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Abstract: Computational Thinking (CT) and programming encompass a range of skills that
are essential in everyday life and play a crucial role in addressing social and environmental
challenges. They facilitate the analysis and understanding of global issues, the evaluation of
viable solutions, and the formulation of strategic decisions that contribute to Education for
Sustainable Development and the achievement of the Sustainable Development Goals. The
primary objective of this study was to examine pre-service teachers’ perceptions of these
areas. A quantitative study was conducted with 134 university students from the Faculty of
Education and Tourism at the University of Salamanca. The findings indicate that CT and
programming significantly contribute to enhancing digital competence, fostering essential
skills for the effective use of technological tools, developing problem-solving strategies,
and increasing self-confidence in identifying and refining solutions to complex problems.
Regarding gender differences, significant differences were observed, with women scoring
higher on average in various aspects. These included the ability to actively seek, compare,
and select digital information from diverse sources and contexts, assess the potential risks
associated with digital tools—such as security and identity concerns—and demonstrate con-
fidence in accessing the necessary resources and training to integrate CT and programming
into education.

Keywords: computational thinking; programming; algorithmic thinking; pre-service teachers;
teacher training; higher education; digital competence; STEM; education for sustainable
development; quality education

1. Introduction
Education is a fundamental tool for promoting sustainable development worldwide.

More specifically, Education for Sustainable Development (ESD) equips learners with the
knowledge, skills, attitudes, and values necessary to shape a sustainable future in which
they can thrive economically, socially, and environmentally. ESD seeks to reduce inequali-
ties and foster inclusiveness, quality, and equity in education. According to UNESCO [1],
education plays a crucial role in achieving the Sustainable Development Goals (SDGs).

In this way, the SDGs contribute to global well-being by fostering more efficient
education systems that transform teaching and learning environments. In this context,
digital technologies can play a key role in advancing education for sustainability and
enhancing learners’ literacy.

According to the Royal Spanish Academy, literacy in today’s society can be understood
as ‘to alphabetization’ or as ‘teaching someone to read and write’. It is a concept that
has evolved and has been redefined over time, adapting to the historical context [2].
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Traditionally, literacy has been associated with the ability to encode and decode written
texts on paper. However, technological advances have transformed traditional reading and
writing practises, making literacy a broader concept that extends beyond the development
of reading, writing, and arithmetic skills.

Culture has become more complex, not only in the different codes and languages of
representation but also in how information is accessed. As Bers [3] states, literacy involves
the capacity to use a system of symbols and several tools to communicate, to express
thoughts, etc., through a product that can be shared and understood by others. A definition
that encompasses not only traditional literacy but also coding literacy, or ’code literacy’, as
some authors have called it [4].

The concept of literacy has, thus, expanded, giving rise to the ‘code literacy’ movement,
which emerged over a decade ago in the United States. This movement advocates the
notion that literacy today encompasses coding, a critical skill for navigating and thriving
in the digital world. A new literacy that favours new ways of thinking, communicating,
etc., to ensure citizens’ participation. An early literacy that allows students to learn the
principles of coding, integrating it into their natural language [3].

According to Balanskat and Engelhardt [5], ensuring that citizens acquire strong digital
skills is a key factor in achieving a successful digital transformation, which also requires the
development of CT skills such as problem solving and logical reasoning. Education plays a
crucial role in equipping students with these skills, enabling them not only to use but also
to create digital technologies, thereby allowing them to thrive in contemporary society.

Other scholars, such as Merle Huerta [6], also emphasise this perspective, highlighting
that coding represents a new form of literacy and serves as a powerful tool for promot-
ing educational equity, fostering inclusion, enhancing neuroplasticity, and strengthening
STEM skills.

1.1. CT in Education

CT is a term that has been used since the 1950s to describe structured or algorithmic
thinking [7]. In 1980, Seymour Papert [8] at MIT further developed the concept of procedu-
ral thinking. Today, these terms have regained prominence as they are considered crucial
for addressing the challenges of this century [9]. CT refers to a set of skills that are essential
for everyday life and are not exclusive to Computing but can be applied across multiple
disciplines [10]. It is a fundamental competence that needs to be developed from the earliest
stages of education [11–13], as it is crucial for living and managing in the contemporary
society [14].

According to Wing [14], CT encompasses a fundamental approach to problem solving
that extends beyond the field of computer science, offering valuable skills that individuals
from various fields can benefit from learning and applying. It is a logical approach to
solving problems, creating systems, and understanding human behaviour by applying key
principles of computer science. She [15] later added that it involves developing problem-
solving strategies and structuring solutions in a way that enables efficient execution by an
information processing system.

CT is a complex concept linked to abstract thinking, mathematical and pragmatic
knowledge [16,17], logical and critical thinking [18], and creative thinking [19]. Since
Papert [8] first introduced this term, there has been a growing consensus that learning CT
fosters the development of social skills, teamwork abilities, and even time management
skills [20].

The scientific literature identifies different CT skills such as abstraction, which involves
focusing on what is important and disregarding unnecessary details [11,15,21]; problem
decomposition, highlighting as one of the most relevant CT skills, as it entails breaking
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down a problem into its components [11,14,21]. This approach helps to better understand
the problem and assess each component in isolation [22]; algorithmic thinking, which
involves finding a solution to a problem through a series of steps [11,15,21]; task automa-
tion [10,14,15]; debugging, which allows for the correction of errors in the problem-solving
process [21]; and generalisation, which involves identifying patterns that can be used to
solve similar problems [17,21]. In this regard, Repenning et al. [23] identify three stages:
problem formulation (abstraction), solution (automation), and execution and evaluation
(analysis). These processes encompass a range of cognitive skills, such as decomposition of
problems into smaller subproblems, organising and analysing information, representing
abstractly, formulating and evaluating different solutions, and identifying the final solu-
tion [24]. These competences associated with CT are essential in advancing sustainable
development and achieving the SDGs, addressing global challenges such as climate change,
poverty, and inequality, while developing solutions that are both sustainable and equitable
across different contexts [25]. Universities play a crucial role in sustainability, acting as
fundamental agents of change [26] with the capacity to disseminate knowledge, drive
innovation, and achieve social transformation through education [27,28].

