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This article presents a refined teacher training program in computational thinking as an entry point to STEM education,
aimed at fostering STEM vocations from early educational stages. Developed through two iterations of the ADDIE
model, the program integrates all components of CT based on the Three Pillar Model — data, problems, and algorithms —
and connects them with key ideas in related areas. The training adopts a reflective approach that deconstructs teachers’
prior knowledge and beliefs to reconstruct them as professional competence, enabling educators to deliver conceptually

grounded CT instruction across all K-12 levels.

Keywords: computational thinking; professional competence; STEM education; teacher training; Three Pillar Model

1. Introduction

Engineering education is facing increasingly com-
plex challenges in a digitally data-driven and inter-
connected world. The ability to solve complex
problems through computational thinking (CT
onwards) has become essential not only for com-
puter scientists, but also for all technical profes-
sionals [1] and, generally speaking, all citizens [2].
Since Jeannette Wing’s seminal work [1] considered
CT as a fundamental skill for everyone, all coun-
tries have made an effort to include it in K-12
curricula [2-4]. According to her interpretation,
CT means formulating problems in a way that a
computer can help solve them. It supports key
concepts and skills such as abstraction, decomposi-
tion, and algorithmic thinking. Research shows
that engaging students in CT activities fostering
different CT components (e.g., abstraction, algo-
rithmic thinking, modeling) can improve problem-
solving capacities, particularly in STEM domains
[5, 6]. However, current CT training programs
(both for pre-service and in-service teachers) place
a strong emphasis on programming and robotics,
thereby narrowing the very concept of CT and
overlooking many of its connections with the
STEM domains [7, §8].

The increasing visibility of STEM careers and
vocations highlights a growing social interest in this
field. Sustaining this trend necessitates early
engagement in STEM education, as such early
involvement has a significant impact on students’
propensity to pursue STEM-related pathways in
the future [9]. Several studies have found that
interest in science and engineering often declines
during secondary education [9, 10], as shown in the
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examples that follow: it has been shown that
students who do not develop an interest in STEM
by middle school are far less likely to pursue
scientific or technical careers later, while students
who expressed STEM career aspirations as early as
seventh or eighth grade were 3.4 times more likely
to eventually earn a STEM degree [9]. Longitudinal
studies in the U.S. [11] have shown that initial
enthusiasm sometimes fades during high school,
with many students reporting a decline in interest
by graduation, commonly attributing it to feeling
incapable in science classes and a general lack of
engagement. This disengagement is particularly
pronounced among girls, who remain heavily
underrepresented among engineering and comput-
ing graduates, comprising only about 20% of engi-
neering and less than 15% of computer science
graduates in Europe [12-14]. European policy-
makers have long warned about declining enroll-
ments in engineering and computing, prompting
calls for urgent reforms in STEM education to
address students’ interest [12], especially for young
women, who often report feeling discouraged in
technical subjects during secondary school, which
steers them away from STEM pathways [14, 15].
For these reasons, pre-university teachers play a
pivotal role in motivating and retaining students in
STEM. Early CT competence nurtures future engi-
neers capable of tackling complex socio-technical
problems, thereby feeding the engineering-educa-
tion pipeline and providing a concrete entry point
for the “E” in STEM through the integration of CT
with engineering practices. Positive teacher encour-
agement and engaging teaching methods have been
shown to significantly increase students’ likelihood
of pursuing STEM studies [10, 14]. Thus, well-

293



294

Juan José Santaengracia et al.

