Developing computational thinking in preschool with

educational robots

1. INTRODUCTION

Given my profession as a preschool teacher, it was an obvious choice for me to conduct
my research with preschool children. This was important for me not only because I am
around them every day and watch the way they work, but also because this age (3-6 years)
is a particularly exciting period that is defined by substantial change.

According to Brown et al. (2012), preschool age is a period of intense mental
development, during which many psychological abilities emerge and continue to develop
and refine until the onset of young adulthood. Similarly, the brain development that occurs
during this stage can be characterized as a period of “blossoming”, during which the most
dynamic anatomical and psychological changes take place. In light of the above, | have
chosen to focus my thesis on the assessment and development of thinking skills in
preschool children. Of the various thinking skills, I chose to measure the ones that are
currently being heavily researched. This prompted me to investigate the characteristics of
algorithmic/computational thinking skills.

The planning of our daily lives is based on algorithms; it is therefore important to
teach children from an early age to follow a logical path and adopt a systematic approach
when solving a problem (Szé&nt6, 2002). The term “computational thinking” was first
introduced by two researchers, Jeannette Wing and Seymour Papert. As early as 1980,
Papert (1980) — in his constructionist approach — emphasised the crucial role of social and
emotional engagement in the utilisation of programming as an interdisciplinary instrument.
In 2006, Wing stressed the pivotal role of computational thinking in the development of
technical competences; additionally, he proposed the idea that computational thinking will
emerge as the fourth essential skill in the 21st century, alongside literacy and numeracy.
Computational thinking is a complex skillset that extends beyond using a computer.
Computational thinking requires an understanding of problem-solving, systems design, and
human behaviour (Wing, 2008). Bers (2018) defined computational thinking in preschool
children as the ability to abstract computational behaviours and identify errors. Those who
are critical of computational thinking (e.g. Mannila et al., 2014) argue that computer
scientists are attempting to transform all children into software developers. This, however,
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development; rather, it is to provide instruction in computing with the aim of equipping
people with the necessary tools to navigate and comprehend our digital world. Despite the
extensive research conducted on this subject, there is still no consensus on a single
definition of computational thinking. Selby and Woollard (2014) define algorithmic
thinking as an essential subset of computational thinking. While algorithmic thinking is
concerned with the development of step-by-step procedures in solving specific problems,
computational thinking involves a broader set of skills that go beyond specific algorithms.

The structure of my thesis is based on the chronological sequence of findings from
previous research, with the objective of investigating and analysing the selected topic. The
section that follows the introduction contains a literature review, which provides an
explanation of key concepts, such as STEM activities and algorithmic/computational
thinking. This is followed, within the same section, by a presentation of the assessment
instruments for algorithmic/computational thinking, as well as an overview of the most
frequently used methods and tools of development.

The third section presents three research projects. The first project discusses STEM
activities: it focuses on the integration of technological skills, as well as the development
of algorithmic and computational thinking skills. The questions on STEM activities were
answered by 85 students enrolled in the Pedagogy of Primary and Preschool Education
programme at the Babes-Bolyai University (Balint-Svella and Zsoldos-Marchis, 2022). In
addition to the 85 university students, 115 practicing preschool teachers also responded to
the questions on the inclusion of technological literacy and algorithmic and computational
thinking (Balint-Svella és Zsoldos-Marchis, 2022, Bélint-Svella and Zsoldos-Marchis,
2024). The aim of these surveys was to evaluate the awareness of practicing preschool
teachers and those in training regarding the potential of utilising technology in STEM
activities within the preschool context, as well as the competences that can be developed
through such activities. This situation assessment was followed by the development, pre-
testing and revision of the AlgoPaint Test of Computational Thinking (Zsoldos-Marchis €és
Balint-Svella, 2023). In the third study, we devised a development plan that employed the
use of educational robots to facilitate the advancement of computational thinking in
preschool-aged children (Balint-Svella, 2023). The intervention programme was pre-tested,
revised and subsequently implemented in three kindergarten groups.

It is not only the development of the assessment tool that is innovative, but also the
intervention plan, which is based on educational robots, and targets the preschool age
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Romanian education system. A variety of clubs and extracurricular activities offer
opportunities to do this, with a particular focus on school-age children. As a wide range of
skills and abilities develop during the preschool years, research indicates that this is also
the period during which computational thinking skills begin to emerge. Our study was
designed to address this research gap, as no existing examples could be found in the
Romanian scholarly literature.

During my analysis, | found that floor robots can serve as an effective educational
tool for children, as they tend to find them appealing. Another significant advantage of
these playful tasks is the ability to verify the children’s level of proficiency and receive
immediate feedback on their performance. In this manner, robots not only provide an
experience, but also develop the child. While doing the tasks, the children learn that it is
possible to make mistakes, that they can be corrected, that it is possible to try and start
again. The children have the opportunity to try repeatedly and to practice until the solution
is correct, while accurately identifying the specific error committed. This is a very
important experience, because already at this age they are able to approach tasks with a
problem-solving focus, rather than measuring their performance against the endpoints of
right or wrong, success or failure. Most of the planned tasks were organised in pairs or
groups, so collaborative problem solving, mutual support, choosing the appropriate way
and means of communication, cooperation and brainstorming were all part of the process.

My research was conducted with objectivity and applying a scientific approach, and
my thesis covers the work of the last four years, presenting a small segment of preschool

education in Romania.

2. THEORETICAL BACKGROUND
2.1. STEM activities in kindergarten
2.1.1. The presentation of STEM activities

STEM is an acronym consisting of the first four letters of four words which combine
knowledge in science, technology, mathematics and engineering (English, 2016). STEM
activities encompass the fields of science, technology, engineering and mathematics and
incorporate this information into the existing knowledge base in a playful way at the
preschool level (Pantoya et al., 2015, DeJarnette, 2018). Science, mathematics, technology
and engineering are constantly intertwined in everyday contexts. They provide knowledge,
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growing concern about the state of science, technology, engineering and mathematics
education in the United States (English, 2016, National Research Council [NRC], 2014).
Data show that only 16% of US high school students are proficient in mathematics, and the
United States ranks 17th among industrialised nations in science. It is very important for
everyone, especially young people, to have an adequate level of scientific and
technological literacy in order to become a creative and active member of society (English
2016, NGSS lead states, 2013).

2.1.2. Using STEM activities in a preschool setting

Today, STEM (Science, Technology, Engineering and Mathematics) education has a very
important role to play in meeting the challenges of the modern world. Not only are STEM
skills essential for many jobs, but they are also essential in everyday life. Research has
shown that children need to be involved in STEM activities from an early age, as the
preschool years are a sensitive period for the development of basic thinking skills (Driscoll
and Nagel, 2008). A longitudinal study by Wai et al. (2010) found that those exposed to
STEM activities in their early years of life had high mathematical skills in adulthood.
Children’s early positive experiences with STEM are important for developing the skills
they need to cope with life’s challenges (Lippard et al., 2019), but these early experiences
also have a significant impact on their performance at school (Watts et al., 2014). Early
STEM education should be child-centred and problem-focused (Fridberg et al., 2022). It
should be implemented primarily through hands-on activities that positively influence
children’s attitudes towards STEM (Ortiz-Revilla et al., 2021).

Introducing and practising STEM activities in preschool is crucial for children’s
development. A number of scientific studies have shown that these activities have
significant benefits for the cognitive, social and emotional development of children. STEM
activities develop children’s problem-solving and critical thinking skills. One study shows
that early STEM education contributes to an understanding of basic mathematical and
scientific concepts, which leads to an advantage in later school performance (Clements and
Sarama, 2011). Preschoolers who participate in such activities perform better in
mathematics and science at school (Duncan et al, 2007). In addition, STEM activities
encourage children to work in teams and to cooperate, as such activities often entail
collaborative work, which develops social skills and emotional intelligence (Brenneman,
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together, they learn how to communicate effectively, share ideas and support each other.
STEM activities stimulate creativity and innovation. Children are exposed to problems that
require creative thinking for solving them, which helps children develop their future
innovation skills (Resnick, 2017). Research has shown that children who receive early
STEM education are more likely to choose STEM careers later in life, which is very
important in the modern labour market (Tai et al., 2006). This is particularly important for
gender and social equity, as early exposure to these areas can facilitate the reduction of the
gender gaps in STEM fields (National Science Foundation, 2019).

In their research, Pantoya and colleagues (2015) developed a programme for
children between the ages of 3 and 7 to help them develop an engineering identity. The
researchers developed and tested an engineering storybook to increase children’s
knowledge of engineering, as well as their creativity and interest in engineering careers.
The results showed that this storybook and the related activities can support children’s
understanding of STEM concepts and the development of their engineering identity. The
authors suggest that more emphasis should be placed on engineering and STEM content in
preschool and early school education to support children’s future success in these areas.

In Romania, the curriculum for early childhood education (Ministerul Educatiei
Nationale, 2019) includes several experience areas, of which natural sciences and
mathematics can be considered part of STEM. The activities bring together several
different experience areas. The development of skills and competences in engineering and
technology as a part of STEM education is missing from the curriculum of early childhood

education.

2.2. Algorithmic/computational thinking in preschool

Algorithms are part of our lives; we use algorithms in our daily activities. We carry out our
daily activities according to specific algorithms that bring stability, security and order to
our lives. The algorithm is a deterministic procedure that can be applied to any element of
a class of symbolic inputs and that produces the corresponding symbolic output for each
such input (Rogers, 1972). “Algorithmic thinking is a way of getting to a solution through
clear definition of the steps” (Curzon et al, 2014, 2). More generally, “algorithmic thinking
is a system of thinking methods that is necessary to build a sequence of obtaining
intermediate results, planning the structure of actions and its implementation, leading to the
achievement of the goal” (Sadykova and II’bahtin, 2019, 421).



Regarding the notions of algorithmic thinking and computational thinking,
Hromkovich and colleagues (2017) consider them to be two completely equivalent and
interchangeable formulations of the same concept, despite the fact that they were
introduced in different eras, since the notion of algorithmic thinking has been in use for
several decades, while computational thinking is a much newer term. The authors believe
that algorithmic thinking is rooted in the scientific core of computing, as indicated by
Aho’s (2012) definition: computational thinking can be seen as a thought process that is
involved in formulating problems so that their solutions can be represented as
computational steps and algorithms.

The concept of computational thinking is not entirely new: it has evolved over a
long period of time. First mentioned by Seymour Papert (1980), the developer of the
LOGO programming language, the term was popularised by Wing (2006), who introduced
it as shorthand for “thinking like a computer scientist”. Informally, computational thinking
describes the mental activity of formulating a problem in order to find a computational
solution. Computational thinking is not just about solving problems. It is also about
formulating the problem. In fact, computational thinking is a process in which an
individual develops a set of thinking strategies in order to approach a given problem. The
main and highest level of computational thinking is abstraction. We use abstraction to
identify patterns and also to highlight important common features while hiding irrelevant
features between them. According to Wing, there are two fundamental aspects of
computational thinking: creating abstractions (the forms of computational abstraction:
algorithmic formulations and modularity) and implementing abstractions. Wing’s (2006)
article arguing that computational thinking is a universally applicable attitude and skill set,
as important as literacy and numeracy, has sparked a major debate. Although there is no
single agreed definition, Brennan and Resnick’s (2012) is one of the most widely accepted.
The authors break computational thinking into the following parts: computational concepts
(the concepts most closely related to computing and programming, i.e. “sequences, loops,
parallelism, events, etc.”), computational practices (the strategies and practices needed to
apply these concepts), and computational perspectives (“the perspectives designers form
about the world around them and about themselves™).