In summary, CT is a process in which the application of fundamental computing
concepts can help individuals solve everyday problems [13]. It involves skills that are appli-
cable across disciplines, including computing, STEM, humanities, and social sciences [29].
CT plays a crucial role in addressing social, and environmental challenges as a tool to
analyse and understand immediate and global issues in social, economic, scientific and
environmental contexts, evaluate potential solutions, and make strategic decisions that
contribute to developing the SDGs. As stated by Ramírez-Montoya et al. [25], linking
sustainable development with CT enhances problem-solving abilities by incorporating
key concepts of programming. Integrating CT into educational context can significantly
improve students’ capacity to address challenges related to sustainable development. By
cultivating CT skills, educators can provide learners with the necessary tools to engage
with issues that are linked to SDGs such as quality education (SDG 4) or gender equality
(SDG 5).

1.2. Integration of CT into Curriculum

As previously discussed, countries integrate CT skills into their compulsory curricula
for multiple reasons, reflecting the growing recognition of CT as an essential competency
in the 21st century education landscape. One of the primary motivations is to enhance
students’ problem-solving abilities, enabling them to approach complex challenges system-
atically and develop efficient and sustainable solutions. CT also helps foster creativity by
encouraging innovative thinking and the exploration of multiple approaches to problem
solving. Additionally, it strengthens communication and collaboration skills, as many CT-
related activities, such as coding and algorithmic design, require teamwork and effective
articulation of ideas.

Beyond these cognitive and social benefits, the integration of CT into curricula plays a
crucial role in promoting programming and coding literacy, equipping students with fun-
damental skills for an increasingly technology-driven world. Additionally, it helps develop
logical thinking, critical thinking, and analytical reasoning as it encourages students to
apply structured reasoning to derive solutions. Moreover, it contributes to the development
of digital literacy and numeracy skills, preparing students to engage effectively with digital
tools and quantitative information in various contexts.

These predominant rationales highlight the recognition of CT integration as a founda-
tional element of general education, aligning with broader educational goals that are aimed
at preparing students for both academic success and future employment opportunities. By



Sustainability 2025, 17, 2164 4 of 22

integrating CT into curricula, the objective is not only to support learners’ cognitive and
professional development but also to contribute to the formation of a workforce that must
be technologically proficient and capable of driving innovation in an increasingly digital
and interconnected sustainable global economy.

There is currently a consensus in various countries to integrate CT into the curricu-
lum [29], as it is a skill that helps individuals navigate today’s digital society and offers
numerous benefits. In this regard, many European countries have already taken steps
to incorporate CT into the teaching–learning process [22], a trend that is also observed
globally [13,30].

Authors such as Bocconi et al. [30] highlight the benefits of CT in reducing social gaps
and supporting the education system as a means of social mobility. Some countries are
integrating CT into their curricula, with some offering it as a compulsory subject and others
as an optional one [29]. Sometimes CT is integrated into the curriculum as a specific subject,
such as Computing or Information and Communication Technologies (ICT) [30–32]. An-
other way to integrate CT is through STEM subjects such as Mathematics or Biology [33,34].
In this sense, some authors point out how CT is integrated into different subjects in a
way that promotes the development of skills and competences associated with CT such as
self-efficacy, motivation, communication, social interaction, or algorithmic thinking.

However, it is not only essential to train students in CT through one or more subjects
in the curriculum but also to provide adequate training for teachers. In this regard, teachers
and future educators are key actors in the integration of CT into the education system [10,35].
Hamed et al. [36] emphasises the importance of including CT training in initial teacher
education so that future teachers are prepared to meet the current demands of the digital
landscape and contribute to ESD. Several studies in the scientific literature examine the
perceptions and knowledge of both pre-service and in-service teachers regarding CT [37,38].
Research suggests that teachers acknowledge the necessity of developing CT skills as a
prerequisite for effectively applying them in the classroom. In this sense, the present study
aims to assess how teachers in their first year of training perceive CT and programming
and its integration into the educational environment.

2. Literature Review
The recent research on CT across different educational stages has developed a broad

body of research focusing on areas such as Coding [39,40], Mathematics [41,42], Linguis-
tics [39,43], Science [44,45], CT [16,17,39,46], Critical Thinking [16,17], Autonomous Learn-
ing [46,47], Creative Thinking [17,46–48], and Collaborative Learning [46,47,49].

Some studies highlight the importance of introducing children to CT from early child-
hood education [11,12,50], with positive effects observed when programmable robots are
used [51,52]. For instance, the study by García-Valcárcel and Caballero-González [53], con-
ducted with students aged between 3 and 6 years, demonstrated that the implementation
of robotics activities significantly enhanced students’ CT skills.

Other experiences in primary education, such as the study developed by Álvarez [54],
suggest the benefits of using Scratch to promote CT dimensions and competences.

Another challenge concerns students’ perceptions of mathematical tasks [55], partic-
ularly in relation to problem solving. This issue is further compounded by documented
gender gaps in the scientific literature [55,56]. Additionally, international surveys indicate
that boys tend to outperform girls in mathematics [57], highlighting an urgent issue that
must be addressed to achieve educational equity [58].
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An important challenge, however, is ensuring that teachers themselves are confident
and adequately equipped to teach CT to their students [59]. The study by Barkela et al. [59]
revealed that pre-service teachers often experience high levels of anxiety towards CT and
have low expectations of success, which may hinder effective CT learning.

On the other hand, Çimsir et al. [60] developed a training programme for pre-service
primary education teachers to acquire CT skills. The results showed that these teachers
experienced positive effects on their CT skills, with qualitative findings highlighting their
positive perceptions of the training and the development of CT competences. Similarly,
Hamed et al. [36] conducted a study with pre-service teachers and found that the par-
ticipants demonstrated above-average CT competences. These authors emphasised the
importance of prior knowledge and experience in CT as a factor in developing strong CT
skills among pre-service teachers.

Finally, some authors stress the importance of further research on this topic due to
the growing need to train students in the use and integration of CT into the teaching–
learning process [9]. Training in CT primarily contributes to the development of critical
thinking skills and digital competence. In this regard, previous research suggests that
training pre-service teachers in CT broadens their understanding of how to integrate it
into the classroom practice. It is noted that pre-service teachers who lack CT training tend
to have a superficial understanding of the concept and its application [9]. Furthermore,
earlier studies indicate that there is a limited amount of research on CT with pre-service
teachers [61,62].

