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The integration of digital technologies in the classroom is a complex

and multidimensional process with different dynamics including, among

others, those related to: the digital culture of the center, the competency

of teachers and students, the support of families and innovation within

educational programs. This paper presents a systematic literature review

(SLR) to analyze how the curricular integration of educational technology

in classroom practice has been developed at non-university levels in recent

years. The PRISMA 2020 standards have been applied. For the selection of

articles, the ERIC database was used, taking as a reference, key concepts

from its Thesaurus, related to the objective of the research, performing

a temporal search of scientific articles from 2018 up to the present day.

After screening according to the inclusion criteria established by consensus

among researchers, a total of 88 articles were obtained (n = 88). The main

results point to several variables that should be strengthened to promote the

integration of digital technologies in the classroom, among which teacher

training stands out as a determining factor, with special emphasis on initial

training. This opens a debate about the training that future teachers receive in

relation to the integration of digital technologies in the teaching process.

Systematic review registration: [https://doi.org/10.5281/zenodo.6909261].
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Introduction

In the early years of the new millennium, the proliferation of information and
communication technologies in educational environments began to blur the traditional
boundaries between distance education and face-to-face educational practices, resulting
in the emergence of what are considered to be “distributed learning environments”
(Boshier et al., 2001). We must bear in mind that we live in a hyperconnected world
in which technological artifacts and networks form a set of elements with which we
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constantly interact, sometimes even unconsciously. The
hybridity of contemporary life, what Bauman (2013) calls
liquid reality, is already our reality. Feenberg (2019) insists
that the digital is integrated and imbricated in everyday
interactions. We live constantly crossing face-to-face with
virtual spaces, even when we are teaching. Teaching today
faces a pedagogical challenge in which we must integrate
these digital transformations into knowledge construction.
Digital technologies as mediating elements of teaching-learning
processes, give teachers the possibility to break away from
a traditional hierarchical model (Sorensen, 2009), forming
frameworks and networks where students write, read, learn,
interact, build collectively, and define their identities, according
to what they experience in informal contexts. Teaching-learning
processes are understood, in these environments, as processes of
assembling and gathering people, digital technologies, curricula,
work, study spaces, and assessment artifacts (Fendwich and
Edwards, 2010).

Today’s citizens live the experience of hyperconnectivity
on a daily basis (Reig, 2013). This is something that, as a
mediating element in the mutual relations between human
beings and technology, constitutes, for some authors, a third
evolutionary force of humanity (Nowak and Highfield, 2011).
People’s psychosocial schemes are continuously transformed
(Ferrés, 2014) and this allows individuals and collectivities to
use their oral, sound, and visual cultures to produce new citizen
practices. One of the challenges facing education is to prepare
people who are capable of exercising their rights as committed
and participatory citizens in a society in which knowledge is a
critical source of social and economic development.

Integration of digital technologies in
classroom contexts

Some studies show a clear relationship between the
integration of digital technologies and the success of 21st
century students (Foster et al., 2011; Washbon, 2012). The
integration of technologies in teaching-learning processes is a
complex and multidimensional process that involves elements
such as culture and management of the center, teachers,
students, families, and educational programs, among others
(Askar et al., 2006). It is difficult to find a clear definition of
the concept (Akcil et al., 2021) due to the different models of
technology integration identified in the learning theory adopted
by researchers. The constant changes in the relationship between
technology and education also has its effect.

As Spector (2015) says, today it is not possible to think
about education without thinking about technologies that might
support teaching-learning processes. The curricular integration
of technologies is not something new in the field of educational
technology research today. Internationally, research has shown
that for more than two decades, the introduction of technologies

in classrooms has not produced the expected results in terms
of improving the quality of teaching-learning processes (Cuban
et al., 2001; Zhao et al., 2002; Law et al., 2008; Vanderlinde
et al., 2009; Alonso et al., 2010; Lugo and Kelly, 2011). The
international commitment that drove the implementation of
the 1:1 models (One Laptop Per Child, OLPC), whose purpose
was to respond to the technological training needs of 21st
century citizens, led to the search for theoretical and conceptual
frameworks that describe the dimensions necessary to train
digitally competent teachers and students. On the other hand,
Area et al. (2020) emphasize that the hitherto research for the
implementation of public policies, promoting the integration
of technologies in education, is varied. It ranges from an
institutional approach to the analysis of subjectivities and
practices among educational agents. It is remarked that research
developed along these lines has revealed increasingly evident
issues such as: a failure to take into account the complexity
and diversity of school cultures, the commercial orientation of
programs, the sustainability of some initiatives and the lack
of appropriation of educational policies with technologies at
the center level, both by teachers and management teams. It
has been almost 10 years since some authors pointed out that
schools still have not reviewed their current model and vision,
that data is not used for change and transformation and that
many still have limited access to technology (Daniels et al.,
2013).

