s

f:':
\=

mathematics

Article

An Assessment of the Impact of Teachers’ Digital
Competence on the Quality of Videos Developed for
the Flipped Math Classroom

Daniel Moreno *, Alicia Palacios, Alvaro Barreras and Virginia Pascual

Facultad de Educacién, Universidad Internacional de La Rioja, 26006 La Rioja, Spain;
alicia.palacios@unir.net (U.L); alvaro.barreras@unir.net (AB.); virginia.pascual@unir.net (V.P.)
* Correspondence: daniel. moreno@unir.net; Tel.: +34-941-210-211

Received: 18 November 2019; Accepted: 17 January; Published: 21 January 2020

Abstract: The aim of this research is to determine the impact of perceived Teachers’ Digital
Competence (TDC) on how well math teachers prepare the educational videos needed to put the
flipped classroom model into practice. In preparing the videos, the teachers had to select pre-
existing audiovisual material and then edit the content to adapt it to the flipped classroom.
Described here is a non-experimental study of a sample of 50 teachers pursuing a Master’s degree
in Secondary School Math Education in Spain. This is a preliminary univariate descriptive study of
the relationship between TDC and the quality of videos prepared. Possible correlations between
these two variables and between the characteristics of the sample are also explored. In general, the
teachers had an intermediate level of TDC and prepared satisfactory videos. Nevertheless, the
videos were deficient in the sections related to their pedagogical and math instructional
components. No correlation was observed between TDC and the quality of the videos prepared.
These results indicate that the integration of technological, pedagogical, and math instructional
components is more important for developing quality instructional videos than the technological
component alone. Teacher training should incorporate elements which emphasize the application
of technology to the pedagogical process of math instruction.

Keywords: Teachers’ Digital Competence; instructional video; flipped classroom; teacher
continuing professional development; math; secondary education

1. Introduction

Teachers are constantly challenged by innovations in the teaching models, technology, and
educational tools used to develop courses. Constant innovation means that continuing professional
development is fundamental for teachers who want to remain current in their careers. There are
projects, such as the Tuning Educational Structures in Europe of the European Commission, that have
attempted to describe the known teaching competences [1]. These competencies include innovation
capacity and the incorporation of emerging trends in education, including the use of technology [2].

The use of technology is a concept that not refers only to types of instruments and duration of
use, but also to an understanding of the how a particular technology is used and for what purpose.
In addition, the instructional objectives to be achieved via the use of these instruments have to be
clearly delineated. The entire process has to be taken into account, not only the final result. The
pedagogical model under which the use of technology is framed is crucial to this process of
delineation. One such model is a student-centered instructional strategy known as the flipped
classroom model (FCM) [3,4]. In this approach, students develop student autonomy [5]. Individual
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work is completed outside the classroom, where technology plays a primary role. Collaborative work
takes place later inside the classroom [6,7].

In a flipped classroom, the teacher is responsible for preparing the material. Therefore, the
teacher has to capably select and edit materials in order to successfully adapt them to the FCM. Many
online platforms and video editing tools are available.

In order to be useful within a pedagogical model, these platforms and software have to be
selected using a clear set of criteria, as do the types of questions and comments that are added to
enrich the video content after editing. Therefore, the ability of the teacher to prepare educational
videos for FCM becomes a very important research field.

It is precisely at the selection stage that the digital proficiency of the teacher plays a key role.
Likewise, continuing professional development in the use of innovative pedagogical models is
crucial. This is because teachers need to be able transfer subject matter using the most effective means
available to promote student learning.

The aim of the present study is to assess the relationship between digital proficiency among
math teachers and the ability of math teachers to select and edit instructional videos for use within
the FCM.

The use of digital resources is highlighted by The European Framework for the Digital
Competence of Educators (DigCompEdu) [2] as an essential teaching skill. The DigCompEdu places
a strong emphasis on developing the ability to select, share, and generate digital material. This
emphasis has led to the development of new evaluation instruments [8,9] to determine how well
teachers have adapted to changes that have been made in adopting this general framework [10].

Better training of teachers has reduced the digital divide that separates them from their students.
However, teachers” weakest capabilities remain those required to prepare digital content [11].

This work focuses on the ability of a teacher to adapt videos to the needs of the student. In order
to understand this research, it is important to consider four points. First, a teacher faces many
challenges in adopting the FCM. This is because the FCM requires many changes with respect to
traditional formats, such as the role of the teacher and student, changes in scheduling, etc. Second,
there have been many advancements in audiovisual tools and a proliferation of new video platforms.
Third, considering the amount of time, money, and knowledge necessary to create an instructional
video, the ability to select an appropriate video (instead of creating a new video de novo) can save a
teacher a lot of time. Finally, the FCM itself has evolved over time. Sams and Bergmann once
suggested that teachers should prepare their own videos. However, in light of how far software has
advanced and the amount technical knowledge still needed to prepare a video, Bergmann now
proposes that teachers instead select existing videos and adapt them to the needs of their audience
and active-learning activities. One of the challenges in adopting FCM lies in overcoming the
perceptions that teachers and students will be overworked and that good audiovisual material that
include activities and also maintain student interest is not easy to come by.

1.1. Professional Teaching Competence and Digital Teaching Proficiency

Student-centered learning forms the backbone of this new educational model. Under this model,
students must develop their own work plans and manage their own time. The role of the teacher is
akin to a guide. This process has to be accompanied by an improvement in professional teaching
competencies, particularly those defined as “generic” by the Tuning Educational Structures in Europe
[12]. “Generic” competencies include information management, criticism and self-criticism, and the
capacity for applying knowledge to practice [1]. Some of these competencies are analyzed in this
study.

When applying a model that relies on the specific use of various Information and
Communications Technology (ICT) resources, another critical competency is the ability of the teacher
to master and apply these resources during the teaching-learning process. Due to its transversal
nature, the European Commission has defined this as a key competency because it impacts the
development of other essential skills in all citizens [2].
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Some of the elements of Teachers’ Digital Competence (TDC) include editing and creating digital
content. This includes “repackaging previous knowledge and content, engaging in artistic
production, creating multimedia content, computer programming, and managing intellectual
property rights and licenses to use” [9,10].