3. Materials and Methods
3.1. Objective and Research Questions

The aim of the study was to assess the perceptions of teachers in their first year of training
regarding CT and programming, as well as their integration into the educational environment.

The study addressed the following research questions:

RQ1. What competencies do pre-service teachers believe are fostered by the integration of
CT into the teaching–learning process?
RQ2. What objectives are achieved by integrating CT and programming into the teaching–
learning process?
RQ3. What are the attitudes of pre-service teachers towards the implementation of CT and
programming in the classroom?
RQ4. What are the benefits of integrating CT and programming into the teaching–
learning process?
RQ5. Are there significant gender differences in the perception of CT and programming?

3.2. Method

The research was carried out using a quantitative approach [63]. Based on this ap-
proach, the research objectives, and the design, a non-probability sampling method was
chosen, specifically convenience or availability sampling. This type of sampling is used in
situations where it is not feasible to use a probability sample, but the intention is still to
obtain a representative sample of the target population under study.

3.3. Participants

The population consisted of 167 students from the Faculty of Education and Tourism
at the University of Salamanca. These students were enrolled in the Bachelor’s Degree in
Primary Education, the Bachelor’s Degree in Early Childhood Education, or the Double
Bachelor’s Degree in Primary Education and Early Childhood Education. All students
were in the first year of their academic training, ensuring a similar level of academic
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preparation. The selection of this cohort at such an early stage guarantees a homogeneous
exposure to pedagogical concepts related to CT. This control over the sample allows for a
deeper understanding of their baseline knowledge, perceptions, and potential gaps in their
preparation. The sample consisted of 134 participants: 54 were studying for a Bachelor’s
Degree in Early Childhood Education (40.3%), 59 for a Bachelor’s Degree in Primary
Education (44%), and 21 for a Double Bachelor’s Degree in Primary Education and Early
Childhood Education (15.7%). In terms of gender, the sample consisted of 36 males (26.9%)
and 98 females (73.1%). The mean age of the sample was 19.19 years, with a standard
deviation of 1.803 (Figure 1).
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3.4. Instrument

The instrument used for data collection was a questionnaire adapted from the research
conducted by Peracaula-Bosch et al. [64] and Powers et al. [65]. The questionnaire was
developed using Google Forms and distributed online to the students. The questionnaire
consisted of four sections: socio-demographic data, competences that pre-service teachers
consider to be promoted by the integration of CT into the teaching–learning process,
objectives that are achieved by the integration of CT and programming into the teaching–
learning process, attitudes of pre-service teachers towards the implementation of CT and
programming in the teaching–learning process, and, finally, benefits of integrating CT and
programming into the teaching–learning process.

The first section collects the socio-demographic data: age, gender (male, female,
other), and degree in which the participants are enrolled (Bachelor’s Degree in Primary
Education, Bachelor’s Degree in Early Childhood Education, Double Bachelor’s Degree
in Primary Education and Early Childhood Education). The following sections deal with
five dimensions: Competences related to children’s education, competences related to
CT, objectives of integrating CT and programming into the teaching–learning process,
pre-service teachers’ attitudes towards CT and programming, and benefits of integrating
CT and programming into the teaching–learning process. A total of 54 items (Table 1),
categorised on a Likert scale from 1 to 4 points, were used for this purpose.
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Table 1. Questionnaire items.

Dimension Item Text

Competences
which are related
to children’s
education

CE01 To coordinate and work with others as part of a team.

CE02 To communicate efficiently, both verbally and in writing,
with others while completing a task.

CE03 To break down a complex task into smaller, manageable
steps and determine the most efficient sequence.

CE04 To be autonomous in addressing and completing the
assigned tasks.

CE05 To choose and use digital devices and applications
effectively for task completion.

CE06 To actively seek, compare, and select digital information,
considering diverse sources and contexts.

CE07 To consider rules or conditions that make it easier or
more efficient to solve a task.

CE08
To be able to identify methods to know whether you are
approaching the solution while in the process of solving
a task.

CE09 To evaluate the potential risks of using digital tools,
considering factors like security and identity.

CE10 To explore creative solutions to problems and recognize
that there are multiple solutions.

Competences
which are related
to CT

CCT01 To coordinate and work with others as part of a team.

CCT02 To communicate efficiently, both verbally and in writing,
with others while completing a task.

CCT03 To break down a complex task into smaller, manageable
steps and determine the most efficient sequence.

CCT04 To be autonomous in addressing and completing the
assigned tasks.

CCT05 To choose and use digital devices and applications
effectively for task completion.

CCT06 To actively seek, compare, and select digital information,
considering diverse sources and contexts.

CCT07 To consider rules or conditions that make it easier or
more efficient to solve a task.

CCT08
To be able to identify methods to know whether you are
approaching the solution while in the process of solving
a task.

CCT09 To evaluate the potential risks of using digital tools,
considering factors like security and identity.

CCT10 To explore creative solutions to problems and recognize
that there are multiple solutions.
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Table 1. Cont.

Dimension Item Text

Objectives of
integrating CT
and programming
into the
teaching–learning
process

O01 To inspire students to pursue careers in science-related
fields in the future.

O02 To encourage students to engage in science and
technology-related activities.

O03 To acquire curricular knowledge and skills from science
and mathematics.

O04 To acquire curricular knowledge and skills in languages,
humanities, and social sciences.

O05 To acquire knowledge and skills in coding and
educational robotics.

O06 To acquire curricular knowledge and skills in any subject.

O07 To improve digital competence.

O08
To develop problem-solving strategies and enhance
self-confidence when tackling complex projects with
multiple potential solutions.

O09 To acquire transversal skills (communication, critical
thinking, etc.)

O10
To provide an environment where students can engage in
practical tasks, explore through play, and conduct
experiments.

O11 To acquire transversal skills (initiative or autonomy).

Attitudes towards
CT and
programming

A01
I need to motivate students to build confidence and
develop strategies for finding and refining solutions to
complex problems.

A02 I think that programming and CT content is essential in
compulsory education.

A03
I have a personal interest in the integration of
programming and CT content into compulsory
education.

A04
I am confident in my access to the necessary resources
and training regarding programming and CT content in
education.

A05 I feel prepared to integrate programming and CT content
into the educational process.

A06 I will voluntarily take courses in CT and programming if
I were given the opportunity.