prepared teachers in primary and secondary educa-
tion are key to broadening participation — and,
particularly, girls’ participation — in STEM fields.
CT frequently represents the first school explicit
encounter with subjects closely linked to engineering
and technological disciplines. Over the past decade,
many countries have begun incorporating CT —
including elements such as programming — into
their K-12 curricula [16, 17] to equip students with
fundamental skills and provide them with pathways
to pursue further studies or careers in computing-
related fields [18]. For example, the UK overhauled
its national curriculum in 2014 to mandate computer
science for all ages; France and Italy have incremen-
tally added programming and algorithmics into
math or technology classes in secondary schools;
and many other European countries have launched
CT initiatives at the basic education level [16, 17]. In
[19] three main approaches to integrating CT in
European education systems are identified: as a
cross-curricular competence; embedded within exist-
ing subjects (typically mathematics or technology);
or as a standalone subject. While some countries
adopt hybrid models, each approach entails different
levels of curricular depth, coherence, and teacher
preparation requirements. In some systems, these
contents are taught through dedicated informatics
subjects in secondary and upper-secondary educa-
tion, while in others they are embedded within
mathematics or technology courses. In countries
where informatics is merged into the math curricu-
lum, the typical instructor in secondary education is a
mathematics teacher who may or may not have
specific training in computer science while at the
primary level computing lessons are usually delivered
by generalist classroom teachers, most of whom have
little background in informatics beyond basic digital
literacy [17, 19-21]. Despite their commitment and
efforts to self-train, many teachers face challenges in
confidently addressing STEM and CT-related con-
tent, often due to limited previous formal prepara-
tion in both content and pedagogical strategies and
lacking data-centered training in the pre-service and
in-service training [7, 8]. This variability makes
teacher preparation a critical issue: ensuring that all
students benefit from equitable and meaningful
exposure to computing thus requires that teachers —
regardless of their background — are well prepared to
teach these contents in engaging and inclusive ways.
Considering these challenges, this paper presents
a refined proposal for a teacher training program
targeting all K—12 educators. Its design followed
two consecutive iterations of the ADDIE model
(Analysis, Design, Development, Implementation,
and Evaluation), a well-established framework in
instructional design [21]. The program was initially
carried out with a cohort of approximately 100 in-

service teachers and subsequently with a second
cohort of around 40 participants, encompassing
all pre-university educational stages by three facil-
itators [22] working in parallel, enabling close
monitoring of group work and the provision of
immediate, personalized feedback. Each iteration
informed the redesign of the training based on
empirical observations and participant feedback,
allowing for progressive refinement. The version
presented in this paper incorporates the conceptual
and pedagogical improvements resulting from these
iterations, thus representing a consolidated and
evidence-informed training proposal.

The training program is grounded in the Three
Pillar Model (TPM) [23], which conceptualizes CT
as a reasoning process built upon three founda-
tional elements: data, problems, and algorithms,
defining it as “‘the way of reasoning that allows
people to tackle a problem on some data with the
aim of having a computer solve it”. This triadic
structure underscores the relevance of data not
merely as contextual input, but as a core component
in computational reasoning — on par with algorith-
mic design and problem-solving. By aligning with
national curriculum frameworks and promoting
inclusive practices aimed at increasing female par-
ticipation in STEM fields, the program equips
teachers with both conceptual foundations and
didactic strategies to foster meaningful and equita-
ble engagement with STEM learning from early
educational stages.

2. Design Methodology

The design of the teacher training program
described, grounded in a reflective learning model,
aims to deconstruct and transform prior knowl-
edge, experiences, and belief systems into profes-
sional competence [24]. The deconstruction process
begins with an initial session in the form of a
seminal talk, designed to critically surface and
question participants’ prior beliefs and assumptions
about CT. Subsequent knowledge construction
unfolds through a series of structured workshops
in which participants engage in scaffolded tasks [25]
designed to promote conceptual and pedagogical
knowledge. These scaffolded tasks take place in
small collaborative groups of two to four partici-
pants [26]. This group configuration fosters dialo-
gue, co-construction of knowledge (as proposed in
[24]), and mutual scaffolding, all of which are
central to the development of professional compe-
tence.

Following the two initial iterations described in
the Introduction, the training program consists of
six practical workshops and three seminal talks.
The workshops are designed to be adaptable across
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the entire K—12 spectrum, with suggested modifica-
tions outlined in the description of each activity to
accommodate different educational stages. Each
workshop includes a proposed time allocation,
although a flexible margin of up to 30 minutes is
allowed to facilitate adaptation to diverse instruc-
tional contexts. All workshop activities are system-
atically aligned with the components of the TPM
model [23], ensuring a coherent integration of its
three core pillars: data, problems, and algorithms.
Furthermore, each activity is explicitly designed to
foster both conceptual and pedagogical connec-
tions between CT and the foundational ideas of
mathematics and science, reinforcing its relevance
within broader STEM education frameworks.