How well a teacher acquires and develops TDC will directly impact the capacity of their students
to develop their own digital competence. For this reason, many initiatives have been established to
train teachers in digital competence [13]. The aim is to provide teachers with the tools to apply this
competency along the disciplinary, pedagogical and technological [14] axes. This triple axis is the
center of the framework known as TPACK (technology, pedagogy, and content knowledge). In this
model an effective teaching will be developed if the teacher is able to make use of different knowledge
in an integrated way, including knowledge of how the student thinks and learns (pedagogical
knowledge), knowledge of the teaching subject (content knowledge), and knowledge of technology.
The teacher must be able to interweave these different disciplines avoiding them being unconnected
knowledge. Each teaching context must be analyzed and solved using a unique combination of three
factors: content, pedagogical and technological.

1.2. Flipped Classroom Model (FCM)

The FCM was concieved out of the need to modify how to work with students in the classroom
[15]. A teacher-centered teaching process, in which students simply receive and then regurgitate
information, is incompatible with meeting the needs of society. Facing the challenges of the 21st
century requires the sort of skills development that promotes problem-solving [16,17]. In shifting
from teacher-centered models to a student-centered model [16,18], flipped classrooms move activities
that normally take place outside the classroom, such as reviewing lessons and clarifying concepts
[17], into the classroom where face-to-face interactions take place. Conversely, the traditional class
lecture is assigned for homework along with supporting material that is prepared by the teacher [7].

The flipped-classroom is a relatively new model that emerged in the late 20th century in the US
and Canada. However, since its inception, the application of this teaching model has spread
exponentially. The FCM has not only become universilized but is also being applied at all educational
levels, from the university level [19-24] to secondary and elementary schools [25-28]. Math is one of
the subjects most commonly taught within this model [29]. One reason that the flipped classroom
model has been so often applied in the math domain is that the hands-on way of clarifying students’
doubts is highly compatible with math instruction [28].

An additional advantage is the high accessibility of video tutorials found on platforms such as
Khan academy, Mates2, Tiching, and others.

Methodologies such as collaborative work, problem solving, peer-tutoring, etc. are employed in
the classroom. Higher order cognitive processes are promoted using these methodologies [4,5,30].
The student becomes aware of his/her own responsibility in the learning process. Meanwhile, the
teacher becomes a guide who not only supervises classroom work, but also designs, directs, and
reviews the learning that takes place outside the classroom [17]. Indeed, the capacity of the teacher
to curate the relevant resources should be intimately tied to the capacity of the teacher to apply the
FCM. One of the most widely used resource that has the required properties is the instructional video
[31]. This medium allows the teacher to create short lectures that incorporate questions and
comments, which, in turn, encourage the student to reflect on the material [32]. Including questions
and comments also promotes the transfer of individualized information back to the teacher.

Combining images and explanations via video allows students to develop a better
understanding of the material. According to the cognitive theory of multimedia learning (CTML)
[33], students learn more when a narrative is employed to tie information together than if a textbook
alone is relied upon. CTML explains that “Learning is an active process of filtering, selecting,
organizing, and integrating information based upon prior knowledge”. Likewise, the individualized
attention that accomponies the instructional videos helps those with learning disabilities to achieve
more [34].
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Increasing student performance, encouraging student interest, and developing critical thinking
skills are clear and strong incentives for adopting the FCM. However, student and teacher feedback
alike suggest that there is room for improvement in both the quality of videos that teachers have been
producing and in the amount of time invested in editing and viewing [6].

The FCM has opened up new avenues for the teaching and learning of math. For example,
Talbert [29] demonstrated that the flipped classroom is particularly well-suited for teaching linear
alegebra. This is because linear algebra instruction combines the ability to carry out relatively simple
calculations with the ability to enage in deeper concept development.

In a review of more that 1000 articles on the application of the flipped classroom to math
instruction, Lo et al. [35] articulated 10 principles for contructing a flipped classroom. The three that
refer to the components outside the classroom are: “Principle 3: Consider presenting introductory
materials and providing online support via video lectures; Principle 4: Enable effective multimedia
learning by using short instructor-created videos; Principle 5: Use online exercises with grades to
motivate student class preparation”. In order for teachers to be able to design, select, and edit videos
that meet the requirements, it is essential for them to be aware of the guidelines.

The aim of this work is to therefore assess the ability of teachers to adhere to principles 3, 4, and
5, which are fundamental to the correct design of the flipped-classroom model.

1.3. Video as a Resource for Flipped Classrooms

Videos are an important instructional tool for teaching math both in the face-to-face
environments found in flipped-classrooms and in e-learning platforms or Massive Open Online
Course (MOOCS). Walsh et al. [36] stress the importance of this type of resource acquire a leading
role in the development of skills and not as a simple resource for reviewing the contents. A refinement
of these videos allows the student to improve their learning experience [37].

In using video as an out-of-class instructional resource, the teacher participates by making
selections and editing, etc. [38]. The content of the videos should accord with the level of education
of the students [39] and the videos should be prepared using the principles of the flipped classroom
as guidelines [4]. Students should watch the video before coming to class. The videos should prompt
the student to reflect on whether or not they understood the contents. Questions left unanswered
should, in turn, be addressed in the classroom [40].

Using videos from Khan Academy, Technology, Entertainment and Design (TED), and YouTube
Channels [23] does not by itself mean that flipped learning is taking place. Videos might simply
mimic the traditional lecture format. For example, a video may simply show a teacher explaining
how to solve an algebra problem [41]. Preparing materials for a flipped-classroom requires a
significant investment in time and resources [42]. In fact, it takes 6 times longer to prepare material
in a flipped classroom than in a traditional one [43]. Teachers have to master course content, to be
sure. However, they also need to focus on digital skills development and on strategies for selecting
appropriate technologies. Teachers also have to learn to integrate the tools that facilitate teacher-
student interactions and communication in order to improve feedback and in order to faciliate the
development of objectives for learning that takes place outside the class [6].

