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Abstract

The integration of Computational Thinking (CT) in Early Childhood Education has been widely recognized in the last
decade due to its importance as a set of fundamental skills for the education of 21st-century citizens. This study examines
the pedagogical practices developed by students in the master’s Program in Teaching Informatics at the University of the
Azores during their teaching internships in preschool and primary education contexts. The study aimed to identify and
analyze 32 unplugged and plugged-in activities, designed and implemented across seven classrooms, to promote CT skills
in preschool children. A qualitative, interpretative approach was adopted, based on content analysis. Data were obtained
from pedagogical practices involving the design and implementation of unplugged and plugged-in activities with preschool
children to promote computational thinking. The results highlight the diversity of pedagogical strategies and underscore
CT’s potential to develop various skills in children. The results also indicate that, regardless of whether strategies are
implemented with or without technology, algorithmic thinking is one of the most promoted skills, closely linked to the
development of laterality and spatial orientation. The results demonstrate that Computer Science Education is effective
when pedagogical interventions are systematically planned. In addition, the master's program curriculum demonstrates
success in integrating theory and practice, enabling the development of contextualized interventions tailored to
contemporary educational needs through both remote and in-person strategies.
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1. Introduction

Computational thinking (CT) is an essential area in the educational context nowadays. It is a set of thinking skills
fundamental to the development of 21st-century children and young people as full citizens.

Building on Papert [1] and Papert [2] work on constructionist learning and technology, Wing [3] popularized the
concept of computational thinking (CT). According to Wing [3] and Wing [4] developing CT skills is as important as
being proficient in writing or mathematics because they enhance high-level thinking skills, teaching children to think
deductively and solve everyday problems more accurately.

In an educational context, its development involves implementing different pedagogical strategies, which can broadly
be categorized as either unplugged (without technology) or plugged-in (with technology, such as tablets, smartphones,
robots, and computers).

The use of technology in early childhood education has increased in recent years, as noted by Pollarolo, et al. [5]. This
increase is justified by the need to respond to current societal demands and the opportunities that introducing code at an
early age provides. Studies by Relkin, et al. [6] and Ching and Hsu [7] and Zhang, et al. [8] demonstrate that using
technology, such as educational robots, positively influences the development of computational thinking (CT) skills.

However, since technology is not necessary for developing CT-related thinking skills, some early childhood education
studies seem to indicate that unplugged strategies best respond to children's developmental characteristics. These strategies
should be preferred when beginning to work with CT at this educational level [9, 10]. Unplugged strategies incorporate
physical actions and the manipulation of objects and the body. This allows them to more effectively address children's
different learning styles and facilitate the learning of concepts that could initially be seen as abstract [11].

As Wing [3] points out, CT is not restricted to programming languages or technological artifacts such as hardware or
software; rather, the elements and techniques that comprise programming can stimulate it when approached in various
ways.

Since 2021, CT has been included in the Portuguese primary school curriculum in mathematics as a cross-curricular
skill that contributes to mathematical literacy. According to the Essential Learning Outcomes in Mathematics for the First
Cycle of Primary Education [12].

Computational thinking presupposes the development of integrated practices, such as abstraction, decomposition,
pattern recognition, algorithm analysis and definition, and debugging and process optimization. These practices
are essential to mathematical activities and provide students with the tools necessary to solve problems,
particularly those related to programming.

In particular, CT has been in force since 2021 in the Autonomous Region of the Azores as a project under the
responsibility of the Regional Government. The project seeks to develop computational thinking in students in the first and
second cycles of basic education. The Regional Secretary for Education, Culture, and Sport considers it "unique in the
country" due to its complementary implementation in the school curriculum in all regional schools, initially on a voluntary
basis. This project involves activities designed by a multidisciplinary team of Azorean professors and implemented in
partnership with classroom professors, often without the need for digital devices.

In this context, there has been a growing need to train more capable teachers to meet the demands of this project and
others like it, as well as the demands of an increasingly digital and complex society.

