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Abstract
Digital competence has become a new type of literacy that significantly impacts on people’s lives, as it is
paramount to their social and occupational integration. In educational institutions, teachers play a major
role in developing the digital skills of their students. This study aims to determine the key elements of
teacher training in the use of innovative technologies and methodologies with a view to providing
alternatives to improve the educational process. The objective is to overcome deficiencies in the training
of teachers in new technologies and innovative methodologies. A qualitative study based on interview
data is used in two phases. For the first phase research, semi-structured interviews were conducted with
eight international education experts from various fields on how best to train teachers. The second phase
research involved a text mining analysis of the interview transcripts based on sentiment analysis and word
counts using the advanced R statistical programming language. The second phase research was conducted
using the R statistical programming language. The interview transcripts were analysed using sentiment
analysis and a word cloud. The results reveal that teacher education should be practice-focused and
supervised by senior teachers with the aid of students and heads of schools. Moreover, standards should
be set to monitor the digital competence of teachers, who should be trained on an ongoing basis to keep
them up to date in the use of digital technologies.
Keywords: teacher education, teacher training, educational technology, educational innovation, preservice education

INTRODUCTION
Today, knowledge is fundamental for economic development (Mendonça et al., 2015). In knowledge-based
societies, digital literacy is essential to equip learners with the necessary skills to ensure professional and
personal success in the 21st century (Hohlfeld et al., 2008). Digital literacy is a core concept in education, not
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only with regard to the acquisition of theoretical knowledge, but also practical experience through problem
solving or collaborative work (Baran & Uygun, 2016; Siddiq et al., 2016), with some authors even supporting
the idea that it is as important as being able to read and write (Wilson et al., 2015).
Information and communications technologies (ICTs) are of critical importance to society because they
contribute to economic development (Park et al., 2015) and ICT skills are essential for getting a job (Jones &
Pal, 2015). Despite being digital natives, however, the digital competence level of Generation Z (people born
from the mid-1990s to the mid-2000s) is low, since mere exposure to these technologies is insufficient and
digital literacy depends on how ICTs are used (Pérez-Escoda et al., 2016). In this regard, ICTs can be defined
based on three dimensions of use: access to assets (devices), basic skills (knowledge of how the tools work),
and complex capabilities (higher-level knowledge, digital literacy) (Mendonça et al., 2015). Yet digital literacy
is not simply a question of using technology (Akayoglu et al., 2020; Pérez-Escoda et al., 2016); it requires
specific training for the acquisition of complex skills and competencies. For this reason, it is necessary to
teach students advanced digital skills with a view to their future labour market insertion.
To this end, it is essential to promote ICT use among students and integrate these technologies in the
classroom (Thieman & Cevallos, 2017). The use of ICTs in the classroom also improves students’ academic
performance, thus making teaching more effective and boosting the quality of education (Hambira et al.,
2017). ICTs also facilitate students’ work, give them more autonomy, motivate them, and can be adapted to
each student’s level regardless of their difficulties (García-Valcárcel et al., 2014).
For instance, ICT training works well for learners with special educational needs and is one of the most useful
forms of vocational rehabilitation for people with disabilities (Midgley, 1993), to such an extent that the
British government recognised the importance and benefits of ICT use for people with special educational
needs (Williams et al., 2006). Moreover, thanks to the Internet, ICTs are a powerful resource that can foster
intercultural interaction by supporting different languages and cultures as never before (Resta & Laferrière,
2015). A direct relationship has also been found between people with access to the Internet and health
literacy (Estacio et al., 2017). Additionally, the widespread use of ICTs has had an increasing impact on society
and on relations between institutions and citizens (Eger & Maggipinto, 2010) and does so in an inclusive way
because technology enables the full participation in society of people with visual impairments and problems
of mobility (Jones & Pal, 2015).
Emerging technologies will continue to influence our society and are expected to affect education more
deeply than ever before (Klaassen et al., 2017). For this reason, it is important that teachers be aware of
technological innovations that will improve the future professional performance of their students (Foronda
et al., 2017) by helping them to develop vital innovative and creative skills (Klaassen et al., 2017). In doing so,
the skills acquired by students will in turn be passed on to society, in addition to encouraging the involvement
of parents and family members in the use of technologies (Manzoor, 2016). To ensure the proper integration
of ICT in the classroom, it should be viewed as a mode of learning and included in the curriculum
(Nikolopoulou & Gialamas, 2015b).
Therefore, it is essential that teachers be properly trained in order to effectively develop the digital
knowledge and skills of their students. The aim of this research is to determine the key elements of teacher
training in the use of innovative technologies and methodologies in order to improve the educational
process.
