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Serie Investigacion

IMPORTANCE OF ICT IN THE
TEACHING-LEARNING PROCESS:
MIDDLE AND HIGHER EDUCATION STUDIES

The integration of ICT in education entails several
challenges: the first, to diagnose, at a global level,
how this process is being carried out in different
educational fields. Likewise, another challenge is to
analyze what has really been the impact that this
integration has had on improving educational quality
in Colombia. It is assumed that ICT applied to
education generates successful paths to promote both
teaching and learning. However, it is necessary to
enter the fields of education to corroborate if the
previous statement is valid. A third challenge would
be to analyze the effect of ICT on the efficiency of
educational institutions. In this sense, it is not only
necessary to determine the ICT integration process,
but also to determine how the same institutions
assume responsibility for the digital transformation of
education. Another challenge is to validate, experien-
ces carried out using [C'T" to improve learning proces-
ses. Finally, another of the challenges that can be
highlighted, and is the most relevant, is the need to
assume an ethical stance regarding the management
of ICT in education. This book covers each of the
challenges with the aim of promoting the processes of
innovation and digital transformation of education
from a scientific, critical, and above all, ethical pers-
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Chapter 1

The TPACK model as an analysis perspective in the
integration of ICTs in education: a state of the art

Sergio Alejandro Rodriguez Jerez!

Abstract

The process of integrating ICTs in education is a phenomenon that
has been relatively studied in recent decades. Nevertheless, throughout
the last five years, due to the dynamics of what is now called the di-
gital age, the concern to improve education using new technologies
has increased. This chapter aims to analyze the most relevant publica-
tions on this matter to describe the status quo. The TPACK model is
used as an analysis perspective due to its high relevance in integrating
ICTs in education. Likewise, the descriptive methodology uses the
interpretation levels proposed by Rodriguez Jerez (2019) to carry out
a hermeneutic analysis. The results obtained are organized from the
area, and the units of convergence are found. The conclusions provide a
framework to reflect and understand the current process of integrating
ICTs in teaching and learning,.

Keywords
ICTs, education, TPACK model

1 Ph.D. in Knowledge Society and Action in the Fields of Education,
Communication, Rights and New Technologies of the International
University of La Rioja. Ph.D. candidate at the Autonomous University of
Barcelona. Master’s in education from the University of La Salle. Expert
in Analytics of the Knowledge Society at the International University of
La Rioja. Psychologist of the Pilot University of Colombia. Academic
Director of the Dean’s Office of Innovation and Digital Development and
Director of Research of the School of Philosophy and Humanities of the
Sergio Arboleda University. E-mail: sergio.rodriguez@usa.edu.co
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IMPORTANCE OF ICT IN THE TEACHING-LEARNING PROCESS:
MIDDLE AND HIGHER EDUCATION STUDIES

Introduction

In 1937, Ortega & Gasset (1982) outlined, for one of the first times,
the need to study technique as a co-substantial element of humanity: tech-
nique emerges from the need to take over the environment and transform
matter, through methods, procedures, and tools for the benefit of man. For
both Ortega and Heidegger (1997), humankind becomes more human due
to technique. The possibility of transforming the environment is prevalent
in the construction of societies. However, every action that comes from
man is full of intention.

'The industrial revolution highlighted the supremacy of technique,
which world wars later ratified. Technology thus arises as a field of an
in-depth study of technique and humanity surrenders, almost wholly, to a
race in favor of appropriating the most efficient methods to solve the pro-
blems that surround us, which is why the fourth industrial revolution assu-
med technology as the designating element of new societies (Vinck, 2018).
Now, life cannot be contemplated without technology. As UNESCO’s di-
rector, Irina Bokova, points out: this is not a digital revolution, but a digital
civilization (Vinck, 2018, p. 13). Consequently, on the one hand, we have
technology as a reference for human development and, on the other, the
use of technology-based on the intention of each subject. Technique and
use are the aspects to consider no longer in the meditation of technique but
the meditation of technology. In other words, the thoughts of Ortega and
Heidegger must now delve into a new and broader spectrum than the one
envisioned in the twentieth century.

