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Abstract: This study evaluates the effectiveness of visual block programming-based instruction and
its possibilities in the training of future teachers. In particular, the application Scratch, a visual
programming environment, was employed to introduce pre-service teachers to programming.
The study followed a mixed-method design with a sample of 79 pre-service teachers. A quantitative
approach was used to evaluate the gains in the participants’ knowledge of computational concepts
and attitudes towards Scratch as a pedagogic tool. A qualitative analysis aimed at evaluating
the participants’ knowledge concerning programming applications, and their perception about
possible difficulties in the implementation of programming in educational contexts. Positive results
were obtained for programming in the classroom, with significant improvements in innovation,
collaboration, active learning, motivation, and fun for the students. After the experiment, the subjects
highlighted Scratch as a fundamental block programming tool and the need for teacher training in
this field. The need to improve the implementation of visual block programming in Education Degree
curricula is supported.
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1. Introduction

Society and the labor market demand mastery of the essential tools to function effectively in
the information age. One of these technology-related tools, commonly known as digital competence,
is programming [1] which is a means of creating something new in the digital world, solving problems,
implementing ideas and using creativity. Programming provides benefits and advantages in different
areas of elementary education, regarding motivation, digital competence and skills to create. It is
introduced through block-based visual languages [2], and Scratch is one of the most widely used
products worldwide [3]. However, despite growing interest in introducing computational thinking and
programming into K-12 contexts [4], most teachers find it difficult to use Scratch in the classroom [3].

Technologies already have a significant impact on learning, teaching and creative thinking in
university education [5]. However, in pre-service Teacher Education Programs as well as in primary
and secondary education, new approaches are needed to integrate technology into education and train
digitally competent teachers [6,7]. The European Higher Education Area aims to clarify and resolve
this issue by examining how European Higher Education Institutions generate new teaching formulas,
aimed at promoting active and dynamic learning, technology use, and student-centered methodologies
in response to changing demands [8].
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From an international perspective, these practices in schools are related to K-12 curriculum
standards, including the Common Core State Standards [9] and CSTA K-12 Computer Science
Standards [10], and other important perspectives of digital competence framed in key competences for
lifelong learning.

Thereby, these changes can and should be addressed through the development of digital
competence—which is substantially more complex and wide than just coding—within initial training
of future teachers, something that will benefit their educational practice and turn them into good role
models, which in turn will positively impact on the learning outcomes of their future learners, and
respond to the demands of future job opportunities [11]. This implies the need to develop training
activities that contemplate the most appropriate spaces and strategies for the correct acquisition of
teaching skills, including digital competence [12], which allows the solving of problems and situations
in digital environments [13].

In the context of K-12 elementary education, computing began to be considered in educational
contexts based on the contributions of Seymour Papert at MIT in the 1980s. This author pioneered the idea
of children developing procedural thinking through LOGO programming [14]. Subsequently, Ref. [15]
has provided theoretical elements of interest focused on computational thinking. Computational
thinking is “the solution of problems, the design of systems and the understanding of human behavior,
making use of the fundamental concepts of computer science” [15] (p. 33). Computational methods
and models allow us to solve problems and design systems that humans cannot do alone; in short,
it is about using computational principles to solve a series of problems. It implies logical analysis
and data organization, as well as modelling, abstractions, simulations, and the application of possible
solutions. These approaches in the world of education help students acquire essential skills to solve
complex problems.

Various authors (e.g., [16]) have emphasized that programming is an extension of writing and,
as with traditional writing, there are powerful reasons for everyone to learn to program. In primary
education, programming can be applied transversally in many subjects (e.g., mathematics, computer
science, language, art, social sciences) so that, from an interdisciplinary perspective, students can learn
strategies to solve problems, design projects, and communicate ideas [17].

The visual block programming environment of Scratch provides a considerable advantage over
other languages when the aim is to introduce students to computing, as it allows users to “write” by
dragging and dropping graphic blocks to develop simple programs that, in turn, allow them to create
games, interactive stories, or simulations [18]. Scratch is a visual block programming language created
by the Lifelong Kindergarten group in the MIT Media Lab. Scratch’s programming language offers more
than 100 programming blocks, grouped into eight different categories (movement, appearance, sound,
pencil, data, events, control, detection, operators, and variables). This programming environment
allows young people to create their own interactive stories, games, and simulations, and then share
those creations in an online community with other young programmers from around the world.

