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Abstract—This work aims to design, implement and validate a model of
incorporation of emerging technologies in the classroom using a design-based
research methodology through two iterative cycles. In the first iterative cycle,
this model was validated by 8 experts and implemented by 13 public school
teachers from Bogotá-Colombia. The second cycle was validated and
implemented by 25 teachers. A univariate statistical analysis was used to
describe the samples in each cycle as well as content analysis to determine the
different components of the model. The model is composed of four
conditioning factors: motivation, infrastructure, ICT competencies and
perceived usefulness; four principles: teacher reflection, pedagogical flexibility,
dialogical communication and roles; two recommendations: temporality of the
phases and peer-to-peer work and six phases: initial reflection, context analysis,
pedagogical foundation, didactic application, implementation and finally
evaluation.
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1

Introduction

Incorporating technology in the classroom has been and will be a dynamic and
complex process to be carried out by governments, educational institutions, teachers
and students due to different social, political, economic and organizational factors,
among others [1], which affect positively or negatively the incorporation of technology in teaching and learning processes. For this reason, many educational systems
have aimed through policies to improve aspects such as infrastructure and teacher
training [2] to generate transformations in educational practice and finally improve
the quality of education in some countries. However to achieve this, it is essential to
understand that the main agent of change are teachers since they are who decide or
not to incorporate technology into their processes [3] [4].
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Considering the teacher as a transforming agent, it is necessary to know those factors that affect the incorporation of technology in the classroom in order to generate
strategies so teachers can acquire the necessary skills to reconfigure traditional paradigms and achieve social change [5], through the use of technology as an effective
and efficient means to improve different educational processes. Consequently, this
work uses design-based research (DBR) to generate a model of incorporation of
emerging technologies (ETs) in the classroom (MIETC) that allows teachers to improve their various teaching processes.
Before describing the method used for the design, implementation and validation
of the model, it is necessary to conceptualize Emerging Technologies (ETs) and understand the meaning of a model. ETs refer to resources, artifacts, tools, concepts and
innovations associated with digital, that have a disruptive potential to transform or
generate changes in the processes where they are used, regardless of whether these are
new or old technologies" [6]. This definition, implies two aspects, the first one, is
that ETs are contextualized; for example, from the perspective of those schools that
have never used technology such as video, mobile applications, augmented reality,
this type of technology is considered to be still emergent. On the contrary, it is not
emergent for those schools that normally use these resources because students have
already been touch with them. The second aspect is that ETs have a very general definition not only because they involve technological tools but also because they refer to
innovations that can be made with the use of technology as an inverted classroom or
gamification aiming to produce a radical change in the teaching and learning processes [7], [8], [9] and [10].
“A model is a representation of a real object that in the abstract plane man conceives to characterize it and to be able, on that basis, to solve the problem posed, that
is, to satisfy a need" [11, p.12]. According to this, a model in the context of the classroom must be composed of different aspects, elements or principles that allow from
the characterization and representation of reality to solve a problem of the student or
teacher in order to improve the teaching and learning processes. Therefore, "What the
models propose in all cases is to configure and structure a practice (application of the
model) based on a theory (theoretical part) in an open, adaptable and modifiable way"
[12, p.35].

2

Method

As mentioned above, a Design-based Research (DBR) was used to design, implement and validate MIETC. This methodology focuses on in-depth design and exploration in order to produce artifacts or products [13] that help "understand the relationships among educational theory, designed artifact, and practice. Design is central to
efforts to foster learning, create useful knowledge, and advance theories of learning
and teaching in complex settings" [13, p.5].
On the other hand, Edelson [14] affirms that from the design three types of theories
can be generated; the first, a domain theory which generalizes some part of the problem, that is, describes the learning situations where students, teachers and learning
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environments interact. The second one is about a design framework where the design
solution is generalized, which provides a set of design guidelines for particular cases.
Finally, the third one refers to design methodologies where guidelines or guidelines
are provided to apply the process in order to solve a problem. This work has been
mainly framed in this last theory.
Additionally, the DBR is characterized by the following aspects according to Van
den Akker, Gravemeijer, McKenney, and Nieveen [15]:
• It is interventionist, because it looks for the design of interventions in the real
world.
• Look for the iteration, incorporating a cyclical approach in the design, evaluation
and revision.
• It is process-oriented, the important thing is to understand and improve interventions.
• It focuses on utility, since the validity of a design is measured, in part, by the practical nature of its users in real contexts.
• It is oriented to the theory, since the design, at least in part, is based on theoretical
propositions, and the in situ design tests contribute to the creation of theory.
There are different models to develop a DBR, such as the Wademan model [16]
that consists of 5 phases (identification of the problem from different actors and
tentative identification of products, principles of design, tentative products and
theories, implementation and preliminary evaluation of products and finally, theories
and the solution of the problem and advance of the theory). Plomp’s model [17] has
three phases, preliminary research, prototype and evaluation. The model of Reeves
[18] has 4 phases, which the first one starts from the identification and analysis of the
problems by the researcher and collaborative professionals; then, it moves on to the
development of solutions based on existing principles and innovations; subsequently,
it involves iterative cycles of testing and the refinement of solutions in practice; and,
finally, a reflection is carried out to produce the design principles and improve the
application that allows to solve the problem. For this work, the Reeves model [18]
and the guide proposed by Herrington, Mckeney, Reeves and Oliver [19] have been
implemented in order to generate an investigation using the DBR.
2.1