A07 I can guide students in CT and programming practices.

A08 I can design effective learning experiences that promote
CT and programming learning.

A09 I must encourage a positive attitude toward coding and
its integration into the classroom is essential.

A10 I have the required skills to effectively learn and use
coding tools.
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Table 1. Cont.

Dimension Item Text

Attitudes towards
CT and
programming

A11 I lack confidence in my ability to grasp computing
concepts (e.g., decomposition, abstraction, etc.).

A12 I know how to teach computing principles (e.g.,
algorithms, decomposition, abstraction) in the classroom.

A13 I can understand computing principles (e.g., algorithms,
decomposition, abstraction) to solve problems.

Benefits of
integrating CT
and programming
into the
teaching–learning
process

B01 Knowledge of CT and programming will allow students
to get better jobs.

B02 CT provides students with a better basis for acting and
participating in a democratic society.

B03 It is important to teach CT from the earliest stages of
education.

B04 Fostering CT is equally important as skills in reading,
writing, and mathematics.

B05 CT can be introduced in the teaching–learning process by
encouraging students to engage in problem-solving tasks.

B06
CT and programming can be integrated into the
teaching–learning process without the need
for computers.

B07 CT provides learners with the necessary skills to solve
problems efficiently.

B08 Teachers are a key element in facilitating the teaching of
CT and programming.

B09 CT enables us to grasp both the benefits and challenges
of digital technologies in our daily lives and society.

B10 CT allowed learners to develop essential abilities for
effectively using tech tools.

3.5. Data Collection and Analyses

Data were collected at the end of the first semester via a Google form hosted on the
Digital Learning Ecosystem of the ICT in Education course. The test remained accessible
for three weeks, a timeframe that was considered sufficient for participants to complete
it. Once the fieldwork was completed, a coding register was developed to organise the
collected data in an ad hoc file. After constructing the data matrix, the data were entered,
cleaned, and analysed.

Regarding the analyses, a descriptive analysis of the items of the scales was carried out,
and then it was used to test hypothesis tests for two groups of data to test the differences
in the results according to the gender of the students. A normality test of the population
sample was carried out using the Kolmogorov–Smirnov normality test. This test was
chosen because the sample was larger than 30 individuals. The use of this test allowed us to
decide whether to use parametric or non-parametric tests to perform statistical hypothesis
testing. These analyses were performed using a critical value of <0.05.

Nonparametric tests are more robust than parametric tests and can be applied in
a wider range of situations. While parametric tests have greater statistical power, their
accuracy depends on the normality of the data distribution. In this study, after assessing
the normality of the sample, the results of the Kolmogorov–Smirnov test indicated that the
data did not follow a normal distribution [66,67]. The calculated asymptotic significance
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value was lower than the confidence level set for the analyses, and this led to the use
of non-parametric tests such as the Mann–Whitney U test. The IBM SPSS Statistics 28.0
software was used for data analysis, starting with an alpha level of 5%.

4. Results
Once the data had been collected, the descriptive analysis of the items of the scales was

carried out (Figures 2–6). These analyses refer to the dimensions: Competences which are
related to children’s education (McDonald Omega 0.791), Competences which are related to
CT (McDonald Omega 0.687), Objectives of working with CT and programming (McDonald
Omega 0.730), Attitudes towards CT and programming (McDonald Omega 0.865), and
Benefits of integrating CT and programming into the teaching–learning process (McDonald
Omega 0.783).
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Figure 6. Descriptive statistics of the Dimension Benefits of integrating CT and programming into the
teaching–learning process.
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The results according to the research questions are presented below.

4.1. RQ1. What Competencies Do Pre-Service Teachers Believe Are Fostered by the Integration of
CT into the Teaching–Learning Process?

According to the dimension of competences which are related to children’s education,
the results show that all the items have values above 3. Therefore, the pre-service teach-
ers perceive these competences as quite important or very important for their students’
education. Both items E01, to coordinate and work with others as part of a team, and E02, to
communicate efficiently, both verbally and in writing, with others while completing a task, stand
out with mean values of 3.81.

Regarding the dimension related to competences that the pre-service teachers consider
to be related to CT, again most of the items obtain scores above 3, so they consider the
indicated competences to be quite related or very related to CT. The highest scores were
obtained in items CST05, ability to select and use effective digital tools and apps for completing
a task, and CST06, ability to actively seek, compare, and choose digital information, taking into
account diverse sources and contexts, with mean scores of 3.69 and 3.68, respectively.

4.2. RQ2. What Objectives Are Achieved by Integrating CT and Programming into the
Teaching–Learning Process?

The results obtained in the dimension related to the objectives of integrating CT and
programming into the teaching–learning process show that the mean scores of most of
the items are placed at values higher than 3. This indicates that the pre-service teachers
agree or strongly agree with the objectives indicated in the items. There is only one item
of this dimension that reaches a lower value, specifically item O01 with a mean score of
2.84. That means that pre-service teachers have little agreement that one of the aims of
CT and programming is to inspire students to pursue careers in science-related fields in
the future. On the contrary, the items with the highest scores are item O07, to improve
digital competence, and item O08, to develop problem-solving strategies and enhance
self-confidence when tackling complex projects with multiple potential solutions. These
items obtain averages of 3.81 and 3.72, respectively.

4.3. RQ3. What Are the Attitudes of Pre-Service Teachers Towards the Implementation of CT and
Programming in the Classroom?

The results of the dimension of pre-service teachers’ attitudes towards CT show
differences in the means of its items. On the one hand, the items A01, A02, A03, A06, A08,
A09 and A10 have a mean higher than 3. In particular, the items A01, I need to motivate
students to build confidence and develop strategies for finding and refining solutions to
complex problems; and A09, I must encourage a positive attitude toward coding and its
integration into the classroom is essential, stand out as they obtain means of 3.79 and
3.69, respectively.

On the other hand, the items A04, A05, A07, A11, A12, and A13 receive scores between
2 and 3. The items A12 and A13 stand out as having the lowest scores with a mean of 2.43
and 2.69, respectively. These items refer to the pre-service teachers’ knowledge of teaching
computing principles such as decomposition, etc., in the classroom, and being able to grasp
fundamental computing concepts such as algorithms, etc., to tackle problems effectively.
This illustrates the pre-service teachers’ perception of their knowledge about teaching and
understanding some concepts related to CT.
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4.4. RQ4. What Are the Benefits of Integrating CT and Programming into the
Teaching–Learning Process?