Visual programming languages, specifically Scratch, solve many problems related to the difficulties
of introducing programming into educational contexts [19]. Scratch allows a simple and attractive
introduction to programming and avoids the difficulties posed by classic textual programming
languages [20]. In this context, a study providing detailed evidence related to the integration of visual
block programming as combined tools in areas framed in the current curriculum is therefore of great
interest. Brennan and Resnick [21] pointed out the main activities to be included in the design of
learning environments related to constructionism, which are based on the belief that the most effective
learning experiences are related to active construction, socially significant elements [14,22], interactions,
and elements supporting reflection [14,23].

Several studies have found positive results related to attitudes towards computer science [24–26]
and the improvement of skills related to computational concepts [27,28]. Israel, Pearson, Tapia,
Wherfel, and Reese [29] argued that research concerning teaching practices indicates that teachers
who were initially skeptical about programming implementation, in the end, considered that the
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Scratch application was really valuable and accessible; something that has also been argued by other
authors [30].

In a study with elementary students, Sáez-López et al. [2] reported statistically significant
improvements in the understanding of computational concepts and practices due to the use of Scratch
in the classroom, which suggests recommending educational authorities to implement programming
in elementary educational environments. Students can approach computational practices and create
their own content related to curricular areas, especially in the social sciences and arts, given the
characteristics of the visual content these areas present, allowing the creation of colorful, dynamic, and
motivating projects from an active perspective. These conclusions are reaffirmed in the study by [31]
which demonstrated the acquisition of basic concepts of computer programming in the elementary
education setting.

These investigations highlight the advantages related to student motivation, fun, commitment
and enthusiasm through this pedagogical approach. Students are generally in favor of this pedagogical
design, highlighting its usefulness and the active learning provided. The importance of an educational
design that includes the approach of a visual programming language to understand the elements of
logic, mathematics, and the creation of content in art and history, brings about significant improvements
both in elementary [2] and higher education [32] through the understanding of computational concepts
and active approaches.

From our position as trainers of trainers, and from the application of approaches focused on visual
block programming, we consider the impact generated by these emerging innovations in the initial
training of future teachers, as well as the real presence of these key trends in the university training
context. To address this, we specify the following aims:

• O01—To assess the effect of a visual block programming-based intervention on pre-service teachers’
mastery of coding.

• O02—To assess the effect of a visual block programming-based intervention on pre-service teachers’
opinions about the potential of programming as a pedagogical tool.

• O03—To assess the pre-service teachers’ satisfaction and enjoyment based on the visual block
programming-based intervention.

2. Materials and Methods

The study followed a pre-experimental design as educational ethics prevented researchers to
configure a control group, which is a clear limitation of the experiment and confers an exploratory
nature to this piece of research. The intervention was carried out in two classroom-based instruction
sessions of 5 h each, in two different weeks. Additionally, 10 h of autonomous student work were
added, which was carried out outside the classroom. Figure 1 summarizes the different phases of
the intervention.
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Before the first session, the students took a pre-test in which their prior knowledge of computational
concepts, their opinion on coding in educational contexts and their knowledge of coding applications
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and current needs were measured. The instruction was structured in two modules. In the first one,
the students were introduced to basic computational concepts (sequences, loops, conditionals) through
the development of simple projects using Scratch. In the second module, more advanced computational
concepts (parallelism, events, operators and data) were explored, as well as project-design practices
through the creation of games where the pedagogical advantages of coding in the teaching of Social
Sciences could be highlighted.

The following computational concepts [21] were used in this study:

• Sequence: To create a program it is necessary to think about the order of the steps.
• Iteration (loop): “always” and “repeat” can be used for iteration (repetition of a series of

instructions).
• Conditional statements: “if” can be used to establish a condition.
• Threads (parallel execution): Execution of two independent orders that are executed in parallel.
• Event Management: For example, when a key is pressed or when objects are clicked.

Subsequently, the students had to develop, as homework, an original project with Scratch in which
the concepts and programming learned during the instruction had to be used in order to enhance their
creativity. This work would be evaluated by the teacher and would be posted in Scratch Studio, where
all the projects developed could be reviewed. Once the instruction was finished, the participants were
again invited to carry out the post-test following the same procedure used in the pre-test.