In Portugal, the master's degree in Teaching of Informatics is the teacher training program that qualifies professors for
systematic, intentional, and pedagogically sustained work in this field. Designed for primary and secondary school
teachers, the curriculum at the University of the Azores provides students with the opportunity to complete internships at
all levels of education, from preschool to secondary school. This enables future teachers to work in a coordinated and
contextualized manner, adapting to the needs of students from the moment they start school until they graduate. This paper
will examine the work developed in this training program, particularly the results of the first internship, which focused on
preschool education.

As Pollarolo, et al. [5] point out in their literature review, teachers generally have a positive attitude toward technology and
programming activities, regardless of their prior knowledge or experience. However, the authors emphasize the need for
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context-appropriate training to develop effective teaching methods. This led us to examine the work of students and future
teachers to identify good practices and relevant aspects for developing CT skills in early childhood education.

2. Theoretical Framework
2.1. Computational Thinking

Seymour Papert is widely recognized as the pioneer of the term "computational thinking." Although the term was
formally coined in his 1980 book, “Mindstorms: Children, Computers, and Powerful Ideas”, he and Cynthia Solomon had
already explored the foundations of the concept in their article, "Twenty Things to Do with a Computer” [13]. In this work,
Papert and Solomon investigated the use of the LOGO programming language. They argued that computers should be seen
as tools for innovating education as opposed to merely maintaining traditional pedagogical practices. Despite Papert's
initial contribution, computational thinking was not formally conceptualized until 2006 by Wing [3].

Wing [3] defined computational thinking as an essential skill for the digital age that promotes developing knowledge
and skills to solve problems, create systems, and understand human behavior through computer science principles. She
emphasized that computational thinking goes beyond programming and involves the ability to think at multiple levels of
abstraction. She describes it as a combination of mathematical thinking and engineering, and its solutions can be applied to
everyday tasks. According to Wing, computational thinking should be integrated into educational contexts based on the
idea that it is transdisciplinary, universal, and useful for everyone.

Since then, numerous publications on the concept of computational thinking have been produced by different scholars,
often associating it with coding. For example, Yokus and Kahramanoglu [14] argue that computational thinking involves
solving problems, designing systems, and understanding human behavior using computer science principles. Similarly,
Morze, et al. [15] define computational thinking as solving problems through computer science processes and concepts.
These authors consider it a crosscutting skill essential for everyone and applicable in different domains. Ansori [16] on the
other hand, defines computational thinking as a problem-solving process based on abstraction, analysis, automation, and
modeling.

Riley and Hunt [17] argue that the best way to define computational thinking is to characterize it as the way computer
scientists think and reason. However, Valente [18] argues that computational thinking is limited by its definition as a
problem-solving process aided by digital technology. The author argues that it is necessary to broaden the concept to
include personal, environmental, social, emotional, psychological, and ethical dimensions. Haseski, et al. [19] point out the
lack of consensus and the variety of definitions in the literature. The authors argue that computational thinking is a social
skill that enables active and systematic decision-making with the support of information and communication technologies
(ICT) and collaborative approaches in real situations. This allows for the making of ethical decisions and contributes to
personal and social development.

The growing number of definitions on the subject, which has increased exponentially since Wing [3] study, has
established computational thinking as a key theme in education. It is currently a relevant topic in discussions about the
skills that young people should develop during their schooling, and it has received considerable recognition from the
scientific and educational communities as a fundamental skill [18, 20-25].

2.2. The promotion of Computational Thinking in an Educational Context

The International Society for Technology in Education (ISTE) and the Computer Science Teachers Association
(CSTA) define computational thinking as a problem-solving process, identifying it as an essential skill for 21st-century
students [26, 27]. In 2011, both organizations presented the fundamentals of computational thinking for primary and
secondary schools. These fundamentals covered concepts and practices such as data collection, analysis and presentation;
problem decomposition; abstraction; algorithms and procedures; automation; parallelization; and modelling. They also
emphasize that computational thinking is a fundamental skill for everyone, not just computer scientists, as it cuts across
different disciplines, including the humanities, mathematics and sciences.

