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Abstract In an increasingly digitised society, the development of computational thinking has become essential for
everyone. Computational thinking is defined as a process of breaking down a problem into steps that are simple

enough to understand, identifying solutions that can lead to automation. New generations should have the
opportunity to develop this skill from early childhood, so future teachers need to develop the skills to create
innovative learning contexts. This study explores the need for initial training of students majoring in
elementary and early childhood education to create learning contexts that facilitate the development of
students' computational thinking. Both quantitative and qualitative data collection methods were used to
identify future teachers' perceptions of the need for initial student training to build the skills required to design
learning settings that aid the advancement of computational thinking in toddlers and students. In terms of
qualitative methods, the focus group method was used, discussing with students based on the questions How
would you describe the concept of computational thinking? Can computational thinking be included in the
teaching process? What types of activities could be carried out? As quantitative methods of data collection, a
questionnaire survey was used, applying a questionnaire consisting of 24 items. The results showed that the
introduction of a course based on computational thinking can significantly influence the way future teachers
teach.
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1. Introduction

Regarding the all-round development of children from
the earliest ages, we can state that the role of teachers
is not only to impart basic knowledge but to be actively
involved in developing critical thinking and problem-
solving skills that future generations will use in their
educational endeavours. As a result, holding the
implications of computational thinking in teacher
education is critical to ensuring that future generations
of teachers are prepared to contribute to an
increasingly digital society.

In an increasingly digitised society, the
development of computational thinking has become
fundamental for all its citizens. Thus, in the
contemporary  perspective, the integration of
computational thinking (CT) has become essential,
especially in the context of initial training of future
primary and preschool teachers. Because digital
technologies are used in nearly every aspect of the
professional labour market, there is a need for
pedagogical and digital skills training in education to
build computational thinking in preschoolers and
primary school students. CT is defined as breaking
down a problem into steps that are simple enough to
be understood and identifying solutions that can lead
to automation.

Since the 2000s, many developed countries have
introduced information technology into school
curricula in response to the need to train the skills
needed by the digital age generations. In Romania,
computer science is only present in the school

New generations should have the opportunity to  curricula from the secondary level onwards, so early
develop this ability from early childhood, so students,  childhood and primary school teachers integrate
as future teachers, need to train the necessary skillsto  digital technologies into the teaching process
create innovative learning contexts. The initial training  according to their level of digital competence. The
of future primary and preschool teachers plays a key  European Union has created a digital competence
role in training their ability to integrate computational =~ framework for teachers (DigCompEdu) to raise
thinking into the instructional-educational process.  awareness in Member States that teachers need
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profession-specific digital competencies to be able to
use digital technologies to their full potential for
improving and innovating the teaching process
(Redecker, 2017).

This study intends to highlight the necessity of
incorporating computational thinking into beginning
teacher education programs by assessing current
practices, pedagogical tactics, and perceptions of pre-
service teacher preparation. In addition, we aim
through this article to emphasise the importance of
computational thinking as a cornerstone of modern
education, especially in the first years of training, i.e.
pre-school and primary education.

2. The impact of computational thinking on
primary and pre-school education in Romania

Papert's (1980) publication  "Mindstorms"
introduced the concept of computational thinking
(CT), who used the concept in teaching procedural
thinking. Wing (2006) describes computational
thinking as an essential talent for everyone, not only
computer scientists. It entails solving problems,
building systems, and comprehending human
behaviour using core computer science ideas. CT is a
kind of analytical thinking that is comparable to
engineering thinking in its approach to a project
(Wing, 2008). Later on, CT is considered an applied
term, useful to describe the increased attention given
to the development of children's knowledge of
computational problem-solving, algorithmic thinking
and coding (Dagien¢ et al., 2022). By analysing these
definitions we can conclude that to develop children's
computational thinking we do not necessarily need a
gadget, as this is a skill that can be used in several
fields of study. As a result, CT may be taught
individually with an emphasis on problem-solving
methodologies based on the following concepts: issue
identification and decomposition, abstraction, logical
reasoning, algorithms, and debugging (Yadav et al.,
2011). The use of computation development is
entrenched in computer science and widely fused with
educational robotics due to their shared goals and
objectives (Zeng et al., 2023).

