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Abstract: Interest in computational thinking (CT) in the scientific community has increased signifi-
cantly in the last 4 years, as evidenced by the numerous systematic reviews carried out. However,
there is a lack of reviews that update the emerging conceptualization of CT and which also examine
the roles of the school curriculum and teachers in the face of CT. A systematic literature review
(SLR) consists of a collection of research conducted according to previous criteria with the aim of
answering research questions with validity and quality. For this reason, the PRISMA-ScR statement
was followed. Articles published in scientific journals, from Scopus and WoS, between January 2018
and August 2021 were included, in the English or Spanish language. The initial search resulted in
492 articles, to which the inclusion-exclusion criteria were applied. The final sample of texts for the
present systematic review was n = 145. The texts were analyzed from three perspectives: conceptual,
documentary and pedagogical. Thus, a renewal of previous literature reviews was carried out,
updating the situation with research from recent years and new data, obtained to contribute to the
collective intelligence on methodological strategies (80% of the sample was divided into “plugged”
and “unplugged”); educational (more than 50% studied CT evaluation); and resources, including a
collection of more than 119 educational resources.

Keywords: computational thinking; problem solving; 21st-century skills; education; systematic

literature review

1. Introduction

Computational thinking (CT) is a transversal and complex competence that goes
beyond the use of computers and writing code. It is considered an ideal medium for the
development of 21st-century skills [1]. Its purpose is not exclusively to promote students
to opt for training in computing careers. It is about promoting the integral development of
citizenship within a free and democratic society [2]. The myth of the “digital native” has
been quite detrimental when considering the need for a “digital education” for all those
born in the midst of the technological revolution. The effects of the pandemic have shown
how the “digital divide” continues to be a very relevant educational problem.

Although the definition of CT has multiple approaches and perspectives [3], its basic
component is the creation of “logical artifacts” that make ideas explicit and concrete so that
they can be interpreted and applied in computational artifacts. CT focuses on “abstraction”,
which is a tool of the constructive mind, and its “computational representation” [4]. Scien-
tific knowledge about CT has a multidisciplinary character, including computer science,
cognitive science, and educational science.

Interest in CT within the scientific community has increased significantly, as evidenced
by the numerous systematic reviews carried out in the last 4 years. Fagerlund et al. [5]
proposed a review of scientific articles relating to experiences of inclusion among practices
with Scratch in primary education (2007-2019). The selected articles (1 = 30) were analyzed
with Dr. Scratch, a software created to analyze projects produced with Scratch, to determine
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which parts of the CT were more developed using the software created by Resnick. Palts
and Pedaste [6] conducted a review with the aim of designing a new conceptual model
based on the studies analyzed (n = 65). Their results proposed three clearly differentiated
phases within a repetitive cycle. They also described a practical example for the optimal
development of CT-related skills. Xia and Zhong [7,8] conducted reviews focused on the
field of educational robotics and mathematics. Cabrera [9] carried out a review on the
previous preconceptions of CT in primary education teachers. Along the same lines, is
the review by Taslibeyaz et al. [10] (2011-2018) of a sample of university students, which
included questions related to the perception of the CT concept. They related three depen-
dent variables of CT (attitude and motivation, problem solving and programming skills)
to the tools found in the review. Popat and Starkey [11], as a result of a systematic review
(1988-2017), used a diamond representation to describe how CT influences the educa-
tional process. In their analysis of CT, they included social skills, such as collaboration,
and cognitive skills, such as self-control, and teaching methods, such as active learning.
Zhang and Nouri [12] focused their review (2007-2018) on secondary education to identify,
in a comprehensive way, the skills linked to CT developed with the support of Scratch.
Kakavas and Ugolini [13] conducted a review on CT in primary education (2006-2018).
They identified different studies depending on the CT activity developed (plugged, un-
plugged or a combination of both), as well as a selection of tools for CT assessment. The
systematic review by Tang et al. [14] analyzed the context, tools and validity of the evi-
dence provided for CT assessment. Hsu et al. [15] conducted a review from January 2006,
with the publication of Wing [16], to 2017. Conceptual questions were raised, linking CT
with programming languages. The analysis of the methodological strategies applied in
the papers under review stands out. Tikva and Tambouris [17] developed a conceptual
model based on a systematic literature review on CT through programming for compulsory
education (K-12). Six areas of CT were identified: (1) knowledge base of CT (concepts, skills,
practices, self-perception and attitudes); (2) assessment of CT, by direct (tests, observations,
artifact analysis) or indirect (self-report) methods; (3) learning strategies for CT based on
games, simulations, problem solving, projects, scaffolding and collaboration; (4) individual
and contextual variables (demographic, psychological, cognitive and academic factors);
(5) tools (programming software and learning communities; robotics and microcontrollers;
CT-specific educational resources); and (6) competency development (curriculum for CT
teaching, initial and ongoing teacher training). It is evident that some of the relationships
between the identified areas have not been sufficiently studied. From among them, springs
forth the knowledge about which tools best develop certain learning strategies. It can also
be seen which learning strategies favor the acquisition of CT or which variables significantly
affect its development. Meanwhile, the interest of researchers was especially focused on
the area of assessment, where efforts have been made to develop validated strategies for
general use in self-report mode. The studies do not accurately reflect the application of the
tools and learning approaches used.