2.1. Participants

The study population are university students in the second year of the Degree in Primary
Education in the Faculty of Education, Albacete (University of Castilla-La Mancha), enrolled in the
subject “Social Sciences II: History and its didactics”. The sample, which was non-probabilistic and
intentional, consisted of 79 individuals. The tests from the design are applied as related samples linked
to a pre-test/post-test design. The experimental group consisted of 72.2% female students and 27.8%
male students, which turns out to be a representative sample of the gender disparity that exists in
teacher studies, in which there is always a greater number of women. The average age was almost
21 (20.85). The group was quite homogeneous, because it consisted of students of almost the same age
and educational level.

2.2. Instruments

This study uses the survey technique and a questionnaire as instruments, consistent with the
objectives of the research. In dimension 1: Results and computational concepts, the Visual Blocks
Creative Computing Test (VBCCT) [2] was used. The test was made up of 20 multiple-choice items with
4 options and one correct answer, in which students must answer questions related to computational
concepts and computational practices. Figure 2 shows an example of the questions used.

In dimension 2: Programming in educational contexts, a questionnaire with four dimensions
adapted from Cózar-Gutiérrez and Sáez-López [33] was used. The questionnaire includes different
sub-dimensions: (1) Knowledge and mastery of the programming, (2) Visual block programming in educational
contexts, (3) Active learning, and (4) Fun. Items in the first two sub-dimensions were adapted from [2],
while items for Active Learning and Fun were adapted from [34,35], respectively. The descriptive
data of the four sub-dimensions were assessed from the pre-experimental approach, applying, again,
one sample t-tests between the pre- and post-test. The results were analyzed through an inferential
analysis with one sample t-tests, except for sub-dimension 4, Fun, which was exclusively measured in
the post-test.
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This information allows us to determine if there are significant differences before and after the
intervention carried out with the students. The level of significance (α) was 0.05 in all the cases.
Reliability calculated through Cronbach’s alpha coefficient is 0.83 in the first dimension, and an
average of 0.71 for the different scales in the second dimension; as it is always greater than 0.6,
it is considered acceptable [36]. In dimension 3: Programming applications and current needs, the
qualitative information of open questions is analyzed.

The analysis followed a data triangulation approach [37] using quantitative and qualitative
information, which makes it possible to determine whether there is evidence to support the validity of
the results and minimize error variance [38]. The data triangulation was implemented using quantitative
information collected in the aforementioned test in the first dimension, and the questionnaire in the
second dimension. We obtained qualitative data from the open questions in the third dimension.

3. Results

3.1. Dimension 1: Results and Computational Concepts

For dimension 1, a pre-experimental design was applied, analyzing data with the one-sample
t-test [39]. The Creative Visual Block Computing Test (TVBCC) was administered with a pre-test/
post-test design, which makes it possible to check if there were significant improvements after the
intervention. The values in the 20-item test emphasize the importance of an educational design that
includes a visual programming language to understand the elements of logic, mathematics, and content
creation, providing improvements as highlighted in this analysis.

The mean post-test scores for the 79 participants was 11.43 (SD = 2.52), which was compared to the
mean pre-test score of 6.59 (SD = 2.18). The results revealed a significant difference between pre- and
post-test scores on the TVBCC test (t = 17.04, p < 0.001, d = 1.92). It can thus be affirmed that there
were significant gains after the interventions. Indeed, the effect size d is 1.92, which can be considered
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as large [40]. Consequently, the implemented program improved the students’ ability to understand
the concepts and logic of programming to create multimedia products related to the curriculum.

3.2. Dimension 2: Coding in Educational Contexts

To evaluate dimension 2, one-sample t-tests were performed for each item (Table 1) and for
each sub-dimension. Concerning the first sub-dimension (Knowledge and mastery of the programming),
the participants’ scores were significantly higher in the post-test (Mpost = 3.00, SDpost = 0.47) compared
to the pre-test (Mpre = 2.38, SDpre = 0.50, t = 11.64, p < 0.001). In addition, the difference can be seen
as large (d = 1.32). An in-depth analysis of each item in this dimension indicates that pre-service
teachers have positive opinions concerning the importance of programming knowledge for their future
career, and also in their training at the university (items 1.1, 1.2, and 1.3). The gains in these items are
moderate-medium sized (see Table 1). The intervention was particularly effective at increasing the
participants’ experience in programming (item 1.4), and qualifying them to use block programming
languages to create content in educational contexts and use them as classroom tools (items 1.5 and 1.6),
with large effect sizes.