'The current technological development is overwhelming. The transi-
tion from the first to the second industrial revolution lasted more than
100 years, while it only lasted 20 from the third to the fourth. The speed
of technological development is exponential, so some people infer that the
fifth revolution is about to happen (IMaxwell, 2014).

Considering this, ICTs have become a benchmark for study in multiple
fields, and education is no exception. Since 1991, for example, the need to
incorporate ICTs in education has been a preponderant concern for the

Colombian State. With Law 115 of 1994 and with the appearance of the
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General Systems of Accreditation of Education? in Colombia, the need
to immediately improve the educational quality indexes of the country is
recognized.

In this sense, and thanks to the technological and communicative de-
velopment of recent times, the Ministry of National Education (MEN?)
has designed a series of ICT integration policies in education systems. The
Live Digital Plan* 2014-2018 demonstrates the above and reveals the ur-
gency of using ICTs as tools for the improvement of education.

However, this current urgency of incorporating ICTs in classrooms re-
quires meditation, a moment of reflection in which the scope, limitations,
and phenomena of both complimentary and malicious use of technology
are put on the scale. Also, meditation or reflection involves an analysis
perspective. For example, Mishra & Koehler (2006) explained the TPACK
model to analyze the process of integrating ICTs within the framework of
pedagogical practice. The TPACK model does not correspond to a created
model, but to the study of the factors that are always present in integrating
ICTs in education. Therefore, this model serves as the analysis perspective
to study any training process from the world of teacher knowledge.

The TPACK refers to the knowledge that a teacher has on coordi-
nating the use of specific activities of the subjects or activities on
specific topics, doing so with representations on certain topics, using
ICTs: to facilitate student learning. As the technologies used in these
activities and representations become ubiquitous, the TPACK beco-
mes PCK. In short, it refers to the didactic knowledge of the content
to the knowledge required by teachers to integrate technology in their
teaching in any content area (Cabero, Marin, & Castafio, 2015).

'The TPACK model then becomes the immediate reference to analyze
the integration of ICTs in teaching processes. The TPACK model has been
used as an analytical perspective for improving pedagogical processes in
all academic fields, from essential to university education, as suggested by

2 Sistemas Generales de Acreditacién de la Educacién

3 Ministerio de Educacién Nacional

* Plan Vive Digital
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the consulted bibliography. The use and impact of the referred model first
spread in the United States. Mishra & Koehler (2006) were responsible for
popularizing it and making it accessible to different pedagogical spheres
not only in North America, but also in Europe, Asia, and Australia, as
it began to be part of proposals by authors such as Jimoyiannis (2010) in
Greece, Jamieson-Proctor, Finger & Albion (2010) in Australia, and Jang
& Tsai (2012) in China.

It seems that the inclusion of the TPACK model in the different acade-
mic scenarios around the world and the extraordinary results it has shown
in the face of the evolution of pedagogy and the new ways of teaching that
technology offers has a direct impact on what and how the students of
this century learn. Thus, it can be assumed that the use of technological
tools allows the knowledge imparted in the classroom to be more quic-
kly and efficiently assimilated. However, it would be worth corroborating
the above with a study that documented and analyzed the high-impact
researches from the last five years that have tried to evaluate, using the
TPACK model as a reference framework, the process of ICT integration
in the world. It can be therefore deduced that the question to be answered
is: What has been the status quo, during the last five years, of scientific
publications regarding the integration of ICTs in education through the
TPACK model as an analysis perspective?

'The following general objective must be fulfilled:

Describe the current situation of high-impact scientific publications

that refer to the process of integrating ICTs in education, based on the
reference framework of the TPACK model.

Similarly, to achieve the general objective, the following specific objec-
tives are established:

Document the scientific research related to the integration of ICTs in
education in the last five years.

Discriminate, using a scientometric analysis, the most relevant publica-
tions from the last five years regarding integrating ICTs in education using

the TPACK model.
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Analyze high-impact scientific production of the last five years about
integrating ICTs in education using the TPACK model, through a chro-
nological and geographical study.