Selby and Woollard (2014) followed the development and evolution of Wing’s
definition of computational thinking, and reviewed the literature. According to their
recommendation, computational thinking is a cognitive or thinking process that reflects the
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algorithms, the ability to think in evaluations and generalisations. This definition includes
only those terms for which there is a consensus in the literature.

According to Gadzikowski’s (2019) research, computational thinking is generally a
combination of four skill categories: pattern recognition, creating and using algorithms,
decomposition, and understanding abstractions. Pattern recognition is the process of
identifying, defining, extending and creating patterns; algorithms are a series of steps in
solving a problem; decomposition is the process of breaking something down into its
elementary parts; abstraction is the process of understanding an abstraction through
generalisation, inference and other problem-solving thinking processes to imagine
something that cannot be seen or touched. Although there is a growing recognition of the
importance of computational thinking, its conceptual boundaries are not yet clear. There
are various definitions. Computational thinking has undergone a major expansion in
content since its conception in the 1950s, as it has evolved from its roots in computer
science to a broader, more complex concept that focuses on the cognitive and
metacognitive processes that occur when individuals process information.  Thus,
computational thinking is the ability to use computational concepts to formulate and solve
problems.

Chaparro (2020) compared the concepts of computational and algorithmic thinking
based on a review of the scholarly literature. According to him, the difference between the
two concepts is that algorithmic thinking focuses on algorithms, while computational
thinking focuses on computational methods. He summarises the results of previous
research and includes algorithmic design, an ordered sequence of elementary operations

designed to solve similar problems, as a key concept in computational thinking.

2.2.1. Assessing computational thinking in preschool
Despite the growing interest in the study of computational thinking, there is still a lack of
research on how to teach and assess this area of thinking, particularly in young children
(Rich et al., 2018). The assessment of computational thinking would provide useful
feedback to teachers, students and researchers evaluating the effectiveness of educational
programmes, curricula or interventions. Over the past two decades, many assessment tools
have been developed to measure computational thinking, but few have focused on young
children (between 4 and 9 years of age). Most of the previous work used interviews in their
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surveys provide insights into children’s thinking, the format and time-consuming nature of
these surveys make them unsuitable for use outside of a research setting.

According to Lee et al. (2011), “because CT is not evaluated by standardized
testing, it is difficult in the current educational climate for teachers to teach CT concepts
directly. (...) the field needs systematic assessment procedures” (p. 36). This, however, is a
big challenge for researchers, especially as preschool children’s cognitive abilities are still
limited. Of course, many measurement tools have been developed over the last two
decades, but only a few of them have focused on young children, i.e., the 3-7 age group
(ElI-Hamamsy, 2022, Marinus et al., 2018, Relkin, 2018, Relkin et al., 2020, Relkin and
Bers, 2021, Zapata-Céceres, 2020, Zhang and Wong, 2023).

Below, we present some of the assessment tools designed to measure young
children’s computational thinking. Some of the measurement tools developed include tasks
to be performed with educational robots (Marinus, 2018, Relkin, 2018).

Marinus and colleagues (2018) undertook the development of a standardised
assessment tool to measure coding skills in children between the ages of 3 and 6. The test
was developed for the Cubetto robot. The Cubetto is a simplified version of the LOGO
turtle programming exercise developed by Seymour Papert. The tests were carried out on
a sample of 18 children. At the task level, a lot of things were modified and simplified in
comparison with what the Cubetto robot was originally capable of doing.

Relkin et al. (2018) developed another measuring tool for children aged 5 to 7, also
using an educational floor robot. The test was named TACTIC-KIBO (Tufts Assessment of
Computational Thinking in Children). The KIBO robot platform is used worldwide to
teach coding skills to young children. The test was developed on the basis of the seven
powerful ideas of computational thinking as set forth by Bers (2018). These concepts are:
algorithm, modularity (iterative structures), control structures, representation,
hardware/software, design process, and debugging. The other starting point is the
programming development model proposed by Vizner (2017), which identifies four
distinct levels of programming development in children: the proto-programming level, the
early programming level, the programming level and the fluent programming level. The
TACTIC-KIBO tasks and questions were developed on the basis of these two theories,
with questions created for each of the four levels for each concept. The results indicate that
TACTIC-KIBO is a promising instrument for assessing young children’s computational

thinking, which can be used to determine the four levels of programming proficiency.



The three measuring tools assume prior coding knowledge, so children’s previous
knowledge affects the results. In addition, other researchers have worked on developing
tools that do not require prior programming knowledge or any technological/digital tools.
The tools presented below are multiple-choice, which means that the child has to choose
the correct answer from a set of answers. One of such an assessment tool is the Bebras
Unplugged Computational Thinking Cards, developed by the international community of
educators of the Bebras Challenge (www.bebras.org), with the intention of promoting
computer science and computational thinking in schools. The test is for children aged 3 to
10, with different levels of difficulty for each age group. Each card measures a
computational thinking concept: patterns, algorithms, logic and abstraction. The 48 cards
are divided into three difficulty levels: easy (16), medium (17) and hard (15). Sung and
colleagues (2022) validated the cards with Korean children. The results show that the
Bebras cards have acceptable psychometric properties and are suitable for measuring
different computational thinking skills in young children.

The TechCheck Computational Thinking (CT) assessment, developed by Relkin
and colleagues in 2020, measures computational thinking domains similar to Bebras. The
TechCheck measures the computational thinking concepts/areas described by Bers (2018):
algorithm, modularity (iterative structures), control structures, representation,
hardware/software, and debugging. One of the seven areas was not included: the design
process is not measured in the test. The online tool contains 15 multiple-choice questions
with four possible answers. Each correct answer is worth 1 point (15 points in total). A
total of 768 children (5 to 9 years old) were tested and the instrument was administered in
groups. Ther results were compared with the results of TACTIC-KIBO for validation
purposes. Overall, the TechCheck has moderately good psychometric properties and has
been shown to be a valid and reliable tool for measuring computational thinking skills in
children between the ages of 5 and 9. Researchers have developed a version of TechCheck
for younger age groups: the TechCheck-K (Relkin and Bers, 2021), a measurement tool for
preschoolers. The most important change is that instead of four possible answers, there
were only three possible answers kept for each question, of which the children had to
choose one. The rationale for this change was that previous research has shown that
preschool children (5-year-olds) have limited working memory (the ability to hold three
items at once) (Simmering, 2012), which may affect their performance on multiple-choice
tasks (when there are more than three answer options). The test was online and the children

had to click/choose the correct answer from three. The question was read out aloud to the



children by the experimenter two times in a row. The study involved 89 kindergarten
children between the ages of 5 and 6. According to the researchers, the advantage of the
test is that no prior programming knowledge is required to complete the tasks, but they also
noted some limitations: its multiple-choice nature precludes creative self-expression and
open-ended problem solving, which are important/significant parts of computational
thinking.

Zapata-Caceres and colleagues (2020) developed the Beginners Computational
Thinking Test (BCTt), which is designed for children between the ages of 5 and 12. The
BCTt measures the following computational thinking concepts: sequences, loops (simple
and nested), conditionals (if-then, if-else, while statements). The test was designed for
young children who could not read or write, so they used symbols and drawings that were
self-explanatory. Two types of tasks were designed: line-tracing tasks (where the children
had to draw a pattern) and maze or matrix tasks. The 25-question test required the correct
answer to be chosen from four possible answers, which were represented by a series of
steps in the form of arrows, symbols and numbers. The first version was sent to 45
professionals who were asked to rate the items on the basis of 66 questions. Per their
suggestions, a second version was developed and completed with 299 children. The results
show that the level of difficulty of the test is best suited to pupils in the primary school age
group (5- to 10-year-olds).

A test similar to the previous one was developed by Zang and Wong (2023), which
they called the Computational Thinking Test for Lower Primary (CTtLP). The
computational thinking concepts included in the test were: sequences, directions, loops and
conditionals. As in the case of the previous tool, two types of tasks were developed:
drawing tasks and driving a character on a square grid. For the square grid driving task, the
character was adapted from the Roman-Gonzales (2015) test, and the square grid was
adapted from the Zapata-Céaceres et al. (2020) test. A total of 30 items were developed
according to three scenarios: Drawing, Pac-Man and Hungry Snake. For validation, the test
was evaluated by 20 experts using an online questionnaire, 6 students were interviewed to
analyse the questions, and a pilot test was conducted with 72 primary school students.
Based on feedback from experts and students, several changes were made, including the
addition of a small arrow indicating the direction of departure and the replacement of the
term “90 degrees” with a visual representation, as this concept is still unfamiliar to second

graders. Each correct answer was worth 1 point. The results show that the test is well



adapted to the measurement objectives and that, overall, the test is appropriate for the age

group.

2.2.2. Developing computational thinking in preschool

Wing (2017) emphasizes that the concept that he introduced influenced many disciplines in
the more than 10 years since its emergence. The development of this skill is also
increasingly promoted in education. The teaching of computational thinking is widespread
at the international level, with many countries already including it in their curricula for
primary school children. The UK Department for Education changed the national
curriculum to include the teaching of computational thinking to all students from 2014.
(UK Department for Education, 2013). In a 120-page report, the Danish Growth Council
summarised the importance of teaching computational thinking at all levels of education
and made recommendations to the Danish government in this respect. (The Danish Growth
Council, 2016).

Kazakoff, Sullivan and Bers (2012) investigated changes in preschool children’s
sequencing abilities after they had participated in an intensive robot programming task.
Their main hypothesis was that sequencing is the component of the processes involved in
robot programming that is also present when children put the events of a story into a
logical order. The differences between the pre- and post-test results showed a significant
difference in the image alignment tasks for the experimental group. They concluded that
the children involved in robot programming had improved their ability to create a
sequence.

Bers and colleagues (2014) applied the ‘TangibleK’ Robotics Programme to three
kindergarten groups, using the framework of constructionism and Positive Technological
Development as a basis/starting point. The ‘TangibleK’ curriculum promotes the
development of computational thinking. The programme focuses on the following
computational thinking skills: defining a problem, consistency in generating and applying
solutions, exploring multiple possible solutions, multi-level problem solving, being
creative in the face of failure and identifying misconceptions/misunderstandings on the
way to a successful project, applying strategies to tackle difficult problems. The results
show that the curriculum can be used by kindergarten teachers and that preschool children
are interested and able to learn and apply many aspects of robotics, programming and

computational thinking.



Lindenberg and colleagues (2019) point out that there is a growing global trend in
education to teach computational thinking, which predicts the importance of introducing
computational education from preschool onwards. As preschool children have limited
cognitive abilities, teaching them the logic of programming and developing an appropriate
curriculum became a necessity. Building on this, Ching and colleagues (2018) in their
research set out to create a framework to help preschool children develop computer skills,
increase interest in learning, and improve learning outcomes. A game-based learning
approach was integrated with a Tangible User Interface (TUI) — an interface where digital
information can be interacted with using physical tools (such as a mouse) — to develop
computational thinking skills in preschool children. The learning outcomes were measured
with questions of different levels of difficulty and, based on their analysis, it was
concluded that the game-based learning method combined with a tangible user interface is
effective in improving the learning performance of kindergarten children and enhancing
their computational thinking skills.

2.3. Educational robots in kindergarten
2.3.1. Educational robots

Since Seymour Papert developed the LOGO programming language in 1967, educational
robots have been introduced into the educational process as didactic tools and are still the
subject of much research interest. The use of robots has been on the increase for the past
two decades. There are now many robots designed especially for young children. Some
robots, such as the Bee-bot/Blue-bot and the Colby mouse robot, can be programmed using
buttons on the back. These robot sets also come with command cards (go forward, go back,
turn left, turn right) so that the child can create a sequence of commands (algorithm —
code) before programming the robot. These robots also come with square grid boards: the
robot moves one square forward or backward on command (see the Colby mouse robot
board in Figure 3).