Table 1. Descriptive analysis, t-test, and effect size for each item in sub-dimension 2.

Sub-Dimension Item Mpre SDpre Mpost SDpost t p d

1. Knowledge
and mastery of

coding

1. Knowledge of programming or coding is
essential to train future teachers 3.03 0.88 3.27 0.69 3.03 0.0033 0.35

2. In initial university training it is important to
work on codification 2.94 0.72 3.19 0.62 3.57 <0.001 0.40

3.
The interaction with visual block

programming is beneficial in initial teacher
training.

3.05 0.82 3.28 0.60 3.40 0.0011 0.38

4. I have worked with visual block
programming in the university. 1.73 0.81 2.68 0.87 9.74 <0.001 1.09

5. I know how to program in blocks to create
content in educational contexts. 1.59 0.73 2.80 0.81 13.30 <0.001 1.49

6. I know several tools that allow programming
in the classroom. 1.92 0.76 2.77 0.78 9.67 <0.001 1.09

2. Visual block
programming
in educational

contexts

1. The visual block programming approach
enhances creativity development. 2.85 0.95 3.59 0.63 10.50 <0.001 1.17

2. Coding work facilitates collaborative
advantages. 2.72 0.80 3.32 0.65 8.14 <0.001 0.92

3.
Communication and interactions are

improved through visual block
programming.

2.62 0.84 3.29 0.64 9.23 <0.001 1.05

4.
The approach of visual block programming
enables the development of competencies in

educational contexts.
2.75 0.88 3.41 0.61 9.54 <0.001 1.08

5. The visual block programming approach
fosters educational innovation processes. 2.90 0.91 3.59 0.61 10.12 <0.001 1.13

6. Work with coding increases motivation in
learning processes. 2.86 0.83 3.54 0.64 9.56 <0.001 1.06

3. Active
learning

1. You learn many contents with visual block
programming. 2.72 0.83 3.28 0.64 7.77 <0.001 0.87

2.
The central themes related to the contents are

identified through visual block
programming.

2.47 0.78 3.01 0.69 7.00 <0.001 0.78

3. With this coding approach the topic worked
is more interesting. 2.82 0.92 3.43 0.65 8.30 <0.001 0.94

4. With visual block programming you actively
participate. 2.81 0.95 3.57 0.67 10.03 <0.001 1.13

4. Fun

1. I was happy. – – 3.34 0.64 – – –
2. I really liked the activity. – – 3.47 0.64 – – –
3. I was excited. – – 3.24 0.66 – – –
4. I felt motivated. – – 3.24 0.74 – – –
5. I was relaxed and comfortable. – – 3.49 0.62 – – –

Concerning the second sub-dimension (Visual block programming in educational contexts), the scores
revealed that the intervention improves pre-service teachers’ opinions in favor of the pedagogic use of
these programming languages. Thus, the comparison between pre-test (Mpre = 2.78, SDpre = 0.72) and
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post-test scores (Mpost = 3.46, SDpost = 0.46) showed the huge benefits derived from the intervention
in this sub-dimension (t = 13.07, p < 0.001, d = 1.48). After the experiment, the students stressed
that visual block programming enhances creativity, collaborative advantages, communication, skills
development, innovation and motivation in educational contexts (items 2.1, 2.2, 2.3, 2.4, 2.5, and 2.6).
The effect can be seen as large for all these items.

Regarding the third sub-dimension (Active learning), the experience led participants to consider
that programming activities promote active involvement and learning (items 3.1 and 3.4) and make the
subjects more interesting (3.3). Globally, the participants’ scores were again significantly higher in
the post-test (Mpost = 3.32, SDpost = 0.49) compared to the pre-test (Mpre = 2.71, SDpre = 0.73, t = 11.18,
p < 0.001, d = 1.24)

Finally, the last sub-dimension (Fun), which was only measured in the post-test as it exclusively
refers to motivational variables related to the activities developed during the experience. A descriptive
analysis indicated that the participants felt extremely happy, motivated, relaxed, and comfortable
during the activities (see Table 1).

In short, all the inferential tests, together with the descriptive analysis, point to a very positive
impact of the intervention in all the sub-dimensions, promoting the students’ mastery of coding,
their attitude towards visual block programming as an educational tool, and their enjoyment.

