either
through inputs, character movement, or object collection.

The degree of mastery of each CT-related skill was identified using criteria to minimize
subjectivity. As shown in Table [2| the ’Insufficient’ (0) and *Not evidenced’ categories
indicate conceptual gaps or absences, whereas the *Adequate’ (1) and ’Excellent’ (2)
levels distinguish between basic execution and advanced logical reasoning.

Table 2. Assessment Rubric for CT Skills based on Proficiency Levels.

Skill | Insufficient (0) | Adequate (1) | Excellent (2) | Not evidenced

Abstraction Only one character is | Includes two or more char- | Includestwo or more char- | The  project
present, or the default | acters OR an original/adapted | acters AND a purposeful | is empty or
scenario is used without | scenario. original/adapted scenario. lacks  visual
modification. elements.

Algorithmic Use of only 1 or 2 isolated | Use of at least 3 distinct code | Use of multiple (3+) code | No code

Thinking code blocks with no clear | blocks, even if across different | blocks organized in logi- | blocks are
execution logic. characters. cal, functional sequences. present.

Pattern Attempted use of control | Use of at least one functional | Strategic use of control | No control

Recognition blocks (loops/conditionals) | control structure (loop or con- | structures to optimize code | structures are

and Logical | that are incorrect or non- | ditional). or create complex events. used.

Reasoning functional.

Data Col- | Sensor blocks are present | Includes at least one sensor | Uses sensors to create | No sensor

lection and | but not connected to any | block that triggers a basic | dynamic interactivity or | blocks are

Analysis meaningful action or event. functional reaction. complex decision-making. | used.

Mathematical | Use of operators in a way | Functional use of at least | Integrates operators into | No operators

Reasoning that does not alter the pro- | one operator (arithmetic, rela- | conditionals or variables | are used.
gram’s behavior. tional, or logical). for precise calculations.

Decomposition | A variable is created but | Successfully creates and ma- | Uses variables to manage | No variables
never manipulated (value | nipulates (changes the value | complex states (e.g., scor- | are used.
never changes or is never | of) at least one variable. ing, health, or timing).
read).

Algorithms Attempted interaction, but | Implementation of one func- | Implementation of multi- | The projectisa

inputs/commands do not re-
spond or are broken.

tional form of interaction (in-
put, movement, or collection).

ple fluid interactions that
engage the user/player.

static, passive
animation.

To provide a visual synthesis of the methodological path adopted, Figure [

presents the flow of the six main stages described in this section, serving as a summa-
rized guide to the methodological proposal. The structure, materials, and evaluation in-
struments described in this study were designed to support replication in similar contexts.
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Figure 4. Workshop implementation overview: methodological flow.

4. Results and Discussion

To prioritize direct evaluation over student perceptions, the results analysis focused on the
objective assessment of the source code produced during the workshop. A relevant aspect
was the authorship of the final Scratch projects. All participants completed their projects,
partially or fully meeting the defined criteria. These criteria aimed not only to assess the
technical execution of the games but also to examine cognitive skills related to CT pillars.

As presented in Table [3] the criteria for evaluating the final projects were estab-
lished to operationalize, within the context of the workshop, the CT skills described in
the BNCC for Computing. The inclusion of components such as actors, variables, sensors
(for detecting actions or conditions), operators, conditional structures, repetition loops,
and user interactions was intended to demonstrate competencies in decomposition, ab-
straction, pattern recognition, and algorithmic thinking.

Table 3. Relationship between final project criteria and developed skills

Criterion

[

CT Concept

| Developed Skill

Actors and Sce-
narios

Decomposition: breaking a complex problem into
smaller and manageable parts.

Division of the project into characters, scenes, and
responsibilities.

Sensors Algorithmic Thinking: organizing instructions | Programs react to user input through event-driven
that allow the program to respond to events and in- | logic.
puts.
Conditional Algorithmic Thinking: defining decision rules that | Using conditions to determine different actions
Structures control the program’s behavior. during program execution.
Variables Abstraction: selecting and representing the most | Representing relevant information such as score or
relevant elements of the problem while ignoring un- | time.
necessary details.
Operators Abstraction: representing and manipulating data | Composing expressions that control rules, compar-

through expressions and comparisons.

isons, and calculations within the project.

User Interaction

Algorithmic Thinking: organizing sequences of
instructions that respond to user actions.

Creating control mechanisms that make the project
responsive and coherent.

Repetition
Structures

Pattern Recognition: identifying repeated actions
and generalizing them.

Optimizing code by eliminating unnecessary repe-
titions through behavior automation.