In selecting a video that fulfills the requirements of a flipped classroom, the teacher must evalute
the following aspects: curricular, technical (duration of video), expressive (type of representation)
aesthetic, mathematical, pedagogical, and intructional (content difficulty) [44]. The teacher also has
to consider possible problem solving scenarios, the existence of different record representations, the
clarity and precision of the definitions and how the premises and procedures are structured.

An example of attending to curricular aspects is that, when analyzing the suitability of the videos
of channels like YouTube™ for teaching proportional distribution problems, great disparities in
content representativeness are observed [45]. Content difficulty should be accounted for. Not
everyone works with a video in the same way. Sometimes the content must be reinforced in class
[46]. In these cases, the teacher should prepare materials that allow him/her to gather information
about student learning. This also means incorporating tools that provide complementary feedback,
such as on the twitter social media platform [35]. The mode of representation of the mathematical
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symbols used in the video must also be taken into account. Representations may vary according to
the source. It is particularly important for the students to understand and become familiar with the
teacher’s own notations with those from other sources [47,48].

The duration of the video is a factor to take into account when considering technical and
expressive aspects. As a general rule, videos that are longer than six minutes in duration should be
divided into smaller segments in order to reduce the dropout rate [49]. The dropout rate is defined
as the percentage of watchers who stop watching before the video ends. Videos should incorporate
dynamic presentations. A sequence of slides is not as effective as recording a blackboard being
written on [50]. In the latter case, the problem solving is developed in a step-by-step process.

Interactive material such as quizzes or discussion forums [41] should be incorporated into the
video lectures [51]. This material both allows the student to check their progress and serves as a tool
to help students reflect on their degree of understanding. Simultanouesly, this material allows the
teacher to monitor student progress and provides information that can be used to rearrange and
modify future classwork [35].

Climent et al. [16] assessed how effective video was in training math teachers. In this study, math
teaching and learning conceptionsas well as teacher knowledgability were analyzed while teachers
watched a video case in primary education. The authors concluded that replacing academic
approaches to math instruction with active methodologies and new technologies such as videos is
beneficial.

In establishing a flipped math classroom model, Schneider and Blikstein [17] combine video with
a tool known as a “tangible user interface” (TUI). The module they developed covered the subject of
probability. TUI users interact with digital information via a physical environment. The authors of
this study assessed the interaction between videos containing theoretical information and
experimental sessions.

2. Methodology

2.1. Objectives and Hypothesis

The aim of this research is to determine how important TDC is among math teachers in capably
selecting and editing audiovisual material when preparing instructional videos with Edpuzzle (USA)
designed to put the FCM into practice.

With this aim in mind, the following research questions were posed:

- How do math teachers self-perceive their TDC?

- Are math teachers able to prepare quality educational videos for the flipped classroom?

- How well do math teachers’ perception of their TDC correlate with the skill with which they
prepare educational videos?

The working hypothesis of this study is that math teacher TDC levels are directly related to how
well teachers select and edit educational math videos for use in the flipped classroom

2.2. Sample

This study included a sample of 50 teachers pursuing a Master’s degree in Math Education at an
online Spanish university in the 2018-2019 academic year. This non-professional degree was part of
these teachers’ continuing professional development.

Using a survey, the characteristics of the sample were determined according to age, years of
teaching experience, use of the FCM, use of educational videos, and how often teachers record, select
or edit instructional videos.

52% of those surveyed were between 30 and 40 years of age. A total of 32% were over 40 years
of age and only 16% were between 20 and 29 years of age. The majority (60%) had more than six years
of teaching experience, while 30% had between one and five years of experience and 10% had less
than one year of experience. A total of 42% of the respondents indicated that they never used the
FCM in their teaching. Meanwhile, 50% rarely employed the model, and only 8% often employed the
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model. In addition, 38% frequently used educational videos, 58% rarely used them, and 4% had never
used an educational video. A total of 50% of the respondents had never made their own educational
videos, 46% rarely made videos, and only 4% frequently did so.

2.3. Research Design

This was a non-experimental study that consisted of two parts. On the one hand, a preliminary
descriptive univariate study was carried out on self-assessments of TDC and video production. On
the other hand, a correlational study was carried out to determine whether or not there was a
relationship between the variables “grade awarded in the video-based activity” and “digital
proficiency of each teacher” as well as whether or not there a was a relationship between these
variables and the characteristics of the sample.

2.4. Information Collection Tools

Perceived-TDC was carried out using the validated questionnaire assembled by Touron et al.
[9]. This questionnaire is based on the INTEF Common Framework for the Teachers’ Digital
Competence [10]. This instrument consists of 54 items distributed in five dimensions: information
and information literacy (D1), communication and collaboration (D2), digital content creation (D3),
security (D4), and problem solving (D5). The degree of knowledge was rated using a Likert scale from
1 to 7. In this way, proficiency levels were established (A0, Al, A2, B1, B2, C1, C2), where A0
corresponded to those who were completely unskilled with respect to TDC and C2 corresponded to
a complete mastery of this competency. Overall perceived-TDC was rated by percentage and levels
were determined using the following scale AO: [0, 14.3), Al: [14.3, 28.6), A2: [28.6, 42.9), B1: [42.9,
57.2), B2: [57.2, 71.5), C1: [71.5, 85.8), C2: [85.8, 100].

Instrument Validation

The instructional video evaluation instrument was based on previously reported studies
[44,52,53]. The first draft consisted of 26 items distributed in 4 dimensions: V-D1: Curricular aspects
(5 items), V-D2: Technical, aesthetic, and expressive elements (6 items), V-D3: Pedagogical aspects (6
items), and V-D4: Math education aspects (9 items).

A panel of experts in the field serving as raters was used to validate the evaluation instrument
[54]. First, the experts were selected according to the aim of the study, as were the dimensions and
indicators used to measure each item in the evaluation. Second, each expert was contacted and
informed of the purpose of the test. Finally, the relative weight of each dimension was fixed and the
inter-rater variability was calculated.

Ten members of the panel were experts in the field of math education and/or educational
technology, and in secondary education. The panelists were asked to rate the clarity, coherence, and
relevance/pertinence of each of the items and dimensions. The panelists scored these as either
“adequate” or “inadequate”. The raters were asked to provide comments in the case a dimension or
item was considered “inadequate”.