Phases of the investigation

This research was developed in 4 phases. The first one is the Analysis of practical
problems by researchers and practitioners in collaboration. The problem was defined
with the help of researchers and teachers, in addition the research question was
determined and the literature review was carried out as well. The second phase is the
development of theoretical frameworks informed by existing design principles and
technological innovations. The first version of the model of incorporation of
Emerging Technologies in the classroom (MIETC) was designed taking into account
the results obtained in phase 1 and the experience of researchers in the processes of
incorporating technology.
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The third phase refers to the Iterative cycles of testing and refinement of solutions
in practice. Two iterative cycles were carried out to implement and validate the
model; in the first cycle MIETC was validated by 8 experts and implemented by 13
teachers and the second was assessed by 25 official school teachers from Bogota
Colombia. In this last phase, all the suggestions and recommendations of the teachers
and experts were analyzed to improve the model. Finally, the fourth phase was a
Reflection to produce "design principles" and enhance solution implementation. The
research question was answered and the final version of MIETC was developed. For
this purpose, the contributions and suggestions of each one of the participants of
phase 3 were analyzed through computer programs like the Excel 2013 and ATLAS.ti
8.1.
2.2

Instruments

For phase 1 of the research, two surveys were designed, one for teachers and another for experts in the object of study, both surveys had sociodemographic questions
and questions related to the incorporation of technology in the classroom, the purpose
of the surveys was to determine the limitations and facilitators so that teachers incorporate technology into their processes. With the results, the MIETC conditioning
factors were obtained.
For phase 3, two questionnaires were designed, one for the experts and the other
for the teachers. A Likert scale was used for both to validate each one of the components of the model considering degree of agreement, relevance, clarity in the formulation and writing. Additionally, some open questions were placed to give opinions and
suggestions about MIETC in the final part of each instrument. The only difference in
the instruments is that the teachers were asked about the changes experienced in the
teaching and learning processes when implementing the model and the experts were
asked if the model designed would allow teachers to improve the different processes
in the classroom.
2.3

Analysis of data

Because the instruments consisted of both quantitative and qualitative questions,
two types of analysis were carried out. The first was a univariate statistical analysis to
describe the participants’ samples in each of the phases and to determine the degree of
agreement, relevance, clarity in the formulation and writing of each of the components of MIETC. The technological tools used for this analysis were Excel 2013 and
R x64 3.4.0. The second was a content analysis to openly and axially codify each of
the answers, observations and suggestions given by the experts and teachers who
participated in this work and allowed the model to be improved. For this analysis, the
ATLAS.ti 8.0 and 8.1 were used.
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3

Results and discussion

The results and discussion are presented according to each of the phases, emphasizing that phase 4 is where the final model is described.
3.1