In recent decades, several models and theories have been
studied for the integration of technologies in the classroom
with the purpose of supporting teachers with said integration.
Mohebi (2021) reviews the theoretical models that have
been most widely used in research that is focused on the
integration of digital technologies in the classroom. The seven
frameworks that, in some cases, are used in a complementary
way are: The Teacher Thoughts and Action Process Model
(TTAP), Theory of Planned Behavior (TPB), Expectancy-Value
Theory of Achievement Motivation (EVTAM), Substitution
Augmentation Modification Redefinition (SAMR), Technology
Acceptance Model (TAM), Unified Theory of Acceptance and
Use of Technology (UTAUT), and Technological Pedagogical
and Content Knowledge (TPACK).

Teacher training for the integration of
technologies in the teaching process

One of the key elements in any model for the integration of
digital technologies is teacher training for digital competence.
If we turn to the research developed on this topic, current
studies allude to the fact that teachers are not qualified for
a true integration of digital technologies in the classroom
(Fernández-Batanero et al., 2019; Pozo et al., 2020; Spiteri and
Chang, 2020). Despite there being positive attitudes toward
digital technologies and their use at the educational level,
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training in their pedagogical use remains inadequate, both at
the initial and ongoing training stages (George and Sanders,
2017). Teachers lack opportunities to observe, reflect, and
experience how digital technologies can be used in teaching-
learning activities in the classroom (Çebi and Reisoğlu, 2020).
Following Valverde et al. (2021) there is evidence of: (a) a
lack of knowledge, experience, demonstration, and observation
of teaching practices in the use of digital technologies in the
classroom; (b) lack of opportunities to reflect on the attitude
toward technologies, on the teaching experience or on the role
and challenges that technologies present to the educational
world; (c) insufficient technical-pedagogical advice for the
design and development of digital educational resources and
for the use of media; (d) lack of collaborative work in the
teaching profession; (e) lack of motivation, incentives, and time
for the effective integration of technologies in the classroom;
(f) need to assess the digital competence of teachers in order
to design appropriate training for teachers. Moreover, in a
very current study by Dikmen (2022), teachers with good
pedagogical-technological competence are found to be more
interested in educational technologies and we notice an increase
in their expectations regarding results coming from the use
of instrumental technologies. Furthermore, teachers end up
perceiving themselves as more qualified.

One of the aspects to be assessed in the training actions being
carried out and which are presented as a barrier to the proper
integration of Digital Technologies (DT) in the classroom, is
the marked instrumentalist nature of the training (Tilve and
Álvarez, 2009; Tilve et al., 2009; Usun, 2009; Aguaded et al.,
2010; Valverde et al., 2010; Fernández-Batanero and Bermejo,
2012). It does not offer adequate content to enhance the
educational possibilities of digital tools, educational strategies
or didactic models. Beneath the training plans, underlies the
vision of the teacher as a technician who must have the
necessary instrumental skills to use technological resources or
it is indeed assumed that teachers have the ability to transform
this knowledge into pedagogical application (Sanabria, 2006).
As such, the innovative use of new technological applications is
not promoted, resulting in uninteresting and decontextualized
training (Valcke et al., 2007).

Teacher training for the integration of digital technologies
therefore requires a rethinking of current approaches and
practices, which are still practically oriented to technical-
computer training (Valverde et al., 2010). It is important that
in addition to developing digital skills and competencies in
teachers, such skills are related to the content of each of the
subjects taught (Brush et al., 2003; Usun, 2009). Since, as the
TPACK model points out: for the integration of DTs to be fully
effective, it is necessary to carry out, not only training in subject
content (C), technology (T), and pedagogy (P) but training
must also be focused on the relationship between all these
elements (Koehler et al., 2014; Boschman et al., 2015; Rosenberg
and Koehler, 2015). Of these three dimensions, the aspect

most emphasized by research studies is the pedagogical one, in
which it is necessary to reflect on new educational strategies, to
uncover didactic methods suitable for developing educational
experiences with digital technologies (DT), in addition to
learning how to design and choose the appropriate technological
didactic material for teaching and student assessment (Tejedor
and García-Valcárcel, 2006; Mueller et al., 2008; Vanderlinde and
van Braak, 2011).