Methodology

'The present study is a descriptive analysis of the high-impact scientific
publications from the last five years that have studied the integration of

ICTs in education, based on the referential framework proposed by the
TPACK model. The research was divided into five phases:

The first phase consisted of carrying out an integrated search of all
the publications referring to the proposed topic, taking as a primary unit
of analysis of the last five years’ chronological delimitation. The academic
database integration tool oftered by EBSCO was used with the following

search criteria equation:

Filter 1: V(U: publications - (ICT U TIC U Informationrec))
Filter 2: V(Filter1:publications — (education N Tpack))
Filter 3:V(filter 2:publications - (year2015 N year 2016 N year 2017 N
year 2017 N year 2018 N year 2019))
Filter 4:V(filter 3 publications — education)

After this first gathering of information, the researches that expressly
referred to the process of ICT integration using the TPACK model were
outlined with a standard state of the art matrix in which, based on the data
offered by each of the publications recovered in the first phase, those that
used the TPACK model as an analysis perspective of qualification were
qualitatively refined.

In the third phase, the 704 profiled publications with the established
criteria underwent a scientometric impact factor analysis to determine how
many of them could be classified as high impact. The following criteria
established this indicator:

a. Number of indexed citations

Resource usage percentage (full resource views, resource sum-
mary view resource hyperlink number, resource link in social
networks)

17
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¢ Resource capture percentage (number of downloads, number of
readers)

The scientometrics used was mediated by Plum Analytics metrics,
which allowed for greater fidelity of the high-impact criteria.

In the fourth phase, a hermeneutical analysis of speech saturation and
contrast was carried out to cross-examine the information obtained des-
criptively. A fundamental statistic was made from the purification carried
out in the previous phase, which allowed to delimit the number of articles,
used as an analysis corpus, to 53 in total. Taking as reference the year and
the area of publication, the respective crossing of information was made
to determine the convergences and divergences found in the information
contained in each of the publications. The methodology followed in this
hermeneutic saturation and contrast analysis corresponds to the proposal
of Rodriguez Jerez (2019), precisely the technique presented by the author

to determine the interpretative levels of a text.

In the last phase, the information was compiled, and the results were
presented.

Results

According to the established search criteria, of the 704 publications
found from the last five years, only 53 are of high impact and its descriptive
analysis are showed in tables 1.1 and 1.2.

Tabla 1.1
Total description of high-impact publications by area
e N
DESCRIPTION BY AREA COUNT

EUROPE 28
ASIA 10
NORTH AMERICA - CANADA 8
OCEANIA 4
AFRICA 2
LATIN AMERICA 1
Total 53

. J

Nota: most of the high-impact publications are concentrated in Europe,
especially in the Nordic area of the continent.
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Table 1.2
Total description of high-impact publications in the European area

(. 2\
Row tags Count Europe

GERMANY 1
BELGIUM
SPAIN
ESTONIA
FINLAND
HOLLAND
LITHUANIA
NORWAY
UNITED KINGDOM
SWEDEN
SWITZERLAND

Total
N\ J

R R R, R, A N|R O~

N
=c]

Note: countries such as Norway, Finland, Estonia,
Lithuania are represented in the given sample.

This poses a series of qualitative reflections from the hermeneutical
analysis of these corpora in particular. In Norway, for example, the re-
searchers found focus on three dimensions: a. ICT impact on academic
performance; b. ICT impact on the improvement of teaching practice; C.
TPACK model as an analysis tool to measure the integration of ICTs in
education.

It is necessary to emphasize that, in quantitative studies such as Sche-
rer, Rohatgi & Hatlevik’s (2017), the results evidence that the integration
of ICTs does not significantly affect academic performance. Nevertheless,
as a positive effect, the study by Scherer, Tondeur, Siddiq & Baran (2018)
points out that the integration of ICTs, using the TPACK model as a re-
terence for the analysis, improves the attitude of both the teacher and the
student regarding the new demands of digital civilization.