Phase 1

One of the purposes of this phase was to find the main factors that affect the incorporation of technology in the classroom from the perceptions of teachers and experts,
the factors were classified as intrinsic and extrinsic to the teacher. The intrinsic factors are those that are specific to the teacher as: their beliefs regarding the usefulness
and ease of use of technology [20],[21],[22],[23],[24],[25],[26],[27],[28]; the intrinsic
motivation to decide to incorporate technology [20],[21],[29]; the resistance to change
to innovate the educational practice [4],[20],[30],[31],[32] among others; and the
extrinsic factors are those external to the teacher and depend on the institutional, national and international policies, some factors found in the literature that affect the
incorporation of technology, which are: development of a technology incorporation
plan in each institution [20],[31]; provide technical support [20],[21],[31]; open spaces for work among teachers [20],[31]; generate the necessary times to plan the classes
[4], [20],[21],[27],[28],[33] and demands of students to use technology [20],[34].
As mentioned above, two surveys were used to determine the factors. The survey
was conducted by the 241 teachers, 61% were women and 39% men and the age
range was between 23 and 64. Reading years of teaching practice, new teachers who
had just began their experience were found as well as teachers with 41 years of teaching career. Finally, in terms of geographical distribution, teachers from most of the
locations of Bogota-Colombia participated.
With respect to the area of teaching participated: teachers of natural sciences
(14.84%), humanities, Spanish and English language (13.83%), mathematics
(12.82%), social science (12.14%), artistic education (9.11%), ethics and human values (8.94%), religious education (8.09%), technology and computing (9.78%), physical education (6.75%) and other areas (3.71%) The level of performance of teachers
was also varied, 6% teach in early childhood; 21% in primary school (first, second,
third, fourth and fifth grades); 37% at the secondary level (sixth, seventh, eighth and
ninth grades) and 36% at the high school level (grades tenth and eleventh).
In the survey applied to the 132 Ibero-American experts who also had the role of
teachers, 52% were men and 48% were women. The age range was between 26 and
73. Regarding geographical distribution, teachers from 20 countries participated (Colombia 23%, Ecuador 11%, Uruguay 8%, Chile 8%, Mexico 7%, Peru 6%, Venezuela
6%, Argentina 5%, Guatemala 4%, El Salvador 3%, Paraguay 3%, Bolivia 2%, Brazil
2%, Costa Rica 2%, Spain 2%, Honduras 2%, Panama 2%, Portugal 2%, Dominican
Republic 2%, Nicaragua 1%) and finally, in terms of the maximum level of training
reached, 20% were doctors, 58% magister, 3% specialists and the rest had a degree in
teaching. It is important to clarify that the participants from Colombia are different
from those who participated in the previous survey and the surveys were applied using the forms tool in google.
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As it is observed, a varied sample was obtained, which allows having a greater reliability concerning the obtained data. As for the content analysis of each of the 372
answered surveys, a great variety of extrinsic and intrinsic factors was found for this
article, so only the most representative will be mentioned.
The intrinsic factors that positively or negatively affect the incorporation of technology in the classroom are: the teachers' own motivation to decide to incorporate
ETs in the classroom; the perceived usefulness to improve teaching and learning processes; ICT competencies, understood as knowledge, skills and necessary attitudes
for teachers to incorporate technology [35]; the feelings generated by the use of technology and the resistance to change generated by fear of losing control of the classes
and understanding that students are experts in managing technology. The findings
related to motivation and utility reaffirm the findings of Sosa et al. [20], Mumtaz [21],
Park and Ertmert [29], Yuen and Ma [22] and Zyaan [27], ICT competencies are confirmed according to the study by Carver [28] and Jones [31] and the resistance to
change is evident in the study by Villalba et al. [30], Jones [31], Abarzúa and Cerda
[4] and Ertmer [32].
The extrinsic factors that positively or negatively affect the incorporation of ETs in
the classroom, are: the infrastructure related to the provision of devices, the Internet
connectivity, the availability and updating of equipment and programs; initial and
permanent teacher training so they can acquire the necessary skills to incorporate
technology into their processes; the requirements of the context, mainly regarding the
students’ needs, the institution, the peers themselves and the district, national and
international policies that demand to incorporate technology in the educational processes and the exchange of experiences with other teachers on the ways of integrating
ETs in the classroom. Just like the intrinsic factors, the findings regarding infrastructure confirm what was found by authors such as Claro [36], Mumtaz [21], Jones [23],
Sosa et al. [20] and Zyand [27], teacher training reaffirms the studies of Jones [31],
Zyand [27], Sosa et al. [20] and Ertmer [32], the requirement of context in relation to
students was also found in the studies of Kafyulilo et al. [34] and feelings was a finding of Jones [23] and Eickelman [37].
Both extrinsic and intrinsic factors can be facilitators or limiters. This depends on
the circumstances of the context and the teacher himself. For example, in an educational institution with excellent infrastructure, this factor becomes a facilitator but that
would be all the opposite if the infrastructure is poor. In that case, this factor would
represent a limiter. Factors are also relational. For example, when improving teacher
training, other factors become facilitators that enhance the development of ICT skills
or lower the fear caused by having to incorporate technology in educational processes.
On the other hand, a review of the literature was made in this phase regarding different models. Several ICT incorporation models were found such as: Teaching Model of Integrating Constructivist & Sociocultural Learning Principles and Information
& Communication Technology [38]; A2I: a Model for Teacher Training in Constructive Alignment for Use of ICT in Engineering Education [39]; MAGDAIRE: a Model
to Foster Pre-service Teachers' Ability in Integrating ICT and Teaching in Taiwan
[40]; the IRIS Model [41]; a Generic Model for Guiding the Integration of ICT into
Teaching and Learning [42]; 4-E Model [43]; A Model for E-education: Extended
Teaching Spaces and Extended Learning Spaces [44]; a Two-Dimensional Model for
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Teachers' ICT Integration [45]; a Maturity Model for Assessing the Use of ICT in
School Education [46]; Model of ICT Incorporation in the Process of Teaching Innovation for the Implementation of a B-learning [47]; a Five-stage Model of Computer
Technology Integration into Teacher Education Curriculum [48]; MITICA Model
[49]; TPACK Model [50] and models of instructional designs such as ASSURE,
ADDIE, Dick and Carey, among others.
After analyzing the previous models, it was found that these can be classified into
two levels at a macro level and even a micro level, at the macro level they explain
how technology should be incorporated in institutions and at the micro level a route is
provided so that teachers incorporate technology into their educational processes.
Additionally, it was found that the models have elements related to didactics, pedagogy, technology, reflection and evaluation.
Finally, in this phase, the research question was drafted. What are the components
of the model of incorporation of emergent technologies in the classroom (MIETC)
that allow to show changes in the teaching processes through the generation of didactic strategies by the teachers of the official schools of Bogotá-Colombia?
3.2

Phase 2

In this phase, the first version of the model was designed taking into account the
results found in phase 1 and the experience of the researchers. The model was structured from 3 conditioning factors (motivation, infrastructure and ICT competencies)
that are conditions or basic and necessary requirements to be able to implement
MIETC, 4 principles (teacher reflection, pedagogical flexibility, dialogical communication and roles) were considered throughout the implementation of the model and 6
cyclical phases (Initial Reflection, analysis of the context, pedagogical rationale, didactic application, implementation and evaluation) to guide the teachers to transform
their teaching practice. Additionally, in each of the components of the model, some
questions were generated to guide teachers during the implementation of the model.
In phase 4 of this section, each of the components of the final model is described,
after making adjustments or suggestions found in phase 3.
3.3