In early education, computational thinking is
regarded as the capacity to abstract computational
attitudes. It is operationalised through: algorithms,
versatility, structures for control, representation,
hardware/software, design process, and testing
(Bélint-Svella & Zsoldos-Marchis, 2022).

NAEYC, a renowned early childhood education
organisation in the United States, collaborated with the
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Fred Rogers Centre (2012) to establish a policy
statement to guide the integration of digital technology
and media in early childhood education institutions.
The declaration underlines that technology and media
may significantly help early learning when instructors
make educated, purposeful, and responsible
judgements about using them into education
(McCormick & Hall, 2022).

With the advancement and diversification of
digital tools, teachers need to be able to choose tools
appropriate to children's developmental level. Many
educators argue that pre-school children need quality
learning experiences in order to develop at optimal
levels. Therefore, early childhood teachers design in
line with the Curriculum (2019) attractive learning
situations, exposing children to various thematic or
hands-on projects that integrate several subjects such
as: maths, environmental literacy, language education,
arts, etc. Thus, in these projects, teachers propose
various activities with the aim of developing
computational thinking (playing with programmable
robots and coding them) giving the preschoolers they
lead the opportunity to develop their senses of
symbolic meaning (Bers, 2018; McCormick & Hall,
2022).

In classrooms or groups where children have the
opportunity to manipulate educational robots (Robot
Mouse, Roboblog Qobo, Ozobot Bee-bot, Blue-bot,
LEGO Education, etc.), They practise fine motor
skills, hand-eye coordination, critical and logical
thinking, and even experiment with engineering
principles. In addition, integrating educational robots
into the teaching process provides a fun and friendly
way to incorporate academic content into the creation
of new projects (Bers, 2008). The use of educational
robots from early ontogenesis has as an argument the
familiarization of children, i.e. future adults, with
programming concepts, considering that in the world
of digital life, present, but especially future, there will
be a huge number of algorithms (Catalano & Mestic,
2024), seen as a "set of instructions aimed at
accomplishing a task or solving a problem™ (Susskind,
2019, p. 301), becoming effective tools in project-
based learning, where STEM education, coding,
computational thinking, and engineering skills are
integrated into a single project (Eguchi, 2014).

Computational thinking will influence the
generations in the digital age, as it can be found in
various fields of activity, which highlights a new
educational challenge for the societies of the world. In
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this respect, programming education is needed from
the earliest years of life (Wing, 2008).

According to some studies (Roussou & Rangoussi,
2020), incorporating educational robots into the
instructional-educational process allows children and
students to develop important aspects of
computational thinking skills, such as understanding

causal relationships, formulating and testing
hypotheses, selecting objects, and developing
problem-solving strategies. In early childhood

education, teachers can plan various age-appropriate
activities in which preschoolers will use educational
robots to develop computational thinking from this age
(Catalano & Mestic, 2024).

According to J. F. Alvarez-Herrero (2021),
robotics, programming, and computational thinking
help toddlers develop analytical skills, initiative,
problem-solving abilities, creativity, and
collaboration, leading to better learning outcomes.
Future primary and preschool teachers ought to be
capable of participating in a selection of activities
based on the use of educational robots in the
classroom, gaining a background in computational
thinking and increasing the likelihood that they will
apply these principles in activities with children's
groups or classes.

3. Research methodology

Our research was carried out for the purpose to
determine the relationship between the training need
(students' perception of their interest in participating
in various training activities organised by UBB Cluj),
the level of knowledge (content knowledge, from the
perspective of understanding the concept of CT from
the perspective of theory), and the level of training
(content knowledge, from a pedagogical perspective,
students studying educational sciences, future
educators, regarding computational thinking and how
to incorporate it into the classroom (with a focus on
the integration and applicability of CT).