The second dimension refers to the impact of ICTs in pedagogical
practice. Quantitative studies, such as Temte, Enochsson, Buskqvist &
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Kérstein (2015), have similar results: It cannot be demonstrated that ICTs
improve the teaching process directly. However, qualitative studies such
as Xiang Ying Mei, Endre Aas, & Magnhild Medgard (2019) point out
otherwise. In this case, the contradiction is engaging. The first possible
hypothesis is that there seems to be a social imaginary around the advan-
tages of ICTs in education. This imaginary, whether due to the lack of an
objective measurement model, has not been proven in a real scenario or, on
the contrary, shows that this vision draws away from how ICTs affect edu-
cational environments. As a result of a study of interpretative convergen-
ces, it can be noticed that high-impact researches from Germany, Finland,
Lithuania, Sweden, Switzerland, and Estonia has the following elements
in common: a. improvement of pedagogical practice through ICTs; b.
TPACK model as an analysis tool to evaluate the integration of ICTs in
the classroom; C. student perception of ICT-mediated education; d. ICTs
as elements that allow human development.

Concerning the first element referred to, the studies by Spante, Karl-
sen, Nortvig, & Christiansen (2014) and Taimalu & Luik (2019) indicate
that the impact of ICTs on teaching processes is positive but in the domain
of technological knowledge. According to the TPACK model, the techno-
logical domain is only one of the references in integrating ICTs in educa-
tion. Thus, it can be inferred that the practice does not improve, although
it does provide conditions and possibilities to be more effective. Similarly,
apropos of the second element, the studies by Valtonen et al. (2017) and
Lachner, Backfisch & Stiirmer (2019), argue that it is necessary to create
more reliable measuring instruments to determine the integration of tech-
nologies through the TPACK model. This implies thinking that there may
be a bias, to some extent, from a quantitative point of view in determining
the incidence of ICTs in teaching processes.

Regarding the third element, Sointu et al. (2019) conduct a study with
more than 317 students from Finland and conclude that incorporating the
TPACK model in secondary education helps improve the favorable percep-
tion of students of their teachers. This finding is especially interesting since
technology can be seen as an element of willingness to learn more than to
improve learning. Finally, it is suggestive how in the Nordic countries, in
addition to the concern of analyzing the integration of ICTs in education

20
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as a necessary element to improve educational quality, there is a concern
for applying ICTs as an articulating axis of national development, as can be
seen in the studies carried out by Yildiz (2016) and Petko, Egger, Cantieni
& Wespi (2015).

After reviewing the Nordic area, the same process of convergence and
divergence analysis was carried out in Belgium, Spain, Holland, and the
United Kingdom. Consequently, the following convergent elements were
found: a. the TPACK model to analyze the process of integration of ICTs
in education; b. ICTs as an indicator of impact on the improvement of pe-
dagogical practices; c. integrating ICTs in teaching practice.

Faced with the first convergence, the studies by Bueno-Alastuey, Vi-
llarreal & Garcia Esteban (2018) and Cubeles & Riu (2018) refer to the
effectiveness of the TPACK model to determine, on the one hand, how
the digital competence of higher education teachers can be evaluated with
this analysis perspective and, on the other hand, how this same framework
can be used to analyze specific elements of the digital practices of teaching
such as telecollaboration. The studies above are quantitative. The samples
used are case studies, so it cannot be inferred that they are representative
referents of a specific population.

Concerning the second element, the research carried out by Almerich,
Orellana, Suirez-Rodriguez & Diaz-Garcia (2016) reveals how digital
competencies positively affect pedagogical competencies with a sample of
1,095 primary schools, secondary and higher-level teachers of the Valen-
cian community in Spain. It was proved that the management of ICTs
improves teaching competencies in the difterent levels of training.

