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ABSTRACT The information society is a reality nowadays, and computational thinking has become a
relevant competence for everybody, regardless of age, social status, and primary activity. Information
society is everywhere in contemporary life, and algorithmic thinking represents a significant competency
for individuals, irrespective of their educational background and social condition. Developing and applying
programming competencies represents a high-value know-how ability. Block-based coding and design
tools like Scratch and TinkerCAD Arduino allow people to successfully build programming competencies
in online environments regardless of age and social status. This article presents empirical evidence of
the positive impact of the block-based programming language Scratch and the design tool TikerCAD
Arduino in practical workshops to develop computational thinking with school children, school teachers,
and university students. The results permit finding patterns, and almost transversal teaching approaches to
build an elementary computational thinking competency applying Scratch and TinkerCAD Arduino, with a
block-based approach in both tools and textual programming in the second one. The motivation and wishes
of learning in all participants were hegemonic. Those results demonstrate the positive impact of Scratch and
TinkerCAD Arduino on developing computational thinking competencies without restrictions. This work
shows the application of Scratch and TinkerCAD Arduino in non-WEIRD contexts and, during the pandemic
time, demonstrates the relevance of online education. The results show that developing programming
competencies with Scratch and TinkerCAD Arduino motivated students’ autonomy and motivation for
learning regardless of their education level and status. Those results encourage us to continue using Scratch
and TinkerCAD Arduino to develop programming competencies without considering age and education
level.

INDEX TERMS Programming competencies, school students, children, professors, scratch, TinkerCAD
Arduino, online education.

I. INTRODUCTION

In the current information society, computational thinking
is a critical competency relevant to people from various
fields and ages [1], [2], [3]. As Groover and Pea [4]
describe, it involves problem-solving skills and logical
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thinking patterns that enable individuals to break down
complex problems into manageable steps. Likewise, the work
of Wing [5] remarks that computational thinking is the
“thought processes involved in formulating problems and
their solutions so that the solutions are represented in a form
that an information-processing agent can effectively carry
out.” This approach goes beyond programming and can be
applied in everyday life.
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A substantial body of literature highlights the positive
impact of hands-on programming activities on academic
performance, cognitive skills, and the development of com-
putational thinking [6], [7], [8], [9]. Studies have shown that
engaging with tools like Scratch and TinkerCAD Arduino
enhances students’ problem-solving abilities and fosters
critical thinking and creativity [10], [11]. These activities are
particularly effective in improving understanding of abstract
concepts and developing algorithmic thinking, essential skills
in the information society. Educators can significantly boost
students’ academic achievements and cognitive development
by incorporating these practical programming exercises into
educational curricula.

Computational thinking is increasingly recognized as a
crucial skill for the 21st century, and its development in
children has garnered significant attention [12]. This skill
involves problem-solving, algorithmic thinking, and the
ability to break down complex tasks into smaller, manageable
parts [13]. As Wing [14] noted, “Computational thinking
is a fundamental skill for everyone, not just for computer
scientists.” Similarly, Lai [15] remarks that by nurturing
computational thinking competencies in children, we usually
equip them with problem-solving skills not limited to
computer science but extend to a wide range of real-world
scenarios [15]. This skill fosters logical reasoning, creativity,
and a systematic approach to complex problems, which can
be applied in academic and everyday life activities.

Developing computational thinking competencies among
school teachers across various subject areas is increasingly
relevant in the modern educational landscape [16]. As tech-
nology advances, it becomes crucial for educators to not
only teach traditional subjects but also equip students with
the problem-solving skills associated with computational
thinking [17]. This integration would permit preparing
students for the challenges of the digital age and foster
critical thinking. For example, according to Wing [14],
computational thinking involves breaking down complex
problems into smaller, manageable parts, which can be
applied to subjects like mathematics, science, and even the
humanities. In this way, teachers from various fields should
possess computational thinking competencies and teach these
skills to their students, fostering a multidisciplinary approach
to education that transcends traditional boundaries [18], [19].

For computing and information science-related majors uni-
versity students, overall, for those who did not develop those
competencies previously, developing computational thinking
is crucial from the first study year because they continue
applying that competence in subsequent courses [20].

Nowadays, software technology exists for developing
programming competencies in children and adults without
great restrictions, regardless of their educational background
(2], [21].