In the investigative approach, we began using the
following questions.

1. To what degree does understanding the notion
of computational thinking improve the capacity of
Educational Science students and potential instructors
will identify unique teaching approaches based on it?

2. To what extent does the need for training
increase the level of knowledge and training in
computational thinking, facilitating its integration into
the teaching process?
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3.1. Research aim

To determine the link between the amount of
knowledge, the level of preparation, and the
requirement for computational thinking training for
Educational Sciences students and potential teachers.

3.2. Research objectives

1. To determine the degree of knowledge and
comprehension of the term computational thinking
among students from Educational Sciences who are
future teachers;

2. To evaluate the preparation of Educational
Science students and prospective teachers participated
in the research in terms of designing computational
thinking-based activities and their capacity to employ
creative teaching techniques based on this idea.

3. To determine the need for educating students
studying in the field of Educational Sciences, as well
as prospective teachers, in the creation of activities for
the acquisition of computational thinking skills in
primary and preschool pupils.

3.3. Research hypotheses

1. The need for training is positively associated
with the level of preparedness of Education Science
students, future teachers, regarding computational
thinking.

2. The need for training of Education Science
students, future teachers, is a positive and significant
predictor of:

a. Level of understanding of computational
thinking;

b. The degree of training in terms of their
capacity to design activities that promote
computational thinking development and utilise
creative teaching tactics based on this notion with
primary and pre-school children.

3.4. Research variables
3.4.1. Independent variable

= Need for training in developing computational
thinking among students

3.4.2. Dependent variables

= Level of understanding of computational
thinking;

= The degree of training in terms of their
capacity to design activities that promote
computational thinking development and utilise
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creative teaching tactics based on this notion with
primary and pre-school children.

Our convenience sample consisted of 79 female
students from Babes Bolyai University's Faculty of
Psychology and Educational Sciences, specialising in
Pedagogy of Primary and Preschool Education who
had the opportunity to participate as volunteers in the
Edu Coding Academy project, initiated by an
association in partnership with the Faculty of
Psychology and Educational Sciences, University
Extension Nasaud. Funding for the project was
obtained following the competitive call Pepcolandia,
launched by Pepco Romania and Concordia
Humanitarian Association. The initiative arranged ten
workshops focused on developing computational
thinking utilising educational robots (Robot Mouse,
Blue-bot, Ozobot, LEGO Education) for primary
school children. In addition to this project, students
took part in workshops organised in the framework of
national conferences by the Department of
Educational Sciences, Faculty of Psychology and
Educational Sciences in Cluj-Napoca.

Students received instruction about the study's
conduct and duration at the start of the research, and
they signed consent forms in compliance with the
General Data Protection Regulation's (GDPR)
standards for personal data gathering.

In our research, we chose as a strategy the
combination of the qualitative focus group method
with the quantitative questionnaire survey method.
"The strategy of combining focus group and
questionnaire-based survey has the advantage of
identifying the types of experiences of people from
different social and educational backgrounds, and then
moving on to survey a larger number of subjects”
(Chelcea, 2022, p. 225).

The literature presents four ways in which the
focus group method can be combined with the
questionnaire survey method, in our case the
questionnaire survey method was considered the main
method in the study, and the focus group as a
secondary method, this combination giving us the
possibility to have a more accurate interpretation of
the data collected (Morgan, 1993, apud Chelcea,
2022).

The focus group was scheduled at the
commencement of the Edu Coding Academy project,
since this is a suitable time for students to join in
activities as volunteers. In order to increase the
efficiency of the focus group method, the students
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were divided into groups of about 20 students. Each
meeting lasted an hour and a half and was structured
as follows: (1) one hour was allocated to the main
discussion based on the following question: What
exactly is computational thinking, and how can we
include it into teaching?, giving students the
opportunity to answer the question individually before
exposing their answers and identifying common ones.
The conversations that occurred in the focus groups
have been recorded and encoded, and they were
analysed using the "still table process that involves
sorting information for content analysis" (Chelcea,
2022, p. 230). With the help of this procedure we
analysed the collected information managing to
categorise them easily (2) half an hour was allocated
to questions, additions and clarifications.