'The third element of this unit of analysis refers to the process of ICTs
integration with teaching mechanisms. The studies developed by Kosnik et
al. (2016), Tondeur, Scherer, Siddiq & Baran (2017), Haydn (2014), Gutié-
rrez Porlin (2014), Moreira-Fontin, Garcia-Sefiordn, Conde-Rodriguez
& Gonzilez, (2019), Sinchez-Prieto, Hernindez-Garcia, Garcia-Pefial-
vo, Chaparro-Peliez & Olmos-Miguelédfiez (2019), Uerz, Volman & Kral
(2018) present various explanatory models for this integration, depending
on the specific context of each one. However, it is interesting to find that
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the integration process is tricky in technological knowledge and more than
ICT infrastructure that is not effective and efficient for specific teaching
demands. Consequently, the term digital self-efficacy becomes a necessary
element in appropriating ICTs for teaching with quality standards. The
study carried out by Tondeur, Aesaert, Prestridge & Consuegra (2018) in
Belgium stands out: through an empirical study, the authors demonstrated
how gender and age variables are not relevant in the processes of ICT in-
tegration in education.

After analyzing the European area, the Asian area’s high-impact publi-
cations will be reviewed in table 1.3.

Table 1.3
Total description of high-impact publications in the Asian area
[ COUNTRY AREA Count )
CHINA 5
SOUTH KOREA 1
TAIWAN 3
TURKEY 1
Total 10
. J

Note: high-impact publications are in China.

In the hermeneutical analysis carried out in this country’s publications,
the following convergent elements are identified: a. ICTs as an aspect that
improves teaching practice; b. ICTs as an aspect that improves the quality
of education.

The studies of Wu, Hu, Gu & Lim (2016), Xiong & Lim (2015),
and Mei (2019) expose the advantages of digital awareness over teacher
performance. For example, Xiong & Lim (2015) carried out a research that
took into account two teacher training programs in higher education and
showed, using a sample of 99 people, to understand the need to integrate
ICTsin teaching practice is related to curriculum leadership. In other words,
the research indicated that several people who have a leading role in the
processes of systematization of education are aware of the new challenges
demanded by the digital era. On the other hand, and about the second
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element mentioned above, ICTs in China’s high-impact research that uses
the TPACK model as an analysis perspective has no impact on student
performance. The quantitative studies carried out by Wang, Tigelaar &
Admiraal (2019) and Li, Sun & Jee (2019) show that, as demonstrated by
Li, Sun & Lee (2019), they affect, for example, the quality of the learning

acquired by the students in the particular case of a second language.

The convergent elements identified in South Korea, Taiwan, and Tur-
key are a. TPACK as a benchmark for analysis in the ICT integration
process; b. the impact of ICTs in improving teaching practice. For Akyuz
(2018), Chuang, Weng & Huang (2015), and Tseng, Cheng & Yeh (2019),
the TPACK model must be redefined from the context in which it is used.
According to its quantitative research results, the reference model does
not cover the entire framework of integration possibilities. Secondly, Hsu
(2017) and Joo, Lim & Kim (2016) ratify what has been found in other
areas: ICTs do not directly affect the improvement of teaching practice,
but they help to be more aware of the importance of technology. In other
words, ICTs allow improving the attitudinal component of teachers consi-
dering the demands of the present time.

After analyzing the Asian area, the area between North America and
Canada will be reviewed in table 1.4.

Table 1.4.
Total description of high-impact publications
in the North American area

NORTH AMERICA - CANADA Count
CANADA 2
UNITED STATES 6
Total 8

‘The North American area investigations converge in the following
elements: a. the TPACK model as an instrument of analysis in the
integration of ICTs in education; b. ICT impact on teaching practice;
C. ICT integration models in education. About the first element, the
author’s Stockless, Villeneuve & Gingras (2018), Lefebvre Sonia (2014),
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and Nelson, Voithofer & Cheng (2019) state that the TPACK model
allows the understanding of the integration of ICTs in the classroom from
the didactic point of view. However, Cheng & Xie (2018) point out in a
quantitative study carried out with a sample of 109 professors from the
United States that the TPACK model only effectively measures the belief

system.