In conclusion, there is a lack of reviews that update the emerging conceptualization
of CT and examine the role of the school curriculum and the role of teachers in the face
of CT. Educational systems are renewing their contents to include these digital competen-
cies [18,19]. Teachers face several challenges in integrating CT into their teaching practice:
weak technological infrastructure and a lack of time for pedagogical design and creation of
teaching materials, as well as insufficient training [20,21]. In addition, there is low-level
knowledge about CT and its teaching methodology [22,23].

2. Materials and Methods

A systematic literature review (SLR) consists of the collection of research conducted
according to previous criteria with the aim of answering research questions. To guarantee
the validity and quality of the SLR, it must be carried out under objective criteria that
provide the process with transparency, clarity and precision. Scoping reviews, a specific
type of systematic review, are commonly used to clarify working definitions and conceptual
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boundaries of a topic or field [24]. For this reason, the PRISMA-ScR statement was followed
in Supplementary Material (https://bit.ly/3G7S1tu (accessed on 29 December 2021)),
which comprises a total of 20 elements to identify eligibility criteria, information sources,
search strategy, selection process, data collection process and a data list. The usefulness of
an SLR is not limited to the synthesis of research results but also provides the possibility
of identifying categories and trends [25]. This review updates those conducted by Hsu
et al. [15] and Kakavas and Ugolini [13] with data from the last five years to provide an
update of the literature which is enriched with aspects not originally integrated, such as
those related to teacher training and the educational curriculum.

First, as shown in Table 1, the research questions (RQ) were organized around three di-
mensions: (a) a conceptual framework to analyze the relationships between the key-words
identified in the literature (RQ1); (b) documentary framework to identify themes, geograph-
ical location, Q levels of the journals and research methodologies used (RQ2-RQ6); and
(c) pedagogical framework (RQ7-RQ9) to recognize educational levels, areas of knowledge,
pedagogical approaches, teaching practices and didactic tools in the studies analyzed.

Table 1. Scope, questions and coding criteria.

Scope Investigation Questions Initial Coding Criteria
lgr(:;ig\/tgfli RQ1. What is the conceptual relationship surrounding the term CT? Word frequency, keywords, nodes and C.D.
RQ2. What is the distribution of items according to CT Databases. dimensions, quartile and vear
dimensions and their position in the database? ! 9 Y
RQ3. What and nggi;ﬁiﬁﬁ;ﬁﬁ:ﬁ;;;nd relationships Co-authorship, co-citation and gender
]gfacr‘rllré‘xng RQ4. What are the topics from which the articles are published? Disciplines and subject areas
RQ5. What is the geographical distribution of publications and
their relationship with their inclusion or not in the Country and language
official curriculum?
RQ6. What are the research methodologies and sample sizes? Approaches, methodologies and sample
RQ7. What ari;}gmggzaetiﬁsaolléi‘é?s and areas of Types of practice, educational levels and subjects
Pedagogical RQ8. What are the methodological characteristics for the
Framework development of CT? Types of resources and results
RQ9. What are the didactic tools used for the development of CT? Resources