Then, to have a clearer overview of the topic, a
questionnaire created by us for the research, based on
the model proposed by Kong & Lai (2022), was
administered to the students and piloted beforehand
for the present sample.The questionnaire is consisting
of 21 questions, 3 linked to demographic data and 18
measured using a 5-step Likert scale, where 1 means
not at all/strongly disagree and 5 indicates extremely
much/strongly agree, separated into three factors:
knowledge of the concept of computational thinking (7
questions), level of preparation (7 questions) and need
for training (4 questions) of students of Educational
Science, future teachers, on computational thinking
and its integration in teaching.lt was utilised as a
Google Form at the conclusion of the Edu Coding
Academy project, in which students engaged in
practical activities centred on the development of
computational thinking through the use of educational
robots, both as observers and organisers. In the project,
92% of the students making up the sample of subjects
actively participated in the workshops on the use of
educational robots for a target group of 50 primary
school pupils.

4. Results from data analysis

As shown in Figure 1, the participants in the
research ranged in age from 18 to more than 40,
63.29% of the students are aged between 18 and 25;
6.33% are aged between 25 and 30; 11.39% are aged
between 30 and 45; 10.13% are aged between 35 and
40 and 8.86% are over 40.

As regards the distribution by year of study
illustrated in Figure 2, 36.71% of the study
participants are enrolled in year I, 22.78% in year Il
and 40.51% in year Ill.
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Figure 1.
Age category of participants N=79
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Figure 2.
Sample distribution by years of study
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The data reflect a sample of predominantly female
students, the majority of whom are in the 18-25 age
group and relatively evenly distributed between years
I and 111, with a smaller number in year Il.

The second part of the questionnaire measures the
three variables underlying this study. Therefore, to
measure the independent variable the need for training
of Education Science students, future teachers, 4 items
measured on a 5-step Likert scales were developed,
this type of scale fully covers a unidimensional trait
(Joshi et al., 2015), an example item is: | think there is
a need for more opportunities in the faculty to deepen
the way of integrating digital tools/educational robots
in the teaching process for the development of
computational thinking. The Cronbach's Alpha
coefficient is .795, which indicates a fairly high score
(Taber, 2018), demonstrating good internal
consistency for the 4 items included in the analysis

The dependent variable (level of knowledge of the
notion of computational thinking) was measured by
the 7 items assessed on a 5-step Likert scale, an
example item being: does computational thinking
relate only to the field of computer science? The
Cronbach's Alpha coefficient is .719, indicating a high
level of internal consistency for the 7 items included
in the analysis (Taber, 2018). The second dependent
variable (the level of preparation of students of
Educational Sciences, future teachers, in terms of their
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ability to design activities based on the development
of computational thinking and to use innovative
teaching strategies based on this concept with primary
and preschool children) was measured using 7 Likert
scales in 5 steps, an example item being: | have the
necessary skills to design activities for the
development of computational thinking in children.
The Cronbach's Alpha coefficient is .812, which
indicates a high level of internal consistency for the 7
items included in the analysis (Taber, 2018). In
general, an Alpha coefficient of .80 or higher is
considered very good, suggesting that the items are
highly consistent in measuring the concept they assess.

Data were analysed with the statistical program
SPSS 26. Data analysis considered identifying the
correct distribution of the data on each variable,
starting with the Kolmogorov-Smirnov and Shapiro-
Wilk tests, the latter being considered a powerful test
to discover whether the data are normally distributed
(Razali & Wah, 2011).