3. Description of the Teacher Training
3.1 First Lecture: Foundations of CT (1h)

The opening lecture offers a general overview of
CT. It introduced the participants to the TPM,
detailing each component, and providing illustra-
tive examples of activities corresponding to each.
This lecture served to establish a shared conceptual
foundation across all participants.

3.2 Workshop 1: Sorting Algorithms through
Manipulatives (2h)

This workshop introduces participants to sorting
algorithms using physical materials designed to
emulate how computers process and order data.
The objective is to introduce participants to algo-
rithmic thinking through the design and compar-
ison of sorting strategies, fostering reflection on
how computers handle data-ordering tasks working
on concepts like comparison operations, memory
constraints, algorithm design, and efficiency. This
workshop engages teachers in all three pillars of the
TPM, addressing most of their associated compo-
nents. It fosters the development of algorithms and
procedures, abstraction, decomposition, and pat-
tern recognition.

The session begins with a whole-group activity
using diatonic bells: eight bells are arranged in a
random order, and one participant is asked to sort
them from lowest to highest pitch. Because the bells
can only be compared two at a time and participants
do not retain memory of previous comparisons, the
activity serves as a concrete analogy of a computa-
tional model with limited memory and sequential
access — mirroring how computers execute data
ordering tasks under constrained resources. Fol-
lowing this demonstration, participants use a
manipulative system consisting of small cups with
hidden numbers and an eight-cell grid representing
computer memory (see Fig. 1). Using this setup,
they are tasked with designing their own sorting

Fig. 1. Ordering cups. Own elaboration.

algorithms, distinct from the one used with the bells.
Finally, the participants’ algorithms are collected
and shared for group discussion, enabling compara-
tive analysis of the various approaches. The facil-
itator ensures that key classical sorting methods —
such as selection, insertion, bubble, and merge — are
introduced and discussed, even if they do not
emerge spontaneously from the participants’ pro-
posals. This concluding phase invites reflection on
the intuitiveness, complexity, and efficiency of the
different sorting strategies developed.

3.3 Workshop 2: Stochastic and CT with Dollar
Street (2h)

This workshop connects stochastic reasoning and
CT by transforming qualitative visual information
into structured data. The main objective is to
explore how qualitative visual information can be
transformed into structured data, connecting sto-
chastic reasoning with CT through image-based
inquiry. The CT components associated with this
workshop are the data and problem-solving pillars
of CT, while also addressing abstraction and pat-
tern recognition.

Participants are introduced to the Gapminder
website, specifically the Dollar Street section [27]
which presents images of families and everyday
items categorized by income and country. Using
the category ‘“‘dishes” (though other categories
could be used), the session begins with the question:
“How do we convert images into data that a
computer can process?” With a selection of dish
images on display, participants are guided through
questions such as: What are the variables? What
values do they take? Who or what are the indivi-
duals? How can the information be coded, stored,
and structured? Participants progressively refine
their data models by creating tables, categories,
and, ensuring that chosen variables are applicable
to new images. The session is structured through
prompts like: Which household has the most
dishes? What is the most common shape or color?
Can we find dishes in good condition? What ques-
tions can be answered with the data? Which cannot?
The session concludes with a reflection on data
representation in computing, reflecting on the chal-
lenges of pattern recognition in images, including a
discussion on images as a form of data.
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3.4 Workshop 3: Numerical and Algebraic
Reasoning through Exploding Dots (3h)

This workshop connects arithmetic, number bases
(particularly base 2), and algebraic reasoning with
CT through the Exploding Dots number represen-
tation [28]. The main objective of this workshop is
to explore binary representation and operations
through Exploding Dots, reinforcing connections
between number bases, arithmetic, and algebraic
reasoning while fostering the CT components of
data representation, modeling, abstraction, gener-
alization, pattern recognition, and algorithms and
procedures.

The session begins by distributing 31 linking
cubes and a laminated A3 sheet or whiteboard to
each group. Participants are introduced to the main
mechanics of Exploding Dots, using a ‘“2-to-1
machine” to work in the binary system. The basic
rule is introduced: cubes always enter from the
right, and whenever two cube towers are placed in
a single cell, they “explode”, and one moves to the
next cell to the left together. After guided practice to
ensure understanding of this process, participants
are asked to represent a small number, adding cubes
one by one. Later, a larger number is proposed so
that entering cubes individually becomes inefficient,
prompting participants to adopt a different strat-
egy. This leads to the construction of a representa-
tion algorithm and the formalization of the binary
number system, identifying cells with 1 (cube pre-
sent) and 0 (empty). Participants then complete a
conversion table of the first 16 decimal numbers and
their binary equivalents, identifying the patterns
that emerge.