Cohen’s Kappa Coefficient was used as a measure of the inter-rater variability. Confidence
intervals were determined for kappa at a confidence level of 95%. See Tables 1-3 for the results for
clarity, coherence, and pertinence in each dimension.

Table 1. Cohen’s Kappa values for inter-rater variability on the scale of Clarity.

Coefficients Clarity
Total V-D1 V-D2 V-D3 V-D4
Kappa 0.6171 0.52 0.5111 0.733 0.6642

Fleiss SE 0.0292 0.0667  0.0609 0.609 0.0497
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Table 2. Cohen’s Kappa values for inter-rater variability on the scale of Coherence.

Coefficients Coherence
Total V-D1 V-D2 V-D3 V-D4
Kappa 0.7880 0.52 0.7481 0.8 0.7333
Fleiss SE 0.0292 0.0667 0.609 0.609 0.0497

Table 3. Cohen’s Kappa values for inter-rater variability on the scale of Pertinence.

Coefficients Pertinence
Total V-D1 V-D2 V-D3 V-D4
Kappa 0.8188 0.68 0.9333 0.8148 0.8222
Fleiss SE 0.0292 0.0667  0.0609 0.609 0.0497

The values of Kappa for Coherence and Relevance of items and dimensions were excellent
(>0.75), indicating a high level of agreement between the raters [55,56]. However, Kappa values for
Clarity fell within a range of “intermediate to good” (0.40-0.75).

Using the data from the rating process as guide, we modified the wording of certain items and
switched some items from one category to another, for example, from “math instructional aspects”
to “pedagogical aspects”. The final version of the evaluation form can be found in Appendix A.

In addition to the content validation, the inter-observer reliability was assessed. The final
evaluation form was provided to three potential users who were asked to evaluate two randomly
chosen videos from a sample. Intra-class correlations were determined using a two-factor model
because the user scores were made on a numerical and quantitative scale of 0 to 1. The intra-class
correlation values (for unique mean) were 0.896 and 0.672 for videos 1 and 2, respectively, which
confirmed the inter-observer reliability of the evaluation tool.

These statistical analyses were carried out with the SPSS v25.0 software package and the Stats
Fleiss Kappa application (written by David Nichols).

2.5. Procedure

One course requirement of the Master’s in Math Education curriculum is Programming,
Methodology, and Evaluation. During this course, teachers participate in an assessment activity in
which they selected audiovisual material found online and then use the Edpuzzle platform to edit
the material to prepare videos for use in a flipped classroom setting. teachers receive training both
about developing the education model and in the use of the video editing software (Edpuzzle).
Teachers can choose to work with audiovisual material already published on a math platform and or
to record their own material. These videos, together with the development of two questionnaires, the
one for the characterization of the sample and the one for digital teaching competence, are the object
of study in this work.

2.6. Data Analyses

A descriptive analysis was carried out to determine the perception of math teachers of their own
TDC. Overall TDC and individual TDC dimensions were represented using box blots. The Spearman
Rho non-parametric test was used to determine the strength of correlation between the grades the
teachers received for the videos and the average TDC score resulting from each teacher’s self-
assessment. The Spearman Rho test was appropriate here because TDC was assessed using an ordinal
scale. The purpose of this analysis was to determine whether perception of TDC corresponded to
level of skill in producing instructional videos. The strength of correlation between the TDC and
video grade variables and the sample characteristics was also assessed. These statistical analyses were
carried out with the SPSS v25.0 software package.
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3. Results

3.1. Perceived TDC

The Teaching Digital Competence (TDC) is structured in 5 interrelated competences, being
considered D1, D2, and D3 specific for certain uses and, D4 and D5, applicable to any type of activity
[10]. D1 and D3 and more specifically sub-dimensions 1.1 (navigation, search, and filtering of
information, data, and digital content), 3.1 (digital content development), and 3.2 (integrating and
reworking digital content) are areas of interest in this research. This is because the above dimensions
are related to searching, selecting, and editing videos.

The perceptions revealed that teachers’ median perceived-TDC fell within the intermediate level
B1. According to Figure 1, the median perceived-TDC was more than 57%, though the perceived-
TDC results ranged from 20% to 90% (with a slight skewing towards higher percentages). In light of
the high variance in perceived-TDC ratings, it made sense to assess the frequency distributions
according to proficiency level. Twelve teachers perceived to having a level A TDC, 26 to having a
level B TDC, and 12 having a level C TDC. Of the teachers at level A, only 5 had a perceived-TDC at
level Al. Al level teachers had a basic TDC and required support in order to improve their digital
competence. Meanwhile, 7 of the level A teachers were at level A2. A2 level teachers can exercise a
certain level of autonomy and with appropriate support, are able to develop their digital competence.

Perceived-TDC

100 %
90%

80%

70%

60%

50%

40%

30%
20% Al

10%

AQ
0%

TDC D1 D2 D3 D4 D5

Figure 1. Box diagram showing the frequency distribution, expressed in percentages, of teacher
perceived Teaching Digital Competence (TDC) scores and scores in the 5 dimensions of TDC: D1, D2,
D3, D4, and D5. The horizontal line within each box marks the median. The lower and upper limits
of each box correspond to the 25th and 75th percentiles, respectively. The upper and lower ends of
the vertical lines refer to the outliers.

Meanwhile, teachers showed a somewhat higher median level of competence in dimensions D1
and D2 (62% and 63.5%, respectively), reaching an intermediate perceived-TDC level of B2.
Therefore, in dimension D1, only one teacher reached a competence level Al, while 14 were at level
A2. The competence level for sub-competency 1.1 was higher than the competence level observed for
D1 (65% vs. 60%). In the case of D1, only one teacher was found to reach level Al, while 8 were found
to be at level A2. The results with dimension D3 were notable because the median score lay below
48% and the high scores in this dimension were lower than the high scores in all other dimensions.
A detailed analysis showed that 9 teachers were at level Al and 11 were at were level A2. When
considering sub-competencies 3.1 and 3.2, the average competence ratings were 54% and 48.9%,
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respectively, with 8 teachers in both level Al and A2 for sub-dimension 3.1 and 10 teachers in both
level A1 and A2 for sub-dimension 3.2. In addition, within sub-dimension 3.2 there were 2 teachers
at level AO. The competence ratings in dimensions D4 and D5 (55%) were very similar to overall
perceived-TDC ratings. Regarding the dispersion of the ratings, all the dimensions had a similar
variance, although the variance was somewhat higher in dimensions D1 and D4.