Another type of robot, the KIBO, can be programmed to fit wooden cubes/blocks
together (using holes and handles) (Bers, 2018). Each block represents a command (walk
forward, walk backward, turn left, turn right, turn around, turn on lights, whistle, wait for
applause, etc.). This robot can perform more commands than the button robots presented

above. It also has structures such as repetition and the ‘if” condition. Research has shown



that preschool children are able to understand and use repetition and numerical parameters
(Bers et al., 2014), which can be programmed with the KIBO robot.

A third type of screenless robot is Cubetto, which comes with a board and
instruction blocks to place on the board. There are no buttons on the back of the robot; it
can only be programmed with the help of the circuit board. An important feature of the
robot is the function line, which allows the use of subprograms (Gadzikowski, 2018).
There are four places in a special area of the board where up to four blocks can be placed,
and these blocks form a subprogram. Using these, when Cubetto is programmed, only the
subprogram block needs to be placed in the instruction line. The function line helps
children practice abstraction and modularisation (Yu and Roque, 2019).

2.3.2. Using educational robots in kindergarten
The latest generation of robotics kits for young children allow for manipulative learning,
but robotics is generally a non-screen-based activity that promotes teamwork and
collaboration (Sullivan and Bers, 2016).

Research has shown that children as young as 4 to 6 years old can design and build
simple robots (Cejka et al., 2006), while acquiring knowledge in engineering, technology
and programming and developing their computational thinking skills. Robotics activities
develop children’s fine motor skills and hand-eye coordination while they cooperate and
work in teams. They also experiment with/explore engineering concepts and practice
storytelling/story building by attaching stories/narratives/plots to projects (Bers, 2008).

In a study conducted in Sweden, Palmér (2017) investigated the acquisition of the
use of computational concepts in problem-solving activities and, more specifically, the
relationship between spatial reasoning and programming among preschoolers’
mathematical skills. Children between the ages of 3 and 5 were engaged in a series of
programming activities as part of their daily preschool curriculum over a four-month
period, and the impact of these activities on their spatial reasoning skills was studied.
Spatial reasoning involves the mental comparison, rotation and memorisation of
relationships, conceptualisation, as well as the transformation of objects. The research
involved children working with a robot called the Bee-Bot. Their results showed that the
children took part with a great deal of enthusiasm and that all of them were able to
complete the tasks. In addition, the children understood the meaning of the symbols
(arrows pointing in different directions), applied them correctly and used hand and body

movements to demonstrate how the robot would move based on the arrows.



Otterborn and colleagues (2019) also studied kindergarten teachers’ views on the
content, aims and methods of programming activities based on their own teaching practice
in Sweden. Based on the results, two main approaches to the use of programming in
kindergartens were identified: unplugged programming, i.e., programming without any
digital tools, and digital programming. One way of programming without digital tools is
for one child to take the role of the robot and another child to give different commands to
move and navigate the “robot”. Two types of digital programming were distinguished:
direct programming through various applications/programs (on a computer/tablet) and
hands-on programming through manipulative tools, e.g. Blue-Bot and other robots. The
results show that the kindergarten teachers embedded programming in different projects
and themes, and that it strengthened cooperation, problem solving and the children’s belief
in their own abilities.

To investigate computational thinking using the KIBO robot kit, Bers and
colleagues (2019) conducted a study with preschool children (3 to 5 years old). The results
show that robotics helped children develop high levels of coding and computational
thinking skills.

Cakar (2021) and colleagues investigated the effects of programming and robotics
activities on preschool children’s problem-solving skills and creativity. The Problem
Solving Skill Scale (PSSS) was used to assess problem solving skills and the Integrative
Creativity Test was used to assess creativity. During the intervention, the experimental
group participated in programming and robotics activities, while the control group was
given paper-and-pencil tasks. The results showed that the experimental group performed
significantly better on the post-test in both areas.

Bakala (2021) and colleagues conducted a systematic review of published research
on the effects of robotics/programming activities on pre-school children’s computational
thinking. They sought answers to four questions: What kind of robots were used in the
studies, and how can they be classified? What are the characteristics of the activities that
aim to stimulate the development of computational thinking? How was computational
thinking evaluated? Which individuals and countries are most active and influential in
research on computational thinking development for preschool children mediated by
robots, and what have been their motivations for conducting research in this area?
Ultimately, 15 relevant articles remained in the study. The review found that all the studies
used commercially available robots; there was no consensus on the use of these activities;

the structure, duration and design were also very different; the survey method used was



also very heterogeneous. The results suggest that there is a need for more rigorous research
reporting in this area.

3. VIEWS AND EXPERIENCES OF PROSPECTIVE AND CURRENT
PRESCHOOL TEACHERS ON THE USE OF STEM ACTIVITIES AND THE
DEVELOPMENT OF ALGORITHMIC/COMPUTATIONAL THINKING

3.1. The views and experiences of students of preschool and primary education on the
use of STEM activities and the development of algorithmic/computational thinking in

preschool

Method

This survey was carried out in the first semester of the 2021-2022 academic year, among
students of elementary and preschool education. The survey had several aims: one was to
explore students’ views and experiences of using STEM activities in kindergarten, and the
other was to explore students’ views and experiences of using the technology part of
STEM activities in kindergarten. At the same time, we also wanted was to explore
students’ views on algorithms and the importance of developing algorithmic and

computational thinking in pre-school.

Research questions

1. What experience areas and related activities can you successfully integrate
when planning preschool activities?

2. Do you know the term STEM and what it means?

3. In your opinion, what is the purpose of STEM activities, what opportunities do
they offer and what cognitive, social, physical, emotional skills/abilities do
they develop?

4. What personal experience have you gained in applying STEM activities in your
teaching practice?

5. What would encourage more STEM activities in kindergartens in your
opinion?

6. What is your opinion and experience of technology activities as part of STEM?

7. What prior knowledge/experience do you have with algorithms?



8. What knowledge and experience do you have on developing digital literacy in
preschool?

Participants

85 students of the Pedagogy of Primary and Preschool Education programme at the Babes-
Bolyai University took part in the research: 51 second-year students and 34 third-year
students. In terms of gender distribution, 1 (1.2%) of the respondents was male, which can
be explained by the fact that women are generally interested in the programme and the

majority of applicants are women.

Research tool

The survey was carried out using an online Google Forms questionnaire containing a total
of 36 questions. Of these 36 questions, 5 were related to demographics, 3 questions were
related to the way preschool activities are integrated, 10 questions were related to their
knowledge and experience of STEM activities, 7 questions were related to the integration
of technology as part of STEM in preschool and 11 questions were related to the
importance of developing computational thinking in preschool. The questionnaire
consisted of both open-ended questions and closed-ended questions (multiple-choice
questions and statements that were measured on a 5-point Likert scale). The questions on
STEM activities were taken from another questionnaire used in a multi-country
ERASMUS+ project coordinated by the Universitat Internacional de Catalunya, called
“Kitchen Lab for Kids”. (K4K, 2020).

Results

1. Question: What experience areas and related activities can you successfully

integrate when planning preschool activities?

95.3% of the respondents integrate activities from experience areas. This result confirms
that the principle of integration is also implemented in planning, as recommended in the
curriculum for early childhood education (Ministerul Educatiei Nationale, 2019). The
second question was about how to integrate: they had to choose the type of activity that
would be the most optimal to be integrated. The results show that both second- and third-
year students most frequently associated mathematics (40) and mother tongue (17) with
natural science education, and that mathematics was also most frequently associated with

natural sciences (38). In the case of mathematics, the activities chosen to accompany



natural science education differed between second- and third-year students: second-year
students tended to integrate it with visual arts (8) and crafts (6), while third-year students
linked it with mother tongue (4) and physical education (4). Both groups combined mother
tongue activities with music (25), natural science (14) and visual arts (16) education in
varying proportions. Romanian (which is the official state language but is taught as a
foreign language), was most frequently combined by both groups with music (28) and
visual arts (17). For the integration of musical activities, second-year students preferred
physical education (16) and third-year students preferred visual arts (12), but physical
education was also the second most common response (9) here as well. Both groups would
associate visual arts education with the same activities, but to different extents: while the
second-year students would associate it with natural science education (16), the third-year
students chose mother tongue (15) in greater numbers. Both groups integrated civic
education and household activities with mother tongue activities (39). The biggest
difference was observed in craft activities, with the groups choosing completely different
activities: the second-year group preferred to combine it with natural science activities (12)
and mathematics (9), while the third-year group integrated it with mother tongue (11) and
music (5). Physical education activities were mostly combined with musical education (37)
in both grades.

2. Question: Do you know the term STEM and what it means?
67.4% of respondents were not aware of what the term STEM meant: 64.7% of second-
year students and 73.52% of third-year students were not familiar with the STEM
acronym. It is noteworthy that the results for third-year students are worse, indicating that
the subjects they have studied at university have not facilitated a deeper understanding of
STEM education. Comparing these results with those of other countries, it appears that the
STEM knowledge of students of preschool teacher education and practicing preschool
teachers varies from country to country and even depends on the higher education
institution where they study. For example, Karademir and Yildirim (2021) found in their
study that final year preschool teacher education students could define what STEM
education meant, whereas Baltsavias and Kyridis (2020) found that practicing preschool
teachers were less familiar with STEM education. Furthermore, preschool teachers
participating in the pilot study by Aleksieva and colleagues (2021) were completely

unaware of the concept of STEM and what it meant before the intervention. These results



suggest that the competence of educators in the teaching of STEM subjects depends on the
curricula of the institutions that prepare them.

After a definition and brief description of what STEM education is, students were
asked to decide whether some of the statements were true or false. The first false claim was
that STEM activities were included in the current Romanian national curriculum. 7.84%
(4) of second-year respondents thought this statement was true, while none of the third-
year respondents marked it as true. The second incorrect claim was that STEM activities
can only be successfully applied in schools. In this regard, 11.76% (6) of second-year
students thought the statement was true, and 5.88% (2) of third-year students had the same
opinion. The third false claim was that STEM activities always require digital tools.
18.82% (16) of respondents thought this false statement was true: 21.56% (11) of second-
year students thought it was true, while 14.7% (5) of third-year students had the same
opinion. An interesting finding is that despite the fact that third-year students were less
familiar with STEM education, after a short explanation, they had a better understanding of
what STEM was. It is possible that they already had some knowledge of STEM education,
but had not yet had exposure to the STEM acronym itself.

3. Question: What is the purpose of STEM activities, what opportunities do they
offer and what cognitive, social, physical, emotional skills/abilities do they
develop?

To explore students’ perceptions of the purpose of STEM education and the opportunities
it can offer in preschool education, two sets of statements were formulated and the results
were measured using a 5-point Likert scale. A two-sample t-test was used to compare the
responses for each of the statements (Table 1). Although there were small differences
between the means for some of the statements, no statistically significant differences were
found for any of those listed. With regard to the point of STEM education, most of the
students agreed with the statement that it encourages children to think creatively in the
natural sciences. Other studies (Karademir and Yildirim, 2021) have also highlighted
creative thinking as a key benefit of STEM education. Most students agreed with three
statements about the most important opportunities provided by STEM education: STEM
activities develop children’s knowledge of the social, natural and technical world; they
provide practical experience; and they provide positive emotions and motivation to learn

science.