Regarding the last dimension, which refers to the benefits of integrating CT and
programming into the teaching–learning process, the items again obtain scores above 3.
There is only one exception, item B06, which refers to the fact that CT and programming
can be integrated in the teaching–learning process without the need for computers whose
mean was 2.81. On the other hand, the items with the highest scores are B08 and B10, with
3.65 and 3.66, respectively. Item B08 indicates that teachers are a key element in facilitating
the teaching of CT and programming, and item B10 emphasises how CT allowed learners
to develop essential abilities for effectively using tech tools.

4.5. RQ5. Are There Significant Gender Differences in the Perception of CT and Programming?

In terms of gender differences (Figures 7 and 8, Table 2), significant differences were
found in eight items corresponding to the dimensions: competences related to children’s ed-
ucation (CE), competences related to CT (CCT), and pre-service teachers’ attitudes towards
CT and programming (A). In all cases, women scored higher on average than men. These
items refer to break down a complex task into smaller, manageable steps and determine
the most efficient sequence (CE03), to be autonomous in addressing and completing the
assigned tasks (CE04), to choose and use digital devices and applications effectively for task
completion (CE05), to actively seek, compare, and select digital information, considering
diverse sources and contexts (CE06), to evaluate the potential risks of using digital tools,
considering factors like security and identity (CE09), to actively seek, compare, and select
digital information, considering diverse sources and contexts (CCT06), to evaluate the
potential risks of using digital tools, considering factors like security and identity (CCT09),
and to be confident in my access to the necessary resources and training regarding pro-
gramming and CT content in education (A04). Low intensity is observed for most of the
factors, with medium intensity for items CE09 and CCT06.

Although a clear trend is evident, the observed differences are not substantial, high-
lighting the necessity of examining the social and contextual factors that may be contribut-
ing to these disparities.

Regarding item CE03, the differences may be attributed to the possibility that women
are more accustomed to organising tasks systematically due to social roles that have
traditionally assigned them responsibilities in planning and management across various
contexts. Consequently, this tendency may extend to the academic environment and their
future professional engagement in integrating CT into the teaching–learning process.

Concerning item CE04, a higher score on this item may suggest that women perceive
themselves to be more confident in working independently, possibly as a result of greater
exposure to environments that foster autonomy in their education or socialisation.

With regard to item CE05, women may be more familiar with the use of digital tools
in academic contexts, which may contribute to a greater sense of competence in this regard.

The differences in items CE06 and CCT06 may be attributed to the possibility that
women have a greater tendency to be more meticulous and critical when searching for,
evaluating, or selecting digital information, and that they do so with greater attention
to detail.

The results obtained in items CE09 and CCT09 may be attributed to the possibility
that women are more sensitised to the risks associated with the use of digital tools, possibly
due to a heightened awareness of online dangers or socialisation that emphasises caution.

Finally, the differences observed in item A04 may reflect that women place a higher
value on the importance of resources and training related to CT and programming. This
could stem from a heightened awareness of the barriers they encounter in traditionally
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male-dominated fields, such as technology, motivating them to actively seek out training
and development opportunities.
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Table 2. Items with significant differences based on gender. Mann–Whitney U Test.

Gender W p Rbp

CE03
Male 1244 0.003 −0.255 **

Female

CE04
Male 1331 0.010 −0.221 *

Female

CE05
Male 1224 0.002 −0.272 **

Female
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Table 2. Cont.

Gender W p Rbp

CE06
Male 1398 0.023 −0.174 *

Female

CE09
Male 1219 0.001 −0.298 **

Female

CCT06
Male 1211 0.001 −0.325 **

Female

CCT09
Male 1254 0.002 −0.258 **

Female

A04
Male 1359 0.024 −0.197 *

Female
* p < 0.05 ** p < 0.01.

5. Discussion
Regarding the results in the dimension of the competences related to children’s ed-

ucation, it is noteworthy that most pre-service teachers emphasised the importance of
these competencies as essential and necessary for educating 21st century learners. They
believed that the teaching–learning process in the classroom prepares children to explore
creative solutions to problems and recognise that there are multiple solutions; to actively
seek, compare, and choose digital information, taking into account diverse sources and
contexts; to be autonomous in addressing and completing the as-signed tasks; or to break
down a complex task into smaller, manageable steps and determine the most efficient
sequence. Pre-service teachers also highlighted that classroom activities foster greater
coordination with others and teamwork, as well as effective communication with their
classmates when completing tasks. Both skills are essential for functioning in a global
society where interpersonal relationships are crucial.

Regarding the research question on the competences that the participants associate
with CT, the results were similar to those previously reported. Participants indicated that all
the competences presented in this dimension are either quite important or very important.
Particularly noteworthy are the competences related to critical thinking, such as the ability
to choose and use digital devices and applications effectively for task completion, and
the analytical ability to actively seek, compare, and select digital information, considering
diverse sources and contexts. These results align with those from the research conducted by
Hamed et al. [36], which demonstrates a growing recognition of the value and importance of
integrating ICT into education. In this regard, Peracaula-Bosch and González-Martínez [68]
highlight that training pre-service teachers in CT creates the opportunity to develop a
didactic discourse on CT, facilitating its integration into the classroom. In this training,
it is essential to provide concrete examples of best practises that demonstrate effective
instructional strategies to integrate CT into the teaching–learning process. These practises
must provide guidelines for educators, enabling them to integrate CT seamlessly into the
curricula through well-structured activities and pedagogical approaches. By analysing
successful implementations or practises, educators can better understand how to foster
problem solving and to teach computing principles in diverse learning environments and
with heterogeneous groups of students. Moreover, the analysis of best practises could
highlight how the principles of CT and programming can be applied across disciplines,
reinforcing its relevance beyond computer science and promoting interdisciplinary connec-
tions. On the other hand, it is essential to develop hands-on workshops that integrate both
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unplugged and plugged activities as a key component of teacher training programmes.
These workshops provide valuable practical training opportunities, enabling educators to
engage directly with CT and programming in an interactive and experiential manner. By
incorporating both unplugged activities, which do not require technology, and plugged ac-
tivities, which utilise digital tools, these workshops ensure that educators are well prepared
to teach CT and programming in a variety of settings, regardless of the available resources.