From this perspective, Brennan [21] studies argue that computational thinking develops best through programming
language activities, which are now more accessible to children and young people. This is thanks to online tools and
platforms such as Scratch, Blockly, Code.org and Tynker, which allow users to create programming projects such as
games, animations and interactive stories using visual blocks. According to Brennan, the strategies that children use to
solve programming problems, and how they direct these strategies in a structured way to achieve their goals through co-
coding, develop computational thinking skills and skills in all areas of knowledge. Kafai [28] adds that computational
thinking fosters creative thinking, logical reasoning, and collaborative work — fundamental skills in digital society that
should be cultivated in educational contexts. Bers, et al. [29] define computational thinking as 'a new literacy for the 21st
century', encompassing a broader range of problem-solving concepts than those traditionally explored by computer science.
The authors describe computational thinking as an expressive process that promotes new ways of communicating ideas,
with coding playing a fundamental role. Similarly, Resnick and Rusk [25] introduce the concept of ‘computational fluency’,
defined as the ability to use computational technologies to communicate ideas effectively and creatively.

Despite its relevance being widely recognized, introducing computational thinking into educational contexts remains
challenging [22, 24]. This is particularly evident in light of the demands of future economic and social development.
Valente [18] reiterates this, highlighting that the variety of conceptualizations of computational thinking complicates the
topic when it is considered in the context of education, particularly in relation to teacher training.
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The integration of CT into education also involves understanding its approach. Both unplugged (without
computers/digital technology) and plugged-in (using computers, devices, software and digital tools) activities have
important roles in this process, albeit with different advantages and limitations.

Unplugged activities are easily accessible and low-cost [30] representing fewer technical barriers for students and
teachers Hsu and Liang [31] while facilitating the initial understanding of abstract concepts [11, 30, 32]. They promote
cooperation, creativity, motivation, reasoning, and problem-solving skills, but may pose a risk of loss of interest at older
ages due to the lack of direct contact with digital tools.

Plugged-in activities bring children and young people closer to real programming tools and languages [7, 31]. They
offer immediate feedback and the possibility of debugging errors and are generally more suitable for complex tasks and
digital simulations [32]. They also stimulate the development of digital literacy. However, as Aytekin and Topcu [33] point
out, these activities can present challenges in terms of coding skills and technology use. This can distract children during
problem solving and requires the use of appropriate technological resources and infrastructure, ultimately influencing their
implementation [30].

In order to make informed decisions about the most effective ways to develop computational thinking (CT) in an
educational context, it is necessary to consider the advantages and disadvantages of different approaches. The
implementation of initiatives to integrate CT into the school environment requires greater training in the development of
teachers' digital skills. It is in this context that students on the Informatics Teaching Internship | course were able to
develop pedagogical practices aimed at promoting learning strategies focused on developing computational thinking among
early childhood education children. This experience will be analyzed in the following sections.

3. Method
3.1. Research

This study takes an interpretative, qualitative methodological approach based on content analysis [34]. Data were
obtained from pedagogical practice developed by master’s students, involving designing and implementing unplugged and
plugged-in activities with preschools children to promote computational thinking.

3.2. Study Context and Participants

The study was conducted as part of the Internship in Informatics Education | curricular unit, which is part of the
master's degree in Teaching Informatics at the University of the Azores in Portugal during the 202223 academic year.
Seven first-year master’s students enrolled in the programme participated; all had degrees in Informatics or a related field
(e.g. Computer Engineering). Only one participant had a master's degree in Computer Science. The participants' ages
ranged from 26 to 50, and at the time, only one had no previous teaching experience in an educational context.

The internship adopted a reflective and experimental methodology involving intervention in educational contexts in
pre-school and primary education, totaling 110 contact hours. The internship activities included observing educational
practices and teaching in real situations. In total, the internship involved seven classrooms and the implementation of 32
activities.