Teacher Training
Teachers are a key element for the integration of technology in the classroom (Geer et al., 2017) because
educational success depends largely on them (Nikolopoulou & Gialamas, 2015a). Exemplary schools and
teachers can make a difference (Munns et al., 2013) and when they also use ICTs properly, multiple benefits
can be gained, such as greater teacher availability, fewer time constraints, and more personalised learning
(Durães et al., 2016). However, many teachers are reluctant to implement ICTs in their classrooms (Van Acker
et al., 2013) and use technology very infrequently, resulting in the poor integration of ICTs in the classroom
(Marcelo et al., 2015). Normally, when ICTs are employed for teaching purposes, only a limited number of
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resources are used based on traditional methods (Brun & Hinostroza, 2014) because teachers integrate the
technologies that best suit their teaching practices (Marcelo et al., 2015).
Although teachers generally perceive the integration of ICTs in their classrooms in a positive light, they often
encounter barriers that prevent them from doing so (Bingimlas, 2009). According to Pelgrum (2001), 40% of
teachers believe that the main obstacle to using ICTs is the lack of digital devices. In Spain, ICT use in the
classroom is low, despite the extensive ICT infrastructure in schools (Gil-Flores et al., 2017). In addition to
insufficient material, the limited use of ICTs is due to teachers’ lack of technical competence, mastery of the
technology, and the excessive time and effort involved (Tallvid, 2016). Nikolopoulou and Gialamas (2015a)
found that teachers perceive four barriers to ICT use: lack of support, lack of confidence, lack of equipment,
and class conditions. Anxiety about using ICTs is one of the main barriers due to teachers’ lack of confidence
and negative attitudes (Van Acker et al., 2013). Anxiety also occurs because teachers worry that they know
less than their students and do not have enough knowledge to solve their doubts (Wang et al., 2014). This
happens with new technologies because teachers are sometimes less digitally literate than their students
(Cairns & Malloch, 2017; Wang et al., 2014).
The key to developing students’ digital competence is determined by teachers’ own digital and pedagogical
skills (Fernández-Cruz & Fernández-Díaz, 2016). Indeed, teachers cannot develop their students’ digital
competencies if they do not have them themselves (Fernández-Cruz & Fernández-Díaz, 2016). Because
teachers have more pedagogical than technical knowledge—which implies that they have little knowledge
to integrate ICTs and develop their students’ digital competencies—they need to change their mindset and
become digitally literate (Roig-Vila et al., 2015). The digital competence of teachers is essential for the
integration of ICTs in the teaching-learning process and these competencies need to be defined in a common
framework (Almerich et al., 2016). Therefore, teachers must be properly trained in the use of ICTs, as
technologies alone cannot change learning environments (Marcelo et al., 2015).
The most important factors in teacher education are hours of training and support for teachers
(Charbonneau-Gowdy, 2015; Hsu & Kuan, 2013). Continuous teacher training combined with collaborative
work with colleagues fosters a positive attitude towards ICT use (Van Acker et al., 2013). However, it is
necessary to offer training schemes at times that teachers can attend, as training is often incompatible with
their work at school (Cuban et al., 2001).
In the training of future teachers, it is important to instruct them in how to integrate ICTs into the teaching
and learning process (Brun & Hinostroza, 2014) as there is a gap in teacher education between theory and
practice due to a lack of experience with innovative methodologies (Barak, 2014). Currently, pre-service
teachers have learning experiences with ICT but they are not significant (Valtonen et al., 2015), partly because
it is very difficult for teacher training institutions to assist prospective teachers in designing and integrating
ICT into their teaching practice (Tondeur et al., 2016). This is a problem because trainee teachers’ perceptions
of the use of new technologies are conditioned by their previous experiences (Koh et al., 2013). However,
when training experiences with ICT are good, teachers succeed in transforming students’ worldviews and are
more committed to using technology in their classrooms to build collective knowledge (Bozalek et al., 2013).
ICT training for heads of schools is also important and should be a priority as it hastens the pace of technology
integration in schools (Tondeur et al., 2008).
In terms of support, teachers need to be provided continuous accompaniment and follow-up until they
become proficient in the use of technology (Archer et al., 2014), as it is a fundamental aspect of their
professional development (Quintana & Zambrano, 2014). Moreover, given that teacher motivation is one of
the most important factors in the integration of ICTs in the classroom (Uluyol & Sahin, 2016), teachers need
to be encouraged to be more open to innovation and use these technologies both inside and outside the
classroom (Van Den Beemt & Diepstraten, 2016).