Tools such as Scratch and various educational robots are central to the plugged ac-
tivities. They enable educators to explore the fundamental principles of programming
and problem-solving in an intuitive and accessible way, allowing them to develop and
demonstrate the application of CT concepts in a practical context. By directly interacting
with these tools, teachers can gain a deeper understanding of how to facilitate CT learning
in their classrooms, offering students opportunities to engage in exploration, creation, and
problem solving. Integrating these technologies into teacher training is crucial for preparing
educators to design and implement CT-based activities that can be adapted to a wide range
of educational contexts and student needs. Ragonis et al. [29] concur, emphasising that CT
skills can be applied across all disciplines. They suggest that teachers at all educational
levels should receive training through mandatory courses and that professional devel-
opment should be actively promoted. Moreover, these workshops foster a collaborative
environment in which educators can share strategies and discuss approaches for integrating
CT and programming across various disciplines. This collaborative approach not only
reinforces the interdisciplinary nature of CT but also enhances its relevance within the
contemporary educational landscape.

Incorporating CT principles and programming as fundamental components of teacher
education curricula is essential for preparing educators to meet the evolving demands of
contemporary education. As digital competence becomes increasingly integral to teaching
and learning across disciplines, it is imperative that future educators acquire not only
technical skills but also a pedagogical understanding of how to integrate CT effectively into
their teaching practice. Embedding CT and programming in teacher training programmes
ensures that pre-service teachers develop the skills and confidence necessary to design
and implement engaging, developmentally appropriate learning experiences for their
students. Cabrera et al. [37] agree that teacher training equips educators to integrate CT
into the classroom, enhances their understanding of CT, and supports the development of
pedagogical content that incorporates CT.

Furthermore, integrating CT into teacher education fosters interdisciplinary teaching
approaches, enabling educators to connect CT with various subject areas, thereby enriching
students’ learning experiences. Given that CT skills are now considered fundamental
competences alongside literacy and numeracy, it is crucial that teacher education institu-
tions equip future teachers with the knowledge and strategies required to integrate CT
meaningfully within their curricula. In doing so, teacher training programmes can cultivate
a new generation of educators who are well-prepared to harness the potential of CT and
programming in diverse educational contexts.

Beyond their role in fostering problem-solving skills and digital literacy, CT and pro-
gramming also serve as powerful tools for promoting educational equity and inclusion [6].
Equipping educators with CT skills enables them to design teaching strategies that bridge
the digital divide and ensure that all students, regardless of their socioeconomic back-
ground, have access to high-quality learning opportunities, thereby reducing inequalities
in technological literacy from an early age. By integrating CT and programming training
into teacher education, future educators can be better prepared to create inclusive learning
environments that accommodate diverse learners, including those with special educational
needs [6].
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Thus, the integration of CT and programming into teacher training is not only an
essential step towards modernising education but also a crucial strategy for advancing
social inclusion. By equipping teachers with the competences to integrate CT within their
practice, educational institutions contribute to a more equitable and accessible learning
landscape, ensuring that all students, regardless of background or ability, can engage
meaningfully with computational concepts and develop essential 21st century skills.

In this context, An and Shin [69] emphasise the importance of promoting digital liter-
acy and CT from an early age to achieve ESD. Additionally, Guss et al. [70] highlight that
coding is a key component in fostering inclusive and sustainable education. These findings
align with those of Peracaula-Bosch et al. [64], whose research reveals that pre-service
teachers hold positive expectations of CT, though there is a need for continued efforts to
deepen their understanding of its implications. They also support the conclusions of An and
Shin [69], who argue that the development of CT skills has a positive impact on teachers,
ensuring their ability to support sustainable development from the earliest stages of educa-
tion. Regarding the second research question, which explores to the objectives achieved
through the integration of CT and programming into the teaching–learning process, the
pre-service teachers show good ratings, particularly in areas related to improving digital
competence, acquiring problem-solving strategies and developing self-confidence when
tackling complex projects with multiple potential solutions. These findings are aligned with
those reported by Albayrak and Yilmaz [71], who conducted a course using educational
technology to teach CT and found positive results in the development of problem-solving
skills, collaboration, and algorithmic thinking among pre-service teachers. On the other
hand, the results also reveal that pre-service teachers do not believe the integration of
CT and programming into the teaching–learning process will inspire students to pursue
careers in science-related fields in the future. These results, however, contrast with those of
other studies that emphasise the strong connection between STEM education and CT and
programming, as STEM aims to help learners become problem solvers, a skill developed
through CT [72,73]. In this regard, Díaz-Lauzurica and Moreno-Salinas [74] note that
teaching of CT and programming also seeks to motivate students to acquire essential life
skills such as problem solving, collaboration or critical thinking, aligning with the goal of
achieving inclusive and quality education.

Regarding the third research question, which focuses on the attitudes of pre-service
teachers towards CT and programming, the results show that they hold positive views on
the need to encourage students to develop confidence and strategies for solving and opti-
mising solutions to complex problems, promoting a positive attitude toward programming,
and integrating it into the teaching–learning process, among other factors. However, the
results also reveal that pre-service teachers face difficulties in understanding and teaching
computing principles. This highlights the need for training pre-service teachers in CT
and programming. In this regard, the findings align with those of Hamed et al. [36], who
emphasise the importance of incorporating CT and programming into pre-service teacher
training programmes to prepare educators for the demands of the digital age. The study by
Voon et al. [75] also suggests that a practical module on CT for offline activities, especially
for those not yet computer literate, can be an effective way to prepare pre-service teachers
for working with CT and programming. Additionally, research by Yuan et al. [76] highlights
the importance of developing talents such as CT, programming and digital literacy as part
of the strategy to achieve sustainable development.

Respecting the fourth research question, which examines the benefits of integrating
CT and programming into the teaching–learning process, the pre-service teachers gave
high ratings to the different items in this dimension. They emphasised how CT and
programming provide students with valuable skills in using digital devices and solving
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problems efficiently, and how teachers play a crucial role in facilitating the teaching of CT
and programming. In this context, Hsu et al. [77] highlight that learners must develop CT
as a key competence to be digitally competent in a society where computing is omnipresent.
In addition, research by Molina-Ayuso et al. [78] suggests that to achieve sustainable
education, teachers must adopt innovative pedagogies such as CT and programming to
develop essential 21st century skills in students.