For data protection reasons, the analysis of activities was carried out by the teachers who wrote this article and
monitored the entire design and implementation process. This procedure was necessary because the material contained
confidential and sensitive information, including elements that could be used to identify students, schools, and participating
children, as well as images obtained during the intervention.

3.3. Data Collection Procedures

The data for this study were collected from the observation grid of activities implemented, as well as from the
children's participation in these activities, during the first term of the school year (see Figure 1). Each planned activity was
recorded individually according to the five categories determined in the grid: (i) Activities and Re-sources, (ii) PC
Obijectives and Skills, (iii) Typology, (iv) Observations, and (v) Type of Work. These data were then transcribed into
digital portfolios designed by the students themselves, in order to present reports on educational practice observations and
lessons learned from activities implemented in real contexts. The portfolios also noted the children's performance during
implementation and their main difficulties in mobilizing PC skills or those associated with them [35].
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Figure 1.
Observation grid.

Descriptive statistics were used to analyze the data, including calculating frequencies, percentages and averages of the
types of activities and PC skills promoted in each one. The statistical software packages SPSS v25 and Microsoft Excel 365
were used to organize and interpret the results, enabling a systematic and rigorous analysis of the activities. A total of
thirty-two activities, designed either individually or in pairs, were analyzed and implemented in the seven activity
classrooms to promote PC skills.

4. Results

The data were analyzed in line with the objective of this study, which was to identify and analyze unplugged and
plugged-in activities designed and implemented by students with pre-school children to promote computational thinking.
These results will be presented in the following section.

The results show that, in terms of type, unplugged activities were more numerous (59.4%; n = 19) than plugged-in
activities (40.6%; n = 13).

The analysis carried out found significant differences in the trainees' practices in the activity rooms, depending on the
type of activity implemented. The overall average for unplugged activities was 2.71 and for plugged-in activities it was
1.86 (see Table 1). However, when rooms that did not develop one of the activity types were excluded (frequency 0 for
plugged-in activities in room 6 and for unplugged activities in room 7), the averages changed to 3.17 and 2.17 respectively,
revealing that these activities occurred with greater intensity than the overall average in the rooms in which they were
carried out.

Table 1.
Typology of the implemented activities.
Classrooms Typology
Unplugged (n=19) Plugged-in (n=13)

F % F %
1 4 21.05 2 15.38
2 4 21.05 2 15.38
3 4 21.05 1 7.69
4 2 10.53 1 7.69
5 2 10.53 4 30.77
6 3 15.79 0 0.0
7 0 0.0 3 23.08
Mean 2.71 1.86
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Although the unplugged approach is more prevalent in the sample, these results suggest considerable variation in its
adoption across different classrooms.

Class profile, familiarity with technological resources and teaching and learning methodologies, and teaching
experience may have influenced the choice of this activity. It is important to note that most students (6) had previous
teaching experience at the time; however, this was not in the context of preschool education. This may have influenced the
students' choice of activity, since working with plugged-in activities required the use of technological resources with age
groups with which the students had no prior teaching experience. To ensure a more in-depth interpretation of the data, the
strategies and technological resources used were analyzed to identify any significant differences within the sample that
could corroborate our study (Table 2).

Table 2.
Strategies and technological resources used in the implemented activities.

Classrooms | Strategies/ Resources Typology
1 Strategy: stories, games, and problem solving (4 activities) Unplugged
Resource: Super Doc robot (2 activities) Plugged-in
2 Strategies: games and images (4 activities) Unplugged
Resource: Bee-Bot robot (2 activities) Plugged-in
3 Strategy: stories, videos, and problem solving (4 activities) Unplugged
Resource: Botley robot (1 activity) Plugged-in
4 Strategy: story, role play, and problem solving (2 activities) Unplugged
Resource: Botley robot (1 activity) Plugged-in
5 Strategy: storytelling and problem solving (2 activities) Unplugged
Resource: ScratchJr (4 activities) Plugged-in
6 Strategy: games, videos, and problem solving (3 activities) Unplugged
Resource: objects, and Integrating Computational Thinking in Preschool Education (3)
7 Strategy: problem solving (3 activities) Plugged-in
Resouce: ScratchJr e Code.org (3 activities)

When the strategies and technological resources used were organized, it was found that most students followed some
fundamental strategies, such as introducing activities using stories or videos (h = 5), actively exploring problem situations
(n = 5), and using games to explore space and laterality (n = 3) prior to the presentation and exploration of educational
robots.