The role of teacher educators is also crucial to building a solid knowledge base and developing 21st-century
skills in teachers (Garba & Yusuf, 2016). Teacher educators who use ICTs in innovative ways (Drent &
Meelissen, 2008) maintain contacts with educators and ICT experts, observe and experience the benefits of
ICTs, use a learner-oriented pedagogical approach, and have a level of digital competence commensurate
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Source: Tondeur et al. (2012) [Colour figure can be viewed at wileyonlinelibrary.com]

Figure 1. SQD model to prepare pre-service teachers for technology use

with their pedagogical expertise. Recent studies conducted with university professors have shown that
teacher training has shifted from a teaching paradigm to a learning paradigm (Guillén-Guerrero & Molina,
2019). Differences have also been found between new teachers who have recevied training and
accompaniment (Kozanitis et al., 2018) and those who have undergone a longer training process with respect
to those who have not (Postareff et al., 2007). In general, previous research has established a positive
relationship between the length of training (45 hours) and the evolution of teaching conceptions and
approaches (Kozanitis et al., 2018). Similarly, other studies have shown that building a climate of mutual
respect and trust among teachers helps to improve their professional competencies and that participation in
a learning community reinforces their professional identity (Nemiña, 2018).
Many of the traditional teacher education models are technocentric (Harris et al., 2009). For this reason, the
Technological Pedagogical Content Knowledge (TPACK) model is now recommended to ensure that teachers
are qualified to meet the requirements of 21st-century learning (Drajati et al., 2021). TPACK can be taught
effectively through training courses (Zimmermann, 2021) that can be blended (Guillén-Guerrero & Molina,
2019). Instruments are also needed to assess TPACK in pre-service teachers (Schmidt et al., 2009). In this line,
some studies are presenting very valid ways of assessing the model (Wahyuni et al., 2021). Other strategies
have also been employed to prepare pre-service teachers, such as the Synthesis of Qualitative Data (SQD)
model (Tondeur et al., 2019), which considers teacher educators as role models, encourages reflections on
the role of technology in education, technology use, collaboration with other teachers, supervised
experience, and continuous feedback.
Pre-service teacher training in ICT competence occurs in three stages (Chen et al., 2017): cognitive search,
activity, and practice. In turn, the factors that enable the integration of ICT in the training of future teachers
are (Aslan & Zhu, 2017) pedagogical knowledge, pre-service ICT training, and ICT competence. As regards
pedagogical knowledge, for the use of emerging technologies to be effective, the following phases should be
implemented (Ng’Ambi, 2013): a) set an educational goal; b) anticipate learning outcomes; c) describe the
purpose of the activity; d) select the appropriate tools; e) the students create an artefact (i.e., a project); and
f) the students reflect on their learning process. In addition, various ICT resources need to be integrated with
each other and with innovative methodologies (Markus & Mentzer, 2014). Service learning, which provides
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real-world experience while providing a service to the community, can be useful for this purpose (Salam et
al., 2019). Ideally, the conditions will be created for self-directed and, ultimately, lifelong learning, although
few students are actually capable of doing so (Gogh & Kovari, 2019).
Teachers’ digital competence can also facilitate the educational use of ICTs in the classroom depending on
the following five factors (Van Den Beemt & Diepstraten, 2016): ICT usefulness, support received, previous
experience, and ICT availability and access outside the classroom. In addition, the teacher’s role, the ICT used,
the learning objectives, the involvement of people outside the school, the involvement of the students, and
the learning outcomes achieved will determine the type of innovation fostered in the classroom, which can
either be traditional classrooms where teaching practices are conventional, emerging classrooms in which
teaching practices are halfway between more traditional and more innovative ones, or fully innovative
classrooms (Bocconi et al., 2013).
The main premise of this article is to improve teacher training to improve education. To this end, we intend
to identify the key elements needed to improve both pre-service and in-service teacher education. The study
seeks to answer the following question: What are the key elements of teacher education that ensure the
successful use of technology and innovative methodologies in the classroom? Through various analyses of
interviews with experts with broad experience in different fields of education, the most important points will
be identified. These points will be the key elements for improving teacher training.
METHODS
Design and Sample Selection
The aim of this study is to identify key elements of teacher training related to the use of innovative
technologies and methodologies with a view to improving the educational process. More specifically, it
attempts to determine how education can be improved through teacher training. In this regard, teachers
must be able to adapt to different contexts and settings using the methodologies and technologies available
to them in order to provide their students the best possible education. To this end, eight international experts
in education participated in this study. The experts were interviewed about training teachers in how to
integrate new technologies in their teaching practice.
To ensure the quality of the data obtained and gain a more comprehensive view of the phenomenon, the
informants were selected using a purposive sampling method (Tójar, 2006). The selected informants are all
international experts in education with extensive experience who come from different educational
backgrounds. Specifically, the sample includes the head of digital education and professor of education at
University College London; three professors from the Graduate School of Education at Stanford University; a
professor from Singularity University; the head of AltSchool based in Sillicon Valley, California, USA, and one
of the most innovative schools in the world; the president of the Best Teachers Institute and author of the
book What the Best College Teachers Do; and an education guru and former education advisor from the UK.