When assessing the strength of the correlation between sample characteristics and perceived-
TDC (Table 4), a significant but weak direct linear correlation was observed between the frequency
of use of flipped classrooms (FC) and the overall perceived-TDC ratings as well as ratings of the
various dimensions of TDC. There was also a significant but weak direct linear correlation between
the D3 dimension of the TDC (digital content creation) and how frequently videos were used by the
teachers in the classroom.

Table 4. Rho Spearman coefficients were calculated for correlations between the sample
characteristics and TDC as well as between the sample characteristics and dimensions D1, D2, D3, D4,
and D5 and sub-dimensions D1.1, D3.1, and D3.2.

Sample characteristics TDC D1 D11 D2 D3 D31 D32 D4 D5
-0.18 -023 -014 -017 -021 -026 -016 -0.12 -0.12

Age

2 2 2 3 5 8 6 3 2
. -0.07 -0.00 016 -006 -0.09 -0.05

Experience 6 0.1 9 0.017 0.12 6 4 1 5
4 358 4 391 0324 0430 0395 0.404

Frequency of FC use 0 **05 0 *5 0.218 0 **05 0 o 0 A 0 o 0 0 o > 0 **0
Frequency of video 719 0204 021 026 027 0289 0315 o100 (20
use
Frequency of video 106 0195 0177 0196 0238 0236 0263 0125 0.146
creation

** p-value < 0.001 * p-value < 0.05.

3.2. Evaluating the Intructional Math Videos

In order to answer the research question of whether or not math teachers are capable to prepare
quality teaching videos that could be used to apply the FCM, the videos that the teachers prepared
were evaluated by the authors according to the abovementioned rubric. This rubric was subdivided
into 4 dimensions: V-D1, curricular aspects; V-D2, technical, aesthetic, and expressive elements; V-
D3, pedagogical aspects, and V-D4, math instructional aspects.

Videos were scored on a scale of 0-10 (see Figure 2). The median score for the videos was 7.29
points (o = 1.44), with a minimum and maximum of 4.08 and 9.88 points, respectively. Only five
teachers made high quality videos (=9 points). However, when considering each dimension
separately, important differences can be observed. The V-D1 dimension had the highest median score
of 9.25 and a 3rd quartile value of 10 points. The averages of the other dimensions successively
decreased as the interquartile range increased (Figure 2). A median score of 5.84 points was observed
for V-D4, which had highly dispersed scores (s = 2.05). Finally, the distribution of the scores for the
V-D3 dimension was the one that most closely resembled the distribution of the scores for the videos.
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Video

10
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VIDEO V-D1 V-D2 V-D3 V-D4

Figure 2. Box diagram showing the distribution of scores for the videos and scores for each of the 4
dimensions used to evaluate the videos (V-D1, V-D2, V-D3, and V-D4). The horizontal line within
each box represents the median. The lower and upper limits of each box correspond to the 25th and
75th percentiles, and the lower and upper ends of the vertical lines refer to the outliers.

Individual items were scored on a scale of 0 to 1. The V-D3 and V-D4 dimensions had the lowest
average scores and the greatest dispersion in values. However, the following items from VD-3 and
VD-4 achieved high average scores (0.9 points): item 14 (the information presented is
mathematically rigorous) and item 16 (the vocabulary and linguistic expressions used are rigorous,
comprehensible, and adapted to the students). In contrast, the following items achieved
unsatisfactory average scores (<0.4 points): item 18 (the questions added using Edpuzzle encouraged
student reflection), item 24 (math content is linked to real-life scenarios or other subjects), and item
25 (links the math content with the historical role math has played in human development). The
average scores and standard deviations for each of the items from VD-3 and VD-4 are laid out in
Table 5.

Table 5. Average scores and standard deviations for items I-11 to I-26 from dimensions V-D3 and V-
D4. The average scores that fall above 0.9 or below 0.4 are shown in bold font.

Descriptive Statistics I1-11 I[-12 1-13 1-14 I-15 I-16 I-17 I-18
X 061 068 082 097 0.89 093 0.75 0.25

s 051 035 025 012 020 0.15 0.40 0.33
Descriptive Statistics 1-19 1-20 [-21 1-22 1-23 1-24 I-25 1-26
X 057 049 088 075 0.74 0.32 0.15 0.50

035 038 022 037 036 043 0.34 0.33

2

Meanwhile, a significant but weak direct linear correlation between the variable “years of
teaching experience” and scores in the V-D2 dimension (Rho = 0.288, p-value = 0.043) was observed.
No other significant correlation between the sample characteristics and the video scores was
observed.

3.3. Relationship between Self-Assessments of Digital Competence and Actual Skills Shown When Preparing
Math Instructional Videos

To analyze whether there was a relationship between the teachers’ self-assessments of digital
competence and their ability to select and edit math instructional videos, the videos were first
categorized according to the teachers’ level of the digital competence (A, B, and C). The teachers’
scores in the video preparation training activity were then plotted against their perceived-TDC level
(Figure 3). Teacher scores were also differentiated according to their TDC levels: squares for level C
(grade > 72%), circles for level B (grade 43-72%), and triangles for level A (grade <43%). Most of the
videos were edited by participants who had a basic TDC level of C (score of 6-8 points). The average
video score in this group was 7.14 points, which fell below the overall average. Teachers with an
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intermediate TDC level (B) received an average video score of 7.38 points, which was above the
overall average. Meanwhile, teachers with a level A TDC received a wide range of video scores. Three
of these teachers even received unsatisfactory scores. A more detailed analysis of these three videos
revealed that in all three cases, the videos were recorded by the teachers themselves, rather than being
selected from an online platform and edited. Ultimately, no correlations were detected between the
study variables neither overall nor when sorting the sample according to TDC levels.