Table 1. The comparison of second- and third-year students’ responses to
statements about the purpose and opportunities of STEM activities in kindergarten

Statement Second year Third year p t
Mean SD Mean SD

The purpose of STEM education

1. Encouraging children to learn | 4.24 0.66 4.26 1.11 .890 0.138
through direct and personal

experiences

2. Encouraging children to think | 4.55 0.49 4.32 0.77 215 -1.254
creatively in the natural sciences

3. Designing an active learning- | 4.16 0.69 4.24 0.91 .698 0.390
teaching process

4. ldentifying and solving 4.12 0.83 3.94 1.33 456 -0.750
problems in natural, everyday

situations

5. Developing an integrated, 3.94 0.74 3.91 1.05 .891 -0.138
holistic world view in the child’s

mind

6. Encouraging the holistic 4.02 0.62 3.85 0.86 392 -0.862
development of children

7. Developing the teaching- 4.16 0.77 4.00 1.09 473 -0.721

learning process by including at

least two STEM areas

Opportunities in STEM education

1. Developing a positive self- 3.61 0.92 3.59 1.16 932 -0.086
image

2. Developing positive emotions |  4.53 041 4.38 0.55 .348 -0.946
and motivation to learn science

3. Developing children’s 4.63 0.32 4.38 0.55 .106 -1.641

knowledge of the social, natural

and technological world

4. Self-directed and independent| 4.04 0.80 4.18 0.82 493 0.690
learning

5. Cooperative learning 3.90 0.93 4.03 0.70 519 0.648
6. Gaining practical experience 4.59 0.33 4.47 0.68 472 -0.723

7. Encouraging learning through |  4.47 0.61 4.29 0.88 .368 -0.906




play
8. Asking questions and finding | 4.41 0.73 4.35 0.72 .756 -0.312

answers through

experimentation

In the next four questions, we asked the students what kind of cognitive, emotional, social
and physical skills/abilities they think are developed through STEM activities. In the area
of cognitive skills, the majority, 75.6% (56) believe that exploratory and creative thinking
is best developed through the early application of STEM activities. This result is in line
with the results from countries participating in the K4K Erasmus+ project (K4K, 2020).
Turkish preschool teacher candidates also believe that STEM activities contribute to the
development of children’s creativity (Karademir and Yildirim, 2021, Ultey and Ultey,
2020). 81.4% (70) of respondents felt that teamwork was the social skill/ability most
developed through STEM activities. This result is also consistent with the findings of
previous studies (K4K, 2020, Karademir and Yildirim, 2021). In terms of emotional
skills/abilities, 68.6% of respondents said that STEM activities were the most effective in
developing independence. This response was the second highest in the results of the
research on the basis of which we developed and adapted our questionnaire (K4K, 2020).
According to students, the two physical skills/abilities most developed by STEM activities
are: experiencing the world through the senses (60.5%, 52 responses) and fine and gross
motor skills/abilities (59.3%, 51 responses). These results are consistent with those
obtained by the K4K project (2020).

4. Question: What personal experience have you gained in applying STEM
activities in your teaching practice?

60.5% (52) of the respondents reported having no experience in this area (Table 2). This

finding is somewhat puzzling as most of the preschool teachers and preschool teacher

students in the K4K project already had some kind of personal experience with STEM

activities. The most frequently mentioned area (by 18 students) in which they had

experience was carrying out scientific observations and experiments.

Table 2. Respondents’ personal experience with STEM activities

Type of experience Second-year | Third-year Total

students students (frequency)




(frequency) (frequency)

1. Leading/conducting scientific observations 11 7 18

and experiments

2. Studying the physical characteristics of the 8 3 11
world
3. IT-related workshop exercises (e.g., how 5 0 5

mini robots work)

4. Interdisciplinary projects combining at least 1 3 4
two STEM fields

5. Forest kindergarten/field trips 7 3 10
6. Visiting science centres, university 8 3 11

laboratories

7. | have no experience of using STEM 29 23 52

activities in early childhood

5. Question: What would encourage more STEM activities in kindergartens in
your opinion?
Respondents stated that in order to increase the frequency of STEM activities in
kindergartens, preschool teachers’ knowledge of STEM content and methodological
training related to these activities should be improved (64%, 56 responses). Research has
shown that training in STEM education and supporting students to plan and implement
STEM activities in kindergarten groups are effective ways to increase students’ and
preschool teachers’ confidence in their STEM knowledge and change their attitudes
towards STEM activities (Aleksieva et al., 2021, Fridberg et al., 2022). In addition,
disciplines related to STEM education should be included in the training of future
preschool teachers. Even the introduction of a single discipline related to STEM education
can have a significant impact on the tendency of preservice kindergarten teachers to
integrate/apply STEM activities in their work (Ugras and Geng, 2018). However, the
implementation of STEM activities also requires long-term professional support. The most
effective professional development programmes are those that provide mentored
internships and experiences in STEM education (Chen et al., 2021).
11.6% of respondents felt that changing the motivation of preschool teachers to
engage in STEM activities would also help improve the situation. Research shows that

motivation to teach STEM increases as confidence and methodological knowledge of



STEM content increases (Aleksieva et al., 2021); this means that providing appropriate
training may be the answer. 9.3% of respondents believed that providing kindergartens
with STEM tools would also contribute to increasing the frequency of STEM activities, as
in many cases one of the main barriers to introducing STEM activities in kindergartens is

the lack of the necessary tools (Ultey and Ultey, 2020).

6. Question: What is your opinion and experience of technology activities as part
of STEM?
To explore respondents’ views on the use of technological knowledge in preschool
activities, four claims/statements were formulated. Students were asked to rate the
statements on a 5-point Likert scale (where 1=strongly disagree and 5=strongly agree).

The students agree that a positive attitude towards technological tasks can be
established in kindergarten. They are, however, not convinced that technological skills
should be taught in kindergarten. They disagree even less with the claim that the
technological tasks carried out in preschool serve as a basis for programming (design,
implementation). This can be explained by their lack of experience in integrating
technological knowledge or skills into preschool activities, as 89.5% (77) of them have
never tried to develop children’s technological competences. We then asked respondents
who had used technological skills to describe (in an open question) which skills they had
focused on and how they had used them in their activities. The analysis of the responses
showed that many confused technological education with the use of technology, as most of
them understood technological education to mean the use of technological tools. This
conceptual confusion/misunderstanding may explain why students are not that positive
about the integration of technological education in kindergarten. From the answers to the
next question, we wanted to find out what was preventing them from planning activities
based on technological knowledge. 40.3% of respondents (31) said that they were not
methodologically prepared enough to develop such activities, 32.5% (25) said that the lack
of appropriate didactic tools was the biggest barrier, and 28.6% (22) identified low
confidence as a barrier. 95.3% of respondents (82) would like to know more about
activities to introduce technological skills in kindergartens. This result is consistent with
the findings of Zsoldos-Marchis and Ciascai (2019), and highlights the importance of
integrating technology activities — as part of STEM activities — in the training of preservice

preschool and primary school teachers. The methodological skills needed to implement



STEM activities can be effectively acquired through training and mentoring programmes
(Ugras and Geng, 2018, Chen et al. 2021).

7. Question: What prior knowledge/experience do you have with algorithms?

In the first question of this section, the students were asked to give examples of activities
that could be used to develop algorithmic thinking in preschool. 73.3% of the respondents
(63) gave examples that could make a real contribution to the development of algorithmic
thinking. Some of the examples were very general in the sense that they were just lists of
experience areas that use algorithms, such as mathematics, science and art. Others gave
examples from kindergarten routines such as morning or mealtime routines. These were
accompanied by correct, specific examples, such as using robots, building with blocks,
making a piece of craftwork following the steps given by the teacher, etc.

To assess students’ algorithm writing skills, they were asked to describe the steps
involved in building a snowman. The following solution was considered correct and
accepted: 1. make three snowballs of different sizes, 2. put the middle snowball on top of
the biggest, then the smallest on top of the middle, 3. put two eyes in the middle of the
smallest, a nose and a hat on top. Of course, these three main steps have many sub-steps,
which can also be seen as sub-programs. There are also steps that are interchangeable, so
the order is not important, e.g. someone could do the nose of the snowman first, then the
eyes. Only 32.94% (28) were able to formulate the steps of the algorithm for building a
snowman correctly. Most respondents made the mistake of not describing the sequence of
steps in sufficient detail.

Regarding students’ previous experience with algorithms, 70.9% (61) had only
heard of the term algorithm in mathematics class, 15.1% (13) had studied programming
and 9.3% (8) said they had never studied algorithms. The students involved therefore had
very limited experience of algorithms and coding. However, 93% of students (80) felt that

there was a need for early development of algorithmic thinking.

8. Question: What knowledge and experience do you have on developing digital
literacy in preschool?
Respondents were asked to rate three statements about the types of activities associated
with developing computational thinking on a 5-point Likert scale, according to how much
they agreed or disagreed with the statement (1 - strongly disagree, 5 - strongly agree). The

means and standard deviations regarding the claims are summarised in Table 3.



Table 3. Opinions on the development of computational thinking in terms of

experience
Statement Mean SD

For the development of computational thinking, there is always a need 2.84 1.204
for a computer
Computational thinking can be developed/taught without the use of 3.57 1.189
computers.
Computational thinking can also be developed with paper-and-pencil 3.39 1.256
exercises.

The responses showed that most participants agreed with the statement that “computational
thinking can be developed without the use of computers”. This is a promising finding, as
one of the main reasons why preschool teachers do not consider it appropriate to develop
computer skills at this age is that, at least in preschool, screen time should be limited. In
their study, Yavadav and colleagues (2014) found that students enrolled in preschool
education programmes who had not received training in computational thinking were
convinced that computational thinking required the use of computer technology. 67.4% of
respondents (58) consider the development of computer skills in kindergartens to be
important. The students were then asked to give examples of activities that could be used
to develop computational thinking in kindergarten. 47.67% (41) gave good examples of
how to develop computational thinking. According to them, computational thinking can be
developed through tasks based on algorithms, tasks based on problem-solving, games
based on sequential steps, etc. Two students also mentioned the use of educational robots
as a possible tool for development. However, there were also students who gave incorrect
answers, such as saying that computational thinking could be developed by showing
children the computer and its parts. Some knowledge of hardware and software is part of
computational thinking, but it is not a competence that should be developed in early
childhood education. Another misconception of respondents about developing
computational thinking was that it can be done with mathematics, which is not consistent
with the concept of computational thinking. Computational thinking as an approach to
solving mathematical problems was also mentioned by Sands and colleagues (2022), as
well as Avci and Deniz (2022) in their research. Computational thinking is in fact more

about algorithms and coding, and almost half of the respondents understood this, as shown



by the examples they gave. Research by Ari and colleagues (2022) also found that
preschool teacher candidates did not integrate coding into their kindergarten activities.

As robots are often used in kindergarten activities to teach algorithms and
programming, the students were asked if they had ever heard of educational robots. Only
22.1% (19) gave a positive answer. The robots they were familiar with included the Blue-
bot/Bee-bot robot (20.9%, 18 students), Ozobot, Vex and Cubetto — mentioned by 5
students (5.8%). The other respondents were not aware of any educational robots. None of
the respondents had ever used educational robots in the classroom. This finding is
consistent with the fact that learning with educational robots is not yet widespread in
Romania, and the few such extracurricular activities that do exist tend to be offered only to
school-age children. Taking into account the research results from other countries, it would
be appropriate to include computational thinking as a possible area for development in the
preschool curriculum requirements. At the same time, appropriate tools should be made
available, such as educational robots.



3.2. Preschool teachers’ views on developing technology-related skills in

kindergarten

The aim of the study
The aim of the study was to gain insight into the perceptions and experiences of preschool
educators in Romania regarding the integration of technological knowledge and tools in

early childhood education.

Research questions
The objective of the research was to address the following questions:

1. What is the attitude of the preschool teachers towards the use of technology in
kindergarten?

2. Have preschool teachers tried to integrate technological knowledge into the preschool
teaching and learning activities?

3. What knowledge and experience do they possess regarding the conceptualisation and
implementation of algorithmic and computational thinking, and the development of
these competencies in kindergarten?