Interviews and Procedure
A qualitative study based on interview data was used to obtain more precise results by the triangulation of
methods. In a first phase, was used based on one-hour, semi-structured interviews. In a second phase, was
employed to analyse the information in a more subjective manner. To this end, the transcriptions of the
interviews with the informants were analysed using text mining and the R programming language. The data
were then processed using RStudio statistical software and the “tm” (Feinerer & Hornik, 2020), “wordcloud”
(Fellows, 2018), and “syuzhet” packages (Jockers, 2015). RStudio is a well-known and widely used application
in teaching and research since it is a free multiplatform software that provides relevant data for advanced
statistical analyses.
The interviews were conducted through different channels: three by videoconference using the Skype
platform, four face-to-face interviews in California, and one by email. For the interview conducted via email,
the same open-ended questions used in the other interviews were sent to the informant, who responded to
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them in writing. All interviews were recorded and subsequently transcribed for the analysis with the prior
consent of the informants. Any personal information that could identify the informants was deleted, and
each transcript was assigned a code to guarantee their anonymity. All interviews were then recorded and
professionally transcribed.
Data Analysis
First phase analysis
To analyse the interview transcripts, a classical content analysis method was used (Bardin, 1996). The method
was structured into phases of categorisation, text distribution, and content analysis. The first step of the
analysis involved identifying the different categories that emerged from the meta-category (the overarching
category) and identifying the key elements for training teachers in the use of innovative technologies and
methodologies to improve the educational process. The second step of the analysis was structured around
the following questions:
1. What do you think about the development of standards to regulate the digital competence of teachers?
2. What role does initial teacher training at universities play in this educational change?
3. What importance do you attach to the permanent education of teachers?
4. What is the teacher’s main challenge in this context of change?
5. What knowledge or practices should be modified and integrated?
The third step complemented the analysis linking the categories with the study objective in order to address
the general question guiding the research. It consisted of thoroughly reviewing the passages of the original
transcript to ensure that no relevant aspect had been omitted when paraphrasing and summarising the
informants’ narratives. The categories were distributed in accordance with the study objective and will be
used below to structure the presentation of the results.
Second phase analysis
The data drawn from the interviews were analysed using the RStudio statistics program, as mentioned above.
This is a highly versatile program, making it suitable for use in a large number of fields, including education.
The software was used to analyse the interview transcripts and obtain relevant data to complement the first
phase data. The words used in the transcripts are represented in a word cloud (Heimerl et al., 2014; Lohmann
et al., 2015). This process consisted in plotting the words in the transcripts and displaying them in a size
proportional to the frequency with which they appear in the responses, thus indicating the elements of
greatest importance to the informants. Thus, the most frequent words in the experts’ responses are the
largest in the chart. The chart enables detecting keywords that help to identify the main ideas behind the
responses. Prior to the analysis, irrelevant words, such as fillers, tags, articles, and auxiliary verbs that appear
in large numbers in the transcripts and did not provide relevant data for the research, were eliminated from
the count. A sentiment analysis of the interviews was also conducted to complement the data obtained
through the first phase analysis. Sentiment analysis consists of searching for a series of words associated with
certain feelings to identify the emotions produced in the informants in response to the questions. The
analysis is done using the NRC Word-Emotion Association lexicon developed by Saif M. Mohammad
(Mohammad & Turney, 2010). The NRC is a list of English words associated with eight basic emotions (anger,
anticipation, disgust, fear, joy, sadness, surprise, and trust) and two sentiments (positive and negative) in the
experts’ responses. This type of analysis is frequently used in research (Liu, 2012; Martinez & Mateus, 2019;
Parmar et al., 2018; Patra et al., 2015; Sasangohar et al., 2020).
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Figure 2. Sequence of the qualitative analysis

RESULTS
First Phase Results
This section provides an overview of international experts in education based on their own experience in
training teachers in the use of innovative technologies and methodologies to improve the educational
process.
Teacher training
The informants highlighted that many teachers do not currently know how to use technology in the
classroom because teacher training curricula are often just one year in length and cover a large amount of
content but leave little room for learning about new technologies. Moreover, training is often limited to
learning about the characteristics and potential of technology, rather than how to actually use it to support
learning. In this regard, teacher training in ICTs needs to cover aspects such as learning management systems,
applications, and collaborative tools, as well as the pedagogical methods to use them. In addition, teachers
are permanent novices because new technologies are always emerging.
“Many of our teacher candidates come in and have not been taught using new
technologies and part of this is technology is always changing.” (Informant 1)
As the experts pointed out, this may also be due to the fact that teachers acquire initial training and then
never retrain. Although initial training provides them with basic skills, there is nothing to demonstrate
advanced competence. Teachers need to continually update their skills, knowledge, and experience because
many of the tools and competencies they require are constantly changing. In this regard, professional
development is important as it enables future teachers to contextualise what they have learned and apply it
in specific, real-world settings. This is a fundamental aspect of teacher training because education is about
preparing students for the challenges that lay ahead.