Finally, the results of the fifth and last research question related to significant gender
differences in the perception of CT and programming, show that women tend to value
certain aspects more highly. These include the ability to actively seek, compare, and
choose digital information, taking into account diverse sources and contexts, as well as
evaluating the potential risks of using digital tools, considering factors like security and
identity. Additionally, women rated their access to resources and training on CT and
programming in education more positively. These findings contrast with those commonly
reported in the scientific literature, where men are typically more proactive toward innova-
tion [79–81]. However, other studies, such as that by Raman et al. [82], also report higher
scores for women. Moreover, large-scale assessments such as TIMSS 2019 have reported
gender equity in mathematics achievement, suggesting a trend toward balance [55]. Sim-
ilarly, international data from PISA indicate that the gender gap has either persisted or
narrowed [83].

6. Conclusions
In this research, we explore the perceptions of Primary and Early Childhood pre-

service teachers regarding CT and programming, as well as their integration into the
educational environment. The main findings indicate that teachers have positive percep-
tions of CT across all examined dimensions. They are positive about the competences,
objectives, and benefits promoted by the integration of CT into the teaching–learning pro-
cess, as well as their attitudes towards CT and programming. Significant gender differences
were observed in certain items, particularly those related to online security and identity on
the web. In all cases, women scored higher on average than men.

In general, the research warns about the importance of training future teachers in CT,
enabling them to integrate it into the teaching–learning process and apply it effectively
in the classroom with their students. In this regard, CT and programming have become
essential skills for thriving with guarantees in a global society. They are key to ensuring
sustainable development, reducing inequalities, promoting inclusion, and quality and
equity in education. Therefore, training future teachers in these areas is a priority. This is
the only way to engage and involve educators in this critical subject, preparing children
and young people from an early age to face the challenges of today’s society.

This study presents a few limitations. On the one hand, the research design, as the
sample belongs to a single university and all the participants are studying in the same
year of study, which makes it difficult to generalise the results. On the other hand, the
research was evaluative in nature, so there was little control of the variables to achieve
statistical inference. The study examined gender differences, highlighting the aspects in
which they were significant. However, it has limitations in identifying their underlying
causes. Finally, it would be desirable to use a mixed methods research design to gain a
deeper insight into the perceptions of pre-service teachers through interviews or focus
groups. These limitations open the possibility of further research, focusing on extending the
study to a wider range of universities and to different demographic groups, or conducting
mixed methods studies that combine the benefits of quantitative and qualitative methods.
Critical pathways are also opened for understanding the underlying causes of the gender
gap and its evolution over time. Gaining insight into these phenomena will support the



Sustainability 2025, 17, 2164 19 of 22

development of more effective educational policies and well-designed curricula, ultimately
empowering students for the future.

Author Contributions: Conceptualisation, V.I.-Á. and A.M.P.-LL.; Data curation, V.I.-Á. and
A.M.P.-LL.; Formal analysis, V.I.-Á. and A.M.P.-LL.; Investigation, V.I.-Á. and A.M.P.-LL.; Methodol-
ogy, V.I.-Á. and A.M.P.-LL.; Resources, V.I.-Á. and A.M.P.-LL.; Supervision, V.I.-Á. and A.M.P.-LL.;
Validation, V.I.-Á. and A.M.P.-LL.; Visualisation, V.I.-Á. and A.M.P.-LL.; Writing—original draft,
V.I.-Á. and A.M.P.-LL.; Writing—review and editing, V.I.-Á. and A.M.P.-LL. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the
University of Salamanca (protocol code 1204 and 2 July 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in the study are included in the
article; further inquiries can be directed to the corresponding author.

Acknowledgments: This research was undertaken with the support of the Project Evaluación de
la percepción de los maestros de Educación Infantil y Educación Primaria en pre-servicio sobre
Pensamiento Computacional (Reference PIC-2022-17).

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. UNESCO. Education for Sustainable Development Goals. Learning Objectives; UNESCO: Paris, France, 2017.
2. Núñez, J.A.; Rodríguez, M.S. El desafío de alfabetizar en el siglo XXI: Dimensiones y propuestas en torno a la alfabetización.

Verbeia. J. Engl. Span. Stud. 2015, 1, 139–157.
3. Bers, M.U. Coding, playgrounds and literacy in early childhood education: The development of KIBO robotics and Scratch Jr. In

Proceedings of the IEEE Global Engineering Education Conference (EDUCON), Santa Cruz de Tenerife, Canary Islands, Spain,
18–20 April 2018. [CrossRef]

4. Román-González, M. Codigoalfabetización y Pensamiento Computacional en Educación Primaria y Secundaria: Validación de un
Instrumento y Evaluación de Programas. Ph.D. Thesis, Universidad Nacional de Educación a Distancia, Repositorio institucional
de la Universidad Nacional de Educación a Distancia, Madrid, Spain, 2016.

5. Balanskat, A.; Engelhardt, K. Computing our Future. Computer Programming and Coding Priorities, School Curricula and
Initiatives Across Europe. European Schoolnet. 2015. Available online: https://bit.ly/3npX7Kx (accessed on 23 September 2024).

6. Huerta, M. Coding in the Classroom: A Long-Overdue Inclusion. Edutopia 2015. Available online: https://www.edutopia.org/
blog/coding-classroom-long-overdue-inclusion-merle-huerta (accessed on 1 October 2024).