The application of computational thinking is becoming
increasingly pervasive in a wide range of domains [22].
In engineering [23], mathematics [24], biology [25], eco-
nomics [26], and social sciences [27], computational thinking
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helps to analyze data, model systems, and optimize pro-
cesses [14], [28]. Hence, developing computational thinking
is necessary nowadays, and tools exist for that purpose. This
work describes workshop sessions by applying Scratch and
TinkerCAD Arduino, developing computational thinking,
and highlighting the positive results in the diversity of
participants. In each workshop session, the participants,
school students, school teachers, and university students from
different countries continue applying the tools and advancing
in their domain, particularly university students.

This study aims to investigate the impact of Scratch and
TinkerCAD Arduino on the development of computational
thinking among participants spanning diverse age groups.
The study population consists of three distinct cohorts:
children (under 12 years old), adolescents (between 12 and
18 years old), and adults (over 30 years old) in Chile, Ecuador,
and Peru. By examining how these age groups engage
with block-based programming tools in various educational
environments, we seek to provide insights into practical
strategies for promoting programming skills across different
developmental stages, cultural conditions, and academic
backgrounds.

This article measures and evaluates the development
of programming competencies through a validated instru-
ment [29] looking to generate a long-term impact on people
who like to develop computational thinking in developing
countries by providing a peer learning opportunity to build
programming competencies.

A. RESEARCH QUESTIONS
This project represents quantitative quasi-experimental work
to answer the following research questions.

RQ1 [Impact of block-based tools for developing pro-
gramming competencies in children from developing
countries] How do the utilization of Scratch and Tinker-
CAD Arduino impact the progression of programming
competencies among students in diverse educational
settings, particularly focusing on children in developing
countries? This study considers workshop experiences
with children from Chile and Ecuador, although it can
replicated in similar other contexts.

RQ2 [Impact of block-based tools for developing pro-
gramming competencies in school teachers] What is
the impact of Scratch and TinkerCAD Arduino in the
development of programming competencies of school
teachers in developing countries? Although this study
considers workshop experiences with school teachers
from different schools in Chile, it can be flawlessly
performed again in similar scenarios.

RQ3 [Impact of block-based tools for developing pro-
gramming competencies in university students] How
practical is the application of block-based tools for
developing programming competencies of computer
engineering students? Applying an emulator like Tin-
kerCAD Arduino permits university students to use
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algorithmic and programming thinking in real scenarios
that can motivate their learning process.

RQ4 [Motivation to continue using block-based tools for
developing programming competencies] How eager are
the workshop participants to continue learning and
using more sophisticated programming skills in the
future?

This study looks to answer each defined research question
considering that the children’s participants did not present
previous programming knowledge, the teachers’ schools
were not from technology teaching areas, and the university
students were first-year students. Thus, we addresses a
critical gap in the existing literature by focusing on the
impact of block-based programming tools like Scratch
and TinkerCAD Arduino in non-WEIRD contexts. While
previous research has extensively explored these tools in
Western, Educated, Industrialized, Rich, and Democratic
(WEIRD) countries, there is a lack of studies examining their
effectiveness in diverse cultural and educational settings. This
research contributes to filling this gap by providing empirical
evidence of the benefits of these tools in developing countries,
offering new insights into their applicability across different
age groups and educational backgrounds.

The rest of this paper is organized as follows. Section II
describes the main characteristics of computational thinking
competencies and block-based programming and design
tools. Section III defines the research questions, material,
objectives, impact, and applied tools. Section IV gives details
and discusses the defined teaching-learning methodology
and the academic results obtained by using Scratch and
TinkerCAD Arduino for developing computational thinking
competencies. Section V reveals the main threats eventually
affecting the results. The paper concludes with a summary
of the benefits of our educational experience and motivation
to continue applying Scratch and TinkerCAD Arduino to
develop programming competencies anywhere.

Il. BACKGROUND

A. BLOCK-BASED PROGRAMMING AND DESIGN
Block-based programming simplifies coding by representing
programming constructs as blocks with a defined algorithmic
purpose that can be manipulated and connected to create
program code [6]. These blocks often use a drag-and-
drop interface, making it accessible to beginners, especially
children and people with without or little programming
experience [30]. Block-based programming languages, such
as Scratch! and Blockly,” provide a structured way to learn
the basics of coding and computational thinking.