4. What is the attitude of preschool teachers towards the integration of computational
thinking into the preschool curriculum?

5. Are they familiar with educational floor robots?

6. What are their experiences with using educational floor robots?

Method
The research was conducted during the 2021-2022 and 2022-2023 academic years in

Romania.

Participants

The survey was conducted on 115 kindergarten teachers, all of whom were practising
preschool teachers within the public education system in Romania, from Harghita,
Covasna, Mures, Cluj, Sibiu, Bihor, Salaj, Satu Mare, Timis, Bistrita-Nasdud Counties. All
respondents were women. In terms of educational qualifications, 81% of the preschool
teachers (93) have obtained a Bachelor’s degree, while the remaining 19% have obtained a
Master’s degree (MSc). In terms of the didactic degree achieved thus far, 49% (56) of the

respondents are Level | teachers, representing the highest level of qualification. 20% (23)



are Level Il teachers, 14% (20) have passed the so-called definitivat or teacher-
confirmation examination, and 17% (16) are early career teachers. In terms of work
environment, 60% of respondents (69 individuals) work in urban areas, while 40% (46

individuals) teach in rural settings.

Research tools

The survey was carried out using an online Google Forms questionnaire containing a total
of 23 questions. There were six questions on various demographics, seven guestions on the
use of technology in kindergarten, and ten questions on the importance of algorithmic and
computational thinking and its potential for development, including the use of floor robots
in an educational context. The questionnaire consisted of 5 open-ended questions; the rest
were closed-ended questions (multiple-choice questions and statements that were measured
on a 5-point Likert scale). The questionnaire included questions on algorithmic and
computational thinking in separate sections. In order to guarantee that all respondents had a
uniform understanding of the terms “algorithmic thinking” and “computational thinking,”

we introduced the questions with our agreed-upon definitions of both terms.

Results
The results are organised into three topics, which combine two research questions each: (1)
technological knowledge in kindergarten; (2) developing algorithmic/computational

thinking; (3) using floor robots in kindergarten.

1. Technological skills in preschool teaching and learning activities
In order to find out what kindergarten teachers think about the introduction of
technological knowledge in kindergarten, they were asked to rate four statements on a 5-
point Likert scale (where 1=strongly disagree and 5=strongly agree). The mean and
standard deviation of the responses are presented in Table 4.

Table 4. Mean and standard deviation per statement on the use of technological

skills in kindergarten

Statement Mean SD

It is necessary to introduce technological skills in early 3.05 1.234
childhood.

There is no place for technological skills in early 2.18 1.288




childhood.

Early childhood can help shape how we approach 3.41 1.199
technological activities.

Kindergarten technology tasks involve laying the 291 1.274
foundations for programming (design, implementation).

Based on the responses, kindergarten teachers mostly agree that a positive attitude towards
technological activities can be established in kindergarten. At the same time, most also
agree that technology skills need to be introduced in early childhood. They agree less with
the statement that kindergarten technology tasks involve laying the foundations for
programming (design, implementation).

The study also examined whether there were notable differences in the responses of
preschool teachers in rural and urban settings. As the sample was not normally distributed
according to the Shapiro-Wilk test, a Mann-Whitney test was employed for comparison
purposes. This revealed no statistically significant difference between the views of
preschool teachers working in rural and urban settings with regard to technological
literacy. However, it should be noted that urban teachers scored higher on all statements

than their colleagues working in rural educational institutions (see Table 5).

Table 5. Comparison of the responses of preschool teachers in rural and urban areas

on the use of technology in kindergarten using the Mann-Whitney test

Rural area Urban area
Statement N=41 N=66 W p
Mean  SD Mean SD
It is necessary to introduce 2.98 1.18 3.10 1.27 1510.00 .652
technological skills in early
childhood.
There is no place for technological ~ 2.26 1.34 2.13 1.26 1666.50 .636
skills in early childhood.
Early childhood can help shape  3.26 1.10 3.52 1.25 1362.50 184
how we approach technological
activities.
Kindergarten technology tasks  2.85 1.10 2.96 1.39 1526.00 722

involve laying the foundations for
programming (design,

implementation).




The question was raised whether the educational level of the preschool teachers influences
their opinion on the introduction of technological activities in kindergartens. As the sample
is not normally distributed according to the Shapiro-Wilk test, the Mann-Whitney test was
employed for comparison purposes. The results are shown in Table 6. Based on the first
two statements, preschool teachers with a master’s degree perceive a significantly greater

need to introduce technological skills into kindergarten activities.

Table 6. Comparison of the responses of preschool teachers with a bachelor’s and

master’s degree on the use of technology in preschool education using the Mann-

Whitney test
Bachelor’s degree Master’s degree
Statement N=93 N=14 W p

Mean SD Mean SD

It is necessary to introduce 3.01 1.24 3.71 1.12 440.00 .045

technological skills in early

childhood.

There is no place for technological 2.20 1.28 1.36 0.63 894.50 .017

skills in early childhood.

Early childhood can help shape how  3.37 1.22 3.86 1.17 495.00 137

we approach technological

activities.

Kindergarten  technology  tasks  2.86 1.30 3.36 1.15 501.50 .156

involve laying the foundations for
programming (design,

implementation).

The next question was whether or not they had tried to integrate technological skills into
kindergarten activities. 55% of respondents (63 individuals) had not tried to integrate
technology into their preschool activities, while 45% (52 individuals) had. However, the
following open-ended question suggested that there were some conceptual problems. We
asked preschool teachers to give us specific examples of how they had used technological
skills in their kindergarten activities, and the responses showed that many confused
technological literacy with the use of technological tools and digital aids. Respondents
tended to interpret technological literacy as the use of technological tools (e.g. learning to

use online platforms, apps, smartboards, tablets, phones, computer mice). Others



considered experimental activities as part of technological education: observing how
different tools work or discovering cause and effect relationships. This skews the answer to
the previous question, with less than 45% of respondents using integrated technology
skills.

Most of the teachers who had tried to incorporate technological skills said that the
activities they organized were enjoyed by the children and that they were actively involved
in the tasks. The next question was about the difficulties they encountered in the planning
of activities. 26.9% (31) of the preschool teachers blamed the lack of pedagogical tools for
the difficulties they had encountered. 16.5% of respondents (19 individuals) said that
insufficient methodological preparation made it difficult to plan such activities, 14.7% (17
individuals) believed that the kindergarten environment was not suitable for such activities
and 12.1% (14 individuals) cited insufficient theoretical preparation as a reason.

The next question was about the barriers that prevent preschool teachers from
integrating technological skills into kindergarten activities. 37.3% of respondents (43
individuals) cited insufficient methodological preparation as the main obstacle, the same
number (37.3%) cited the lack of appropriate didactic tools as the main reason, while
30.4% (35 individuals) cited insufficient theoretical preparation as the main obstacle.
However, when asked if they would like to learn about activities that are based on the
introduction of technological skills and to plan activities that introduce technological skills,

91% (105 individuals) of the respondents said yes.

2. Developing algorithmic/computational thinking in preschool
After reading the definition of algorithmic thinking, preschool teachers were asked to
formulate their opinion on the activities that could be used to develop preschool children’s
algorithmic thinking. The responses were very diverse, with 76.5% (88 individuals) finding
examples of activities that contribute to the development of algorithmic thinking. Of these,
37.5% (33 individuals) mentioned mathematical activities in general, highlighting
grouping, classification and logical tasks. In addition, 19.3% (17 individuals) mentioned
seriality/sequencing (e.g. following the steps of completing a task or determining the order
of events). Closely related is following the steps of craft/art activities, chosen by 10.2% (9
respondents), and the following of daily routines, chosen by 13.6% (12 respondents). In
addition, 10.2% (9 individuals) mentioned building as an activity to develop algorithmic
thinking, 9.09% (8 individuals) considered rule-based games and 10.2% (9 individuals)

considered science/environmental activities as activities to develop algorithmic thinking.



Floor robots and programming were only mentioned by 5.6% (5 respondents). The obvious
reason for this is that robots and the programming of robots for educational purposes are
alien to preschool teachers.

Regarding their previous experience with algorithms as preschool teachers, 77.3%
(88 individuals) said that they had only heard of the term in mathematics lessons, 12.1%
(14 individuals) had never studied algorithms, 4.3% (5 individuals) had studied
programming and 2.6% (3 individuals) had attended a training course on algorithmic
thinking. The results reflect a lack of awareness in regards of the developments in this area,
as the teachers themselves have not been trained in this area and most of them do not even
have sufficient experience of the concept. Nevertheless, 91% of preschool teachers (105
individuals) think it is important to develop algorithmic thinking in kindergarten.

We focused on computational thinking in the following questions. In the first
question, preschool teachers were asked to rate three statements about developing
computational thinking on a Likert scale according to how much they agreed with them
(where 1=strongly disagree and 5=strongly agree). The means of their responses and the

standard deviation results are shown in Table 7.

Table 7. Mean and standard deviation per statement on the development of

computational thinking

Statement Mean SD

For the development of computational thinking, 2.49 1.327

there is always a need for a computer

Computational thinking can be developed/taught 3.217 1412

without the use of computers.

Computational thinking can also be developed with 3.48 1.272

paper-and-pencil exercises.

Based on the responses, we can see that the majority of preschool teachers mostly agree
with the statement that the development of computational thinking can be developed with
paper-and-pencil tasks, i.e., it does not require the use of a computer. This is an
encouraging result, as for a long time the development of computational thinking was
equated with computer use.

We also wanted to find out whether there was a difference between the answers
given by preschool teachers in rural areas and those in urban areas. Based on the Mann-

Whitney test, there is no statistically significant difference between the two groups’ views



on the development of computational thinking. Both groups prefer paper-and-pencil
activities to develop computational thinking. The average for this statement is slightly
higher for teachers in rural areas.

At the same time, it was interesting to examine the impact of educational
experience on perceptions of computational thinking development. For that purpose, the
teachers were split into three groups: (1) those with less than 10 years’ experience, (2)
those with 10 to 19 years’ experience, (3) those with more than 19 years’ experience. The
responses of the three groups were compared using the ANOVA test and the results are
included in Table 8. The results show that there is no statistically significant difference
between the answers given by the three groups of respondents.

Table 8. Opinions on the development of computational thinking in terms of

experience

Less than 10 10 to 19 years’ More than 19

Statement years’ experience experience years’ experience F p

Mean SD Mean SD Mean SD

For the development of 2.72 1.43 2.47 1.18 243 1.33 431 .651
computational thinking,

there is always a need for

a computer

Computational thinking 3.24 1.48 3.47 1.18 3.08 1.45 .550 579
can be developed/taught

without the wuse of
computers.
Computational thinking 3.48 1.26 3.71 1.16 3.40 1.31 .389 .679

can also be developed

with  paper-and-pencil

exercises.

Regarding the need to develop computational thinking in preschool, 69% of kindergarten
teachers (79 respondents) consider it important to develop computational thinking already
in kindergarten.

When asked how computational thinking can be developed in kindergartens, the
answers varied widely. The answers to the open-ended question were processed in

Maxqda. Figure 1 shows the different response categories and their corresponding



subcategories. The answers to our question (How can computational thinking be
developed?) were grouped into six main categories: games, developing mathematical
skills, using digital tools, games that develop specific algorithmic thinking, everyday
activities and developing scientific thinking. Within these, several subcategories were

defined, and the subcategories were further subdivided into subunits.
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Figure 1. MAXQDA hierarchical code-subcode model

In the game category, two subcategories were defined, and common subcategories were
identified for these two subcategories as well. In the main category of development of
mathematical skills, four subgroups were identified. Within the subcategories, logical tasks
were most frequently mentioned (by 7 respondents) as a way of developing computational
thinking. The group of digital tools was divided into three subcategories, of which the
majority (7 respondents) considered the use of digital tools to be suitable for developing
computational thinking. The category of advanced algorithmic thinking tasks is divided
into four subcategories. The subcategory of serialization tasks was most frequently
referenced (cited by 8 respondents) as a way to develop computational thinking. It is
noteworthy that among the respondents, only one preschool teacher proposed the use of
robots as a means of developing computational thinking. In the main category of daily
activities, the subcategory of problem situations was most frequently mentioned (by 5
respondents) as an activity suitable for developing computational thinking. The sixth major
group is the development of scientific thinking, of which exploration was the subcategory
most often identified (by 4 respondents) as an appropriate activity for developing

computational thinking.