Therefore, it is necessary that teacher training, for the
effective integration of technologies in the classroom, is oriented
toward principles which standout in the educational research.
For example: orientation toward curricular content; the use
of active learning strategies, the involvement of teachers in
collaboration, the use of models and/or modeling, facilitation of
coaching and expert support, availability of time for feedback
and reflection and sustained duration in the medium and
long term (Darling-Hammond et al., 2017). Furthermore, some
research considers it important that, for adequate teacher
training with the goal of integrating digital technologies: (a) a
constructivist and learner-centered model is developed (Ertmer
and Ottenbreit-Leftwich, 2010; Losada et al., 2011); (b) the
opportunity to reflect on one’s own educational practice is
afforded, in a joint and collaborative manner among faculty staff
(Brush et al., 2003; Ertmer and Ottenbreit-Leftwich, 2010); (c)
attitudes and beliefs toward technologies are taken into account
and acknowledged (Mouza, 2009; Aguaded et al., 2010; Ertmer
and Ottenbreit-Leftwich, 2010; Kopcha, 2012) by developing
modeling with teachers, which is usually the most effective
model for changing attitudes; (d) stress prevention strategies
are developed and promoted, that will help teachers to face
the difficulties that arise in the use of technologies (Al-Fudail
and Mellar, 2008); and training should include the opportunity
to disseminate good pedagogical practices developed by other
teachers to help them visualize a real practice with technologies
(Brush et al., 2003; Tejedor and García-Valcárcel, 2006; Al-
Fudail and Mellar, 2008; Aguaded et al., 2010).

In order to open new lines of research and identify
dimensions that need addressing for the effective integration
of digital technologies in teaching processes, it is necessary
to examine the results of the latest research. It is especially
interesting to evaluate what has happened in the pre- and post-
pandemic period, during which digital technologies have had a
great impact in educational contexts.

Method

The study was approached from a systematic literature
review (SLR) to analyze the curricular integration of educational
technology in classroom practice at non-university levels. To
conduct the SLR, the PRISMA 2020 standards have been
applied, identifying eligibility criteria, information sources,
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search strategy, selection process, data collection process, and
data list (Page et al., 2021; Yepes-Nuñez et al., 2021).

Objectives and research questions

The main objective of the study is to analyze the curricular
integration of technologies in current teaching practices.
The research questions are organized around three areas
(Table 1): (a) conceptual framework, analyzing the relationships
between the key words identified in the literature on the
analyzed topic (RQ1); (b) documentary characteristics, to
identify journal impact indices, topics, geographical location,
and research methodologies used in the identified documents
(RQ2–RQ5); and (c) pedagogical dimension (RQ6–RQ9),
to recognize the educational levels, areas of knowledge,
pedagogical approaches, teaching practices, and didactic tools
related to the curricular integration of technologies, which
appear in the localized studies.

Eligibility criteria

The review included scientific articles published from 2018
to the present (January 2018–December 2021) that include
in the title, abstract or keywords the concepts “technology
integration” and “technology uses in education.” The choice
of this period is intended to provide an update to the latest
research on the selected topic, gathering together that which has
been carried out between a pre- and post-pandemic timeframe.
Scientific articles (journal articles) that include theoretical

and empirical studies with both quantitative and qualitative
methodologies and mixed studies were strictly included. The
exclusion criteria applied were articles that corresponded to
higher levels of studies and documents that were reports, books,
or opinion articles.

Information sources and search
strategy

For the selection of articles, the ERIC database was used,
taking as a search reference the concepts of its Thesaurus
“technology integration” and “technology uses in education,” in
the temporal search established from 2018 to the present. The
search syntaxes are included in the coding sheet available at the
following link: https://bit.ly/3S4jBOD.

Selection process and data collection

The initial search resulted in 346 articles. The three
researchers analyzed the articles on the basis of the title and
abstract, according to the inclusion-exclusion criteria. After
reaching consensus on the results, 241 articles were excluded.
The remaining 105 were analyzed in full text in a second
selection process independently by the researchers, resulting in
the exclusion, by agreement, of 17 articles. This resulted in the
final sample of documents for the systematic review (n = 88)
(Figure 1).