To locate a sample that provides answers to the questions posed, eligibility crite-
ria and information sources were established. Articles published in scientific journals
between January 2018 and August 2021 were included, which have, in their title, ab-
stract or keywords, the concepts “Computational Thinking”, “Experience”, “Program”,
“Background”, “Intervention” and “Experiential Learning”, in the English or Spanish lan-
guage. Theoretical and empirical studies with quantitative or qualitative methods were
included. The exclusion criteria applied were for articles that did not develop an educa-
tional practice related to CT. Additionally, texts that were not articles were excluded. The
databases used to search the texts were Web of Science (WoS) and Scopus. Keywords were
used in each of the databases. The search syntaxes were included in the coding sheet in
Supplementary Material (https:/ /bit.ly /3G3n350 (accessed on 24 October 2021)).

Figure 1 shows how the initial search resulted in 492 articles, of which 145 were
duplicates. Following the inclusion-exclusion criteria, all the researchers analyzed the
347 articles on the basis of the title and abstract. After reaching a consensus on the results,
188 texts were excluded. Nine of them were withdrawn because they were not accessible,
leaving 150 that were analyzed in full text in a second selection process. Once again, the
researchers independently carried out a second screening that resulted, by agreement, in
the exclusion of 5 more articles. The final sample of texts for the present systematic review
was n = 145.
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Identification of new studies via databases and registers

=
o - . -
5 BECONISIROISY from; Records removed before screening:
2 Databases (n = 2) Duplicate records (n = 145)
=] Registers (n = 492) P -
s
Records screened Records excluded
(n=347) (n=188)
2
c Reports sought for retrieval Reports not retrieved
3 (n=159) (n=9)
3]
n
Reports excluded:
Reports assessed for eligibility Gl it r]ot an edijcgtlonal
(n = 150) experience (n=2)
EC2: It is not about CT (n = 2)
EC3: It is not an Article (n = 1)
b . - -
= New studies included in review
3 (n =145)
£

Figure 1. Flow chart of the literature selection process.

Several tools were used during the data coding and synthesis process. First, the Zotero
bibliographic manager was used to collect the information. The synthesis of the information
was also carried out using a coding sheet with 29 fields. Finally, VOSViewer, RAWGraphs,
Litmaps and NVivo 12 Plus were used for the comparative and analytical scrutiny of the
results. The authors of the review were involved in all the phases required by PRISMA.

3. Results
3.1. What Is the Conceptual Relationship Surrounding the Term CT?

Figure 2 shows seven clearly differentiated clusters, obtained from the co-occurrence
of the keywords of the articles. The first cluster that stands out is the blue one, and, in
it, the direct relationship of CT to “Methodologies” can be observed. In the red cluster,
“Competence”, the three dimensions of CT related to 21st-century skills, and the educational
curriculum are perceivable. Between both clusters, a series of brown elements can be found
that revolve around “Problem Solving”.

This gives way to the green and orange clusters that offer up a relationship between
elements that allow the development of the CT. While the green cluster is related to “Soft-
ware”, specifically to programming languages, the orange cluster is related to “Hardware”,
such as robotics. Flowing between both clusters, you can find the one formed by the yellow
color, where you can see the “Disciplines” such as STEM. Finally, the purple cluster shows
the elements related to the different “Educational Levels”.

Figure 3, elaborated with NVivo 12, is a conceptual network of nodes and subnodes
from the coding of the complete content of the items based on the three dimensions of the
CT. This follows Brennan and Resnick [26] with regards to the dimensions in which CT can
be studied and takes into account other studies [1,27-29].
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Figure 2. Co-occurrence map by keywords (minimum frequency 2).

Computational Concepts
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Figure 3. Conceptual network of nodes and subnodes based on the three dimensions of the CT.

Figure 3 shows how the “conceptual” (blue) and “practical” (grey) dimensions are
equally represented, while the “perspective” (orange) dimension is relegated to second
place. It should be noted that “data”, “algorithms” and “sequences” are the most developed
concepts, while “testing”, “data analysis” and “debugging” are the most worked practices.
In the case of the third dimension, “connection” and “expression” are the most frequent,
while “heuristics” and “questioning” show a lower number of frequencies. A similar
result was obtained with “reuse” and “modularization” being the least used practices and

”ou

“parallelisms”, “events” and “operations” being the most developed concepts.