Following this, basic addition and multiplication
operations are introduced. Participants are asked to
represent a number (usually 7) and multiply it by 2,
then repeat the multiplication. They observe results
like 111 — 1110 — 11100 and reflect on why
multiplying by 2 in binary equates to appending a
zero. The connection to the decimal system is
discussed, emphasizing how ‘adding a zero’ when
multiplying by 10 also corresponds to multiplying
by the base. To conclude, using the Thinking Class-
room methodology [26], participants are invited to
formulate and explain the divisibility rules for 2 and
3 in binary. This activity is designed to help inter-
nalize the importance of how numerical data is
represented internally by computers, highlighting
the role of binary representation, while offering a
valuable bridge to the development of number sense
in mathematics education.

3.5 Workshop 4: Data Simulation through
Spreadsheets (1.5h)

This workshop introduces participants to data-

oriented components of CT by engaging them in
the simulation of mathematical objects using
spreadsheet tools. The objective of this workshop
is to develop participants’ understanding of data-
oriented components of CT through the simulation
of probabilistic and geometric phenomena using
spreadsheet tools. This workshop foregrounds the
data pillar of the TPM. Through these activities,
participants explore the intersection of stochastic
reasoning and CT by engaging with modeling,
simulation, data collection, data representation,
and data analysis.

The first task involves the classic probability
experiment of rolling two dice and calculating
their sum. Participants generate two columns of
random integers between 1 and 6 to simulate the
outcome of rolling two dice and compute their sums
in a third column. They then visualize the distribu-
tion of these sums for increasing sample sizes (10,
100, and 1000 trials), allowing for discussions on
probabilistic bias, variability, and convergence
toward the theoretical distribution.

The second task introduces a Monte Carlo
method for estimating the value of . Participants
simulate points within a square and assess whether
each point lies within the inscribed circle. By apply-
ing the corresponding ratio, they approximate
and reflect on the role of simulation in estimating
mathematical constants.

3.6 Second Lecture: The Socio-Affective
Dimension of Mathematics and CT (0.5h)

Scheduled between workshops, this session
addresses the socio-affective dimension of mathe-
matics [29] and its relevance within STEM educa-
tion. Beyond technical and conceptual knowledge,
the successful implementation of STEM and CT in
the classroom also depends on how students relate
emotionally to mathematics. Particular attention is
given to affective challenges such as math anxiety
and gender-related dynamics, which can signifi-
cantly influence student engagement and participa-
tion in CT-related tasks. The session explores how
these socio-affective factors are increasingly recog-
nized as integral to understanding students’ learn-
ing trajectories and to shaping inclusive, supportive
educational environments within the broader
STEM context.

3.7 Workshop 5: Unplugged CT with Bebras Tasks
(1.5h)

This workshop focuses on the resolution and ana-
lysis of unplugged tasks from the Bebras initiative
[30]. The objective of this workshop is to explore the
pedagogical potential of unplugged Bebras tasks
for developing CT in K-12 education, and to
provide participants with tools for their didactic
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analysis and classroom implementation. This work-
shop is designed to address all components of CT,
as the selected Bebras tasks are specifically curated
to span the full range of CT components.

The workshop begins with a brief introduction to
the nature and educational value of Bebras tasks,
outlining their format, connections with computer
science, CT, and mathematics. Several multilingual
online repositories are presented as sources for rich,
ready-to-use classroom materials.

Participants then engage with a curated selection
of Bebras tasks from the HelloBebras! webpage [31]
to become familiar with their structure and the
types of reasoning they require. After solving the
tasks, facilitators perform a detailed didactic ana-
lysis of one of them. This analysis includes a step-
by-step solution, a discussion of the underlying
informatics concepts, identification of CT compo-
nents, relevant mathematical processes (in the sense
of the NCTM [32]), and potential classroom imple-
mentation strategies through guiding and extension
questions.