3.3. Dimension 3: Programming Applications and Current Needs

A qualitative analysis was conducted based on the participants’ answers to a survey. In the design
of the instrument, we opted for a mixed questionnaire consisted of two open questions as an instrument
because it enables students to respond freely. Considering the purpose of this paper, only the answers
of one question were included in the analysis. Indeed, the frequencies provided by the subjects to the
question provided elements and factors of interest for the study, which were numbered and accounted
for to reinforce the values obtained in the quasi-experimental design and descriptive analysis.

In particular, the question asked students “What problems or obstacles do you perceive to
implement visual block programming in educational contexts?” The sample subjects highlighted the
need for training, time, and effort in the design and development of these activities, as well as the need
for resources and means (Figure 3).
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4. Discussion

Many studies in the last few years have analyzed visual block programming in educational
contexts and have yielded positive results similar to those found in our study [2,3,29,31]. Based on
triangulation of the results, it can be concluded, in a structured way, that:
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1. The subjects positively valued receiving training in programming during their initial teacher
training. Based on the TVBCC values, statistically significant improvements were obtained after the
program was implemented, improving the ability of university students to understand the concepts
and logic of programming to create multimedia products as part of their training to be future teachers
(dimension 1).

2. The formative action significantly favored knowledge about, attitudes towards, and the
application of programming in initial stages of teacher training. The subjects considered programming
to be essential in the training future teachers, and very important during initial university education
(items 1.1, 1.2, and 1.3).

3. Although many of the participants had experience in programming before the intervention,
pre-service teachers improved their skills in the implementation of visual block programming after the
intervention, which points in the same direction as the results obtained in [3].

4. Block programming in educational contexts (sub-dimension 2) showed positive and significant
values for the importance of creativity (item 2.1), interactive, collaborative advantages, and the
development of competencies (items 2.2, 2.3, and 2.4). Educational innovation processes were also
possible (item 2.5), and, as in [2], the motivation of the students was increased and greatly enhanced
(item 2.6).

5. With high values and significant improvements, it appears that integrating programming into
the classroom encourages active learning (sub-dimension 3), while emphasizing that coding allows
the topic being worked on to be more interesting (item 3.3), and programming encourages active
participation and learning of the essential lesson content (items 3.1, 3.2, and 3.4).

6. These practices provided the students with satisfaction and fun (sub-dimension 4), and the
students stated that they were happy, motivated and liked the programming activities (items 4.1, 4.2,
4.3, 4.4, and 4.5).

7. The main obstacle to implementing block programming appeared to be the need for teacher
training, due to the difficulty of these pedagogical approaches and computational practices, something
that may be related to the pedagogical beliefs of teachers about the barriers in the use of technology
in the classroom [41] and their perceived competence [42]. To a lesser extent, the need for material
resources and the difficulty in curricular design for these types of activities were also mentioned, which
underpins what was previously denoted in [29].

Once the availability of resources, class planning and initial and continuous teacher training
have been overcome, the implementation of visual block programming in educational contexts creates
pedagogical advantages that allow greater student activity and prominence, taking advantage of the
strength of interest and motivation that these approaches elicit, through collaboration, communication,
creativity and student satisfaction.

International studies and reports have proposed that these key trends be adopted in the short
term, leading to a change in educational practices [1]. University education and initial teacher
training must adapt to these challenges and the demands of today’s society, taking into account the
emerging trends that prospective professionals will encounter in their immediate future [33]. This and
other studies [43,44] provide evidence concerning the attitudes, assessments, and perspectives of the
application of programming in university contexts among future teachers. Due to the difficulty of
ensuring adequate application, and the essential need for training to avoid the barriers and difficulties
that arise due to erroneous pedagogical application, now is a key moment for the introduction of
educational technology during initial teacher training in university contexts, since if such programming
training is delayed, the opportunity to incorporate these technologies into the classroom will be lost.
How to teach Scratch at elementary classrooms is beyond the scope of this study as the training was
focused on developing a good command in Scratch, but it was not aimed at teaching the future teachers
how to introduce this visual language to elementary students. However, this issue is essential to
computer sciences education and should be addressed in future studies. This study highlights the
positive assessment of programming in the classroom by future teachers during their training period,
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with special focus on the advantages in terms of motivation, innovation, collaboration, active learning,
and student satisfaction. Highlighting Scratch as a fundamental tool, and teacher training in this field
as a challenge to overcome, visual block programming in higher education should be a reality that
fosters the integral training of future teachers.
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