“Vital! Teachers should always be, first and foremost, lead learners. If education is about
helping to prepare our students for the challenges of their future then we need to ensure
that our teachers are kept aware of that future. In order to do that, their own skills,
knowledge and experiences need to be constantly refreshed.” (Informant 6)
In order for teachers to adapt to these changes, the experts stress the importance of teachers being aware
of the benefits of using new technologies in education. Teachers need to know how new technologies work
and why they work so that they can make the necessary modifications and changes to enable them to
effectively implement technology in different educational settings. They also need to embrace ongoing action
research and have the commitment and confidence to constantly refresh and renew their teaching practices.
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However, the focus should not only be on teachers, but also the heads of schools because they have a
significant impact on their educational institutions.
“We can’t keep focusing just on teachers because principals are so important like the
people at the top so in some of the schools that I think are doing the most exciting things.”
(Informant 2)
The informants also underlined the importance of challenging the beliefs of future teachers arising from their
own education. Training must be practice-based, so that future teachers can integrate and implement new
technologies in their school and in society. Indeed, the new generation of teachers requires training that
enables them to apply what they have learned in any context. To achieve this, teachers must have not only
sufficient knowledge, but also the predisposition to use it.
“We need to remember though that most young people who are wanting to train as
teachers have increasingly high levels of digital competence which means that we need
to develop programs about how tech supports learning, not about how to use tech. We
need also to understand that it will be that generation of teachers who will evolve how
we use tech in education, it will not be universities. We need to ensure that training is
based on pragmatism and not prescription.” (Informant 6)
As the interviews revealed, teachers should undergo lifelong learning, because what they are teaching, how
they are teaching it, who they are teaching it to, and the tools they are using are constantly changing. It is
important to know what tools are currently available, even if they are changing. However, to get people to
change, they have to learn to change, and that means recognising the need to improve, which is not always
pleasant. According to one of the informants, this fails to meet the four C’s of learning: “competence, control,
confidence, and comfort.” Another aspect reported by the informants is that teachers are intimidated by the
possibility of not using new technologies properly, which makes them feel stupid. It is therefore very
important to support teachers in ICT use.
“Just the intimidation and feeling stupid [for] not knowing technology and also time for
when it comes to using it with students, teachers have to understand it themselves.”
(Informant 3)
The experts also underline the importance of permanent training that cannot be limited solely to attending
a few workshops. Moreover, teacher trainees need to receive constant feedback from other teachers who
supervise their work. Indeed, collaboration between peers is one of the best ways to train future teachers:
since both teach the same things, they both get feedback. In addition, goals should be set with specific
outcomes that can be monitored and linked to professional development. A good example of this is the
Japanese model, where a group of teachers prepare a lesson and test it with different groups of students
until they are satisfied that effective learning has been achieved, and then publish the lesson for other
teachers to see. If the use of new technologies were also incoporated, the system would be a very powerful.
For this to happen, part of the budget needs to be earmarked for investment in this process by both the
education authorities and schools:
“Permanent education of teachers, it’s absolutely necessary and so that’s another thing
that I think has to be in all schools’ budgets.” (Informant 3)
“One model that I really like and think is interesting here is the Japanese model of lesson
study which is small groups of teachers who identify one problem that they want to solve
in their teaching and then they design a lesson collaboratively and then they test it with
different groups of children and refine it and finally they publish it and celebrate I’d I just
think that’s a very neat model and if there were an aspect to including digital technologies
that are the tools in that process I think that would be really powerful.” (Informant 1)
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In this regard, the informants emphasise that the best teacher education programmes are those that work
with a veteran teacher in the classroom and in a variety of settings. One informant stated that future teachers
need to be made to think about what it means to learn by answering four questions. The first question is
what people must do intellectually and emotionally to achieve learning; the second, what can go wrong as a
stereotype threat; the third, how to create a critical environment where learning is more likely to occur (not
simply deliver information), and the fourth, how we as teachers and our students can come to understand
our learning progress (assessment).
Another aspect of teachers’ learning is to foster curiosity and the need to know, which also provides teachers
the necessary tools and skills to continue learning for the rest of their lives (lifelong learning). Creating
lifetime learners must be one of the primary goals of any type of education, including that of teachers, who
should always be learners. Teachers need to be comfortable with and value the use of technological tools in
order to reach students in a different way, and they need to get excited about and learn how to use the tools
so that they can then help their students to do the same. The constant development of new technologies
facilitates lifelong learning through online tools and resources such as teacher communities on Facebook,
Twitter, Pinterest, and other platforms where teachers can learn from each other.
“A lifetime learner, that has to be one of the goals of any education, how you create a
lifetime learner [who’s] going to continue to grow and continue to try new kinds of
things.” (Informant 8)
In addition, the informants underscored the importance of involving students in the teacher training process.