The distribution of these objective evaluation results is shown in Figure 5] which
supported the technical analysis. In the graph, the vertical axis shows the number of
projects, and the lines indicate the frequency of performance levels across the eight cri-
teria. Two distinct scenarios can be observed: in most criteria, especially Characters,
Interactions, Number of Blocks, and Scenarios, “Excellent” performance predominated,
indicating mastery of Scratch’s basic features and the development of CT practices, partic-
ularly decomposition and algorithmic thinking, supported by guided practice. Conversely,
in criteria involving greater logical complexity, such as Sensors and Operators, there was a
reduction in “Excellent” evaluations and an increase in “Insufficient” classifications. This
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indicates that features requiring higher levels of abstraction and algorithmic reasoning re-
main challenging, highlighting the need for more specific activities in future workshops.
The “Not evidenced” evaluations refer to projects in which certain criteria could not be
reliably analyzed, due to the absence of the feature in the code or implementation issues.

No evidence ® Insufficient @ Suitable @ Excellent

AN

Actors Player Quantity of Use of Structure Sensors Variables Operators
interactions blocks scenarios

Figure 5. Assessment of CT concepts application in the students’ final projects.

This result is particularly relevant, as it indicates students assimilated the pre-
sented content and highlights important lessons learned from experience: authorial project
development functions as a powerful mediator for consolidating CT concepts among
novice learners. Although initial difficulties arose, especially with conditional structures
and loops, these challenges were progressively overcome through mediated support and
experimentation. The cycle of trial, error, and refinement favored concept consolidation,
enabling participants to internalize programming mechanisms in a meaningful way.

The engagement observed in the workshop supports the interpretation that design-
ing and building a game was central to learning, in line with constructionist approaches
that prioritize active learning and project-based learning as strategies for understanding
abstract concepts. Thus, the fact that the students completed authorial solutions demon-
strates conceptual mastery and shows autonomy, creativity, and protagonism in the pro-
cess, elements essential to the development of competencies associated with CT.

In quantitative terms, the self-assessment presented in Figure[6|indicates an overall
positive performance of the workshop. Most participants rated the experience as satisfac-
tory to very satisfactory (levels 4 and 5), indicating a favorable perception of the clarity
of explanations, the adequacy of the class pace, and the usefulness of the activities. The
data suggest that the methodology was accessible, motivating, and aligned with the stu-
dents’ needs. On the other hand, although representing a minority, the concentration of
responses at levels 1 and 2 in the Difficulty Level item indicates a specific challenge that
should be considered in the planning of future workshop editions.

However, despite being a minority, responses at levels 1 and 2 in the Difficulty
item indicate a cognitive challenge. This self-reported difficulty corroborates findings
from the code analysis (particularly the low performance in Sensors and Operators), con-
firming which conceptual areas should be reinforced in future workshops.

Based on the experience and results obtained, some lessons learned can be high-
lighted. First, authorial project development proved to be a powerful strategy for con-
solidating CT concepts among novice learners. Second, although visual programming

9
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Figure 6. Student feedback on the workshop structure and learning outcomes.

environments such as Scratch facilitate initial engagement, specific support is still needed
for higher-level concepts, such as conditionals and operators. Third, the presence of a sup-
portive and inclusive learning environment, especially one composed exclusively of girls,
contributed positively to participants’ confidence and engagement. Finally, guided medi-
ation played a crucial role in helping students overcome initial difficulties and progress in
their understanding of programming concepts.

5. Final Considerations

We presented the conception, implementation, and evaluation of an introductory program-
ming workshop using Scratch for public high school students. This work contributes by
presenting a structured, replicable, and context-aware workshop model for introducing
programming to high school girls, aligned with CT development. In addition, it provides
empirical evidence on students’ engagement and learning, as well as insights that sup-
port similar initiatives to promote gender inclusion in Computing education. The results
indicate that the proposal fostered participants’ autonomous engagement in project cre-
ation through a practical format that promoted experimentation and skills aligned with the
BNCC Computing competencies. Beyond technical aspects, conducting the workshop in
a girls-only learning space strengthened engagement in a context of gender inequalities.
The study reinforces that integrating Computing in schools requires practices that promote
authorship, experimentation, and recognition of students’ capacity to create technology.
As a limitation, the reduced sample size is due to infrastructure factors such as connectiv-
ity, scheduling, and equipment, which limited the generalizability of the results.

As future work, we intend to expand the workshop to other schools, increase the
workload, and validate the methodology with a larger and more diverse sample. We also
plan to improve CT assessment through formal rubrics or automated tools, such as Dr.
Scratch, and conduct longitudinal analyses to measure long-term impacts, including en-
gagement, self-confidence, and knowledge sharing in academic and school communities,
as well as study the transition from Scratch to textual languages such as Python. In addi-
tion, the workshop model can be adapted and replicated in other public school contexts,
contributing to initiatives aimed at promoting girls’ engagement in Computing.
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