As [31], [32] remark, a primary benefit of block-based pro-
gramming is its ability to foster computational thinking com-
petencies. Computational thinking involves problem-solving
techniques that draw from the principles of computer
science [7]. Block-based programming helps individuals

1 https://scratch.mit.edu/
2https://blockly. games/
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develop these competencies by breaking down complex
problems into smaller, manageable parts [33]. Users must
think logically, sequentially, and algorithmically when
arranging these blocks to create functional code.

Design tools complement block-based programming by
allowing users to create graphical user interfaces (GUIs)
for their programs [34]. These tools, like App Inventor® or
Thunkable,* often employ a visual interface that encourages
creativity and problem-solving. They enable users to design
interactive and user-friendly applications, crucial for teaching
user experience (UX) design principles and problem-solving
in a real-world context [35]. TinkerCAD Arduino circuits? is
a mix of a design and block-based programming tool because
it permits coding previous Arduino design circuits by using
a block-based interface of style-C textual code programming
language [10], [36].

Block-based programming and design tools are invaluable
in nurturing computational thinking competencies for their
user-friendly, visually intuitive approach to coding and
design, making them accessible to learners of all ages
and backgrounds [37]. As technology becomes increasingly
integral to daily life, we can say that these skills are essential
for navigating a rapidly changing world. Figure 1 shows the
primary examples of using those programming and design
tools, like ‘Hello World.” Figure la shows a Scratch code
example in which the main character will move ten steps
and then play the sound ‘meow.” Figure 1b shows a Blockly
Games code example in which the main character will reach
the red balloon or goal. Figure 1c shows a TinkerCAD
Arduino design and code example to turn on the red LED for
three seconds, turn it off for three seconds, and repeat those
actions.

B. COMPUTATIONAL THINKING COMPETENCE

As Lu et al. highlight [20], the computational thinking
competency is a foundational skill that transcends pro-
gramming and computer science. It is an approach to
problem-solving that draws from principles rooted in com-
puter science, mathematics, and logic [38]. Computational
thinking involves breaking down complex problems into
smaller, more manageable parts, identifying patterns, and
designing algorithmic solutions [39].

One of the significant benefits of computational thinking
competency is its applicability across diverse fields [15],
[38]. As Shin et al. [40] describe, in science, computational
thinking aids researchers in analyzing complex datasets,
simulating experiments, and developing models to under-
stand natural phenomena better. It enhances decision-making
processes by enabling data-driven insights invaluable in
biology, physics, and social sciences [41].

Shen et al. [42] remark that, in everyday life, computational
thinking helps individuals make informed decisions and

3 https://appinventor.mit.edu/
4https ://thunkable.com/
5 https://www.tinkercad.com/circuits
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FIGURE 1. Basic like ‘Hello World’ examples of existing block-based programming and design tools.

solve problems efficiently. From optimizing daily routines
using algorithms to understanding and evaluating information
online, this competency empowers people to navigate the
digital age successfully [43]. Additionally, in education,
incorporating computational thinking into curricula fosters
problem-solving skills, logical reasoning, and creativity
among students [7]. For example, Algorithm 1, describes
the necessary steps for learning a new topic. Computational
thinking equips people with tools and competencies for a
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rapidly evolving job market that increasingly demands digital
items [44].

As Lodi and Martini [45] remark, computational thinking
is an interdisciplinary skill with profound implications for
the future of human life, science, and education. It equips
individuals with the ability to approach problems systemat-
ically and devise innovative solutions, making it a crucial
competency in the modern world [28]. Further research and
ongoing integration of computational thinking in education
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Algorithm 1 Algorithm for Learning a New Topic
Require: Define the topic
Ensure: Material of the topic
Get a fist picture
Determine scope
Find resources
Create a learning plan
Define learning success
while not success do
Filter resources
Review resources

Play around

Apply new learning > If it were possible

Teach new learning > If it were possible
end while

are essential for maximizing its benefits across various
domains.