In this regard, students can help teachers by teaching them about new technologies, although this idea is not
always looked well upon by teachers as they often view themselves as the single source of knowledge and
are reluctant to be taught or corrected by their students. However, if teachers are receptive to accepting
student input, it can transform the traditional passive teaching dynamic into a more active one. In addition,
students feel valued because they collaborate with the teacher regardless of age or cultural differences.
“Students can be involved in helping to teach the teachers so it’s a different model
because sometimes teachers like to be the house of knowledge that impart their
knowledge to all of their students.” (Informant 4)
According to the informants, it is essential that training and certification be compulsory for all teachers.
Teachers must demonstrate that they possess the minimum competencies to be able to teach. Moreover,
their teaching skills should be assessed on the basis of research on how human beings learn, so that they are
able to use any tool to construct a natural and critical learning environment that facilitates deep learning.
Investing in teachers is investing in society because their work is beneficial to society.
“You should be able to show that you’ve got a minimum competence. I think it is like a
driving test, you know you should be able to show that you’ve got a minimum
competence, okay I mean, I, I think if you want to call yourself a professional teacher you
shouldn’t know the repertoire of tools that are available. [That] doesn’t mean you have
to use them, okay, but you should know that, well, I could use this tool for doing this
particular . . . support this kind of learning, this tool for this particular learning.
“(Informant 5)
In order to ensure that teachers possess a minimum of knowledge, one of the most important aspects that
the informants mentioned is the need to set standards. This would also mean that teachers would know how
to use the latest and most up-to-date tools and feel confident, although the informants acknowledged that
this is difficult to put into practice. The complexity of using ICT effectively in the classroom is a challenge
because it is not simply a question of teaching with technology. We start by choosing the technology we are
going to use and then it has to be mixed in with other more traditional tools. Likewise, the teacher training
curriculum should be standards-based, because according to the informants this is the best way to achieve
effective results in terms of productivity.
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“The standards-based teacher education curriculum is really the best way of achieving
effective outcomes in terms of productivity […] However I don’t think standards are
necessarily a panacea. In the UK, a IC standards was used for a few years at the late 1990s,
early 2000s, and I think there were about 107 standards and the whole thing became so
. . . and it lead to evidence and the standards [went] from demon level describing the
basic functionality of core technologies all the way through to sophisticated pedagogical
routines. They’ve made them very, very difficult to use in an operational [way].”
(Informant 7)
Such standards should be grounded in the educational ethos and aims of the school. Moreover, they should
be part of teacher development and competence to ensure that teachers receive the same training in the
use of new technologies.
The informants indicated that new teachers have increasingly higher levels of digital competence and that it
is the teachers who will change the way technology is used, not the universities. It is therefore necessary to
work towards lifelong learning for teachers and inspire them to be leaders.
“It is critical. I don’t know that students can respect or feel confident about the
implementation of new technologies in their school and also in all of society if the
teachers don’t have the base knowledge.” (Informant 4)
In short, many teachers lack the necessary digital skills due to gaps in their training. For this reason, teacher
training must be improved because teachers cannot transfer knowledge and skills they do not have. Training
needs to be pragmatic and enable teachers to adapt to any educational context. In addition, permanent
training is necessary to ensure that teachers keep up to date. In the process, teachers can count on students
for help, as students often have better knowledge of the use of new technologies than teachers. Teaching
competencies must also be evaluated to determine teachers’ ability to teach and minimum standards should
be set to ensure effective teaching practices, which are best measured by pedagogy-based standards.
Based on the above analysis, the following key elements related to teacher training have been identified:
• Teachers require digital skills to be able to transmit them to their students.
• Teacher training must be pragmatic.
• Teachers must be able to adapt to a diversity of educational contexts.
• Teachers must receive ongoing training to ensure that they keep up to date.
• It is important that teachers are supported by their students.
• Teachers’ competencies should be assessed based on standards.
• Pedagogy-based standards should be set.
Second Phase Results
In this section, a second phase analysis is carried out of the experts’ responses to the questions on teacher
training. First, a word cloud was created using the transcripts of all the interviews. This was followed by a
sentiment analysis developed by Mohammad & Turney (2010) in the informants’ responses using 14182
unigrams.
Figure 3 shows the word cloud based on the informants’ responses. As can be seen, the words with the
largest size are “teacher”, “technology”, “students”, “can”, “learning”, and “like”. These were the most
frequently repeated words, particularly “teacher” and “teachers”, since they were the main topic of the
interviews. Other words such as “can” and “like” also appear more frequently since they are two commonly
used verbs in English. However, “teacher”, “student”, and “technology” are among the words that occur
together most frequently, thus highlighting the importance of these three aspects in teacher training.