3. Using floor robots in preschool
Only 37% (42) of the preschool teachers surveyed had heard of floor robots. The best-
known robot is Blue-bot, followed by Cubetto, Ozobot and Colby, the robot mouse. When
asked if they had used any of these robots in their activities, only 3.4% (4 respondents) said
yes. When asked to describe such an activity, one teacher mentioned the Cubetto robot but
did not describe how it was used, two mentioned the Bee-bot robot, one of whom had just
purchased the device but had not yet used it, and one described an activity in detail.
Therefore, no relevant conclusions can be drawn from the experience of the use of floor

robots in kindergarten.

4. DEVELOPMENT AND PRELIMINARY TESTING OF THE ALGOPAINT
COMPUTATIONAL THINKING ASSESSMENT TEST

4.1. Developing the AlgoPaint computational thinking assessment test
In light of the findings from international research, it can be concluded that all the
assessment tests presented in the second chapter exhibit one or more of the features that we
have sought to eliminate in the computational thinking assessment test that we planned.
Some of the tests presented above are not suitable for our purposes because they require
prior programming knowledge, the use of a digital tool, they need to be taken online, or
require spatial orientation and mental rotation skills. In order to exclude these, the
following aspects were taken into consideration during the design of the test:

e the test should be suitable for preschool children (ages 4 to 7);

e the test should be screen-free, it should not require the use of a computer;

e the test should be independent of digital and technological devices, i.e. it
should not require an educational robot, because in tests where educational robots are used
for assessment, children who have previous experience with educational robots have an
advantage. However, if the test is to be used as a pre- and post-test to evaluate the
effectiveness of an intervention based on educational robots, the experimental group may
achieve better results in the post-test due to the use of educational robots in the
intervention.

o the tasks should not require prior programming knowledge;



e tasks should not contain directions, as children who do not have a
sufficiently developed spatial orientation, especially mental rotation skills,
may be at a disadvantage when solving tasks.

The AlgoPaint test book that we have developed is based on a storyline that is designed to
motivate and sustain the motivation and interest of the children. The task is to help the
Painter EIf to create shapes (robots, worms) from different geometric shapes. Instructions
are given on picture cards. These picture cards are similar to the cards of the Algolittle
Erasmus+ project, which are designed for creative drawing based on algorithmic thinking.

According to the storyline, the Painter EIf draws the outline of a shape made up of
geometric shapes, and then paints these shapes one by one with different colours. The EIf
always starts from an edge, painting the geometric shape he is standing on, then moves on
to the shape that is adjacent to the one he has already painted. He moves from one shape to
another, being careful not to step on a shape he has already painted as it dries slowly and
he could get stuck. According to this rule, he can only go through the shapes in the order
given. However, there are more correct orders in solving the task. The order chosen to
solve is usually influenced by whether the algorithm can be continued or not. The rule that
he cannot go back to a shape that has already been painted allows children to understand
that each simple instruction refers to the current geometric shape that Painter EIf is moving
on from, so that each geometric shape has a colour associated to it.

The AlgoPaint test measures the following computational thinking skills: applying
an algorithm, designing an algorithm, debugging an algorithm. Table 9 provides a list of
the computational thinking skills that were measured and the associated items that were

used to measure each of these skills.

Table 9. Computational thinking skills measured by the AlgoPaint test

Computational Description Examples of items
thinking skill




Applying an The ability to | Item 1.: “Help Painter EIf, colour the robot. He laid out the
algorithm identify the result | instructions for you, follow them. | wonder if it is possible
of a given set of | to paint the robot based on the cards.”
instructions
Designingan | The ability to | Item 6.: “Help Painter EIf to lay out the instructions!
algorithm identify the | Painter EIf painted the robot and he sent you the picture
sequence of | cards with the instructions. Your task is to lay out the cards

instructions needed
to achieve a given

output

in order, just like Painter EIf painted. Here, next to him, put
the cards in order in a row. | wonder if it is possible to lay

out the cards as it is shown in the drawing.”

Debugging an
algorithm

The

compare a given

ability to

set of instructions
and their associated

output

Item 4.. “Panter EIf has already painted the robot. He lay
out the instructions. All you have to do is check that he
painted the same as what is laid out on the cards. Did he

lay out the cards correctly?”

Alojm|A

Of the items in the test, not only did the debugging tasks contain errors, but for each item

we asked the children to check whether they could find an error in the task.

The test book also contained specific instructions on how to apply the rules, three

solved examples, a scoring system, solutions to the tasks and picture cards for the tasks.

4.2. Preliminary testing of the AlgoPaint computational thinking assessment test



The AlgoPaint was tested in the school year 2021-2022, with 11 preschool teachers using it
in their own groups, with a total of 56 children between the ages of 5 and 6. The preschool
teachers were selected from the STEM course of the Master’s programme. The test book
was also sent to university professors who are experts in the field. We selected experts
from 6 different countries to fill in an online, anonymous questionnaire about the test book.
The questionnaire contained 9 questions, 5 closed questions (multiple choice and scaled)
and 4 open-ended questions. The aim of the questionnaire was to find out whether the
respondents thought the test items were appropriate for the target age group, whether they
were suitable for measuring computational thinking, and also to get their opinion on the
clarity of the explanations in the test book. The test results of the 56 preschool children

who took part in the preliminary test are summarised in Table 10.

Table 10. Children’s results on the AlgoPaint Computational Thinking Assessment

Item Computational Inclusion of Number of Percentage Most frequent Number of
thinking skill errorsinthe | childrenwho | of children errors children
task solved it who solved it committing
correctly correctly errors
1 Application | no 22 39.29 Painting more 15
shapes than
specified in the
instructions
Choosing an 12
incorrect
adjacent shape
2 Application | yes 23 41.07 Overlooking the | 32
error
3 Application | yes 25 44.64 Overlooking the | 28
error
4 Debugging no 49 87.50




5 Debugging yes 33 58.93 Overlooking the | 23

error

6 Design no 44 78.57 Putting the 10
instructions in
the incorrect

order

7 Design yes 30 53.57 Overlooking the | 22

error

The results show that the most difficult tasks were the algorithm application tasks (41.6%
solved correctly), followed by the design tasks (66.07% solved correctly) and the easiest
tasks were the debugging tasks (73.22% solved correctly).

In addition to the children’s results, we also took into account the opinions and
suggestions of the preschool teachers in the evaluation of the test. Responses from 11
educators indicated that they found the test intriguing and enjoyable, with the storyline
being particularly interesting. Some found the test difficult, while others said it was
suitable for preschool children. The kindergarten teachers also pointed out that more
precise instructions were needed on how to administer the test, as many of them used it in
groups, which made it difficult to score the results as they could not pay attention to all the
children’s answers at once. They also reported that the instructions for the tasks needed to
be clarified and standardised, as some of the participants provided additional information
with each task, making it easier for the children to complete the tasks. The preschool
teachers also mentioned that many children were not able to focus on several things/objects
at the same time, for example, they followed the instructions, they coloured the right shape
with the right colour, but they did not take into account the rule of adjacent shapes. It was
also suggested that the storyline should include the fact that the Painter EIf could make
mistakes.

In addition to the feedback from the preschool teachers, we also analysed the
review of the experts. The majority of experts believe that the test is suitable for children
between the ages of 5 and 6 and that the number of items is sufficient to assess the targeted
skills. At the same time, we wanted to see how well the test measured algorithm
application, design and debugging: the appropriateness of the tasks was rated on a scale of

1 to 5. The average scores of the review formulated by experts were as follows: applying



algorithms

4.83, debugging 4.33, algorithm design 4. One of the experts suggested using

other shapes in the test, besides robots. Most of them found the test understandable for

children, but recommended that a more precise explanation of the concept of adjacency
should be included in the test book.

Based on the results of the preliminary test and the feedback from experts and

preschool teachers, the test was redesigned. The following modifications were made to

create the second version of the AlgoPaint computational thinking assessment test:

An additional 5 items were added to the test book, measuring more / other
computational thinking concepts.

In the first version, only an example of loops was included, without a
corresponding task. The new version also includes two tasks with simple loops
and one task with nested loops.

Another computational thinking concept included in the revised version of the
test is the conditional: one example and a related task have been introduced.
The scoring system has been developed in more detail

We have included in the storyline that the Painter EIf is sometimes wrong

We added more detail to the instructions for using the test book, so that they
only need to be read out loud by the one applying the test. Our aim was to
ensure that the way it was applied was consistent and that the results were not
biased by the instructions given to the children.

We also added other shapes to the book: besides robots, we created worm
shapes.

Table 11 shows the computational thinking concepts used in the second version

Table 11. Computational thinking concepts in AlgoPaint version 2

Computational Description Examples Explanation of cards
thinking for cards
concepts

Simple Colouring a geometric Colour the triangle red

instructions

shape with a given colour




Simple loop A structure that allows a It means the same as the following

simple instruction to be simple sequence of instructions:

repeated multiple times

Nested loop A structure that allows a In this case, the following simple

sequence of simple sequence of steps should be

instructions to be repeated

multiple times @ @

repeated three times:

Conditionals/ | A structure that allows the - We examine the condition on the

conditional performance of a simple 5 top part of the card: Is the shape a

structure instruction based on a I I circle? If yes, colour it blue, if not,
condition ' colour it green.

The revised version now includes four solved examples, two for simple instructions, one
for simple loops and one for conditionals. The solved examples are described verbatim, so
it is sufficient to read them aloud precisely during the application of the test. This allows
all children to get the same correct explanations and at the same time the test administrator
does not have to add other explanations to the tasks. The AlgoPaint test book contains the
correct solutions and the picture cards needed to solve each problem. The scoring system

has been developed.

Conclusions

Preliminary testing of the AlgoPaint test with preschool children has shown that the test is
appropriate for the target age group and suitable for measuring computational thinking
skills such as algorithm application, debugging and planning. The results obtained by the
children demonstrate that the test is appropriate for the level of competence of the children.
Feedback from the preschool teachers who administered the test and from university
professors who are experts in the development of computational thinking provided
valuable ideas for improving the test. Based on the results, an improved version of the

AlgoPaint Computational Thinking Assessment Tool was developed.






5. DEVELOPMENT AND PRELIMINARY TESTING OF THE INTERVENTION
PROGRAMME

5.1. Developing and presenting the intervention programme

In order to integrate and apply technological skills, we have designed a programme for the
development of computational thinking in preschool children. The tasks of the intervention
plan focused on simple instructions, simple and nested loops, as well as conditional
structures. The intervention was carried out using the Colby mouse floor robot. The
activities consisted of progressively more challenging tasks, which were designed in a
playful way, taking into account the specific characteristics of the age group. There were
three levels of difficulty.
Level 1.

a. The child takes the mouse in his or her hand to the finish line, step by step

b. The child takes the mouse in his or her hand to the finish line, programming it
Level 2:

a. The child takes the mouse in his or her hand to the finish line, while laying out the

cards with the directions on them

b. The child lays out the direction cards and uses them to program the mouse
Level 3:

a. The child only programs, without using the picture cards. There are several tasks

of varying difficulty at this level.
The activities were framed by the following back story: Mousey loves to explore, is curious
about everything, always wants to see new places and is brave enough to go on
adventures. When he visits the children in the kindergarten, he is always looking for a new
challenge, so every time the children play with Mousey, he has to be taught a new task.
In the intervention plan, we identified the tools needed, the form of organisation

and a brief description of the steps to be taken for each activity. Once the programme was

developed, I tried it out and tested it with my own kindergarten group.