Table 1.
Shapiro-Wilk test results where p < .05

Kolmogorov-
Smirnov: Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

Concept knowledge - 100 79 .048 985 79 .469
computational thinking
Level of preparation of .089 79 197 971 79 .067
future teachers
Students' need for training 184 79 .000 .899 79 .000

According to the results of the two tests illustrated
in Table 1, we conclude that the independent variable
of the study (the need for training of students in the
field of Educational Sciences, future teachers) has a
normal distribution of the data, and the dependent
variables (level of training and level of knowledge of
computational thinking) also have a normal
distribution.

Before hypothesis testing, a descriptive study was
conducted to assess the means and standard deviations
for knowledge and integration of computational
thinking in teaching. The sample of respondents
showed a moderate level of knowledge of the concept:
of computational thinking, with a mean of M = 2.92,
suggesting that the participants in the study feel
partially familiar with this concept. The majority of
respondents think that computational thinking is not
exclusively related to computer science, showing a
recognition of the applicability of this concept in other
domains as well, the mean of this opinion being
M=2.54. Respondents make moderate use of
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algorithm-generated answers (M=3.29) and feel
relatively competent in preparing computational
thinking development activities for preschool and
school children (M=3.20). The interest in discovering
new educational tools is very strong with the highest
average of M=4.62. Participation in various training
activities related to the use of technology has an
average of M=3.24, and knowledge of digital tools for
computational thinking-based activities is moderate
(M=3.10). Respondents frequently use digital tools to
explore solutions to problems (M=3.57) and believe
that educational robotics facilitates the development of
computational thinking (M=4.16). They also feel quite
prepared to use educational robots in the teaching
process (M = 3.28) and believe, to a great extent, that
they can be used in STEM/STEAM activities (M =
4.09). Respondents agree that educational robotics and
digital tools help to create innovative learning contexts
(M = 4.35) and believe that participation in more
learning modules is necessary for understanding
computational thinking (M = 4.37). They consider that
the topics covered in courses and extracurricular
activities offered by the faculty teach them quite well
how to integrate digital tools and educational robots
into the teaching process (M=3.81), and the examples
presented in courses, workshops and projects are
useful to understand this integration (M=4.01).
Finally, respondents believe that there should be more
opportunities in the faculty to deepen the way of
integrating these tools for the development of
computational thinking (M=4.46).

To further test the first hypothesis of the research
The need for training is positively associated with the
level of preparation of students in the field of
Educational  Sciences, future  teachers, in
computational thinking., both Pearson correlations
between variables and linear regressions were
performed. Table 2 illustrates the correlations between
the research variables. Statistical analysis shows that
there is: (1) a strong and significant positive
correlation between knowledge of the concept of
computational thinking and the level of preparation of
students in the field of Educational Sciences, future
teachers (r = 0.633, p < 0.01); (2) a moderate and
significant positive correlation between knowledge of
the concept of computational thinking and the
perceived need for training of students in the field of
Educational Sciences, future teachers (r = 0.509, p <
0.01); (3) a strong and significant positive correlation
between knowledge of the concept of computational
thinking and the perceived need for training of
students in the field of Educational Sciences, future
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teachers (r = 0.509, p <0. 01); (3) There is a moderate
and significant positive correlation between the level
of educational background of students in the field of
Educational Science, future teachers and the
perceived training need of students in the field of
Educational Science, future teachers (r = 0.490, p <
0.01).

Table 2.
Pearson correlations between variables

1 2 3
Variables Concept Level o_f Training
knowledge  preparation need
I T T T 1
1.Concept knowledge - 1 .633** .509**
computational thinking
2.Le vel of preparation .633** 1 490**
of future teachers
specialising in primary
and preschool
education
3.Training need .509** 490** 1
perceived by future
teachers of primary and
preschool pedagogy
specialisation
Significance (Sig) p<0.01 p<0.01 p<0.01

