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Abstract— This research to practice work in progress paper
explores changes in teachers’ knowledge of integrating
computational thinking (CT) into early childhood education in a
professional learning (PL) initiative. The main goal of the program
is to prepare teachers to develop CT practices into early childhood
learning environments by fostering several key components:
recognizing the significance of CT development from early
childhood, applying pedagogical practices (i.e. unplugged
activities, Use-Modify-Create), identifying socially constructed
roles and stereotypes surrounding toys, implications of screen and
device usage in learning, and developing skills to design CT
learning activities tailored for their own classroom settings. To
achieve our goals, the research team designed, implemented, and
evaluated an online 30-hour PL program with educators from
Latin American countries. Approximately 80 teachers completed
the online PL program. The participating teachers engaged with
the PL program weekly by providing written journal reflections.
In the final week, they were asked to design a lesson based on what
they learned and implement it into their classroom. Teachers
completed a pre- and post-survey surrounding their self-efficacy
and technological, pedagogical, and content knowledge (TPACK)
in CT. Data sources include pre- and post-surveys, teacher journal
reflections, and lesson plans developed by teachers. In this paper,
we analyzed their journal reflections to qualitatively develop an
understanding of how teachers progressed in the PL. The lesson
plans will be analyzed to identify: (1) the learning goals for the
students, (2) which activities teachers preferred to implement, and
(3) how they assessed student learning in CT in their classroom.
Preliminary findings demonstrate the types of CT activities they
implemented in their classrooms. Teachers also created lessons
that met their students' needs which further provides examples of
how CT is integrated within the existing curriculum surrounding
student interest and culture. Many PL programs often teach about
CT concepts, but do not offer a chance to implement a lesson plan
and reflect on their experience. This process helps teachers
develop self-efficacy for teaching CT in an elementary classroom
and teachers reported that they would continue to integrate CT
within their future instruction. Also, this program contributes to
the reduction of the gender gap in CT, promoting equitable
practices in early childhood education. Keywords — Computer
Science, Computational Thinking, Professional Development

l. INTRODUCTION

Computational thinking is an essential cognitive skill focused
on problem-solving, representing complex phenomena, and
computationally expressing ideas [1]. It involves practices like
abstraction, decomposition, algorithm design, automation, and
debugging from computer science [2]. Integrating

computational thinking into education has become a priority in
many countries, from early education to secondary school in the
global north, and is emerging as a priority in some Latin
American countries [3, 4].

Learning computational thinking has been suggested to be
as important as learning mathematics or literacy [5, 6].
However, integrating this approach into the school curricula
remains a challenge, especially in elementary contexts [7].

In the context of early childhood education, computational
thinking emphasizes the development of skills such as
algorithm design, problem decomposition, and understanding
fundamental concepts like the design process, control
structures, and hardware and software [8]. Programming has
emerged as a pivotal tool for developing these skills, employing
activities that involve sequences of instructions for educational
robots like BeeBot or Roversa, along with online platforms like
Code Studio by Code.org.

Integrating CT into early childhood education faces several
challenges, including inconsistent approaches to what to teach.
Zeng et al. [9] proposed a curriculum framework for CT in early
childhood education, emphasizing concepts, practices, and
perspectives. Despite this progress, key questions remain about
the relationship between children's developmental process and
their acquisition of CT skills, requiring further exploration.
Research on the stages children go through when learning to
code is limited [10], highlighting the need to understand how
children develop these skills in increasingly sophisticated ways.
Additionally, addressing teacher training and professional
learning is essential, as few pre-service programs include CT
for early childhood, and in-service programs often lack
opportunities for implementation and reflection [11]. Rigorous
evaluation of professional development programs is critical to
ensure their effectiveness and impact on pedagogical practice
[12].

In 2023 and 2024, our research team designed and
implemented a professional learning (PL) program in
Computational Thinking for early childhood teachers in several
Latin American countries, including Colombia, Costa Rica,
Peru, Ecuador, and Uruguay. This work-in-progress paper
explores early childhood teachers' reflections after
implementing sample learning activities as part of the program
assignments, and the opportunities they identify for integrating
these practices into their classrooms. The guiding research
question is: RQ1 - What are the perceptions and challenges of



early childhood teachers in Latin America regarding the
integration of computational thinking into their teaching
practices?