100
90 |
80
70
60
50 Hlevel A

40 Level B

Perceived-TDC level

30 Level C
20
10
0
0 2 4 6 8 10
Teachers' score

Figure 3. The teachers’ scores in the video preparation training course were plotted against their
perceived-TDC level. Grades were sorted according to TDC: squares for Level C (>72%), circles for
Level B (43-72%), and triangle for Level A (<43%).

The results of Spearman Rho test confirmed the absence of any correlations (Appendix B). This
correlation analysis was performed using the overall video scores and perceived-TDC levels as well
as the dimensions of the video evaluation and the sub-dimensions of the perceived-TDC. No
statistically significant correlation (p-value < 0.05) was observed between the variable “video score”
and the variable “perceived-TDC”. There were also no statistically significant correlations detected
between the dimensions of the video evaluation and the dimensions and sub-dimensions of the
perceived-TDC.

4. Discussion

Most of the teachers who participated in this study perceived themselves as having an
intermediate TDC level. Therefore, in general, they were able to independently apply their digital
competency to solve simple problems [10]. Nevertheless, there was considerable diversity among the
subjects in the sample. For example, a large number of subjects considered their level of TDC to be
rudimentary. Another group within the sample considered themselves advanced. Past reports have
described similar evaluation outcomes [11,57].

When considering the dimensions of the perceived-TDC alone, most teachers were in an
intermediate level in terms of information searches. In terms of this dimension, teachers were in a
higher level than they found themselves in terms of overall TDC. Therefore, the teachers being
assessed had no problem searching for and selecting digital content such as videos. However, in
terms of preparing digital content, such as videos, more teachers found themselves in the basic level
Al. This number increased when the editing process was included. Therefore, the sample studied
here included teachers who did not need help searching for and selecting videos but may have
needed help with development and editing [6].

A correlation analysis between teachers’ characteristics and their digital competence
demonstrated that a higher level of perceived-TDC was linked with a more frequent application of
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the FCM. This result indicates that teachers with a higher level of digital competence may feel more
comfortable adopting a novel methodology that has a strong technology component, such as the
FCM. This analysis is consistent with past findings [58]. The association between the dimension of
Digital Content Creation and the frequency of video use is also consistent with this model.

Once the perceived digital competence of the study participants was determined, the study
shifted to address the question of whether or not these math teachers were able to prepare quality
instructional videos in order to incorporate the FCM into their teaching. Most of the videos that were
assessed were of good quality. However, many were deficient in some respects and very few were
outstanding. In analyzing video scores by dimension, we found that the math teachers had a strong
command of curricular aspects. The technical, aesthetic, and expressive elements were properly
developed and teachers were able to select videos that were of satisfactory technical quality. It is
important to highlight that most of the teachers who created their own videos instead of selecting a
pre-existing video from a math platform had a final product whose technical qualities were not
satisfactory. Significant deficiencies were observed when evaluating the videos, with respect to the
pedagogical (D3) and math instruction (D4) aspects. In order to explain this observation, we turn to
the Technological Pedagogical Content Knowledge or TPACK model [14,59]. This model postulates
that for a teacher to be able to incorporate ICT into the classroom, it is not enough to understand
technological, pedagogical, and content components in isolation. Instead, a teacher needs to
understand how these different components interact with one another, for example via pedagogical
Content Knowledge (PCK), knowledge of the use of technologies (TCK), technological pedagogical
knowledge (TPK), and technological, pedagogical, and content knowledge (TPACK).

Dimensions D3 and D4 correspond with the TPACK model. In this model, the technological
domain, the pedagogical domain, and the content domain are more crucially interrelated. In the
dimension of pedagogical aspects (D3), the teachers mainly integrated the technological and
pedagogical domains. Therefore, according to the TPACK model, this would imply a low-to-medium
level of technological and pedagogical knowledge (TPK). In the math instruction dimension (D4), the
teachers integrated the three components of the TPACK model. Therefore, the teachers had at least a
minimal level of technological, pedagogical and content knowledge (TPACK). While teachers
showed a very good level of curricular knowledge and a great understanding of specific technical
knowledge, the scenario changed when addressing the relationship between technology, teaching,
and content [60].

An independent analysis of the items in the video evaluations demonstrated that the principle
challenges with TPK and TPACK appeared when the teachers used videos to encourage reflection,
attempted to link math with daily life or other subjects, or tried to emphasize the history of math and
its role in society [61,62]

Finally, the results of this research provides an answer to the question of whether the teachers’
perceptions about their own digital competence corresponds in reality to how skilled they are in
preparing math instructional videos. Ultimately, there is no evidence for this hypothesis because no
correlation was observed between perceived-TDC values and being able to prepare math
instructional videos for the flipped classroom. The results indicate that de level of teacher's digital
competence was enough to select and edit videos of good quality, but the fact of having a higher level
of perceived TDC does not involve an improvement in the quality of the videos. Taken together with
that fact that lower scores were assigned in the dimensions of the evaluation that interrelate
technology, pedagogy, and content, it appears that digital competence by itself is not a critical
obstacle that teachers need to overcome, as others have suggested [63]. The main challenge seems to
lie in how to integrate TCK, TPK, and TPACK. Teachers may find it difficult figure out how to
successfully present math concepts through technology. Teachers might also have trouble
understanding how technologies can change the mode of instruction and how best to set the stage
for teaching. In particular, it is difficult to know how to coordinate concrete math activities using ICT
to develop representations of concrete concepts in a way that facilitates student learning. Employing
ICT also requires knowing how to use technology to motivate, encourage reflection, and link
mathematics to everyday life.
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In conclusion, the results of our study suggest that math teacher continuing professional
development should emphasize an enhanced understanding of how technology can be applied to the
concrete pedagogical process of math instruction. This assertion has been made by other groups
[63,64]. In order to improve how the FCM is applied to teaching math, teachers need to learn how
and why instructional videos improve student learning. Teachers must also grasp the properties of
videos that add value to the representation of math concepts, which, in turn, enhances the teaching-
learning process in a flipped classroom. In addition, following up on the teacher training would be
beneficial as it would help ensure that the training received is adequately implemented [63,65,66].