Regarding the impact of ICTs on teaching, the studies by McCulloch,
Hollebrands, Lee, Harrison & Mutlu (2018) and Blackwell, Lauricella &
Wartella (2016) conclude that ICTs, by themselves, do not have an im-
pact on the improvement of teaching practices. The integration of ICTs
improves the attitudinal and motivational components; some of the values
are required to develop a quality training experience. For this reason, the
researchers mentioned above emphasize the importance of advancing in
the understanding of the development of digital competence in teachers.

In the case of Oceania, the only country that has produced high-im-
pact research in Australia. Of the four investigations found, two of them
present a state of the art to analyze the integration of ICTs in education
(Lai & Bower, 2019; Pretto & Curré, 2017). The other two show how the
TPACK model offers excellent advantages to analyze the integration of
ICTs in teaching and learning processes (Gill & Dalgarno, 2017; Reyes,
Reading, Doyle & Gregory, 2017).

In Africa, two high-impact research types were found: one in Tanzania
and one in the Cape Peninsula (Chigona, 2015; Kihoza, Zlotnikova, Bada
& Kalegele, 2016). Both cases demonstrated how the TPACK model was a
useful reference for analyzing the process of integrating ICTs in education.
It is striking that the study presented by Kihoza et al. (2016) combines the
TPACK with the SAMR model: the research suggests that the integration
of an explanatory model such as the TPACK with a methodological model
such as the SAMR offers a much better glimpse of the integration process
mentioned above.

In Latin America, the only high-impact material found was Agustin
Flores’ (2018). In this research, the TPACK model was used to explain the
National University of the Northeast’s technological pedagogical content
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knowledge in Argentina. It shows that, in this particular case, the TPACK
model is a useful tool for evaluating and explaining the process of integra-
ting ICTs in education.

Conclusions

'The synthesis of the results obtained allows deducing that the TPACK
model will not reveal ICT integration’s complexity in the teaching and
learning processes. Any study that attempts to analyze the referred inte-
gration process must use another additional mechanism, qualitative me-
thodologies, more profound descriptive methods, or complex data analysis
methods to comprise this complex phenomenon.

It is also interesting to perceive how ICTs begin to become a part of
human development plans’ daily discourse. This leads us to think that there
can be several imaginaries regarding the advantages offered by ICTs in
different areas. For this reason, fundamentally, it is necessary to meditate
and reflect on technology, and that way, clear the air from propaganda and
the immediacy of the world.

However, it is almost definitive that the TPACK model does allow
analyzing the belief system and the level of awareness of teachers about
the need to integrate ICTs in teaching processes. Nevertheless, it is per-
tinent to clarify that the TPACK model is a theoretical and non-opera-
tional “framework.” The proposal by Kihoza et al. (2016) to integrate an
operating model as SAMR is thus of interest. This model incorporates
metacognitive procedures to create the ability to handle teaching techno-
logies (Jude, Kajura & Birevu, 2014; Lépez-Garcia, 2015; Tsybulsky &
Levin, 2016).

It knowledge and technology management is considered a skill of
21st-century teachers, there must be a theoretical and operational refe-
rence framework for teachers’ 21st-century digital skills. As set out in the
various training frameworks, competencies must integrate the attitudinal,
epistemological, praxeological, and ethical components that teaching en-
tails, considering the new digital civilization (Almerich et al., 2016; Punie,
2007; Sampson & Fytros, 2008). Perhaps this is the course that must be
tollowed to improve the training spaces in the world.
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Finally, the concept of digital self-efficacy is an essential reference to
continue researching and carrying out actions in pedagogical and didactic
environments. Teaching quality is becoming more complicated due to the
saturation of persistent information in the knowledge society. The objecti-
ve is to create paths to understand society’s problems and establish impro-
vement strategies with the advantages oftered by the 4.0 world.

For future research with the same main objective as this study, it is
recommended to have a more significant sample that considers the impact
factor and the established period. It is very likely that, due to the current
scientific publication and dissemination processes, the investigations that
are working on the subject referred to have not been visualized in the tools
used. Likewise, it is advised that the analysis of the literature use defined
interpretation techniques to reduce, to some extent, the natural biases that
occur when the information is analyzed qualitatively.
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