Phase 3

The results of this phase are described according to the two iterative cycles that the
implementation of MIETC had.
First Iterative cycle: As mentioned earlier in this cycle, MIETC was sent to 8
experts to be validated and it was also implemented and assessed by 13 teachers and
based on the results it was adjustmented in order to generate a second version of the
model. 8 experts had the title of doctor, 5 in the area of technology educational and 3
in education. 13 teachers had the master's degree related to educational technology,
54% were women and 46% men, the average age of teachers was 39.2 within a range
between 29 and 55, belonging to various educational institutions, to different teaching
areas (38.4% mathematics, 30.8% technology and computer science, 7.7% social
sciences, 7.7% natural sciences, 7.7% humanities and English and 7.7% arts). The
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model was implemented in students from 5 to 16 years old, 8% corresponding to early
childhood, 31% to primary school, 38% to secondary school and 23% to the high
school and was implemented in various areas. The results obtained are shown
according to the components of the model.
In the conditioning factors (motivation, infrastructure and ICT competencies) 88%
of experts and 100% of teachers agree with the inclusion of these in MIETC and 12%
of experts do not agree or disagree. In perceived usefulness, 100% of experts and
teachers agree that the conditioning factors are timely and correct. Finally, 75% of
experts and 97% of teachers say that clarity, formulation and writing is sufficient and
excellent, however the rest of teachers and experts say that they can be reformulated.
In the principles (teacher reflection, pedagogical flexibility, dialogical
communication and roles) it was found that 100% of teachers agree with the inclusion
and relevance of these in MIETC. However, in the response of experts with regard to
the pedagogical flexibility 63% agree, 25% neither agree nor disagree and 12% do not
agree in the inclusion of this principle, with the other principles 88% agree on the
inclusion of them. In perceived usefulness, 100% of experts agree that the principles
of teacher reflection and dialogical communication are timely, 88% agree that the
principle of roles is relevant in the model and 75% agree that the flexibility is also
suitable to the model. Regarding clarity, formulation and writing, 96% of teachers
state that they are well formulated and dialogical communication and roles must be
rephrased, on the other hand, experts state that the principle of roles and dialogical
communication, teacher reflection and pedagogical flexibility in terms of clarity and
writing must be reformulated.
In the phases of the model it was found that: in the phase of initial reflection and
context analysis, 88% of the experts and 100% of the teachers agree with the
inclusion of this phase in MIETC, 100% of the experts and Teachers say they are
relevant and only 12% of experts say they should be reformulated. In the phases of
pedagogical foundation and didactic application 100% of teachers and 75% of experts
agree with the inclusion of these in the model, 100% of teachers and 88% say they are
relevant and the 25% of experts suggest reformulating them.
In the implementation phase, 100% of teachers and 88% of teachers agree with the
inclusion and relevance of this in the model and only 12% of experts suggest to
reformulate it. Finally, in the evaluation phase 92% of the teachers and 88% of the
experts agree with the inclusion of this phase in the model, 100% of the experts and
92% of the teachers state that it is relevant in MIETC and 8% of the teachers and the
12% of experts recommend reformulating this phase.
In addition, 92% of teachers agree that the model of incorporation of Emerging
Technologies in the classroom (MITEA) guides them in the process to incorporate ET
in the classroom and allowed them to show changes in teaching and learning
processes.
Regarding content analysis, it was found that experts recognize that MIETC will
allow teachers to improve their teaching and learning processes because it offers a
methodological route to incorporate ET in the classroom through a cyclical process
(Expert 4); it is easy to implement (Expert 1); its structure is clear and precise in each
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of the components (Expert 8) and it has spaces for constant reflection on the use of
technology in the classroom (Expert2; Expert5).
Moreover, teachers evidenced changes in their teaching processes when
implementing MIETC because it motivated them to create learning activities
according to the needs of the students (Teacher1; Teacher9; Teacher12); it allowed
them a greater organization to plan the classes (Teacher2, Teacher3, Teacher4,
Teacher8, Teacher13); optimized times, spaces and resources (Teacher2); they
transformed their educational practice by using new forms of teaching breaking
traditional schemes (Teacher5; Teacher6; Teacher13); it allowed them to train and
acquire knowledge in an autonomous way to incorporate technology in the classroom
thinking about the good use, the why to incorporate them (Teacher6; Teacher8;
Teacher12); and it really reduced levels of frustration (Teacher8).
Among the changes to make the model are: add the conditioning factor of the
perceived utility (Teacher 7); determine the timing of some phases because there are
some that take place at the beginning of the year (Expert2); involve collaborative
work among teachers (Expert2; Expert3; Teacher9); demonstrate the value of the ETs
in the implementation phase (Expert7); delimit ICT competencies in the conditioning
factor (Expert2); improve the instruments of the didactic application (Teacher6;
Teacher13; Expert3); reformulate in terms of clarity and writing the principles of
MIETC (Teacher4; Teacher12) and review in a general way the spelling and
punctuation of the whole model.
Taking into account the previous suggestions, the second version of the model is
generated, a new conditioning factor emerges, the perceived usefulness and 2
recommendations to implement MIETC, the same principles and phases are
maintained, some instruments of the phases of the didactic application are redesigned
and the implementation and finally the wording and spelling of the whole model was
revised.
Second Iterative cycle: The second version of the model was implemented by 25
teachers. 60% were women and 40% men, the average age of teachers was 41.1
within a range between 20 and 62 years, belonging to several educational institutions,
at different teaching areas (16% mathematics, 16% natural and environmental
sciences, 12% humanities, Spanish and English, 12% natural sciences, 4%
philosophy, 4% physical education, 4% dance, 4% commercial, 4% plastic arts and
24% was implemented by teachers who dictate all areas), the model was implemented
in students between 4 and17 years old, 16% corresponding to early childhood, 20% to
primary school, 36% to high school and 28% to average and it was implemented in
various areas. The results obtained are shown according to the components of the
model.
In the conditioning factors, it was found that 100% of teachers are in agreement
with the inclusion and relevance of the motivation and perceived utility in the model,
in the infrastructure 92% agree to its inclusion and 88% with the relevance of this in
the model, in the ICT competencies, 100% agree on their inclusion and 96% with the
pertinence of this in the model; finally, 100% affirm that the clarity, formulation and
writing is sufficient and excellent.
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In the principles it was found that in teacher reflection, pedagogical flexibility and
dialogical communication 100% of teachers agree with the inclusion of these
principles in the model and 96% agree with the inclusion of the roles as a principle.
Regarding relevance, 100% agree that dialogical communication and roles are
appropriate for MIETC and 96% affirm that Teacher reflection and pedagogical
flexibility is relevant; finally, 100% state that clarity, formulation and writing is
sufficient and excellent.
One emerging component after the first iteration of the model were the recommendations, it was found that in the temporality of the phases (recommendation 1), 88%
of the teachers agree with their inclusion and relevance in the work. among peers
(recommendation 2) 92% agree with their inclusion in the model and 88% state that
this recommendation is relevant in MIETC and 100% state that the clarity, formulation and wording is sufficient and excellent.
It was found in the phases that: in the initial reflection phases, analysis of the context, pedagogical foundation, implementation and evaluation, 100% of the teachers
agree with their inclusion and their relevance in the model, in the didactic application
phase. 96% agree with its inclusion and 100% with its relevance in the model, in
addition all teachers report that clarity, formulation and writing is sufficient and excellent.
Additionally, it was found that 100% of teachers agree that the model of incorporation of Emerging Technologies in the classroom (MIETC) guides them in the process
of incorporation ET in the classroom, 96% affirm that it allowed them to show changes in the process of teaching and 88% say that it allowed them to show changes in the
learning process of students, finally, comparing the results of iteration 1 and iteration
2, MIETC was improved in each of the aspects evaluated and especially the one related to the clarity, formulation and wording of each of the components.
Regarding content analysis, it was found that teachers evidenced changes in their
teaching processes when implementing MIETC because: they made a constant process of reflection on the teacher's task to work on improvements (Teacher2; Teacher4;
Teacher11; Teacher13 ); it allowed them to acquire, update and reinforce knowledge
about different aspects worked on in the model (Teacher11; Teacher16; Teacher24;
Teacher25), it allowed them to carry out an organized process to plan the classes
according to the needs of the context (Teacher2, Teacher12, Teacher19, Teacher24);
they transformed their educational practice by using new forms and strategies of
teaching (Teacher6; Teacher; Teacher; 20) and new forms of evaluation (Teacher10;
Teacher22) using ETs; they improved the communication process with students by
breaking time-space barriers using technology (Teacher3, Teacher20; Teacher10).
Finally, the teachers affirm that the model improves the classroom environment because: it changes the role of the teacher to be a guide and a guide of the process
(Teacher5); it allows to teach in a more practical and easier way (Teacher10, Teacher15) and clarity is observed in the teaching and learning process (Teacher4).
Among the changes to make the model are: check in some sections if the guiding
questions are repeated and only leave one (Teacher, teacher25); describe and extend
the recommendations of the model (Teacher2; Teacher5); deepen pedagogical flexibility not only in the strategies but also in the spaces (Teacher 7). On the other hand,
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teachers make some recommendations to take into account in future implementations:
exemplify the model (Teacher12, Teacher23); develop a tool such as an application or
software (Teacher23) and make it a little shorter regarding the instruments. These
suggestions are not part of the conceptual structure of the model but they will be taken
into account in a phase following this investigation.
3.4