3.2. What Is the Distribution of Items According to CT Dimensions and Their Position in the Database?

The first quartile (Q1) includes 65 articles (44.82%). There are 42 (28.96%) correspond-
ing to the second quartile (Q2). In the third quartile (QQ3) a total of 21 articles have been
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published, representing 14.48% of the total. Finally, nine articles (6.2%) belong to the last
quartile (Q4). The number of articles published in non-indexed journals in these quality
indexes, is eight (5.51%).

The three dimensions were subjected to an analysis, taking into account the databases
and the level of quality of the journals in which the articles were published, and a new
vision was obtained, as shown in Figure 4. Last place goes to “perspective”. However,
regardless of the dimension, it is evident that most of the articles had a high quality, being
published mostly in Q1 and Q2.

Concepts

Practices

Perspective

Q1
Q2
mQ3

Q4
Figure 4. Distribution of items for each CT dimension and Q level. Prepared with RAWGraphs.

3.3. What and How Are the Interactions and Relationships between the Authorships?

Figure 5 shows the relationship between the articles (with DOI) that make up the
review sample and their citations over time. The relationship is evidenced not only among
themselves, but also with 10 other very relevant articles on CT [16,30-37]. As can be seen,
the bulk of lines link directly to the authors mentioned. However, the lines linking them to
each other are tiny in comparison.

3.4. What Are the Topics about Which the Articles Are Published?

Among the thematic areas, “Social Sciences” stands out with a large percentage at
77.28% of the publications with 112 articles. It is followed by “Computer Sciences” at 7.59%
and “Engineering” at 6.21%, as a result of the 11 and 9 publications that were associated,
respectively, with their areas.

Among the disciplines, four represent 83.49% of the publications: “Education” stands
at 69%, being the most productive with 100 articles. It is followed by “Communication”,
“Computer Science” and “Engineering” at 4.83% each.
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Figure 5. Co-authorship map of articles in possession of DOI. Elaborated with Litmaps.

3.5. What Is the Geographical Distribution of Publications and How Does This Relate to Their
Inclusion or Not in the Official Curriculum?

The United States, Spain, Turkey, Korea and the United Kingdom make up 51.06% of the
sample. Of this percentage, 21.39% corresponds to the United States, with 31 publications,
and 14.49% to Spain, with 21 published articles. Turkey, Korea and the United Kingdom
had a publication frequency of 9, 7 and 6 respectively.

Thus, the United States and Spain are the nations that stand out with the greatest
power. However, neither country includes CT in the official curriculum, leaving it up to
the states or autonomous regions to decide how to incorporate it into educational practice.
The countries that follow them in number of publications, Turkey, South Korea and the
United Kingdom, do have CT integrated into their educational systems [38].

3.6. What Are the Research Methodologies and Sample Sizes?

The main research approach of the publications was a quantitative and mixed method,
combining quantitative and qualitative approaches. Both are equal with 37.26% of the
sample, which means a total of 54 articles for each mode. Third place is occupied by the
qualitative methodology with 37 articles (25.53%).

Based on the research methods applied in the studies, first place can be evidenced for
instructional design with a total of 50 articles (34.5%). This is followed by the quasi-
experimental method with 34 publications (23.46%). Case studies were included in
23 articles (15.87%). The 13 experimental studies account for 8.97%, followed by 5.52%
corresponding to the design-based research (DBR) method. Adding both percentages to
those obtained by exploratory data analysis (seven articles), they represent more than
90% of the sample.

3.7. What Are the Educational Levels and Areas of Knowledge Involved?

Educational practices were carried out equally in formal educational contexts. This
includes those ranging from early childhood education to higher education and non-formal
and those outside educational institutions. Specifically, 48% of the practices were carried
out in both settings. Seventy articles were developed in a formal context and another
seventy in a non-formal one. Only 4% of the 145 articles analyzed (five articles) mixed
both contexts.

The formal educational levels in which research was carried out included early child-
hood education at 9.66%, which is in fourth position (14 articles). Secondary education
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was the third most researched educational level with 20 publications (13.8%). The educa-
tional levels most chosen by researchers were higher education and primary education, at
20.01 and 40.02%, respectively. Higher education was found in 29 articles, while primary
education was found in 58 of the 145 articles.