The Zotero bibliographic manager was used for data
organization. The synthesis of the information was performed

TABLE 1 Research questions and initial coding.

Scope Research questions Initial coding criteria

Conceptual
framework

RQ1. What is the conceptual network around the terms
“technology integration” and “technology uses in education,”
which is extracted from the literature?

Keyword co-occurrence map. Automatic
coding and selection of nodes and subnodes.

Documentary
characteristics

RQ2. What is the distribution of the articles according to the
journal and their position in the database?

Quartile of the journal and year of publication
of the article.

RQ3. What are the topics of the articles according to the
journal’s category in the databases?

Thematic categorization of journals according
to the database (ERIC).

RQ4. What is the geographical distribution of the publications? Country of residence of the first author of the
article.

RQ5. What research methodologies are used in the selected
studies and if applicable, what is the size of their samples?

Theoretical studies/Instructional
designs/Quantitative or qualitative
research/Mixed.

Pedagogical
dimension

RQ6. What educational levels are included in the research and
what areas of knowledge are involved?

Infant/Primary/Secondary Areas of knowledge

RQ7. What are the pedagogical approaches adopted in the
literature regarding the curricular integration of technologies?

Technology curriculum integration models.

RQ8. What kind of training is offered and/or should be offered
to teachers for the integration of technology in the classroom?

Initial training Continuous training

RQ9. What tools and applications are identified in the studies in
relation to the curricular integration of educational technology?

Tools and applications used.
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FIGURE 1

Study identification procedure (PRISMA).

using a coding sheet in Calc. The conceptual network
was analyzed using VOSViewer. This software allows for
the identification of clusters automatically by analyzing the
keywords of the evaluated articles. The three researchers acted
in a consensual manner in determining the preliminary and
definitive inclusion criteria for this review. They also acted
independently in the analysis of potential documents and later
by consensus for the final sample of documents that form
part of the review.

Results

Below, we present the results of the systematic review carried
out, dividing the sections according to the research questions.
Thus, at the beginning, we place the conceptual network on
the integration of Educational Technology in teaching practices.
A second block refers to the documentary characteristics and

we finish with a third block that shows the results obtained
from the objectives on the integration of digital technologies in
educational practices.

Conceptual network on the integration
of educational technology in teaching
practices

For the analysis of the conceptual network, the clusters
generated by the co-occurrence of the keywords of the
articles selected in this review, are shown. The image shows
(Figure 2) five clusters identified with five different colors:
red (“educational technology”), green (“technological literacy”),
blue (“teacher attitudes”), yellow (“barriers to integration”), and
purple (“uses of technologies in education”).

The clusters show a network of relationships that places
the red cluster as the most relevant, encompassing concepts
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FIGURE 2

Conceptual network on the integration of digital technologies in the classroom context.

related to “educational technology.” This cluster includes
the term “technology integration,” closely related to “uses
of technologies in education” and “educational technology,”
together with the concepts “access to computers,” “effectiveness
of programs,” “intentions,” “self-efficacy,” “students’ attitudes,”
and “portable devices.” The blue cluster identifies a key
concept which is “teacher attitudes” and relates it to “teaching
experience,” “training,” “gender and age differences,” “beliefs”
and concepts that allude to the “pandemic” or “COVID-19.”
The green cluster refers to “technological literacy,” having as
a referent the term “secondary education centers,” which is
related to the red cluster through the “use of technology in
education.” The most important relationship is with the term
“technological competence” to which “teaching competence,”
“teacher training programs,” “professional development,” and
“pedagogical content knowledge” are linked. In this cluster,
“mathematics teachers” is identified as a related element. The
yellow cluster starts from the concept of “barriers” and relates it
to instruction, “teacher characteristics” and “science teachers.”

Finally, a small purple cluster is identified, which comes directly
from the “uses of technologies in education” and relates it to
“primary school teachers.”

Documentary characteristics: Analysis
and categorization

If we take into account the documentary characteristics
of the selected articles, we can answer the research questions
regarding the distribution of articles in journals, their
position in databases, the main topics addressed in the
articles, geographical distribution and research methodologies
pertaining to the main samples.