Phase 4

According to the analysis carried out in a general way to the two iterations and the
suggestions of the experts and the teachers, the final version of the model is presented. The model is composed of 4 conditioning factors, 4 principles, 2 recommendations and 6 phases. Figure 1 shows the structure of the model.

Fig. 1. Model of Incorporation of Emerging Technologies in the Classroom (MIETC)

The conditioning factors of the model are those aspects or requirements teachers
have to take into account before the implementation of the model. The first condition-
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ing factor is the motivation that drives teachers to perform actions, activities or strategies in the classroom and maintain the quality of their work [51] to improve teaching
and learning processes.
The second conditioning factor is the infrastructure, regarding different services
such as internet connectivity, spaces and resources that allow the development of
different educational activities [52] related to the incorporation of ETs in the classroom. This infrastructure can generate changes in the teaching practice because they
constitute "a basic input for the educational processes and their absence, inadequacy
or inadequacy represent additional challenges to the teaching tasks" [53, p.43] or
simply continue with the same educational practices and not incorporate ETs due to
the lack of resources. According to the research of Gil-Flores et al. [2] availability
and access is an obvious requirement to incorporate ICT in the classroom and therefore a requirement to apply MIETC.
The third conditioning factor is ICT competencies regarding "the knowledge, skills
and attitudes of teachers when incorporating technology in the classroom" [35, p.11]
use of technological, pedagogical, communicative, of management and research [54]
that allow the construction, implementation and evaluation of learning environments
supported by significant ICTs and contribute to the comprehensive education of the
student [55].
The fourth conditioning factor is the perceived utility understood as the extent to
which a teacher or individual considers that the use of a particular technology will
improve their performance in an activity [56] and [57], that is, if the teacher perceives
that ET will improve a teaching or learning process, there is a high probability to
incorporate it into the classroom.
Both the motivation conditioning factor, the ICT competencies and the perceived
utility are internal factors in teacher, that is, the teacher must overcome these disadvantages in order to implement MIETC from his own initiative. Additionally, they
are in a causal relationship, because the motivation and the perceived utility are affected by the confidence in the skills needed to carry out any activity successfully and
this can be increased if the necessary skills, knowledge and attitudes are acquired to
incorporate technology in the classroom. In order to become competent in ICT teachers need to work on their own training strategies. For Valencia-Molina et al. [55] the
strategies can be to learn from others (courses, workshops, diploma courses, seminars,
congresses), learn with others (participation in forums, webinar) and learn autonomously (video tutorials, educational videos, reading investigations, massive and open
online courses-MOOCS).
The conditioning factor of the infrastructure is an external factor in teachers. For
this reason institutions need to have the necessary technological resources to improve
the teaching and learning processes. Consequently, it is not enough to provide schools
only with technology but also to design training plans for teachers to acquire the necessary skills to incorporate them in a meaningful way. In the first phase of this research it was found that it is necessary to inform the teachers about the resources of
the institution to promote using them. Unfortunately, in many cases they have the
resources but they don't know how to incorporate them in class, very often because of
lack of skills or initiative.
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The principles of the model are the characteristics to be taken into account during
the whole process of incorporation of ETs in the classroom. The first principle is the
teacher reflection where the teacher must be in constant reflection to pose, face and
respond to the problems that arise in the classroom [58] through reflection on action
and action, the first refers to a reflection in real time [59] where the teacher makes
decisions to refocus their educational practice [60], through questions such as what
happens or what will happen, what can be done, how can it be done better, what risks
or benefits there is to do an activity [61], and reflection on the action consists of
thinking retrospectively about the activity taking into account mainly what worked,
what did not work and how it could be improved [59]. The purpose of this principle
is not only to seek a quick solution to the problems [62] that can occur during the
incorporation of ETs in the classroom but always make a process of reflection to find
the best solution. This way MIETC makes this principle explicit in the first and last
phase but the teacher must be aware of it in order to implement it all times.
The second principle is the pedagogical flexibility where MIETC must provide a
great variety of activities and be able to organize and reorganize them [63] according
to the place, the time, the methods, teaching and learning rhythms [64], to the diversity of needs, interests and motivations of students [64] and [65], for this reason teachers must recognize the existence of different contexts and learning styles and from
these generate different "learning opportunities" for students to develop the competencies of the 21st century.
The third principle is the dialogic communication that must be maintained
throughout the implementation of the model that allows the different educational
actors to learn, develop their personalities, improve their perceptions and abilities to
explain and understand the world [66], through an "open and negotiated debate process" in which both students and teachers exchange ideas and opinions [67, p.325]
with respect and where the teacher does not manipulate the communication to achieve
their goals but to make effective feedback and provide useful information adapted to
each student so they can achieve the goals during implementation.
The fourth principle is the roles of the student, the teacher and the Emerging Technology that are used during the implementation. The student is placed in the center of
teaching and learning, this implies that they assume an active role [68]. They must be
collaborative, responsible, participatory and self-reflective about what, how, where
and when they learn and thus they can be aware of their own learning guided by the
teacher who have the role of a tutor or advisor in both class activities and extracurricular. Teachers need to encourage students to be committed with their own learning
process, discuss with each other, and take advantages of different learning opportunities, continually ask questions, find answers to their questions, discover and structure
knowledge, use a variety of resources both analog and digital. Consequently, teacher
need to be flexible in the development of the classes, generate authentic activities that
arise the curiosity of students, structure and organize the learning process, evaluate
and provide feedback to the student [69][70], finally it should be an example of life
for the students.
The ETs also play a role within the model and become a transforming agent of
teaching and learning processes by being mediating instruments of relationships be-
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tween students and learning contents (for example, searching for information, accessing repositories, use simulators), between teachers and learning contents (e.g. keep
track of activities carried out, prepare classes), between teachers and students, or