Outside the scope of formal educational institutions, 0.69% corresponded to family
education: a single article that included fathers and mothers in the development of compu-
tational thinking. Finally, we found at identical percentages, 7.59%, the practices addressed
to active teachers and those applied at different levels.

Meanwhile, the subject of “Programming” was present in 63.48% of the publications
analyzed and the rest of the subjects did not reach 10 publications. “Mathematics” was
the primary subject found in nine publications (6.21%), followed by “Computer Science”
and “STEM” (4.83%), with a total of seven articles, respectively. In six articles, CT was
developed in an interdisciplinary way (4.14%), in five articles within the subject “Science”
(3.45%) and in four articles it was worked from the subject “Engineering” (2.76%). The
subject “Art” was represented in three studies (2.07%).

3.8. What Are the Methodological Characteristics for CT Development?

“Plugged” resources, those that need a digital environment to be used, and “un-
plugged”, tangible materials that can be used analogically, accounted for 80% of the sample,
with 57 articles, respectively. The rest opted for combining resources of both types, for
example, through robotics.

Figure 6 shows the relationship between formal educational levels and the types of
resources used in their research. It can be seen that, in early childhood education, a greater
number of disconnected or unplugged, tangible resources were used, given that half of
the articles (seven) opted for this type of educational material. In primary education,
33 publications strongly suggested a mixed use of resources, while, in secondary education,
with 12 texts out of a total of 20, and higher education, with 14 pieces of research out of a
total of 27, we see the use of digital or connected resources.

Educational Level Type

Preschool Education

Figure 6. Educational levels related to type of resources. Developed with RAWGraphs.

In 81 articles, findings were made on different participant attitudes towards educa-
tional practices in CT. An increase in motivation [39], a good predisposition to different
levels of difficulty [40,41], a preference between a digital and an analog interface [42], a
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positive attitude towards science [43] or an improvement in autonomy [44], among others,
were demonstrated.

Seventy-nine items sought to assess the CT in one of its three dimensions. We wit-
nessed the evaluation of “abstraction”, “generalization”, “judgment” and “decomposi-
tion” [45-47], the effectiveness of the use of unplugged resources [48], the evidence of a
development of logical thinking [49] or the relationship of the concept with an innovative
design [50], among others.

Coding was evaluated in 34 publications, which represents more than 70% of the
articles, showing, as a result, that, for example, more programming activities with App
Inventor improved student performance [51]. It is also concluded that, through visual
programming and robotics, programming skills can be developed [52]. It is also observed
that the progress obtained through coding lasts over time [53].

The integration of CT into the curriculum was studied in 27 articles. The results show
how interdisciplinarity is an effective strategy through STEM [54] or the incorporation of
coding and robotics in curricular content for the development of CT skills [55]. At the same
time, the assessment of student learning outcomes was evaluated in 21 studies, with higher
performance observed compared to transmissive teaching methods [56]. There was also
evidence of improved cognitive and social skills compared to those who were not trained
in CT [57].

In 10 investigations, the impact was evaluated according to the gender of the sample
members, finding that one of the best ways to attract women to CT is through unplugged
resources [58]. This overcomes stereotypes that “boys are better at programming than
girls” [59]. Teaching practices were the subject of research in six articles. It was shown
that the most effective CT teachers are those who know how to integrate didactic and
methodological aspects and not those who are the best programmers [60].

With regard to mathematical competence, a total of five studies showed a positive
effect on its development after the implementation of coding [61]. With respect to digital
competence, one study found a relationship between the CT and the students’ perception
of an improvement in their digital skills [62].

3.9. What Are the Didactic Tools Used for the Development of the CT?

Figure 7 provides an overview of the specific resources used by the authors based
on the types of resource, namely: “hardware”, “software” and “tools”. Physical resources
account for 34.45% of the sample, digital resources account for 37.81 and 27.73% are
identified within the “various tools” category. The 119 resources are shown in the following
summary table (https:/ /bit.ly/3F8Dyw1 (accessed on 24 October 2021)):

The first item that stands out from the “hardware” category is robotics with 15.9%.
Among the 19 resources, were robots of very different types: KIBO [60,63-65] and Cu-
betto [66], which stand out for their wooden parts enabling better manipulation; Bee-
Bot [42], which is a classic of educational robotics for its simplicity and potential; LEGO is
present with its Mindstorms EV3 models [67]; and Education WeDo [68] or TurtleBot [69],
related to the pioneering work of Seymour Papert [34].