Distribution of articles by journal and position
in database

The selected research has been published in 60 international
journals, all of them categorized in “Education,” except for one
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TABLE 2 Number of articles in the systematic literature review
(SLR) by journals.

Journal No. articles in the SLR

Education and Information Technologies 8

Technology, Pedagogy and Education 5

Journal of Science Education and Technology 3

Journal of Digital Learning in Teacher
Education

3

Journal of Agricultural Education 3

International Journal of Research in Education
and Science

3

International Journal of Education and
Development using Information and
Communication Technology

3

ZDM: Mathematics Education 2

Technology, Knowledge and Learning 2

Perspectives in Education 2

Education Sciences 2

Contemporary Issues in Technology and
Teacher Education

2

Asian Journal of University Education 2

that appears in “Social Sciences.” The journals with the largest
number of studies are Education and Information Technologies,
with 8 articles, and Technology, Pedagogy and Education, with 5
studies, as can be seen in Table 2.

Since 2018, the publication of studies on the subject matter
addressed has remained stable, with an average of 22 articles per
year (Graph 1). A slight decrease is identified in 2020, where
publications drop below 20.

If we consider the impact of the journals in which the
selected studies were published, we observe that they are all

indexed in different databases. Of these, 54 appear in the Scopus
indexes. The journals with an impact index that include the
research in this review are mainly indexed in the first quartile
(Graph 2).

Main topics
Through an inductive content analysis of the selected

articles, we have identified thirteen themes related to the
Integration of Educational Technology in teaching practices.

The predominant theme responds to the “integration of
digital technologies in the classroom” (38%), followed by
studies that focus on the “beliefs, attitudes, and perceptions
of teachers” regarding the processes of integration of DT.
Although in a smaller proportion, issues related to the
barriers that teachers encounter in incorporating digital
technologies in the classroom, are taken into account in
the research, as well as the practices of “use of DT in
classroom contexts,” the “integration of hybrid learning”
as a consequence of the pandemic and the processes of
“integration of DT in educational centers.” The graph shows
(Graph 3) the topics identified in smaller proportions than
those mentioned above but which also provide interesting
data for this study.

Geographical distribution
The geographical distribution of the publications has been

analyzed taking into account the country of the primary
author’s research institution (affiliation), resulting in a variety
of countries and a sample of studies that is broad and diverse.
Figure 3 shows the worldwide distribution of the articles
analyzed, with the consequent table (Table 3) showing the
number of studies for each country indicated. The lack of studies
from countries in South America and the northeastern part of

GRAPH 1

Evolution of publications in the selected years.
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GRAPH 2

Scimago journal & country rank (SJR) impact index of the journals in which the articles were published.

GRAPH 3

Themes related to the integration of digital technologies in classrooms.

the continent is noteworthy. It is possible that the language of
the selected database and the high cost of publication fees of
some impact journals could explain the lack of studies in the
indicated areas, although an in-depth analysis of these factors
would be necessary.

Research methodologies and study subjects
The research methodologies identified are clearly

qualitative in nature (Figure 4). Perhaps the complexity
of analytical factors involved in the integration of digital
technologies in the classroom explains the need for qualitative
research approaches. This perspective is followed by
quantitative and that which incorporates a mixture of

quantitative and qualitative methodologies. The lowest
proportion is found in theoretical studies, despite the need
to find theoretical support for the practical application of
Educational Technology.

As for the subjects of study (samples), the highest percentage
of research studies refer to teachers, with more than 70%
of the selected articles (Graph 4). The teacher is considered
the key subject in the integration of digital technologies
in the classroom, which explains the large proportion of
studies that incorporate his or her perception or evaluation.
The most numerous samples are those of teachers [1,335
in the study by Selwyn et al. (2020)] followed by those of
students [1,174 in Dogan et al.’s (2021) research conducted].
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FIGURE 3

Geographic distribution of publications.

Some single case studies are identified, being a teacher and
his educational practice with digital technologies the object
of study (Gómez, 2019; Trouche et al., 2020). Studies that
stand out are those aimed at analyzing the integration of
technology in the Educational System as the highest influential
body in pedagogical use in classrooms (Williams, 2020)
and of medium influence in Educational Centers (Skaftun
et al., 2018; Lumagbas et al., 2019; Huang, 2021) or those
addressed to the schools’ Directorates (Thannimalai and
Raman, 2018; Raman and Thannimalai, 2019; Ugur and Koç,
2019) to set strategies for the integration of technologies
at the micro (classroom) level. We have also identified a
study that analyses the effects of the pandemic on the
competencies and experiences with digital technologies of
teachers and also families in several dimensions (Öçal et al.,
2021).