C. SCRATCH & TinkerCAD ARDUINO

1) SCRATCH

The Scratch platform proposes a programming language
based on blocks with visual grammar and combination
rules that have the same role as the syntax in text-based
programming languages such as C, Java, or Python [36], [46].
As indicated by [47], the original goal of Scratch was to
develop a programming approach that would attract people,
regardless of age, social background, or educational back-
ground, to develop algorithmic solutions. Without the com-
plexities of syntax and semantics of traditional programming
languages, Scratch is a language for programming interactive
stories, games, animations, and simulations accessible to all
its users, who can also share their creations with others.
Thus, the primary goal of Scratch is not to prepare people
for professional or technical careers in programming but to
nurture a new generation of creative and systematic thinkers
using programming to express their ideas. Scratch is a current
platform that motivates collaborative work [48].

As Vidal et al. [49] noted, Scratch was developed in
2003 by Dr. Michael Resnick and a team of researchers
at the Lifelong Kindergarten group within the MIT Media
Laboratory. This project received support from various
institutions, including the National Science Foundation,
Intel Foundation, Microsoft, MacArthur Foundation, LEGO
Foundation, Code-to-Learn Foundation, Google, Dell, Fastly,
Inversoft, and the MIT Media Lab research consortium [50].

Initially, the objective of Scratch was to create a pro-
gramming environment that would appeal to individuals
of all ages, backgrounds, and educational levels. Scratch
aimed to empower programmers to develop algorithmic
solutions without the complexities of syntax and semantics
found in traditional programming languages [50]. Scratch
is designed to operate in multiple languages, such as
Spanish, English, French, and Portuguese, enabling users
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to create interactive stories, simple games, animations, and
simulations. Additionally, Scratch developers can share their
creations on the Scratch web platform [51].

The primary goal of Scratch is to cultivate a new
generation of innovative and systematic thinkers who can
use programming to express their ideas effectively [52].
In Scratch, users can employ the main character, Scratch,
utilize existing characters, or create new ones using photos
or graphical design effects. Actions for each character can
be defined algorithmically using blocks. Scratch categorizes
these blocks into colored groups based on their functions,
such as motion (dark blue), looks (dark purple), sound
(light purple), events (yellow), control (light orange), sensing
(light blue), operators (green), variables (dark orange), and
user-defined blocks (rose). Figure 2a illustrates these blocks
categorized in the current Scratch web platform [51].
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The experiments in this article utilize Scratch 3.0 to
introduce new blocks and enhance existing ones, ensur-
ing compatibility with earlier programming blocks [51].
Figure 2b illustrates the steps of a simple Scratch program
to draw a triangle.

2) TinkerCAD ARDUINO

Tinkercad Arduino is a user-friendly, web-based 3D
design, electronics, and coding platform, particularly in
computing-electronic solutions using Arduino [53]. Arduino,
created in 2005 in Italy, sought to integrate computing
and electronics easily, especially for students within open-
hardware, cost-effective contexts [54]. Today, many low-cost,
Arduino-compatible hardware and software components are
available.

As Vidal et al. [55] highlight, Tinkercad encourages
and facilitates the development of solutions using Arduino,
providing a designated area for hardware components within
the solution, a variety of hardware components to add, and a
code section for programming. Figure 3 depicts a hardware
solution designed in Tinkercad, illustrating turning on a red
LED during t1 seconds and turning off that light during t2
seconds. Arduino controls the positive and ground signals.
Incorporating programming allows for the cyclic activation
and deactivation of the LED for specified durations (t1 and
t2). Programming Arduino solutions. As Vidal et al. [55]
remark, an exceptional feature of Tinkercad is its ability to
generate C/C++ code for Arduino from block-structured
code solutions, making it an excellent starting point for
learning computing-electronic solutions based on Arduino.

D. RELATED WORK

This article summarizes workshop experiences in different
times, contexts, and participants from various countries: chil-
dren from Milagro, Ecuador [2]; children from Valparaiso,
Chile [9]; school teachers from Antofagasta, Chile; and
university students from Huancayo, Perd [11], [56].

Regarding the main focus of developing programming
competencies in children, the work of Cardenas [57] applied
Scratch in a non-WEIRD context. The study by Hsu et al. [58]
underscores the significant progress in developing program-
ming competencies within educational settings in recent
years. However, educators face the challenge of determining
practical pedagogical approaches for teaching these skills.
Just the work of Cardenas et al. [2] present updates and
effectiveness evaluation of using a recommender system for
assisting the development of programming competencies for
school children in non-WEIRD scenarios.