It is important to underline that teachers who adopt the FCM not only have to be able to search
for and select appropriate videos, but also be able to enrich them with questions and reflections. In
this way, the final product will have the appropriate level and will fit the specific context of the
teaching-learning process.

In light of our findings we propose, on the one hand, to work in the classroom from the
perspective of metacognition so that teachers are able to critically self-evaluate how well they select
and edit videos for the flipped classroom. On the other hand, our aim is to further clarify the issues
tackled in this work. A deeper analysis of the teachers’ competencies necessary to work within the
FCM in the context of the TPACK model and its multiple relationships will be needed in the future
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Appendix A

Table A1. Dimensions and items used in the video evaluations.

Dimensions Items

The video is appropriate for the chosen course.

The video is appropriate for presenting the chosen content.

V-D1. Curricul t
Hrriciiar aspects The video addresses the objectives of the learning experience.

The video explicitly explains the content contained within it.
The image quality is acceptable (resolution, focus, and

brightness).
The sound quality is acceptable (clarity, volume).
V-D2. Technical, asthetic, The texts, graphics, animations and special effects support the
and expressive elements instructional objectives.

The audio-to-video synchronization is acceptable.

The narrative has an introduction, a body, and a conclusion.
The duration of the video is acceptable (3-5 min).
The audiovisual document motivates learning (the document is
modern, contains attractive graphics, motivational audio, etc.).
The video is compatible with the instructional methodology

being incorporated.

V-D3. Pedagogical aspects The presentation is clear and the key concepts and ideas are
well-developed.
The information presented is mathematically rigorous.
The presentation concrete, precise and avoids extraneous
information.
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The vocabulary and linguistic expressions used are rigorous,
comprehensible and adapted to the students.

The chosen video originates from a reliable source (institutions,
validated academic platform).
The questions added using Edpuzzle encourage student
reflection.

The questions incorporated with Edpuzzle reinforce the key
ideas presented in the video.

The audio notes incorporated with Edpuzzle complement the
explanations of the chosen video.

The video presents concepts in math, algorithms, and problem

solving.
The video links math concepts to problem solving.
V-D4. Aspects of math The math content is presented in order of increasing difficulty.
instruction Math content is linked to real-life scenarios or other subjects.

The video links the math content with the historical role math
has played in human development.

The video stimulates the development of the math competency.

Appendix B

Table A2. Results of the Spearman Rho test used to assess possible correlations between the video
scores and associated dimensions and the TDC self-assessments and associated dimensions D1, D2,
D3, D4, and D5, and associated sub-dimensions D1.1, D3.2, and D3.2.

Variable TDC D1 D1.1 D2 D3 D3.1 D3.2 D4 D5
Video -0.02 -0.01 -0.01 -0.04 0.06 0.05 0.12 -0.07 -0.04
V-D1 0.00 0.00 0.07 -0.02 0.08 0.06 0.11 -0.07 -0.02
V-D2 0.04 0.03 0.03 0.07 0.02 0.02 0.07 0.03 0.03
V-D3 -0.07 -0.07 -0.11 -0.10 0.01 0.00 0.05 -0.12 -0.09
V-D4 0.03 0.06 0.07 0.00 0.11 0.12 0.17 0.00 0.02

No results with p-value < 0.05.

References

1.  Sarramona, J.; Santiuste, V. La formacién no presencial ante el reto de las competencias profesionales. Rev.
Esp. Pedagog. 2015, 73, 449-464.

2. Redecker, C. European Framework for the Digital Competence of Educators: DigCompEdu; Publications Office of
the European Union: Seville, Spain, 2017; ISBN 978-92-79-73494-6.

3. Martin, D.; Santiago, R. ;Es el flipped classroom un modelo pedagégico eficaz? Comun. Pedagog. Nuevas
Tecnol. Recur. Diddcticos 2015, 29-35.

4. Sams, A, Bergmann, J. Flip Your Classroom. Reach Every Student in Every Class Every Day, 1st ed.;
International Society for Technology in Education: Eugene, OR, USA, 2012.

5. Bishop, J.L.; Verleger, M.A. The flipped classroom: A survey of the research. In Proceedings of the ASEE
Annual Conference and Exposition, Atlanta, GA, USA, 23-26 June 2013.

6.  Akcayir, G.; Akgayir, M. The flipped classroom: A review of its advantages and challenges. Comput. Educ.
2018, 126, 334-345.

7.  Butt, A. Student views on the use of a Flipped Classroom approach: Evidence from Australia. Bus. Educ.
2014, 6, 33—44.

8. Ghomi, M.; Redecker, C. Digital competence of educators (DigCompedu): Development and evaluation of

a self-assessment instrument for teachers’ digital competence. In Proceedings of the CSEDU 2019 11th
International Conference on Computer Supported Education, Heraklion, Greece, 2-4 May 2019; pp. 541-
548.



Mathematics 2020, 8, 148 15 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Touron, J.; Martin, D.; Navarro, E.; Pradas, S.; fﬁigo, V. Validacién de constructo de un instrumento para
medir la competencia digital docente de los profesores (CDD). Rev. Esp. Pedagog. 2018, 75, 25-54.

INTEF. Marco Comun de Competencia Digital Docente— Septiembre; Ministerio de Educacion. Cultura y
Deporte: Madrid, Spain, 2017.

Fuentes, A.; Lopez, J.; Pozo, S. Analisis de la Competencia Digital Docente: Factor Clave en el Desempefio
de Pedagogias Activas con Realidad Aumentada. REICE Rev. Iberoam. Sobre Calid. Efic. Cambio Educ. 2019,
17,27-42.

Gonzalez, J.; Wagenaar, R. La Contribucién de las Universidades al Proceso de Bolonia. Una Introduccion a Tuning
Educational Structures in Europe (Edicion Espaiiola); Publicaciones de la Universidad de Deusto: Bilbao, Spain,
2008.