TABLE 3 No. of studies for country.

Country No. of studies Country No. of studies

Saudi Arabia 2 Italy 1

Australia 2 Kazakhstan 1

Belgium 1 Malaysia 5

Canada 2 Nepal 2

China 1 Nigeria 1

Cyprus 1 No data 5

The United Kingdom 1 Norway 3

Spain 1 Portugal 1

The United States 20 Sri Lanka 2

Estonia 1 South Africa 6

The Philippines 4 Sudan 1

France 1 Sweden 2

Greece 2 Taiwan 2

Indonesia 1 Tanzania 2

Ireland 1 Turkey 10

Israel 1 Zimbabwe 2

Integration of digital technologies in
educational practices

Educational levels and areas of knowledge
The educational levels of the selected studies show that

the highest percentage corresponds to Secondary Education
(75%), with 5.7% of the publications corresponding to Primary
Education (Graph 5). In the rest of the publications, we
find that the implementation of technologies has not been

FIGURE 4

Research methodologies of the selected documents.
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GRAPH 4

Subjects of studies in the selected publications.

GRAPH 5

Educational levels targeted by the research.

carried out at an exclusive educational level; thus, 14.8% of
the research is related to Primary and Secondary Education
levels and 1.1% to Infant, Primary, and Secondary Education
levels. A total of 3.4% of the publications do not identify the
educational level studied.

In relation to the areas of knowledge, 48.9% of the
research has integrated technology in all areas of knowledge

(Graph 6). The remaining publications show that integration
has occurred in only one knowledge area, with mathematics
standing out at 18.2%, followed by the area of science
(9.1%); the areas of physical education and physics coincide
with 4.5%; and it is the areas of English (3.4%), visual arts
(2.3%), and geography (1.1%) that are the least present in the
publications studied.
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GRAPH 6

Knowledge areas of DT integration.

Pedagogical approaches in the curricular
integration of educational technology

Research shows several theoretical models for curricular
integration of educational technology in the classroom, some of
which coincide with those described by Mohebi (2021).

One of the models used as a frame of reference
is the Technological Pedagogical and Content Knowledge
(TPACK) and we see the research of several authors reflected
(Lai and Lin, 2018; Lisene and Jita, 2018; Yildirim and Sensoy,
2018; De Freitas and Spangenberg, 2019; Gómez, 2019; Li et al.,
2019; Walan, 2020; Williams, 2020; Pamuk, 2022).

These investigations have analyzed the value of technology
and technological pedagogical content knowledge in teachers,
the factors, and barriers to integrate information and
communication technologies (ICT), the levels of TPACK,
as well as the beliefs of students and teachers. The results
highlight the presence of factors that affect the effective use
of technology in the classroom such as: (a) teachers’ concerns
(b) pedagogical beliefs and problems (c) teachers’ attitudes
toward the use of technology and (d) effectiveness of the
training received. Several barriers to the integration of ICT
in the classroom were identified: curriculum, technological
infrastructure, ineffective professional development, impact of
ICT on the teaching-learning process, teachers’ pedagogical
beliefs and leadership deficits. It should be noted that the
results also show that the use of digital technology motivates
students, facilitates their evaluation, and allows for more
individualized teaching.

Another of the models present in the research is the TAM,
which is taken as a reference in the research of Akar and Güzin
(2019), Moodley et al. (2020), Firomumwe and Gamira (2021),
Hamutoglu (2021). In these studies, the perception of
usefulness, ease of use and the attitude of teachers toward
technologies, have been evaluated. Also, we have identified the
internal and external barriers that condition the acceptance or

resistance to integrate technology in the classroom. We note
that the study of Teo et al. (2019) focuses its attention on the
student body and specifically, on the factors that drive them to
use some technologies versus others.