Zamir et al. [59] studied school children in Malaysia
and Australia who participated in a week-long programming
camp where they were introduced to Scratch programming.
The study found that these children thoroughly enjoyed
learning Scratch, which was fun and easy to grasp. They
expressed a keen interest in furthering their understanding of
the language and desired to master it eventually.
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Regarding the development of computational thinking,
Kunz et al. [60] also support the use of block-based program-
ming, finding the enhancement of students’ computational
thinking, arithmetic skills, and non-verbal visuospatial rea-
soning following the transition to text-based programming.
Importantly, this shift did not lead to a significant decrease
in students’ motivation for programming. These findings
suggest that there could be an effective transition from
block-based programming to text-based programming while
maintaining students’ motivation and nurturing computa-
tional thinking skills.

In exploring the advantages and challenges associated
with utilizing Scratch for the enhancement of programming
competencies, as highlighted by Rodriguez et al. [61], Scratch
emerges as a freely accessible online programming language
facilitating the acquisition of mathematical concepts and the
development of programming skills. Schools can review their
primary activities to incorporate and apply computational
thinking across core subjects, necessitating adjustments to
teaching curricula to encompass programming competencies
and block-based environments tailored for children, such
as Scratch and TinkerCAD [36]. Various fields incorporate
computational thinking into their research endeavors, sug-
gesting that developing programming competencies can be
a rewarding and engaging pursuit [10].

Miladenovi¢, Boljat, and Zanko [62] studied programming
concepts, mainly focusing on loops, comparing their use
in Scratch, Logo, and Python. The study found that most
misconceptions about loops are significantly reduced when
they use block-based programming languages, such as
Scratch, rather than text-based programming languages.
The study also found that while students were equally
successful in completing tasks in Logo and Python, issues
arose predominantly with Python when nested loops were
involved. These findings underscore the suitability of visual
programming languages like Scratch for teaching program-
ming to K-12 novices, mainly through game development.
By eliminating syntax obstacles, students can concentrate
on grasping fundamental algorithms. Moreover, compared
to text-based languages, visual programming significantly
minimizes misconceptions.

IIl. METHODOLOGY AND RESEARCH DESIGN
The research was conducted with students and teachers from
elementary and secondary schools and universities in Chile,
Ecuador, and Peru. This study adopted a quasi-experimental
design, which is quantitative and descriptive in nature. Par-
ticipants were divided into groups based on age, educational
level, and demographic characteristics. This design allows
for comparisons between different demographic groups. The
study utilizes an instrument to assess the achievement of
programming competencies after the intervention.

This study considers four workshop experiences from 2019
to 2022. The following lines detail each of them.

1) Workshop of 4 sessions of two hours with pri-

mary school students from Milagro, Ecuador using
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Scratch [2]. The workshop took place for one week in
May of 2020. We named its participants as Group 1.
Workshop of 4 sessions of two hours with primary
school students from Valparaiso, Chile using Scratch
and TinkerCad Arduino [9], [10]. The workshop took
place in September 2019, one session per week.
We named its participants as Group 2.

Workshop of 4 sessions of two hours with school
teachers from Antofagasta, Chile, using Scratch and
TinkerCad Arduino. The workshop took place in
November 2019, one session per week. We named its
participants as Group 3.

Academic experience of sessions per week of two hours
each, with University students from the Continental
University from Huancayo, Perd using TinkerCad
Arduino [11]. The activity occurred from March to
June 2019, with two weekly sessions. We named its
participants as Group 4.

By performing the workshops, children, school teachers,
and young people like university students can access software
technology and develop programming and computing com-
petencies without significant restrictions, mainly the internet
connection that is usually present nowadays. Tables 1, 2, 3
and 4 describe each workshop participants.

TABLE 1. Workshop participants from Milagro, Ecuador.

Focus Description Beneficiaries
Gender  Male 236

Female 192

Total 428
Age Under 8 years of age 426

From 8 to 12 yearsold 2

From 12 years to 18 0

From 18 years to 30 0

From 30 years tomore 0

Total 428

Each workshop considered practical classes with code
examples and the following topics.