Following this, each in-service teachers group
selects one of the previously solved tasks and
conducts their own analysis, which is discussed
with the facilitators during its development. The
session concludes with a presentation of the Hello-
Bebras repository containing 19 fully analyzed
tasks across the K—12 spectrum, providing a valu-
able resource for future classroom application.

3.8 Workshop 6. Programming with Scratch
(1.5h)

The objective of this workshop is to introduce
participants to foundational concepts of imperative
and object-oriented programming through the
Scratch environment [33], emphasizing the pedago-
gical use of scaffolded models to support guided
discovery and student autonomy. This workshop
primarily supports the development of algorithms
part of the TPM with its components (algorithms
and procedures, debugging and parallelization),
but also relies on decomposition and simulation.
The session begins with an overview of the soft-
ware, explaining its design, functionalities, and use.
Participants are familiarized with its interface and
programming logic before being asked to develop a
program based on a pre-established model. This
model serves as a scaffold for understanding key
programming structures such as sequences, loops,
conditionals, events, and object interactions.
Throughout the session, teachers put emphasis
on how pre-constructed models can support the
teaching of Scratch and foster guided discovery
learning. Participants are encouraged to explore
and adapt these models, promoting an experiential
understanding of programming logic. The work-

shop concludes with the design and implementation
of a free-themed project, aiming to be more inclu-
sive of participants’ diverse interests. Projects may
include video games, animated stories, artistic crea-
tions involving painting or music, or other person-
ally meaningful expressions.

3.9 Final Lecture: Curriculum Integration of CT
(1h)

This concluding lecture examines how CT is inte-
grated into the Spanish curriculum and compares it
with international curricular models. It analyzes
different approaches adopted by various countries,
whether as a standalone subject, embedded within
mathematics, or treated as a transversal compe-
tence. Particular attention is paid to the interpreta-
tion of CT within the Spanish curriculum. The
session concludes by synthesizing insights from all
the workshops, offering a comprehensive reflection
on curricular alignment and pedagogical practice.

4. Discussion

The training program has been fully implemented
twice through the ADDIE model, while its work-
shops have also been conducted individually on
numerous occasions to refine them. In these imple-
mentations, participants reported high levels of
satisfaction and perceived improvements in both
their understanding of computational thinking and
its classroom applicability [34], supporting the
robustness and adaptability of the proposal. The
training activities span the full K—12 range and are
explicitly designed to connect conceptual and ped-
agogical dimensions of CT, reinforcing its integra-
tion with core ideas in related areas like
mathematics. The activities are carefully selected
to enhance CT components in a balanced way. In
Table 1 the degree to which each training activity
addresses the different components of CT is visually
represented.

As mentioned, teacher training in STEM
domains is a critical lever for fostering students’
engagement within STEM careers. In this context,
CT emerges as a foundational gateway to STEM
education. Central to this training is the transfor-
mation of teachers’ prior conceptions, following a
reflective model that first deconstructs existing
knowledge and then enables the co-construction
of new professional competence [24]. This process
supports the development of professional compe-
tence, equipping teachers to implement inclusive
and engaging CT practices and motivating them to
implement these CT practices [34, 35]. By doing so,
the training not only enhances teachers’ instruc-
tional capacity but also positions them as key
agents in cultivating future STEM vocations
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Table 1. CT component distribution across workshops. Own elaboration.

Lectures Order

Data collection

Data repr.

Data analysis

Simulation

Stochastic

ED Spreadsheet Bebras Scratch

Parallelization

Algorithms

Debugging

Decomposition

Generalization
Modeling
Abstraction

Patterns

Note: Dark cells indicate full engagement with a given component, grey cells represent partial engagement or likely emergence during the

workshop, and white cells denote no direct engagement.

through the early integration of CT in the class-
room.

Nevertheless, the study presents limitations con-
cerning the evaluation of CT. The program does not
currently include a dedicated workshop on assess-
ment. Given that the training itself follows a com-
petency-based model, and considering that Spanish
and other international curriculums are adopting
competency-based assessment, the integration of a
specific workshop on assessment would constitute a
valuable extension. Moreover, due to the absence of
validated instruments, no pre—post measures of
knowledge were collected, and evaluation relied
on self-reported perceptions. Future work should
therefore explore the integration of an assessment-
focused workshop and the adoption of validated
tools to more reliably capture the impact of the
training.

5. Conclusions

The training program demonstrated effectiveness in
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