The results focus on two key factors present in the TAM
model for improving the acceptance of technology in the
classroom: perceived usefulness and perceived ease of use.
Among the findings, personal innovativeness is highlighted as
an element that has a positive effect on perceived usefulness and
perceived ease of use. Both are found to be significantly higher
where teachers are significantly innovative than where staff lack
innovation (Akar and Güzin, 2019). Equally noteworthy, are
the results indicating that teachers show a positive attitude
toward the use of technology derived from the two key factors
outlined above, as well as the perception of ICT as a useful
tool for the improvement of their effectiveness and performance
(Firomumwe and Gamira, 2021). In addition to the two
aforementioned factors, the results identified six sub-factors
affecting ICT acceptance: anxiety, ability, attitude, facilitating
conditions, subjective norm, and voluntariness (Moodley et al.,
2020). The identification of these factors is relevant to help
eliminate the presence of negative factors and instead foster
those that facilitate the use and integration of ICT in the
classroom by teachers.

Results suggest that training in the use of ICT is
desirable (Firomumwe and Gamira, 2021) and that it is
necessary to provide professional development, infrastructure,
and additional resources for teachers in order for the use of
technology to be successful.

Along with the above models, other theoretical models
(23.9%) are referenced, such as Unified Theory of Acceptance
and Use of Technology (UTAUT), Substitution Augmentation
Modification Redefinition (SAMR), Digital Tokens, PhET
Simulators, science, technology, engineering and mathematics
(STEM), APOS Theory.
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Type of formation
The selected publications show information related to the

training of teachers for the integration of technologies: both
training received and training they consider they should receive.

Initial training is present in research such as Gökmen et al.
(2018), Agélii Genlott et al. (2019), Clark-Wilson and Hoyles
(2019), Findley et al. (2019), Lumagbas et al. (2019), Moodley
et al. (2020), Kilty and Burrows (2021), Morgado et al. (2021).
The results show that the initial training received by teachers
has been oriented to several aspects: (a) the integration of
technologies in the learning process; (b): training for the use of
mobile technology, tablet and App (c) professional development
programs and in training received at the university stage (d)
training for the use of specific resources (digital whiteboards,
simulators).

In relation to continuous training, authors such as Gökmen
et al. (2018), Herro et al. (2018), Kearney et al. (2018), Lai and
Lin (2018), Akar and Güzin (2019), De Freitas and Spangenberg
(2019), Ding et al. (2019), Lumagbas et al. (2019) reveal that
teachers have received continuous and postgraduate training
oriented to technological digital resources, pedagogy for the
use of technology and computer science. Teachers also link
continuous training with technical and pedagogical support and
diverse ICT skills: participation in formal learning, in informal
networks to share experiences, observation of other teachers’
practices and exchange of didactic materials.

The research shows that not all teachers have received
training, either initial or continuous, for the use and
integration of ICT in the classroom, which is an aspect to
be considered for the reflection and development of training
programs and actions.

Technological tools and applications
The educational practices described in the research point

toward a wide variety of technological tools and applications
being used by teachers. In the results of research such as that by
Macauda (2018), Kearney et al. (2018), Cementina (2019), Ding
et al. (2019), Gómez (2019), Walan (2020), Cooper et al. (2021),
among others, there is mention of those tools and applications
that teachers have reported using in their classrooms. The review
of the studies shows that educational platforms and educational
software are the most commonly used tools. Google Classroom,
Moodle and Canva stand out; all of them allow for the creation
of content, activities and information exchange between the
members of the educational community. This result is especially
relevant in the global context of the pandemic where the use
of platforms has been a fundamental element in the teaching-
learning process. Other studies show that teachers use tools
that are not specifically educational but can be implemented
in classrooms. This is the case with office automation packages
(word processing, spreadsheets, databases, or presentations)
or Google Earth; a software tool that is applied for teaching
purposes in primary and secondary classrooms and which

facilitates active learning and the development of both digital
and research skills and collaborative work. The use of mobile
and tablet devices in classrooms also appears, for Internet access,
navigating social networks, blogging, and video creation. Some
studies have been identified where technological tools were
linked to specific areas of knowledge; this is the case of Cabri,
GeoGebra, or Geometer’s Sketchpad for the teaching-learning of
mathematics.

The results of the studies highlight that teachers have
diversified technological tools and applications (Kearney et al.,
2018). Integration in classrooms is perceived as beneficial, both
pedagogically and organizationally which propels their use.

Discussion

Our results provide insight into the variables that should be
strengthened to promote the integration of digital technologies
by teachers in their classroom practices. It is essential to
understand in depth, the factors that lead teachers to make
the decision to use or not to use technologies and seek better
training, that is more pedagogical in nature and which prepares
teachers for an adequate integration into their teaching process.
Of course, it must also be taken into account that technology
integration should be driven by pedagogical objectives and not
by technological pressures (Christopoulos and Sprangers, 2021).