118930

TABLE 2. Workshop participants from Valparaiso, Chile.

Focus Description Beneficiaries

Gender  Male
Female
Total

Age Under 8 years of age
From 8 to 12 years old
From 12 years to 18
From 12 years to 18
From 18 years to 30
From 30 years to more
Total

OO OO I O|V|Ww R

TABLE 3. Workshop participants from Antofagasta, Chile.

Focus Description Beneficiaries
Gender  Male 9

Female 6

Total 15
Age Under 8 years of age 0

From 8 to 12 years old 0
From 12 years to 18 yearsold 0
From 18 years to 30 0
From 30 years to more 1
Total 1

TABLE 4. Workshop participants from Huancayo, Peru.

Focus Description Beneficiaries
Gender  Male 95

Female 33

Total 128
Age Under 8 years of age 0

From 8 to 12 yearsold 0

From 12 years to 18 0

From 18 years to 30 128

From 30 years tomore 0

Total 128

« Sequential actions. Understanding and exemplifying the

nature of sequential actions in daily life and computing
programming and design tools.

« Conditional actions. Reviewing and practicing con-

ditional situations in daily life, considering logical
situations, and exemplifying their equivalence in com-
puting programming and design tools.

VOLUME 12, 2024
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o Repetitive actions. Reviewing and practicing repet-
itive actions in daily life to introduce control
flow actions in computing programming and design
tools.

o Grouping related actions. Understanding and exempli-
fying groups of actions and their context consider-
ing conditional or control flow actions in computing
programming and design tools.

IV. DATA ANALYSIS AND RESULTS

Figure 4 summarizes the obtained results in previously
described workshops in developing programming compe-
tencies. First, we can appreciate that applying sequential
actions represents better programming competence results.
On the other hand, applying grouping-related actions is the
programming competence with the lowest results. Applying
conditional and iterative actions for the control-flow actions
represents similar results.

o Each subfigure of Figure 4 permits answering RQI1
positively; that is, block-based programming and design
tools Scratch and TinkerCAD Arduino permit devel-
oping programming competencies in children from
developing countries like Chile and Ecuador. That
motivates us to continue working on defining new
experiments and workshops in similar primary school
contexts to massify the beauty of programming in
children.

o Each subfigure of Figure 4 permits answering RQ1 pos-
itively and also permits answering RQ2; that is, Scratch
and TinkerCAD Arduino can undoubtedly assist in
the programming competencies development of school
teachers from an in-developing country like Chile. That
motivates us to continue defining new experiments and
workshops with primary and secondary school teachers
so they can know the applicability of programming
for developing competencies and knowledge in their
matters.

o Each subfigure of Figure 4 permits answering RQI
positively and also permits positively answering RQ3;
block-based design and programming tools like Tinker-
CAD Arduino can positively assist in the programming
competencies development of university students from
an in-developing country like Perd. That motivates us
to continue defining new experiments and workshops
with first-year students in other universities from in-
developing countries, regardless of their professional
major, to develop their algorithmic and programming
knowledge for applying them in different academic
contexts.

« With the previously mentioned results, the paper authors
want to define free and open-access online courses
for developing programming competencies in their
respective universities and countries.

Figure 5 summarizes successful results in each workshop.

We can appreciate that Group 3, the group of school teachers,
obtained better results. That can be explained by the fact that

VOLUME 12, 2024

they are possibly more familiar with technology and because
they are more disposable for learning. It is crucial that the
teacher participant can use these programming competencies
in their subject and teaching to attract and motivate students
to learn. The impact of computing technology on children can
positively contribute to children’s learning.

Groups 1 and 2, school children from Milagro-Ecuador
and Valpaiso-Chile, are the second and third groups with
better results. Regarding Group 1, children participated in
their workshop as an academic activity in the technology
course. Group 3, on the other hand, assisted in this workshop
as a recognition for being good students in their primary
school. Considering university students of Group 4, as [11]
also highlights, they were motivated to interact with physical
devices (although emulated), and their academic results were
acceptable concerning the number of students that did not
pass the course.