These strategies were present in unplugged activities in six of the seven classrooms, with a frequency ranging from two
to four activities per classroom. This indicates a predominance of this strategic approach, which is common in preschool
educational contexts.

In terms of the resources used for plugged-in activities, educational robots (Super Doc, Bee-Bot and Botley) and the
digital platforms ScratchJr and Code.org were used in six of the seven classrooms. However, the frequency with which
these resources were used varied considerably, ranging from one to four activities per classroom. Classroom 5 implemented
plugged-in activities the most frequently (n = 4), followed by classroom 7 (n = 3) and then classroom 6 (n = 0).

These trends were discussed with the students during the portfolio defense, which was the final part of the internship.
As these students had no problems with digital skills, many of the difficulties in implementing plugged-in activities with
preschool children were due to the educators' lack of familiarity with the pedagogical issues specific to the field of
Education [35].

Once we had analyzed the data on the types of activities and the technological strategies and resources used, we
moved on to analyzing the computational thinking skills that these activities were intended to promote. To achieve this, we
organized the collected data into five computational thinking (CT) skills: algorithmics, pattern recognition, abstraction,
problem solving and decomposition. The results obtained reflect remarkable diversity in the activities' promotion of skill
development (see Table 3). Students did not limit themselves to developing only one skill; rather, they attempted to
diversify and associate it with other skills, whether computational thinking or not.

Table 3.
CT skills developed in the implemented activities.
CT Skills Freguency and mean of skills

Unplugged Plugged-in Total for activity (n=32) Mean for classroom

F F F % (n=7)

Algorithmics 15 11 26 81.25 3.71
Pattern recognition 2 6 8 25.00 1.14
Abstraction 4 1 5 15.62 0.71
Problem solving 7 4 11 34.37 1.57
Decomposition 0 3 3 9.37 0.43

The promotion of algorithmic thinking, or ‘algorithmic’, was the most prevalent theme, accounting for 81.25% of all
activities (n = 32) and an average of 3.71 occurrences per classroom (n = 7). This indicates that the ability to structure
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logical sequences was prioritized throughout the planning and execution of pedagogical proposals, suggesting that students
are more familiar with activities that promote this skill and that teachers are more familiar with didactic strategies.

The skills of 'problem solving' (34.37%, mean = 1.57) and 'pattern recognition' (25.00%, mean = 1.14) were
moderately frequent, being present in a significant proportion of activities, albeit with lower intensity. The competencies of
‘abstraction' (15.62%, mean = 0.71) and 'decomposition’ (9.37%, mean = 0.43) were the least prevalent, suggesting that
approaches requiring the generalization of concepts or the refinement of complex problems were implemented on a case-
by-case basis.

From a global perspective, these results demonstrate a preference for more immediate and procedural application skills
at the expense of the more abstract and cognitive structuring dimensions of PC.

In addition to PC skills, analysis of the implemented activities reveals other skills and curricular areas worked on by
the trainees in a coordinated manner (Figure 2). Spatial orientation and laterality stand out as two essential skills strongly
linked to PC activities, particularly unplugged activities involving concrete objects or children's own bodies.
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Figure 2.

Other competencies and curricular areas promoted.

5. Discussion

In this study, seven future teachers undergoing pedagogical training to teach informatics in primary and secondary
education carried out the curricular unit Internship in Teaching Informatics I, which took place in preschool and 1st cycle
primary education contexts in Portugal, designed and implemented unplugged and plugged activities with preschool
children to promote computational thinking.