The research analyzed highlights a conceptual relationship
between: educational technology, technological literacy, teacher
attitudes, barriers to the integration of technologies and the
use of technology in education. An average of 22 articles per
year with impact in international databases and using diverse
research methodologies are identified, with the exception of
the year 2020, when this figure dropped, only to rise again in
2021. Perhaps the impact of the pandemic and the development
of research at that time is the reason for the variability
of publications in that year. As for the main topics, those
which stand out are: the integration of technologies in the
classroom and research related to teachers’ beliefs, attitudes and
perceptions about this integration. All these topics are mainly
focused on Secondary Education and all subject areas. The
main theoretical-methodological approaches to the integration
of technologies in teaching processes are TPACK and TAM, with
little incidence of other well-known reference models such as
UTAUT or SAMR, among others.

In terms of training, there is an orientation toward more
pedagogical content in the use of digital technologies in
classroom contexts, both in initial and continuing education. In
a current study, conducted with teachers in their initial training,
they admit feeling digitally competent but do not feel capable
of integrating digital technologies in the classroom despite
knowing the didactic possibilities they offer (Tadeu, 2020). This
research establishes a positive relationship between the valuation
of DTs in teaching, their effects on learning, knowledge of

Frontiers in Education 12 frontiersin.org

https://doi.org/10.3389/feduc.2022.1005499
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


feduc-07-1005499 October 11, 2022 Time: 7:26 # 13

Fernández-Sánchez et al. 10.3389/feduc.2022.1005499

their use for didactic purposes and how to include them in
teaching practices. Other research such as Gómez-Trigueros
et al. (2019) and Ortega-Sánchez and Gómez-Trigueros (2020)
analyses new training strategies, aimed at future teachers, to
develop competencies linked to the TPACK model through
MOOCs (Massive Open Online Courses) and NOOCs (Nano
Open Online Courses). Therefore, initial teacher training in
educational technology continues to be essential, without
forgetting that it should be complemented by continuous
training that allows teachers to advance and update their skills.

It is evident that the pedagogical relationship has changed
and that teachers must create spaces for students to develop their
full potential. It is necessary not only to possess pedagogical
tools and practices but also to be able to transfer this
knowledge to the classroom. Technology changes teaching
and using technology well in the classroom means that today
we have to rethink the definition of the classroom and of
teaching itself (Bayne et al., 2020). In this sense, we should
also rethink the pedagogical usefulness of time in face-to-
face teaching and adopt a pedagogical approach to move
toward the transformation of education. The identification of
pedagogical models is essential to analyze educational practices
with technologies and avoid the “dispersion” of models that
make it difficult to understand what happens in classrooms
when educational practices with technologies are implemented.

We note that there is a shift in approaches toward
technology integration around the world due to the impact
of the pandemic. The exact details of the actual levels of
integration of technologies in this period remain unknown. In
addition to a thorough investigation of this issue, there is a
need for the development of frameworks and approaches that
encourage hybrid models, providing a pedagogical frame of
reference, providing easy-to-implement technologies in blended
teaching and learning processes and promoting teachers’
digital competence through training that extracts real utility
from technologies and which demonstrates the effectiveness
of hybrid models.

The analysis of the results related to teacher training gives
rise to the need for greater and deeper investigation and
training for teachers, a determining factor for the integration of
technologies in the classroom.

The main limitations of the study can be related to
the unification of criteria to a single database, applying the
established filters. In future work we intend to broaden the
selection criteria, extending the sample to other educational
levels such as higher education. We also considered the
possibility of performing inferential statistical analyses on
associations of some of the variables that articulate the research
questions. At the same time, we have considered the integration
of digital technologies in the classroom context, excluding
articles that worked on specific technologies. Perhaps it would
be interesting to investigate the latter context, expanding the
research that can lead us to open new avenues of study. On

the other hand, the research review leaves some questions
unanswered with relation to the integration of technologies in
educational practices, especially in a post-pandemic context in
which the data and results of previous research have probably
changed. The analysis of teaching practices, technological tools,
and applications, as well as the study of teachers’ attitudes
toward the integration of technology are topics that may offer
interesting data in this new context.
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