7. Denning, P.J. Remaining trouble spots with computational thinking. Commun. ACM 2017, 60, 33–39. [CrossRef]
8. Papert, S. Mindstorms: Children, Computers, and Powerful Ideas; Basic Books: New York, NY, USA, 1980.
9. Yadav, A.; Gretter, S.; Good, J.; McLean, T. Computational Thinking in Teacher Education. In Emerging Research, Practice, and

Policy on Computational Thinking. Educational Communications and Technology: Issues and Innovations; Rich, P., Hodges, C., Eds.;
Springer: Cham, Germany, 2017. [CrossRef]

10. Barr, V.; Stephenson, C. Bringing Computational Thinking to K-12: What is Involved and What is the Role of the Computer
Science Education Community? ACM Inroads 2011, 2, 48–54. [CrossRef]

11. Caballero, Y.A.; García-Valcárcel, A. Development of computational thinking skills and collaborative learning in initial education
students through educational activities supported by ICT resources and programmable educational robots. In Proceedings of the
5th International Conference on Technological Ecosystems for Enhancing Multiculturality, Cádiz, Spain, 18–20 October 2017;
García-Peñalvo, F.J., Ed.; ACM: New York, NY, USA, 2017; p. 103. [CrossRef]

12. Liu, H.P.; Perera, S.M.; Klein, J.W. Using model-based learning to promote computational thinking education. In Emerging
Research, Practice, and Policy on Computational Thinking. Educational Communications and Technology: Issues and Innovations; Rich, P.,
Hodges, C., Eds.; Springer: Cham, Germany, 2017. [CrossRef]

https://doi.org/10.1109/EDUCON.2018.8363498
https://bit.ly/3npX7Kx
https://www.edutopia.org/blog/coding-classroom-long-overdue-inclusion-merle-huerta
https://www.edutopia.org/blog/coding-classroom-long-overdue-inclusion-merle-huerta
https://doi.org/10.1145/2998438
https://doi.org/10.1007/978-3-319-52691-1_13
https://doi.org/10.1145/1929887.1929905
https://doi.org/10.1145/3144826.3145450
https://doi.org/10.1007/978-3-319-52691-1_10


Sustainability 2025, 17, 2164 20 of 22

13. Roig-Vila, R.; Moreno-Isac, V. El pensamiento computacional en educación. Análisis bibliométrico y temático. RED. Rev. De Educ.
A Distancia 2020, 63, 1–24. [CrossRef]

14. Wing, J.M. Computational thinking. Commun. ACM 2006, 49, 33–35. [CrossRef]
15. Wing, J. Research notebook: Computational thinking—What and Why? The Link Magazince, Spring. Carnegie Mellon University,

Pittsburgh, 2011. Available online: https://www.cs.cmu.edu/link/research-notebook-computational-thinking-what-and-why
(accessed on 7 October 2024).

16. Pinto-Llorente, A.M.; Casillas-Martín, S.; Cabezas-González, M.; García-Peñalvo, F.J. Building, coding and programming 3D
models via a visual programming environment. Qual. Quant. 2018, 52, 2455–2468. [CrossRef]

17. Valverde Berrocoso, J.; Fernández Sánchez, M.R.; Garrido Arroyo, M.C. El Pensamiento Computacional y Las Nuevas Ecologías
del Aprendizaje. RED Rev. Educ. Distancia 2015, 46, 1–18. Available online: https://revistas.um.es/red/article/view/240311
(accessed on 17 September 2024). [CrossRef]

18. Korkmaz, Ö.; Çakir, R.; Özden, M.Y. A validity and reliability study of the computational thinking scales (CTS). Comput. Hum.
Behav. 2017, 72, 558–569. [CrossRef]

19. Deschryver, M.D.; Yadav, A. Creative and computational thinking in the context of new literacies: Working with teachers to
scaffold complex technology-mediated approaches to teaching and learning. J. Technol. Teach. Educ. 2015, 23, 411–431.

20. Günbatar, M.S. Computational thinking within the context of professional life: Change in CT skill from the viewpoint of teachers.
Educ. Inf. Technol. 2019, 24, 2629–2652. [CrossRef]

21. Angeli, C.; Voogt, J.; Fluck, A.; Webb, M.; Cox, M.; Malyn-Smith, J.; Zagami, J. A K-6 Computational Thinking Curriculum
Framework-Implications for Teacher Knowledge. Educ. Technol. Y Soc. 2016, 19, 47–57.

22. Marañón, Ó.; González-García, H. Una revisión narrativa sobre el pensamiento computacional en Educación Secundaria
Obligatoria. Contextos Educativos. Rev. De Educ. 2021, 27, 169–182.

23. Repenning, A.; Basawapatna, A.R.; Escherle, N.A. Principles of Computational Thinking Tools. In Emerging Research, Practice, and
Policy on Computational Thinking; Rich, P., Hodges, C., Eds.; Springer: Berlin, Germany, 2017; pp. 291–305. [CrossRef]

24. Shute, V.J.; Sun, C.; Asbell-Clarke, J. Demystifying computational thinking. Educ. Res. Rev. 2017, 22, 142–158. [CrossRef]
25. Ramírez-Montoya, M.S.; Buenestado-Fernandez, M.; Ibarra-Vazquez, G. Unlocking Sustainable Development Goals through

Computational Thinking: A Search to Inform Computers Education from Citizen Science Dataset. In Proceedings of the 2023 the
8th International Conference on Information and Education Innovations (ICIEI 2023), Manchester, UK, 13–15 April 2023; ACM:
New York, NY, USA, 2023; pp. 41–47. [CrossRef]

26. Galdós, M.A.; Ramírez, M.; Villalobos, P. El Rol de las Universidades en la Era de los Objetivos de Desarrollo Sostenible. Inst.
Innovación Basado Cienc. Talca-Chile 2020, 1, 1–4.

27. Alba, D. Hacia una fundamentación de la sostenibilidad en la educación superior. Rev. Iberoam. De Educ. 2017, 73, 15–34.
28. Bohne, A.C.; Bruckmann, M.; Martínez, A. El desarrollo sustentable en las instituciones de educación superior: Un verdadero

desafío. Rev. Digit. Univ. 2019, 20, 1–10.
29. Ragonis, N.; Rosenberg-Kima, R.B.; Hazzan, O. A Computational thinking course for all preservice K-12 teachers: Implementing

the four pedagogies for developing computational thinking (4P4CT) framework. Educ. Technol. Res. Dev. 2024. [CrossRef]
30. Bocconi, S.; Chioccariello, A.; Dettori, G.; Ferrari, A.; Engelhardt, K.; Kampylis, P.; Punie, Y. Developing Computational Thinking

in Compulsory Education—Implications for Policy and Practice; Publications Office of the European Union: Luxembourg, 2016.
[CrossRef]

31. CSTA. Computer Science Standards. 2017. Available online: https://www.doe.k12.de.us/cms/lib/DE01922744/Centricity/
Domain/176/CSTA%20Computer%20Science%20Standards%20Revised%202017.pdf (accessed on 12 September 2024).
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