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Figure 3. Word cloud for teacher training
The word cloud indicates that the figure of the teacher, students, and technology are key elements in teacher
training.
Figure 4 shows a count of the sentiments and emotions that appear in the informants’ responses to each of
the questions. Firstly, it is important to highlight that positive feelings far outweighed negative ones, which
indicates the informants’ optimism about the issues discussed. The predominant emotions are “trust” and
“anticipation”, thus revealing the experts’ knowledge and confidence about the different topics addressed in
the interview. With regard to the distribution of emotions per question, no major differences were observed.
The most noteworthy finding is the low frequency of positive sentiments and the emotion “anticipation” in
Question 1, which dealt with the development of standards to regulate the digital competence of teachers.
This could indicate that the experts interviewed attach more importance to aspects of teacher training other
than the implementation of standards or other types of regulations on digital competence, even though this
is a relevant issue in their discourse. In contrast, Question 3, which refers to the importance of permanent
training, elicited more negative sentiments and the highest frequency of the emotions “sadness” and
“disgust” than in the rest of the questions. This might suggest that the experts believe that permanent
teacher training is more complex or difficult to achieve. Although Question 3 showed the highest scores in
terms of negative sentiment and negative emotions, negative feelings are still much lower than the positive
ones in this question.
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Figure 4. Analysis of emotions based on the NRC lexicon by question
The results of the sentiment analysis identified the following key elements of teacher training:
• The need to improve teacher training.
• The difficulty of implementing permanent training.
• Standards and norms are not the most important elements of teacher training.
DISCUSSION
As our study has shown, the most important factor to achieve educational change is teacher training (Geer
et al., 2017), followed by curricula that engage students not only in their own learning, but in society as a
whole (Broadbent & Papadopoulos, 2012). The figure of the teacher appears as a key element in educational
change both in the interviews with the experts and the second phase analyses of their transcripts.
Consequently, special emphasis must be placed on teacher training, which is decisive for their future
performance in the classroom. However, teacher training is currently inadequate (Fernández-Cruz &
Fernández-Díaz, 2016), as teachers are often not trained in new technologies. One of the main findings of
our research points to the importance of teachers being taught how to use technologies in a practical way
(Pérez-Escoda et al., 2016) and to support their teaching practice. The experts highlight the importance of
using real-life experiences in teacher training with the support of veteran teachers. According to previous
research, teachers are still only taught about the properties and characteristics of technology (Barak, 2014).
This means that new technologies are often not used appropriately in schools, thus explaining why both the
informants and previous studies speak of the need for pre-service teachers to certify minimum digital
competencies in order to become teachers (Aslan & Zhu, 2017). Equally, certified standards would make it
possible to verify teachers’ advanced competencies by recognising their work.
The informants agreed that although initial teacher training entails the mastery of basic competencies
required for teaching practice, the mastery of advanced competencies must also be certified. However, as
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initial teacher training is lacking, the level of initial competencies acquired during training is insufficient and
not a guarantee that teachers have, in fact, acquired basic skills. Therefore, the use of standards could also
be included in their training to confirm that trained teachers have the necessary skills to be successful in their
profession. Standards-based curricula would be the most effective way to achieve this (Almerich et al., 2016)
so that all teachers receive the same level of training and those who obtain an advanced level are given due
recognition. From the study it is clear that standards should be based on each school’s pedagogical approach
and goals. However, it is important to note that establishing a large number of standards is also
counterproductive due to the difficulty of applying them in practice. This difficulty may have influenced the
low level of optimism reflected by the experts in the first phase analysis on the implementation of standards
to measure teaching staff skills. As mentioned, the informants highlight that teacher training requires a
pragmatic not a theoretical approach (Siddiq et al., 2016). Therefore, training future teachers with a veteran
teacher in the classroom in a variety of settings is the best option (Van Acker et al., 2013). In addition, lifelong
learning and supporting and even inspiring teachers to be leaders is paramount to their success. Nonetheless,
the informants highlighted the complexity involved in doing this, because teachers are permanent novices
since new technologies are constantly emerging and changing the way they work. At the same time, however,
ICTs can facilitate lifelong learning since teachers can train online (Laurillard, 2016) and provide feedback to
each other in online communities (Tondeur et al., 2019). However, in order to do so, teachers must have a
minimum knowledge of new technologies to successfully carry out online training and keep up to date
independently on a permanent basis. Minimum skills must be acquired during initial training to ensure
teachers can perform their functions autonomously. This is particularly important in cases where teachers
are teaching in rural or isolated areas with limited peer support and material resources. They need to use the
internet to create resources, interact with other teachers, participate in online training, and keep up to date.
Heads of schools also play an important role in coordinating teachers, as a teacher who works alone in his or
her classroom will not be able to bring about educational change (Tondeur et al., 2008). The experts stress
the importance of supporting and motivating teachers.