Il. PEDAGOGICAL FRAMEWORK

To integrate computational thinking into classroom activities, it
is crucial to incorporate pedagogical practices that help manage
students' cognitive load. Unplugged activities are proposed to
develop student understanding and skills in computational
thinking without the need for computers [13,14]. These hands-
on activities facilitate better comprehension of key concepts and
processes by regulating cognitive load and reducing distractions
from technological devices. Furthermore, unplugged activities
have proven effective at all ages, as they regulate cognitive load
and minimize the distracting effect of screens [14,15]. They
offer an efficient way to introduce computer science concepts
without requiring extensive time and resources.

To reduce cognitive loads, the Use-Modify-Create (UMC)
approach has been suggested to support student learning [16].
Students first use and explore an example; then modify or
extend it, and finally create their solution. The UMC
progression promotes engagement in computational thinking
[16] and can be used in professional development programs for
early childhood educators to first use and modify learning
activities before creating their own.

I1l. CONCEPTUAL FRAMEWORK

Guskey's evaluation framework [17] provides a structured
approach for measuring the impact of training initiatives. This
model consists of five levels for assessing the program's
effectiveness: (1) Reaction: This initial level gauges
participants' immediate feedback and satisfaction with the
workshop, as well as their overall attitudes toward the learning
experience. (2) Learning: This level focuses on identifying what
participants have learned from the PL program. (3) Support:
This level assesses participants' perceptions of the support
provided in the training program, including the accessibility of
resources and their transferability to their context or institution.
(4) Use of Knowledge and Skills: This level, typically assessed
annually starting a year after the workshop, evaluates the extent
to which participants apply their learning in their practices
within their context or institution. (5) Research Outcomes: Also
evaluated annually starting a year after the workshop, this level
examines the broader impact of the training, such as increased
collaborations or improved student performance [17]. In this
work-in-progress paper, we will focus on participants' reactions
and learning, to gain insights into the opportunities,
perceptions, and challenges related to the learning experience.

IV. THE LEARNING EXPERIENCE

The online learning experience was designed as a 30-hour
workshop for in-service early childhood teachers. The learning
goals for this program include: (1) Recognizing the importance
of the development of computational thinking from early
childhood, (2) Applying relevant pedagogical practices, such as
unplugged strategies and the use-modify-create progression, for
the development of computational thinking in early childhood.

(3) Identifying socially generated roles and stereotypes around
early childhood toys, (4) ldentifying the advantages and
disadvantages of the use of screens in early childhood, and (4)
Designing activities for teaching/learning computational
thinking in early childhood.

The program was divided into six units. The first unit
focused on understanding Computational Thinking and the
different skills associated with it. The second unit specifically
addressed computational thinking in early childhood and the
main skills for these educational levels (e.g. Algorithmic
Thinking, Debug). The third unit consisted of recognizing the
characteristics of unplugged activities and how these can
support student learning. The fourth unit presented the
pedagogical progression Use-Modify-Create as a practice to
reduce cognitive load in students. The third unit consisted of
recognizing the characteristics of unplugged activities and how
these can support student learning. The fifth unit addressed the
value and challenges of using educational robotics for early
childhood, starting from an explanation of what a robot is and
what it can be used for in the classroom, to the discussion of
different options of educational robots and activities to integrate
them into the classroom. The last unit is a cross-cutting module
that addresses factors influencing the gender gap in
computational thinking and practices to reduce this gap. During
each unit, the participating teachers generated reflections on the
topics covered in a journal that presented questions about the
experience of implementing sample learning activities in their
classrooms. Then, as the final project of the program, the
participating teachers submitted a new lesson plan to integrate
computational thinking skills into their early childhood courses.

V. METHODS

The program was supported by an international organization
aimed at providing equitable CS education experiences to all
[18], which invited teachers from early childhood to participate
in Colombia and Latin America.

In total, 193 participants started the course from different
cities in various Latin American countries (e.g., Colombia,
Costa Rica, Pert, Argentina, México, and Ecuador). We found
that 96 percent of the teachers participating in the program were
women. At the end of the program, 80 teachers met the
certification criteria by submitting the reflection journal and the
design of the learning environment.

Throughout the program, teachers responded to reflection
journals with questions associated with the units they were
developing. These questions aimed to prompt teachers to reflect
on their understanding, experiences, and application of the
content covered in each unit. The qualitative analysis of the
reflection journals involved reviewing each response and
organizing them into a matrix. This process allowed for the
emergence of categories, which facilitated the analysis of the
content. The categories were then used to identify common
themes and insights regarding the teachers' experiences and
understanding of the course material.