The next item in the category is “board games” (13.44%). Splash Code [70] or Coding
Ocean [71] are games that work directional programming through in-game elements or
a robot to clean the oceans. Finally, as “resource maker” we found Makey-Makey [72] or
Arduino kits [73], with which countless inventions can be created.

In the “software” category, the first item is “visual programming” (19.32%). In it, the
most widely used ones were quickly found: Scratch [74] and Alice [75], given their run
over the years. However, it can be observed that there is a large variety of more recent ones
that made up a niche within the research: Code.org [76], Light-Bot [41] or Hopscotch [77],
among 18 other resources. Another component of this category is pure and educational
“programming languages” (10.92%). Python [78] or Java [79] have a more professional
profile, while RoboTIC [80] and VEE Primary Code [81] are designed more for education.
Finally, with 7.56%, we found nine digital tools of different types, such as MIT Media Lab:
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make video game missions.
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Figure 7. Number of types of resources used in publications.

The last category, entitled “Tools”, includes a wide range of resources, among which
“projects” (10.92%), “tests” (5.04%) and “repositories” (4.2%) stand out. Among the former,
one can find very diverse projects of varying impact. For example, the Bebras Computing
Challenge [84], which is a worldwide project on CT development or Coding4Girls [85], a
project whose interventions target the factors that lead girls not to choose computer science
studies. Among the tools to evaluate the CT, different tests, such as the Computational
thinking levels scale (CTLS) [86] or the Computational Thinking Test by Roman-Gonzélez
et. al. [87], focus on the evaluation of the CT concept itself. Dr. Scratch allows us to test
the projects created with the tool to find out which parts of the CT we are developing with
them. Finally, among the five repositories, a multitude of resources were found, with CS
Unplugged [88] standing out for its quantity and variety.

4. Discussion and Conclusions

At the end of the procedure followed for the SLR, it was possible to visualize the
impact of CT in the practices analyzed through implementation strategies of some of the
dimensions of the concept in the teaching-learning processes. With the analysis carried
out, it was possible to answer the ten research questions initially established through a
conceptual framework generated around the concept, the documentary elements of the
texts that make up the review, the different thematic areas from where the research is
conducted and the methodologies carried out in them. It was also made possible through a
pedagogical framework born out of the form of inclusion of CT, the different educational
levels where it is included, the results of the research and the resources or tools directly
related to CT. As such, the most important results of this systematic review can be explored
from three perspectives.
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The conceptual network that originated in the analysis of the texts that make up the
review explores the key concepts linked to CT, as well as the existing relationships between
them, in a way not seen before. Although authors, such as Fagerlund et al. [5], Cabrera [9],
Kakavas and Ugolini [13] or Hsu et al. [15], had explored the concept of CT and even
the dimensions proposed by Brennan and Resnick [26], through the representation of the
current state of affairs, a more in-depth study was carried out. This new terminologi-
cal framework allows for future research starting from less explored areas, such as the
relationship between CT and digital competence.

Next, a documentary framework was presented and nourished, primarily, by the
distribution of articles based on the dimensions that the authors worked on in their research.
This same analysis was superimposed along with that of the quality of the journals in
which their works were published. This double analysis is not found in previous reviews.
However, it provides a detailed description of the most and least explored dimensions,
which allows an analysis of future research niches.

Likewise, the co-authorship and co-citation maps made it possible to establish the
existing relationships between authors. These relationships were produced both among
themselves and with the referents in the field of CT. This analysis had not been carried
out in this depth in previous reviews, so it offers an unprecedented field on which to
base future research. Similarly, Marina Umaschi Bers of Tufts University and Yen Air
Caballero-Gonzalez of the University of Salamanca were highlighted as the authors with
the most publications in this review.

The next element that fed the documentary framework was the subject areas and
disciplines of the journals in which the journal texts were published. Again, this type of
analysis cannot be found in previous SLRs. The result of the analysis provides information
for future projects, given that researchers will be able to opt for a broad scope of publication
beyond educational and social sciences.