An additional finding of the study is that some teachers are intimidated by new technologies in the classroom
out of the fear that their students will know more than they do (Cairns & Malloch, 2017). Sometimes this
insecurity makes them feel awkward in front of their students (Wang et al., 2014) and teachers need to feel
confident (Archer et al., 2014) and valued (Drossel et al., 2017). Therefore, the lack of adequate training for
future teachers leads to the lack of skills, which ultimately leads to insecurity when it comes to implementing
and experimenting with new technologies in the classroom. This means that even if technological devices are
available, improvements in education will not be achieved. In this regard, another important factor the
informants mentioned is the collaboration of students in the implementation of new technologies in the
classroom (Thieman & Cevallos, 2017), as students often have more knowledge of new technologies than
teachers (Cairns & Malloch, 2017; Wang et al., 2014). Students need to be involved, assigned a role, and given
responsibility, and empathy is essential for students to develop knowledge. Teamwork also prevents them
from isolating themselves when using new technologies. The role of parents and collaboration with families
is equally important in the regard. External help, especially from students, could boost the implementation
of new technologies in the classroom. This would enable teachers to see students as helping them to use
classroom technologies rather than as evaluators who question their work. The feedback between teachers
and students in the implementation of new technologies takes pressure off teachers and enables them to
feel more at ease. It also gives students a greater role in their own learning process. Moreover, student
participation would faciliate teachers’ continuous learning, as students are, in general, highly proficient in
new technologies (Cairns & Malloch, 2017; Wang et al., 2014). In turn, it would also change the traditional
role of the teacher from that of tranferer of knowledge to that of guide who accompanies students in their
learning process. This role is endorsed in the most innovative methodologies and is referred to as active
learning methodologies, which includes project-based learning. The importance of students in the learning
process is reflected in both the international experts’ responses and the analysis of the words used.
Additionally, the word count revealed that the informants are concerned about two key aspects of teacher
training, namely the importance of using technology in the classroom and taking students into account in the
learning process. These data coincide with thoses collected in the interviews. Currently, much importance is
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attached to student-centred learning processes (García-Carmona, 2015) and students as collaborators in the
implementation of new technologies in the classroom (Espigares-Pinazo et al., 2020). Moreover, the
sentiment analysis of the responses to the questions showed higher scores for positive feelings than for
negative ones, thus indicating the positive attitude and confidence of the experts regarding the issues raised.
The question on initial teacher training showed the highest positive score, while the question on standards
for regulating teachers’ digital competence showed the lowest, although the score remained high. This
question obtained the lowest score for positive sentiment and the emotions of confidence and anticipation,
coinciding with the opinion expressed by the experts on the difficulty of implementing standards. This could
indicate that the experts believe it would be easier to improve teacher competencies in initial teacher training
than to assess their competencies through standards because of the complexities involved.
CONCLUSIONS
The data obtained in the second phase analysis coincide with and support the data of the first phase analysis.
The study shows that teachers are the most important element for educational change to occur and must
therefore receive pragmatic training to be able to adapt to any educational context or setting. Training needs
to be ongoing because the conditions in which teachers work (i.e. students, technology, the classroom, etc.)
are constantly changing and they need to keep up to date to provide their students a quality education. To
achieve this, however, teachers require support and must be motivated. Much of this support can come from
the students themselves if they are given an active role in their learning process, are motivated, and made
to feel useful. The support of heads of schools is also essential so that the changes involve the whole school
and are not limited to a single classroom. As mentioned above, in order to determine whether teachers are
up to date and really have digital teaching skills, standards must be set. In short, teachers are a key element
in the teaching-learning process and play an essential role in the proper integration of ICTs in the classroom.
Therefore, to benefit their students and the rest of society, they must be provided quality training focused
on teaching practice. Several of the above elements coincide with those of the SQD model (Tondeur et al.,
2019).
LIMITATIONS AND FUTURE RESEARCH
This study has some limitations. The main limitation was the impossibility of conducting all the interviews
face-to-face, as interviews of this type are usually conducted in a more relaxed atmosphere and informants
tend to provide more information. The interviews conducted by videoconference, although similar to faceto-face interviews, are actually somewhat colder and more direct. Finally, the interview conducted by email
was the most restrained and the responses were collected directly in writing. Had the interview been carried
out in person, it would have been possible to obtain a greater amount of information. Nonetheless, thanks
to digital media, we have been able to interview leading professionals who have contributed their knowledge
and experience to this study.
Future research could focus on the degree to which each of the key elements impacts on different
educational contexts. This would allow us to observe whether some elements are more relevant in certain
contexts and need to be improved. A specific educational context could also be evaluated and key elements
could be reinforced to ascertain the degree of educational improvement. In summary, with the aim of
facilitating educational change, further research could be carried out from a more practical approach to
expand on the findings presented in this study.
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