The students' understanding of computational thinking as a set of fundamental 21st-century thinking skills and that CT
is a problem-solving process that does not always require the use of computers explains why so many activities designed by
students favored unplugged approaches (59.4%; n=19) over plugged activities (40.6%; n=13). This option is in line with
the recommendation to use unplugged strategies adapted to children's developmental characteristics as an initial method for
introducing computational thinking, which is consistently found in the literature [9, 10]. Furthermore, as suggested in more
recent research [11, 30, 32] unplugged strategies, by incorporating physical actions and the manipulation of objects and the
body, more effectively address children's different learning styles and allow them to explore fundamental concepts in a
concrete, playful and accessible way, without the direct mediation of digital devices, facilitating attention and learning of
concepts that, at first glance, could be seen as more abstract.

Another possible interpretation of this result, based on reports of educational practices developed in digital portfolios,
is that students on this master's programme have gained a deeper understanding of how preschool-aged children learn. This
understanding reinforces the preference for a greater number of unplugged activities and can also be considered one of the
factors influencing the choice of strategies and technological resources used in these activities. Using stories or videos to
introduce activities, actively exploring problem situations and using games to explore spatial and laterality concepts
(strategies present in six out of seven unplugged activities) play an essential pedagogical role in preschool education,
particularly when preceding the presentation of more abstract concepts and the manipulation of technological resources
such as robots. This is because these strategies are considered more appropriate for the needs and characteristics of this
level of education [11, 30, 32].

Plugged-in activities showed an inconsistent implementation pattern across classrooms, with frequencies ranging from
0 to 4 activities. This reveals a tendency to explore technological resources in classrooms 5 and 7 (Table 1), as well as a
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tendency not to use them in classroom 6 (Table 1). These results suggest that even though these students have adequate
digital skills, they are struggling to apply them to pedagogical practices appropriate to the preschool context. This confirms
the gap between technical and pedagogical mastery identified in previous studies by Loureiro and Santos [35]. With regard
to CT skills, algorithmic thinking predominated, being present in 81.25% of the implemented activities, indicating that
students were more familiar with teaching strategies focused on structuring logical sequences. In contrast, more complex
cognitive skills such as 'abstraction' and 'decomposition’ were less frequent. This suggests a tendency to prioritize
procedural and immediate application over more abstract and structured approaches to CT. There was also a notable
articulation with other skills and curricular areas, particularly spatial orientation and laterality. These skills were frequently
used in unplugged activities as they involved movement and the use of physical objects, thereby contributing to the
consolidation of fundamental learning in conjunction with CT.

6. Conclusions, Limitations and Future Research
6.1. Conclusions

It is a fundamental task for all components of teacher training, both formal and in-formal, to prepare teachers to adopt
teaching practices that incorporate aspects relevant to the development of computational thinking from early childhood
onwards. In the Autonomous Region of the Azores, the inclusion of CT in the school curriculum for the first and second
cycles of basic education in all regional schools since 2021 has made pedagogical training in the use of technologies for
future teachers crucial. Consistent with previous studies [5, 35, 36] the findings of this study demonstrate that training in
informatics education can be effective when carefully planned and targeted. The curriculum of the master's degree in
Teaching of Informatics is also effective, as it enables students to undertake internships where they can apply the theory
they have studied in an educational context. This allows them to intervene in a coordinated, contextualized manner that is
better adapted to current educational characteristics and needs. This can be justified by the results of this study, which
revealed the successful implementation of a variety of unplugged and plugged-in intervention strategies in classrooms.

6.2. Limitations and Future Research

The study has limitations that should be considered when interpreting the results and conducting future research of this
nature. In particular, these limitations are related to the training context in which the students found themselves and the
processes involved in reconstructing their learning and experiences in the field. The limited number of students on
placement also reduces the number of pedagogical situations that can be analyzed. Some of these situations were limited to
following a particular approach, as we have seen. In terms of future research, in addition to broadening the analysis of
students' pedagogical practices, it would also be beneficial to analyze the impact of these practices on the children they
work with. This would help us to understand the extent to which the objectives and skills sought to be enhanced really
represent the greatest developmental benefit for children.
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