In general, the workshop participants declared no pre-
vious computer programming knowledge, so the sessions
were a success. The obtained results positively answer
the established research questions. We can also perceive
that the most straightforward topic in each programming
workshop was the application of sequential actions. In our
opinion, those results endorse the sequential nature of human
activities [63]. The topics of conditional and grouping
actions resulted in more complex issues in each workshop,
although the success results were over 65%. Concerning
interactive actions, we perceived participants avail that
human beings seem familiar with repetitive actions by
nature [64].

The analysis of performance by age group is depicted
in Figure 6, illustrating that the most favorable area
for school students and professors was the Application
results of iterative actions, while for university students,
the optimal area was the Application results of sequential
actions.

Our experience resulted in an innovative pedagogical
approach for teaching programming competencies to indi-
viduals across diverse age groups, using hands-on learning
experiences with Arduino and Scratch. Regarding future
research directions, it is essential to continue delving into
specific contexts, educational levels, and contents. For exam-
ple, Arduino-based STEM education can increase students’
entrepreneurial skills and positively affect their attitudes
toward STEM [65], [66]. In this context, multiple areas and
teaching experiences can be conducted in Physics [67], [68],
Chemistry [69], [70] or Mathematics [71].

V. DISCUSSION
This article considers the following threats that could distort
the obtained results.

o Although this research was conducted in different
places with different participants, the results are not
completely comparable because participants differ in
age and previous knowledge. We cannot compare the
obtained university students with school children or
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FIGURE 5. Average of success in workshops for developing programming
competencies.

teachers with school students, although all of them
are positive concerning the main goal of developing
computational thinking.
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for Success and color for Failure.

o Experiments were performed at different times during
the same year. Although experiments were conducted in
the same year, other times and weather conditions may
affect the participants’ performance.

To avoid the bias implied by the screening process, this
work carried out a fully transparent evaluation process
using multiple-choice questions with only one correct
option.

Despite the promising outcomes demonstrated in this
study, several challenges and limitations must be considered.
One significant challenge is access to technology, which
can vary greatly depending on the socio-economic context.
Additionally, the effective use of Scratch and TinkerCAD
Arduino relies heavily on the adequate training of teachers,
who may require additional support to integrate these tools
into their teaching practices. Another potential limitation is
the risk of developing an over-reliance on visual program-
ming environments, which might hinder the transition to more
advanced, text-based programming languages. Addressing
these challenges is crucial for maximizing the benefits of
block-based programming tools.
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VI. CONCLUSION

We can draw the following conclusions based on the
results obtained in each workshop for the development of
programming competencies.

1) According to our workshops using Scratch and Tinker-
CAD Arduino to develop programming competencies
in different countries and participants’ backgrounds,
considering the obtained results, we conclude that
both tools represent excellent options regardless of the
participant’s location.

2) Our work successfully answers the four research ques-
tions.

a) Scratch and TinkerCAR Arduino positively affect
children’s programming competence development
process.

b) Scratch and TinkerCAR Arduino are great tools
for developing programming competencies in school
teachers from in-developing countries.

c) TinkerCAR Arduino positively affects university
students in developing programming competencies in
academic scenarios.

d) We want to motivate the use and continue using
Scratch and TinkerCAD Arduino to develop program-
ming competencies in all contexts.

3) We realized the high impact of tools and technology
in attracting children and adults to develop new com-
petencies such as programming and design circuits,
two relevant topics for developing problem-solving,
critical thinking, creativity, and logical reasoning. That
motivates us to continue developing programming com-
petencies in our countries and other countries in South
America. Results demonstrate the tools’ application
effectiveness and the current impact of developing

VOLUME 12, 2024

computational thinking in people regardless of their
social conditions, age, and academic background.

4) Regarding the school teacher experiences, obtained
results and perception of their satisfaction and motiva-
tion for learning motivate us to continue working with
similar school teacher participants from different social
contexts in our countries.

Our work accomplished its primary goal of applying
block-based programming and design tools to successfully
develop programming competencies in children, school
teachers, and university students from developing countries.

Future research should explore the long-term effects of
using Scratch and TinkerCAD Arduino in various educational
contexts, particularly in developing countries. Additionally,
investigating the integration of these tools with other edu-
cational technologies could provide a more comprehensive
understanding of their potential in enhancing computational
thinking. Further studies should also examine strategies
to overcome the challenges identified in this study, such
as ensuring equitable access to technology and providing
adequate teacher training to support the effective use of
block-based programming tools.
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