between students themselves (e.g. carry exchange exchanges) communication), who
together carry out an activity suggested by teachers (e.g. explaining a topic, providing feedback, keeping track of them) using the instruments that configure learning
environments (e.g. use of self-sufficient materials) [71].
The recommendations of the model are those aspects that may vary in the implementation, the first recommendation to implement the model is to take into account
the temporality of the phases and this refers to the moments or times in which each of
the proposed phases of the model is applied. This depends on the following criteria:
• If this is the first time the model is implemented, start with phase 1 until the end of
phase 6, regardless of whether it is applied for the development of a period, a
teaching unit or the development of a single class. It is advisable to use it as a
gradual process, that is, initially to plan a class, later a didactic unit, then a period,
this is for teachers to acquire the experience of using MIETC.
• If the model has been implemented more than once and phase 1 is applied in the
same institution and in the same population: Initial reflection and phase 2: Context
analysis won’t need to be repeated. Only phases 3, 4, 5 and 6 are reconfigured taking into account that in phase 6 corresponding to the evaluation is done at the end
of the entire implementation.
The second recommendation is peer-to-peer work, keeping in mind that the purpose of the model is to get teachers to start incorporating ET through a systematic and
intentional process, initially autonomously but as they acquire the experience they can
work with peers in the next implementations, because this allows them to "recognize
and value their own abilities and those of others, and in that exchange, together, imagine, devise, design and make changes in their practices" [72, p.43] related to the incorporation of technology. In addition, peer-to-peer work allows cross-cutting projects that encourage different types of competencies in students.
The phases of the model are those that allow the teacher to carry out a systematic
and intentional process when it comes to incorporating ETs into the classroom; additionally, they are cyclical and dynamic, which allows a process of continuous improvement. Next, each one is described.
Phase 1: Initial Reflection is intended to prevent teachers from carrying out activities or strategies in an impulsive and routine way, to elucidate between the purely
affective, blind and impulsive of intelligent action and to allow events to advance
[73], in order to transform the educational practice and resignify learning spaces from
the beginning of any educational activity. In this phase, the teacher must answer the
questions. What would be the benefits of incorporating one or more emerging technologies in the classroom for students and teachers? And what could be the main
problems that might arise during the implementation of the teaching and learning
activities to be developed and how could they be solved?
Phase 2: Context Analysis is carried out in two parts. The first corresponds to the
analysis of the context referring to the population; this is done in order to identify the
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main problems of students to learn certain content or to strengthen some skills. This
means that the problematic environment is explored to subsequently propose solutions
in a general way [74] incorporating ETs and thus improving the teaching and learning
processes. If the context is not known and especially to the students it is impossible
to generate learning activities that respond to the needs and expectations of them and
the current society. The questions that guide this part are: With what course will you
work? What are their ages? What are the motivations and interests of the students?
What strengths do students have to learn? What limitations do students have in the
learning process? In addition, the need to learn or the problem to be solved must be
described.
The second part of the context analysis corresponds to identifying the ET's that the
institution has, the students and the teachers with the purpose of designing both individual and group activities that make significant use of the technologies. The questions that guide this part are: What emerging technologies does the institution, the
students and the teacher have and what are their requirements and availability?
Phase 3: Pedagogical foundation, the teacher determines the purposes of training
and the necessary content to develop during the implementation of the model, the
purposes and contents must respond to the learning need or problem detected, to the
interests, motivations, strengths and weaknesses of the students mentioned in the
previous phase. In addition, must be in accordance with the institutional policies (institutional educational project, the pedagogical model, among others) and national
(basic competency standards, basic learning rights, among others).
The purposes must answer the question regarding what students should learn
through formative and comprehensive statements that guide learning. To build them,
the teacher must bear in mind that they are written in terms of what the student is
expected to learn and not what he will build or perform to demonstrate his learning
[75] (District Education Secretariat, 2012). In addition, in this phase teachers must
relate their implementation to the development of 21st century competencies, according to Binkley et al., [76] who define ten (10) competencies and group them into four
(4) categories, the first one is ways of think (creativity and innovation - critical thinking, problem solving and decision making - learning to learn, metacognition); the
second one refers to way of working (communication - collaboration and teamwork);
in the third one is about tools to work (information literacy - literacy in information
and communication technologies (ICT)) and finally live in the world (citizenship,
local and global - life and career - personal and social responsibility).
The contents must respond to what students should learn to achieve the purposes of
the training, which can be declarative (refers to the learning of facts, data, concepts
and principles, these relate to knowledge), procedural (actions ordered to achieve the
proposed objective and develop the ability to know) and attitudinal and axiological
(values, norms, beliefs, which allow the student to live in peace and harmony within a
society, make reference to knowing how to be and knowing how to live together)
[77]. Additionally, the metacognitive contents must be worked on in the classroom
(they are the necessary learning so students can direct, control, regulate and evaluate
his way of learning from the knowledge of themself, of the task and of the strategies
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and thus orient them towards the autonomy that allows them to "learn to learn" and
transfer his learnings to their daily life [78].
Phase 4: Didactic application, the teacher must ask himself how to guide the
teaching and learning process in the most efficient and effective way, in order to improve and strengthen in students their different knowledge, skills and attitudes. This
phase is divided into sequencing, activities, processes, ETs-resources and times.
The sequencing, is the organizational, logical and intentional structure of the different activities, actions and interactions related to each other, necessary to achieve
the purposes of training [79], can be for the development of a class or session or for
several, it is the teacher's decision to determine the time and following the approaches
of Smith and Ragan [80] and Alfonzo [81], it can have three moments, which are
initiation, development and closure.
At the beginning, the aim is to prepare the student for the development of the different activities in order to activate attention, establish or say the purpose of training,
increase interest and motivation, present the preliminary vision of the activities and