5.2. Pretesting the intervention programme
The aim of our research was to find out whether our intervention would have an impact on

the algorithmic/computational thinking of preschool children. The assumption was that the



post-measurement results would be better than the pre-measurement results after the
activities had been carried out.

Participants

We tested the programme with 6 preschool children from the middle and upper group: two
children from the middle group (4 years old): one boy and one girl, and four children from
the upper group (5 years old): two boys and two girls. The intervention took place in
December 2022.

Assessment tools
Before the intervention, we used two instruments to assess the participants’ computational
thinking. Both tools were applied individually. The first assessment tool, the AlgoPaint
(Algofest), is a paper-and-pencil-based instrument designed to evaluate three key
competences: algorithm step tracking, algorithm creation and debugging (Balint-Svella and
Zsoldos-Marchis, 2023). It also includes tasks that measure simple and nested loops and if-
then conditionals.

The second test is The Competent Computational Thinking Test (cCTt), developed
by El-Hamamsy and colleagues in 2022. From the latter, we included items that are also
found in our own test book: algorithm tracking, simple and nested loop tasks and an if-then

conditional structure task.

The process of the intervention
After learning the back story, the children performed 9 different tasks with the floor robot.

Results

Evaluation of participants’ pre- and post-test scores on the AlgoPaint test

In the first three tasks (I.1.a, 1.1.b, 1.1.c) the children had to colour according to the
instructions. In two of the items, the order of the instructions was not correct, and the
participants had to notice this. In the pre-test, 3 children solved the first item correctly, 2
the second and 2 the third. Reasons for errors: some children coloured at random or did not
take into account the adjacency clause. In the post-test, the number of correct solutions to
the same items is as follows: the first and second items were solved correctly by 4 and the

third by 5. The reason for error here was the disregard of the adjacency clause.



In the next two exercises (I.2.a, 1.2.b) they had to decide whether the algorithm was
right or wrong, i.e. whether the pre-coloured shape was coloured according to the
instructions given. In the pre-test, 5 children answered the first task correctly, and only 1
child answered the second correctly. Those who did not get it right did not notice that the
order had been changed, and they simply matched the cards to the shapes. In the post-test,
the number of correct answers was as follows: the first item was solved correctly by all
children and the second item was solved correctly by 3 children.

The next two tasks (1.3.a, 1.3.b) asked the children to create algorithms: they had to
put the instructions in the right order for the diagrams they had created. During the pre-test,
the first item was solved correctly by 4 children, while the second item (where the error in
the diagram had to be noticed) was not solved correctly by any child. The reason for this is
that they did not take into account the rule that it was not possible to return to a shape that
had already been coloured. In the post-test, all the children were able to solve the first item
correctly and one child was able to solve the second item correctly.

The next three items (ll.a, 1l.b, 1l.c) consisted of simple and nested loop tasks: the
children were required to identify the repetition in the instructions and colour accordingly.
In the pre-test, 4 children answered the first and second items correctly, and 5 children
answered the third item correctly. The error was due to a failure to recognise the loop
structure card. In the post-test, all the children solved all the items correctly.

The last two tasks (I11.a, 111.b) contained if-then conditional structures: the children
had to colour on the basis of their recognition of the cards and decide whether the
instructions for the coloured pattern were laid out correctly. In the pre-test, no child could
solve the first item; one child gave the correct answer to the second item without being
able to explain why the set of instructions was correct. However, in the post-test there were

4 correct answers to the first item and 3 correct answers to the second item.

Comparing pre- and post-test scores
A few weeks after the intervention (in January 2023), the two tests were administered
again, in the same format and under the same conditions as the first time, during the pre-

test. The results are summarised in the table below.

Table 12. Pre- and post-test scores in the two tests



Participants Algopaint Cct-test
results in % results in %
Pre-test Post-test Difference Pre-test Post-test Difference
1. 33.34 41.67 8.34 33.34 16.67 -16.67
2. 66.67 83.34 16.67 33.34 66.67 33.34
3. 25.00 75.00 50.00 83.34 50.00 -33.34
4. 58.34 83.34 25.00 66.67 100.00 33.34
5. 41.67 83.34 41.67 16.67 83.34 66.67
6. 33.33 83.33 50.00 66.66 83.33 16.66

The data shows that there were differences between the pre- and post-test scores for both
tests. In the AlgoPaint test, all of the children performed better, i.e. they gave more correct
answers in the post-test. In the case of the cCTt test, 4 of the children also improved their
rate of correct answers, but 2 of the children gave fewer correct answers in the post-test.
These two children performed better on the AlgoPaint test in the post-test: one gave 8.33%
more correct answers and the other had 50% more correct answers in the post-test than in
the first assessment. In terms of the percentage of results, it can be stated that the results of
the AlgoPaint test were positively influenced by our intervention, with an increasing trend

in the number of correct answers.

Development of the final version of the intervention programme

After piloting the intervention, we revised the intervention programme as it became clear
on several occasions during the activities that they were not appropriate for the preschool
age group. In the revised version, we took into account the results of my own observations,
we completed the process and described the tasks in much more detail. A total of nine
activities were developed. In the final version, we kept the three levels of difficulty based
on the principle of gradience. We also kept the back story. Each description of the activity
starts with a picture that shows the shape of the track that has to be built. In the new
version, every task has been elaborated in great detail. Each visual aid is also included as
an appendix in the programme booklet. The level of detail in the revised programme guide

allows the user to be objective and to carry out the tasks with precision.



6. IMPACT ASSESSMENT OF THE INTERVENTION PROGRAMME
6.1. METHODOLOGY

Hypotheses:

Our study investigated whether the intervention programme had an effect on preschoolers’
computational thinking.

H1. It is hypothesised that there are differences in computational thinking abilities

between children as early as preschool, depending on their age.

H2. A STEM-based programme using educational robots helps develop computational

thinking skills in preschool children.

H3.  Through a STEM-based programme using educational robots, preschool children
can learn programming concepts that they were less familiar with in the pre-testing

phase.

Participants

A total of 41 preschool children from three kindergarten groups took part in the study. All
of the children were included in the experimental group. Given that the development of
computational thinking skills is not a priority in preschool education, we did not use a
control group comparison. The robot-based intervention programme was not compared
with other methods of development; we assessed the children’s development before and
after the intervention in relation to themselves. In terms of age, 6-year-olds were the
majority: 59% (23) of participants were 6-year-olds and 41% (16) were 5-year-olds. The
kindergarten teachers were asked prior to the intervention not to select children under the
age of 5 for the survey. The preschool groups included in the study were two rural
kindergarten groups and one urban kindergarten group. The groups were heterogeneous in

terms of the age of the participants.

Assessment tools:
1. AlgoPaint: a test we developed to assess computational thinking in children aged 4 to 7
(Zsoldos-Marchis and Balint-Svella, 2023).



2. cCTt: ElI-Hamamsy and colleagues (2022) validated the cCTt test, an instrument for the
measurement of computational thinking in children between 7 and 9 years of age. We
adapted some items from this test, creating a shortened version that we used in our
research. The test book we designed contained a total of 6 tasks. The items covered the
same computational thinking concepts as the items in the AlgoPaint test book: simple
instructions, simple loops, nested loops and conditional structures. And for
computational thinking skills, we measured the application of algorithms. At the
beginning of the test book there is a guide with detailed instructions on what to do. In
the test book, the tasks were multiple choice, meaning that the participants had to find
and choose the correct answer from four options. The score for each task was therefore
a 0 oral Table 13 shows the concepts of computational thinking for which we

developed the items, as well as examples of these items.

Table 13. Computational thinking concepts in the adapted version of the cCTt

Computational Description Examples
thinking
concepts
Simple A set of instructions to guide - -
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instructions the chick to its mother on the
square grid using the arrows. e fcjol
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Nested loop A structure that allows a

sequence of instructions to be ¢ —>@

repeated multiple times
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Conditionals/ A structure that allows the
conditional performance of an instruction ff:b’i‘? : ‘
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The process of the intervention

The intervention programme was carried out in the school year 2022-2023. As a first step,
we met with the preschool teachers, who were given a detailed explanation of the test
books they were to use with their groups. The test books were presented one by one, with
detailed instructions on how and when to apply and use them. We made separate folders of
both tests for each child, which we delivered to the kindergartens in the autumn of 2022.
Following the completion of the pre-testing phase in each group, another meeting was held
with the teachers, one by one, during which the intervention programme was presented in
detail. This involved a comprehensive review of all the activities and a demonstration of
the visual aids. All teachers had the opportunity to test the robots, construct the track and
carry out various programming tasks. We delivered the robots to each group and kept in
contact with the teachers throughout the intervention. After the intervention, in May 2023,
the test books for the post-test phase were distributed to all kindergartens in separate
folders for each child. After the administration of the post-tests, we collected the test books

from all three groups.

6.2. RESULTS
We first checked whether there were statistically significant differences between the
groups, both before and after the intervention, in order to rule out the effect of different



kindergarten teachers delivering the intervention in the groups. To investigate this, we used
an ANOVA test. The results are summarised in Table 14.

Table 14. The difference in performance between the three groups

Test group 1. group 2. group 3. F p

mean SD mean SD mean SD

AlgoPaint 23.231 6.894 26.250 6.962 22.417 7.025 1.214 | .308

pre-test

AlgoPaint 30.308 7.052 32.313 4.222 34.667 2.774 2376 | .107

post-test

cCTt pre-test | 4.538 1.506 4.313 1.621 4.167 1.267 0.199 | .820

cCTt post- 5.846 0.376 5.813 0.403 5.917 0.289 0.284 | .754

test

The table shows that there is no significant difference between the pre- and post-test scores
of the three groups for either the AlgoPaint or the cCTt test. This result shows that the fact
that the intervention was delivered by different teachers to different groups did not have an
impact on the outcome.

In the following, we analyse the results on the basis of our hypotheses.

H1. It is hypothesised that there are differences in computational thinking abilities
between children as early as preschool, depending on their age.

We compared the test scores of children of different ages using an independent samples t-

test to see how children’s performance varied with age. The results are summarised in

Table 15.

Table 15. Pre- and post-test scores by age

Test 5-year-olds 6-year-olds t p
mean SD N mean SD N

AlgoPaint | 23.94 6.62 18 24.348 7.420 23 -0.181 .857
pre-test

AlgoPaint | 31.11 6.21 18 33.348 4.052 23 -1.392 22
post-test

cCTtpre- | 4.38 1.14 18 4.304 1.690 23 0.182 857
test




cCTt post- | 5.83 0.38 18 5.870 0.344 23 -0.318 752

test

The results show that the mean scores of 6-year-old children are higher on the AlgoPaint
test for both the pre- and post-test phases; however, there is no statistically significant

difference in the performance of 5- and 6-year-old children.

H2. A STEM-based programme using educational robots helps develop computational
thinking skills in preschool children.
First, we analyse the results of the AlgoPaint test.

The total test score was divided by the number of items in order to obtain the mean
score per item, which was then used in statistical processing. A comparison was made
between the pre-test and post-test results for the experimental group. The mean of the post-
test results is 0.67 higher than the mean of the pre-test results (see Table 16). The Shapiro-
Wilk test shows a normal distribution, so when the means are compared using a paired t-
test, the improvement is statistically significant. Also, the effect size is high, Cohen’s d =
1.08.