Hsu et al. [15] already analyzed the next documentary element: country, through
a geographical analysis of the publications. Thus, it can be seen how the United States
remains the primary power and Spain the second. However, the difference has been
significantly reduced, from 55 to 10. Although, in the present review, Greece is equal
to the United Kingdom and China in terms of publications, which is very similar to the
data provided by the previous review, it is Turkey that has undergone an increase that
has earned it third place: a fact justified by the introduction of CT in Turkey’s official
curriculum in 2016.

The penultimate element that added value to the document analysis lies in the types of
research. Although Kakavas and Ugolini [13] discussed the tools used for data extraction in
their practices, the research approach and method were not analyzed. While this new data
provides an overview of the research conducted in recent years, it will be future research
that can be nourished by these results and, thus, seek less developed research as niches for
possible research.

Finally, we proceeded to analyze the pedagogical framework, starting with the type of
educational practices that were carried out. Hsu et al. [15] found that 74% of the research
was carried out in formal teaching contexts. However, at present, a balance has been
generated between formal and non-formal contexts, with 48% in both. Likewise, for the
first time, 4% of practices appeared to be carried out in both contexts in a combined manner.

These data led us to ask at what levels of formal education CT is introduced. Already
in Kakavas and Ugolini [13], primary education was the main choice for researchers with
58.49% and, although it has decreased, it is still so today, with 40.02 %. However, higher
education has grown from 7.54 to 20.01%. Although it has grown from 7.54 to 9.66 %,
early childhood education is still the option chosen by the fewest researchers to carry out
their internships.

The next element that nurtured the pedagogical framework lies in the subjects in which
the text practices are carried out. As can be seen, programming, computer science and
mathematics dominated the sample; in fact, this is an exponential result to that obtained by
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Hsu et al. [15]. While programming used to lead with 25.40%, it now leads with 63.48%; a
percentage that exceeds the sum of the three dominant ones with 55.72%: a collateral effect
of accepting the statement that the CT is all about learning to program.

Hence, the importance of the type of resource used: connected or disconnected.
Kakavas and Ugolini [13], in their review, already took this element into account. Their
results showed that digital resources accounted for 64.15%, compared to 40% today. This
decrease is in favor of unplugged resources, which increased from 18.86 to 40%. Combined
or mixed resources are also on the rise, with an increase of 4.91%. However, this is the first
time that these data have been cross-referenced with educational level, where it is possible
to better appreciate how resources are distributed depending on educational stage. These
results add depth to those previously obtained and, of course, to the pedagogical framework.

Although the results provided the framework with indisputable potential, compared
to the data of Kakavas and Ugolini [13], a clear similarity can be appreciated. So much
so, that even the data from gender perspective hold the same sixth position. Therefore,
its importance does not lie in frequency but in what the authors contribute to the whole.
However, one of the elements that most enhanced the pedagogical framework was the
existence of 119 resources collected from the texts. While Hsu et al. [15] collected the
programming languages used in the practices they analyzed, the current review collected a
complete classification of digital and analog resources, along with projects, repositories,
tests and tools, providing support for the educational community working on CT.

The scope of this review was limited by the specific search terms used, the scientific
databases used to perform the searches, the period in which the reviewed studies were
published and the large final sample. However, the results emerging from this study
provide useful insights for research at all levels of education. In this way, a general
representation of the current state of computational thinking is provided.

In view of the results of the present SLR, it can be concluded that an adequate edu-
cational approach to CT implementation is needed. It requires a pure knowledge of the
concept as a whole, its three dimensions and its didactics, in addition to the application
of technological tools. The balance will generate a triad necessary to obtain profound
results from the implementation of CT. However, this interconnection requires a process of
learning, reflection and organization.

Teacher training cannot, therefore, be an obstacle to its implementation. The need to
increase the practices of both teachers in training and in-service teachers is appreciated.
Although the data are encouraging, we must be aware that each well-trained teacher im-
plies a classroom open to CT. This means a classroom that will benefit from its educational
potential, which seeks not only an improvement in academic performance but also motiva-
tion, autonomy, the development of 21st-century skills, logical thinking, innovation and, of
course, learning for the future.
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