In order to test the second hypothesis The need for
training of students in the field of Educational
Sciences, future teachers, is a positive and significant
predictor for (a) the level of knowledge of the concept
of computational thinking and (b) the level of training
in terms of their ability to design activities based on
the development of computational thinking and to use
innovative teaching strategies based on this concept
with children in primary and preschool. Simple linear
regressions were performed, highlighting the
predictions resulting from the statistical data analysed.
Thus, the first model was introduced as an
Independent variable the Perceived need for training
perceived by the students in the field of Science
Education, future teachers, and as a dependent
variable the level of training of the students in the field
of Science Education, future teachers. Results show
that the model is statistically significant, F(1,77) =
36.11, p < .001. The regression model has an R? of
.319, which means that about 31.9% of the variance in
the level of preparation is explained by the need for
training included as a predictor in the model, and the
relationship is moderately strong and statistically
significant. The regression coefficient is positive
(.633, where p = .000), suggesting that an increase in
the need for training is associated with an increase in
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the level of preparation of future teacher education
science students.

In the second model, the need for training
perceived by the students in the field of Educational
Sciences, future teachers, was introduced as an
independent variable, and the knowledge of the
concept - computational thinking - was introduced as
a dependent variable. Results showed that the model is
significant F(1,77) = 33.482, p < .001. The coefficient
of determination was .303 which means that about
30.3% of the variance in the level of training is
explained by concept knowledge-computational
thinking. The coefficient of regression Beta = .501, p
< .000, shows that the need for training is a positive
and significant predictor of the level of knowledge of
concept- computational thinking. Both regression
models analysed show that the need for training is a
significant and positive predictor of both the level of
training of students in the field of Educational
Sciences, future teachers, and the level of knowledge
of the concept - computational thinking.

5. Discussions

The study's findings emphasise the need of
computational thinking training for students pursuing
a career in primary and pre-school teaching. The high
mean value (M = 4.46) for the item indicating the need
for additional training opportunities indicates that
students are aware of their own limitations and want to
gain a better understanding of how to incorporate
educational robotics into the teaching process in order
to develop computational thinking. association study
revealed a substantial positive association (r = 0.633,
p < 0.01) between computational thinking expertise
and students' preparation. This supports the premise
that a stronger comprehension of computational
thinking is connected with greater preparation to apply
it in educational activities. A moderate association (r
= 0.509, p < 0.01) indicates that students who value
computational thinking are more likely to pursue more
training in this field.

Linear regression confirms that the need for
training is a positive and significant predictor for the
level of knowledge about computational thinking,
accounting for approximately 30.3% of the variance
(R? = 0.303, p <.001). This suggests that as students
become more aware of the need for training in
computational thinking, their level of knowledge in
this field will rise. This finding is supported by
existing literature (Garcia-Valcarcel et al., 2017),
which emphasises the significance of early and
ongoing training in order to achieve computational
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thinking skills. It is critical that training programs
fulfil this demand, educating future educators to
successfully apply computational thinking in their
instructional activities. This will not only increase
future instructors' pedagogical competencies, but will
also help pupils acquire critical thinking abilities in the
digital era.

6. Conclusions and recommendations

The results indicate a moderate knowledge of the
concept of computational thinking and its applications,
with a high interest in the integration and use of
technology and educational robots in teaching.In this
regard, some researchers recommend the introduction
of elements aimed at developing computational
thinking in the curriculum to be clearer about how
these learning situations should be structured in an
effective way, and when it would be appropriate to
introduce them ineffectively in the classroom from the
perspective of children's and students' development
(Balint-Svella & Zsoldos-Marchis, 2022; McCormick
& Hall, 2022). Study participants believe it is
important to develop computational thinking from an
early age, using educational robots or screen-free
activities, but less than a quarter of them consider
themselves ready to design computational thinking
development activities for children and students. Also,
the results of our study are in agreement with other
studies suggesting that providing students with more
opportunities to participate in formal or non-formal
activities on computational cognition and integrating
computational thinking into the teaching process will
have a significant impact on important aspects of
professional training and development (Zeng et al.,
2023). Moreover, to improve the effectiveness of the
instructional-educational process, it is important to
provide future teachers with additional training
opportunities as well as adequate resources (Balint-
Svella & Zsoldos-Marchis, 2022).
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