At the end of the PL, teachers developed a learning
environment that includes components such as contextual



characteristics, participant details, learning
evaluation methods, and instructional strategies.

objectives,

V. RESULTS

The results describe the participants' reflections on the topics
covered in the professional learning program. Throughout the
program, 80 teachers completed a reflection journal, and we
qualitatively analyzed their responses. The questions and
respective answers are presented along with qualitative
categories that summarize these experiences.

In the first unit, which addressed the general aspects of
computational  thinking, = most  teachers  associated
computational thinking with problem-solving (88%), followed
by logic (26%), and algorithms (8%). The total percentages
exceed 100% because a response could fall into multiple
categories. Regarding what they did not understand about
computational thinking in the first unit, teachers mentioned that
they were unclear about how to integrate these concepts with
early childhood students (52%). Other teachers also focused on
inclusive activities (16%), how to assess CT skills in students
(16%), and others (16%).

TABLE I. ANSWERS QUESTION 1

introduce computational thinking concepts without using
screens. Most responses emphasized the use of Unplugged
activities (70%), followed by Physical computing (30%).

TABLE II.

ANSWERS QUESTION 2

How to develop computational thinking in early childhood?

example of a
situation where

Questions Categories Quotes
“One of the activities where
Daily routines algorithms can be used are the
y ! daily activities of children

descriptions o .

(40%) such as: tyln_g their shoelaces,
brushing their teeth, the route
they take back home, etc”

Provide an “An example could be the

preparation of a juice. First
you must choose the fruit,

Recipes - - -
Algorithmic instrSctions peel it, cut it, add it to the
Thinking (25%) blender, add water, press the
oceurs. ° button to start the blender,
strain the juice, add sugar, stir,
add ice, and serve to taste”
“When children must prepare
a musical choreography by
Choreographies | themselves, they begin to
(10%) order and organize steps that
go according to the musical
rhythm chosen by them”
“Through disconnected
programming activities:
Un_pl_u_gged mazes, sequences and
activities (70%) .
How to patterns, displacement games
approach and spatial location”
Co_mp_utat'ional_ “In computational thinking
thinking ideas if there are tangible tools, you
there are no Physical can use the strategy of the
basic  resources c 0% utin robot with the same body so
like a screen? puling that another child is the one
(30%)

who indicates the movement
patterns and then use a real
robot like the beebot”

What is Computational Thinking?
Questions Categories Quotes
“The ability to analyze and
. solve problems, it is
Problem-solving | :
(88%) !nd_ependent of technology_a_nd
is linked to mental and cognitive
What do you tools”
E;derstand “It is an ability to develop
. 0 - - .
computation Logic (26%) ta}f.tl\ll(l.tIEi that involve logical
al thinking? fnking
“It is the ability to pose and
. solve problems following an
0,
Algorithms (8%) orderly and organized series of
steps”
Early childhood | "I am still not clear how to work
teaching (52%) CT with early childhood”
What don't
you “I would like to understand
understand Inclusive about inclusive practices of the
about ducation 160 | CT . component in  the
computation | education ) curriculum, from early
al thinking? childhood”
Assessment “I don't understand what the
(16%) assessment should be like”

In the second unit, which focuses on developing computational
thinking (CT) in early childhood, teachers provided examples
of situations where Algorithmic Thinking occurs. The
participants' responses primarily centered around three themes:
descriptions of daily routines (40%), instructions for recipes
(25%), and choreographies (10%), with a variety of other
examples (15%). Additionally, we asked them how they would

Regarding reflections associated with the Use-Modify-Create
strategy in computational thinking, most teachers either did not
respond or indicated that they were unsure how to apply it
(95%). A few others (5%) mentioned activities involving
geometric figures, such as providing the students with
geometric shapes and asking them to create a form given by the
teacher. Then, ask them to create a figure of their choice using
geometric shapes. We also asked teachers about their use of
Educational Robotics at the initial levels. We found that most
responses (90%) focused on the category of 'Sequence of
movements,' indicating how they would utilize educational
robots in their learning environments. The remaining responses
(10%) centered around understanding the concept of a robot,
starting from its basic principles.