investigate the beliefs, knowledge and previous knowledge of students. For this purpose, you can use strategies such as "present new information, surprising, incongruent
with the prior knowledge of the student, plan or raise problems, describe the sequence
of the task to be performed, relate the content with the previous experiences of the
student" [82, p.230], it is generally suggested that this moment means between 10 and
15% of the implementation.
In the development, new information is presented to the student (explicitly, or what
the student investigates) so it can be processed and applied and handled easily. It is
necessary focus students’ attention, teach activities aimed at promoting learning and
generate activities where they can apply and transfer what they have learned in different contexts [80][81], at this time the teacher must spend the a big quantity of time, 60
and 70%.
In the closing it must be observed if the student achieved the purposes of training,
for this reason, the teacher should review and summarize what has been worked on,
re-motivate and close explaining the importance of what has been learned and propose links with other areas, [80][81]. In addition, a moment should be created for
students to perform metacognition of what was worked during the implementation,
the time of this phase is between 30 and 15% of the implementation. The sequencing
must answer the question: what is going to do the logical and intentional order of the
activities?
The activities are actions designed by teachers for students to carry out and achieve
the purposes of training individually or in groups. They must be coherent, meaningful
and appropriate to the needs of the students and the context. Currently, there are different types. One of them is the District Education Secretariat [75] that proposes motivational activities, experiential, exemplary learning development and application,
but finally, teacher are in charge of deciding the kind of activities to choose for the
implementation of MITEA, based on their knowledge and experience. The activities
must answer the question How to teach to achieve the purposes of training?
The processes are about describing the way the interaction, evaluation and feedback will be performed during the implementation of MITEA. The interaction is de-
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fined as "a type of communicative activity carried out by two or more participants that
influence each other, in an exchange of verbal and non-verbal actions and reactions"
[83]. For this reason, the main purpose of using interaction processes is to find common leaning interests between the different actors to achieve the purposes of training
using different media, whether they are face-to-face or technological. The evaluation
must be conceived as an "integral, dialogical and formative process that favors the
achievement of the expected results in terms of learning" [84] and guide the teaching
and learning processes. Consequently, the evaluation process should be structured
based on the purposes of training and be based on the contents; that’s why the evaluation modality is chosen first (who evaluates and when) and then, some evaluative
criteria is set (what is evaluated) and finally the evaluation strategy is determined
(how it is evaluated) [75]. The feedback refers to how the teacher makes improvement
processes to the products, procedures, strategies and self-perceptions [85], it must be
carried out at all times and must be linked to the evaluation because, based on the
results, the teaching and learning process can be reoriented.
The ETs and resources are those mediations that the teacher uses to support both
teaching and learning processes, they can be related to the digital world (tablets, computers, videos, social networks, etc.), which is identified in the phase 2) and the analogical educational resources (guides, board, evaluations, workshops, colors, books,
among others). They are subject to the creativity of the teacher, to the possibilities
offered by the context and can be elaborated, reused or adapted for their pedagogical
relevance, accessibility and usability, recognizing that resources do not determine
pedagogical success but rather facilitate the development of learning [75]. In this part,
the two important questions are answered regarding, what to teach, and what the function or purpose of the ETs within the implementation is.
Time refers to the duration of the implementation of MIETC, the teacher must ensure that the students are committed to all the activities, which implies understanding
the characteristics of all the learners involved. The time can be measured in several
scales; for example, for example, the right time for a class or work session would be
couple of minutes, but for several classes or sessions the time vary depending of the
number of weeks or classes or sessions.
Phase 5: Implementation, materializes what was planned in the previous phase. It
is composed of a before, during and after. In the before, a preparation of the spaces
and the necessary ETs-Resources for the proposed activities must be carried out. It is
important to have a plan B in case any resource or ET fails as well as be able to use
instruments to collect information in order to show evidence of the learning process of
each student. During the implementation, the student must be constantly informed so
that he / she is aware of what is going to happen. The planned activities must be carried out in the didactic application phase, using different instruments to gather information that allow to demonstrate the learning process of each student based on the
qualitative and quantitative assessment. It is also necessary to be aware of the changes
on the progress that may occur due to extrinsic elements that can vary the didactic
application. In the after, the implementation is determined in a general way if the
students achieved the purpose of training from the observed, based on the collection
of information and of the evaluation processes carried out. In addition, in this part we
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must respond to "How did the incorporation of ETs contribute to achieve the purpose
of training?" This question is asked so the evaluation can determine if the incorporation of the ETs affects or not the teaching and learning processes.
Phase 6: Evaluation is carried out once the implementation of MIETC is finished,
based on reflexive observations and specifically on the reflective cycle of Gibbs [86]
which consists of 6 steps (Description, Feelings, Evaluation, Analysis, Conclusions
and Plan of action). With this evaluation, the teacher is expected to evaluate the process carried out and approach to the implementation in a critical way in order to perceive its meanings and become aware of what happened [87] with the intention of
reconstructing the educational practice [88] in the incorporation of ETs in the classroom.
According to Gibbs [86] and the Academic Services & Retention Team, University
of Cumbria [89] in the description, the teacher must respond to what happened in the
implementation, in an objective, concise and relevant way, in feelings must respond to
What were your reactions and feelings?, referring to the various situations experienced, if they were emotions of joy, frustration, stress, despair among others, in the
evaluation should answer to what was a good or bad experience?, in the analysis
should answer to what sense did you find to the implemented?, and what was really
happening? In the conclusions, some answers must be given to questions such as,
what can be concluded from the whole experience, if it was positive or negative, what
did you learn from the experience?, and what else could I have done to improve the
experience?. Finally, the action plan should summarize everything that needs to be
known and done to improve the next implementations, for this the teacher must respond to what elements should be taken into account for future experiences?, and
what should be done differently next time?