Below is a comparison of the pre-test and post-test scores for each type of task.

For the simple instructions type tasks, the mean of the post-test scores is 0.74
higher than the mean of the pre-test scores. The Shapiro-Wilk test shows a normal
distribution in this case as well, so a paired t-test was used to compare the data, showing
significant differences between the pre- and post-test results. Also, the effect size is high,
as Cohen’s d = 0.983.

The difference between the pre- and post-test means for the loop tasks is 0.24. As
the Shapiro-Wilk test shows a deviation from the normal distribution, the Wilcoxon test
was used, which shows a statistically significant difference between the pre-test and the
post-test scores. The effect size for this task type is low, as Cohen’s d is 0.462.

For the conditional structure tasks, the mean of the post-test scores is 1.1 times
higher than the average of the pre-test scores. As the Shapiro-Wilk test shows a deviation
from the normal distribution in this case as well, the Wilcoxon test was used, which shows
a statistically significant difference between the pre-test and the post-test. The effect size is
high for the conditional structures.

Table 16. Comparison of pre-test and post-test scores of the AlgoPaint test



Algo- Pre-test Post-test Shapiro-Wilk Test t/W p Effect
Paint normality test (statis- size
tics)
Mean | SD Mean | SD W p

Average of | 2.00 0.57 2,67 | 044 0.982 753 | Stu- 6.990 <.001 1.079

the total test dent

score per

item

Simple 2.04 0.68 2.78 |0.39 0.983 778 | Stu- 6.373 <.001 0.983

instructions dent

Loop 2.34 0.59 258 |0.72 0.917 .005 | Wil- 1335 0.024 0.462
coxon

Conditional | 1.34 1.19 244 |0.83 0.933 017 | Wil- 52 <.001 0.815

structure coxon

In the following, the results of the adapted and revised cCTt test are analysed. In this
case as well, the total test score was divided by the number of items in order to obtain the
mean score per item, which was then used in statistical processing. The mean of the post-
test results is 0.25 higher than the mean of the pre-test results (see Table 17). As the
Shapiro-Wilk test shows a deviation from the normal distribution, the Wilcoxon test was
used, which shows a statistically significant difference between the pre-test and the post-
test. Cohen’s d in this case is 0.913, indicating a high effect size.

As in the case of the AlgoPaint test, we analysed the scores of the pre- and post-
tests of the cCTt test for the different types of tasks. For all three task types, the Shapiro-
Wilk test showed a non-normal distribution, so we used Wilcoxon. The results show that
for all three task types, there is a significant difference between the pre- and post-test

scores and that the effect size is high.

Table 17. Comparison of pre-test and post-test scores of the cCTt test

cCTt: Pre-test Post-test Shapiro-Wilk Test W p Effect
normality test (statis- size
tics)

Mean SD Mean | SD W p Wil-




coxon
Average of | 0.71 0.24 096 |0.11 |0.932 |.015 Wil- 26.000 | <.001 0.913
the total test coxon
score per
item
Simple 0.85 0.23 097 011 0.680 | <.001 Wil- 10.000 | .011 0.780
instructions coxon
Loop 0.61 0.32 096 |0.13 | 0.832 | <.001 Wil- 11.000 | <.001 0.937
coxon
Conditional | 0.50 0.50 090 |0.29 |0.702 | <.001 Wil- 10.000 | <.001 0.895
structure coxon

H3.  Through a STEM-based programme using educational robots, preschool children
can learn programming concepts that they were less familiar with in the pre-testing
phase.

In the following, we compare the difficulty of three programming concepts (simple

structures, loops and conditionals) using a pooled sample analysis of variance.

We start by analysing the pre-test results collected using the AlgoPaint test. Since
Mauchly’s test of sphericity is not satisfied (2 (2) = 10.470, p = .005), a Greenhouse-
Geisser correction was used. The result shows that there is a statistically significant
difference between the results of the 3 programming concepts (F(1.626) = 20.321, p <
.001). Holm’s post hoc analysis shows that the conditional structures are statistically

significantly more difficult than simple instructions or loops (Table 18).

Table 18. AlgoPaint pre-test scores for different task types

Mean SD Mean SD t p
Simple 2.04 0.68 Loops 2.34 0.59 -1.820 .072
instructions
Simple 2.04 0.68 Conditional | 1.34 1.19 4.381 <.001
instructions structure
Loops 2.34 0.59 Conditional | 1.34 1.19 6.201 <.001
structure

We now analyse the post-test results collected with the AlgoPaint test.



As Mauchly’s test of sphericity is not satisfied in the case of the post-test (%2 (2) = 5.584, p
= .005), a Greenhouse-Geisser correction was applied here as well. The results show a
statistically significant difference in the scores of the programming concepts (F(1,769) =
4.593, p < 0.05).

Holm’s post hoc analysis shows that the conditional structure (M = 2.440, SD =
0.835) is significantly more difficult than simple instructions, but there is no statistically
significant difference between conditional structures and loops (Table 19). This shows that

the intervention helped the children to understand how to use the conditional structure.

Table 19. AlgoPaint post-test scores for different task types

Mean SD Mean SD t p
Simple 2.78 0.39 Loops 2.58 0.72 1.808 149
instructions
Simple 2.78 0.39 Conditional | 2.44 0.83 3.011 .010
instructions structure
Loops 2.58 0.72 Conditional | 2.44 0.83 1.203 232
structure

As before, for the adapted cCTt test, we compared the pretest scores for the three
programming concepts using a pooled sample analysis of variance. As Mauchly’s test of
sphericity is not satisfied (%% (2) = 8.170, p = .005), a Greenhouse-Geisser correction was
applied. The results show a significant difference in the scores of the different
programming concepts (F(1,688) = 15.928, p < 0.001). Holm’s post hoc analysis shows
(Table 20) that simple instructions are significantly less difficult than conditional structures
and loops. However, there is no statistically significant difference between loops and

conditional structures.

Table 20. cCT test pre-test scores for different task types

Mean SD Mean SD t p
Simple 0.85 0.23 Loop 0.61 0.32 3.698 <.001
instructions
Simple 0.85 0.23 Conditional | 0.50 0.50 5.542 <.001
instructions structure
Loops 0.61 0.32 Conditional | 0.50 0.50 1.844 .069
structure




In the post-test of the adapted cCTt we used the same statistical procedures as in the pre-
test, i.e. we compared the results obtained for the three programming concepts using a
pooled sample analysis of variance. As Mauchly’s test of sphericity is not satisfied (32 (2)
= 33.314, p = 0.001), a Greenhouse-Geisser correction was applied. The results do not
show a significant difference in the scores of the different programming concepts (F(1,278)
=2.091, p < 0.150).

The results indicate that the intervention programme helped children to understand
the conditional structures, which initially proved difficult, and that there were smaller

differences in the scores obtained on different types of tasks in the case of the post-test.

7. CONCLUSIONS ANDPOSSIBLE FURTHER DEVELOPMENT
My thesis presents my research and my findings on the cognitive development of children
in the preschool age group. More specifically, our study focused on the investigation of

computational thinking skills and their development in preschool children.

1. Questionnaire surveys:
Since we planned to design development tasks related to the technological area of STEM
activities, we first created a questionnaire about these activities, which was completed by
85 students enrolled in the Pedagogy of Primary and Preschool Education programme.

The responses to the questions indicated that students integrate a range of
experience areas into their teaching practice, which aligns with the curricular expectations.
Furthermore, it was observed that the most effective approach involved integrating
mathematical and natural science activities, which is noteworthy given that both are part of
STEM activities. A surprising finding was that more than half of the students were
unfamiliar with the term “STEM” and therefore had no personal experience with these
types of activities. Nevertheless, most of them believe that STEM activities encourage
children to think creatively in the field of science. According to students, STEM activities
develop a wide range of cognitive, emotional, social and physical skills and abilities, such
as creative and exploratory thinking, teamwork, as well as independence, sensory
exploration, fine and gross motor skills. Regarding the potential of applying STEM
activities in preschool education, most respondents emphasised that such activities allow
children to gain hands-on practical experience, enrich their knowledge in the technical
field and in relation to the natural environment, and provide positive emotions and high

motivation in different areas of science.



The second part of the questionnaire addressed the issue of technological skills and
their use in the context of preschool education, as well as the possibilities of developing
algorithmic and computational thinking skills. In addition to the 85 students, this part of
the questionnaire was completed by 115 practicing preschool teachers. There was a
consensus among students and practicing preschool teachers that technological skills
embedded in preschool activities would develop positive attitudes in children towards this
particular field. In the responses of both students and preschool teachers, the lack of
adequate methodological training and the lack of appropriate didactic tools were identified
as the main obstacles in the planning and carrying out of such activities. With regard to
algorithmic/computational thinking, both students and preschool teachers considered it
important to start developing these skills in kindergarten. However, they had little
knowledge of how to develop these skills: educational robots were mentioned as an option
by only a few of the respondents. None of the students had ever used such devices in their
preschool teaching practice, and only four of the preschool teachers reported having used
floor robots in their kindergarten activities. In light of the findings, it becomes evident that
there is a necessity for the implementation of training programmes and workshops that
facilitate the practical application of technological knowledge within the context of early
childhood education.

2. AlgoPaint test book:
In order to evaluate the algorithmic and computational thinking abilities of preschool
children, we developed a paper-and-pencil assessment tool that did not require the use of a
computer or other technological devices. Following the pilot testing of the instrument with
56 preschool children (aged 5 and 6) by 11 kindergarten teachers, the test was also sent for
evaluation to university professors in different countries who are experts in the field. The
preschool teachers, the scores of the children and the opinions of experts all indicated that
the test was an appropriate and suitable means of assessing the algorithmic and
computational thinking skills of the preschool age group. Taking into account the
suggestions and opinions of preschool teachers and university professors experienced in
the development of algorithmic and computational thinking, we revised and improved the
test book and thus created the AlgoPaint Computational Thinking Assessment Tool. This
tool addresses a gap in the existing research and can be implemented in early childhood

education settings in any country by simply translating the instructions.



3. Development programme:
The pretesting of the developed intervention plan, although carried out with a small group
of children, proved to be an adequate impact study based on the children’s scores. We
corrected the errors that were identified during the pre-testing phase and we revised the
tasks that proved to be difficult. The pre- and post-test data show that the AlgoPaint test
was sensitive to the changes facilitated by the intervention, as the programme had a
positive effect on the post-test scores. The findings indicate that computational thinking
can be effectively introduced to preschool children through the implementation of targeted
educational programmes. The results of our impact study show that educational floor
robots can be an effective tool for developing computational thinking in preschool

children.

Limitations of the study:
We have identified some limitations in the research, which are summarised below:

» due to the relatively small number of students and preschool teachers who
participated in the questionnaire survey (85 students and 115 preschool teachers),
our results cannot be generalised to the Romanian education system. Moreover,
we realised that we had included relatively few questions about educational floor
robots in the questionnaire.

= the absence of a control group introduced the possibility that we could not exclude
and control natural development as a possible influencing factor in the design of
the intervention. However, as the development of algorithmic and computational
thinking is not part of the preschool programme, we are not specifically targeting
the development of skills in this area and that the innovative nature of the
intervention design and the tool used may explain the differences between the pre-
and post-test results.

= regarding the survey instruments employed, it is not possible to consider the
adapted cCTt-test as a validated comparative tool given that it was not
administered in its entirety.

= only 41 preschoolers participated in the development, which is a relatively small
sample.

An analysis of the limitations reveals possibilities for further improvements. In our case,

the following directions arise:



the implementation of the AlgoPaint test book validation procedure on a new
sample, using the full cCT test as a validated assessment tool.
the creation of an alternative version of the AlgoPaint assessment tool, containing

exercises and items designed to inhibit the transfer effect.
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