When asked about the main limitations of using educational
robots in their learning environment, teachers' responses were
distributed into three categories: economic resources (90%),
classroom management (6%), and training (4%).

TABLE II1. ANSWERS QUESTION 4
Educational Robotics for initial levels
Questions Categories Quotes
Sequence of “P_ropose students  simulate
movements pelng ) robots anq follow
(90%) instructions, then implement
How would you robots for students to program”
use educational — - -
robots in your Gt_ane_ratlng expectation,
learning What is a curiosity, leading students to
environment? robot? pose hypotheses or answers
(10%) :about what a robot is and what
it could do, generating
questions and answers”
“The main limitation is the cost
Economic of purcha§ing_ and/or ma_king
reSOUTCeS them, considering that the ideal
(90%) Would_ be to have a necessary
What do you quantity for the students, which
think could be increases costs significantly”
:?r;itation ma;g “The r_nain limitation to using
using Classroom educational robots would be the
educational management Iack.of classroom management,
robots in your | (6%) leading _students to lose
learning concentration and fail to follow
environment? instructions.”
Training “Lack of knowledge on the part
(4%) of teachers and institutions
about robotics, which generates
training needs.”

We also analyzed teachers' responses regarding whether they
noticed any differences in how boys and girls engaged in CT
activities. Many teachers mentioned that they did not notice any
difference (95%).

V. DiscussION

Our findings indicate that teachers linked computational
thinking with problem-solving, logic, and algorithms. This
observation is consistent with several studies emphasizing the
significance of logical thinking in computational tasks [19].
Designing algorithms requires rigorous logical thinking,
abstraction skills, and a deep understanding of core concepts
[20]. Moreover, Genesereth and colleagues [21] underscored
the essential nature of logical thinking for computational
thinking, as it provides the framework for reasoning about
program and algorithm correctness.

However, the main aspects of computational thinking that
teachers find challenging to understand are how to work with it
in early childhood (52%), how to implement inclusive practices
(16%), and how to conduct appropriate assessments (16%).
Yadav et al. [22] propose that the development of these skills

"should start in the early stages" through play and simple
problems. Therefore, the assignment of designing lesson plans
is an essential activity in the development of teacher training
programs. Regarding inclusion, Gonzalez et al. [23] emphasize
the need for teaching to be "accessible to all" by adapting
activities and materials, highlighting the importance of
recognizing the context in which the activities will take place.

According to teachers' reflections on how algorithmic
thinking is understood, most teachers exemplify it using
examples from daily routines. Bers [9] suggests that “children's
daily routines, such as tying their shoes or the route back home™
are ideal activities for practicing simple algorithms. Bers et al.
[24] describe a successful intervention where "4-6-year-old
children were able to create and follow basic algorithms"
through games and storytelling.

The alternative strategies mentioned by teachers for
developing computational thinking without the use of screens
are "unplugged" activities and physical computing. Barragan et
al. [25] propose using these activities to develop computational
skills without screens. Berciano-Alcaraz et al. [26] suggests the
"body-as-robot strategy,” where a child guides movements
before using a real robot. These hands-on and kinesthetic
approaches allow for the exploration of key concepts in an
accessible and inclusive manner, as discussed for effective
teaching of computational thinking.

The main limitation mentioned by teachers for using
educational robots is the economic cost. Bers [9] points out that
the cost of purchasing or creating them, especially in the
necessary quantities for students, significantly increases
expenses. Another factor mentioned by Leidé et al. [27] is the
challenge of "classroom management and maintaining
concentration" when working with these novel resources. The
high cost of educational robots and the challenges of classroom
management pose significant barriers to implementation,
highlighting the need to reinforce actions to make computer
science education training courses and resources more
accessible and affordable.

V. CONCLUSION AND NEXT STEPS

This WIP presented PL teachers' reflections on computational
thinking for early childhood education. A limitation at this stage
is that only reflections were evaluated. However, for future
work, we will analyze the levels of Guskey's evaluation
framework: (2) Learning, with pre and post-test and analysis of
lesson plans designed for teachers, (3) Organizational Support,
with a semi-structured interview with teachers about support
and support in the school, (4) Use of Knowledge and Skills,
with classroom observations. This analysis will provide a better
understanding of the impact of teacher training in
computational thinking beyond initial perceptions. These
additional steps will provide valuable information to refine
training programs and ensure successful integration from an
early age.
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