4

Conclusion

MIETC provides a route for teachers to begin to incorporate ET in the classroom
through a reflective, systematic, intentional and dynamic process in an autonomous
way, where the center of learning is the student and technology becomes a mediation
that enables changes in the teaching and learning processes. To achieve changes in
educational practice, the model proposes four conditioning factors (motivation, infrastructure, ICT competencies and perceived usefulness), four principles (teacher reflection, pedagogical flexibility, dialogic communication and roles), two recommendations (temporality of the phases and peer-to-peer work) and six phases (initial reflection, context analysis, pedagogical foundation, didactic application, implementation
and evaluation). Finally, the only conditioning factors that do not allow MIETC to be
implemented are the motivation and the perceived usefulness, since the others can be
overcome by applying the model itself. It is recommended phases 1 and 2 to be carried out at the beginning of the year or a period and the other phases are developed to
plan either one or several classes. Phases 3, 4, 5 and 6 become cyclical phases which
aim to improve teaching and learning processes each time MIETC is implemented,
taking into account the successes and errors of previous implementations.
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5

Limitations and prospects

A limitation of this work was the low participation of teachers to implement the
model even though in the first and second cycle of iteration they were given a bonus
of 35 dollars to participate. Additionally, MIETC should be implemented to more
teachers and in different contexts in order to reconfigure the model and finally strategies must be generated to evaluate how effective MIETC is in learning not only from
the perceptions of teachers but through standardized tests applied to students.

6
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