Gisbert, M.; Gonzalez, ].; Esteve, F.M. Competencia digital y competencia digital docente: Una panoramica
sobre el estado de la cuestion. Rev. Interuniv. Investig. Tecnol. Educ. 2016, doi:10.6018/riite2016/257631.
Koehler, M.].; Mishra, P.; Cain, W. What is Technological Pedagogical Content Knowledge (TPACK)? .
Educ. 2013, 193, 13-19.

Lage, M.].; Platt, G.J.; Treglia, M. Inverting the classroom: A gateway to creating an inclusive learning
environment. J. Econ. Educ. 2000, 31, 30—43.

Climent, N.; Romero-Cortés, ].M.; Carrillo, J.; Mufioz-Catalan, M.C.; Contreras, L.C. ;Qué conocimientos y
concepciones movilizan futuros maestros analizando un video de aula? Rev. Latinoam. Investig. Matemdtica
Educ. 2013, 16, 13-36.

Schneider, B.; Blikstein, P. Flipping the flipped classroom: A study of the effectiveness of video lectures
versus constructivist exploration using tangible user interfaces. IEEE Trans. Learn. Technol. 2016, 9, 5-17.
Wright, G.B. Student-Centered Learning in Higher Education. Int. |. Teach. Learn. High. Educ. 2011, 23, 92—
97.

Buil-Fabrega, M.; Martinez, M.; Ruiz-Munzon, N.; Filho, W.L. Flipped Classroom as an Active Learning
Methodology in Sustainable Development Curricula. Sustainability 2019, 11, 4577.

Fulton, K. Upside down and inside out: Flip your classroom to improve student learning. Learn. Lead.
Technol. 2012, 39, 12-17.

Nouri, J. The flipped classroom: For active, effective and increased learning-especially for low achievers.
Int. ]. Educ. Technol. High. Educ. 2016, 13, 33.

McCarthy, J. Reflections on a flipped classroom in first year higher education. Issues Educ. Res. 2016, 26,
332-350.

Gilboy, M.B.; Heinerichs, S.; Pazzaglia, G. Enhancing Student Engagement Using the Flipped Classroom.
J. Nutr. Educ. Behav. 2015, 47, 109-114.

Jordan, J.; Pérez, M.].; Sanabria, E. Investigacion del impacto en un aula de matematicas al utilizar flip
education. Pensam. Matemadtico 2014, 4, 9-22.

Jeong, ].S.; Gonzalez-Gomez, D.; Cafiada-Canada, F. Students’ Perceptions and Emotions toward Learning
in a Flipped General Science Classroom. J. Sci. Educ. Technol. 2016, 25, 747-758.

Zack, L.; Fuselier, J.; Graham-Squire, A.; Lamb, R.; O’Hara, K. Flipping Freshman Mathematics. PRIMUS
2015, 25, 803-813.

Fornons, V.; Palau, R.F. Flipped Classroom en la asignatura de matematicas de 3° de Educacion Secundaria
Obligatoria. EDUTEC Rev. Electrénica Tecnol. Educ. 2016, 55, a322.

Moore, A ].; Gillett, M.R.; Steele, M.D. Fostering Student Engagement with the Flip. Math. Teach. 2014, 107,
420-425.

Talbert, R. Inverting the Linear Algebra Classroom. Primus 2014, 24, 361-374.

Martinez, W.; Esquivel, I.; Martinez, J. Aula Invertida o Modelo Invertido de aprendizaje: Origen, Sustento
e Implicaciones. In Los Modelos Tecno-Educativos, Revolucionando el Aprendizaje del Siglo XXI; Universidad
Veracruzana-Region Veracruz: Veracruz, Mexico, 2014; pp. 143-160.

Lo, CK.; Hew, K.F. A critical review of flipped classroom challenges in K-12 education: Possible solutions
and recommendations for future research. Res. Pract. Technol. Enhanc. Learn. 2017, 12, 4.

Muir, T.; Geiger, V. The affordances of using a flipped classroom approach in the teaching of mathematics:
A case study of a grade 10 mathematics class. Math. Educ. Res. . 2016, 28, 149-171.

Vang, Y.V. The impact of the flipped classroom on high school Mathematics students’ academic
performance and self-efficacy. Educ. Technol. Soc. 2016, 19, 124-132.



Mathematics 2020, 8, 148 16 of 17

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

Bhagat, K.K.; Chang, C.N.; Chang, C.Y. The Impact of the Flipped Classroom on Mathematics Concept
Learning in High School. J. Educ. Technol. Soc. 2016, 19, 134-142.

Lo, CK,; Hew, K.E.; Chen, G. Toward a set of design principles for mathematics flipped classrooms: A
synthesis of research in mathematics education. Educ. Res. Rev. 2017, 22, 50-73.

Walsh, J.N.; OBrien, M.P.; Slattery, D.M. Video Viewing Patterns Using Different Teaching Treatments: A
Case Study Using YouTube Analytics. Res. Educ. Learn. Innov. Arch. 2019, 22, 78-95.

Awidi, I.T.; Paynter, M. The impact of a flipped classroom approach on student learning experience.
Comput. Educ. 2019, 128, 269-283.

Lai, CL.; Hwang, G.J. A self-regulated flipped classroom approach to improving students’ learning
performance in a mathematics course. Comput. Educ. 2016, 100, 126-140.

Mason, G.S.; Shuman, T.R.; Cook, K.E. Comparing the Effectiveness of an Inverted Classroom to a
Traditional Classroom in an Upper-Division Engineering Course. IEEE Trans. Educ. 2013, 56, 430-435.
Tomas, L.; Evans, N.; Doyle, T.; Skamp, K. Are first year students ready for a flipped classroom? A case for
a flipped learning continuum. Int. . Educ. Technol. High. Educ. 2019, 16, 5.

de Araujo, Z.; Otten, S.; Birisci, S. Conceptualizing “homework” in flipped mathematics classes. Educ.
Technol. Soc. 2017, 20, 248-260.

Kay, R.; Macdonald, T. Comparing Flipped, Active, and Lecture-Based Teaching Approaches in Higher
Education. In Proceedings of EdMedia: World Conference on Educational Media and Technology,
Vancouver, BC, Canada, 28-30 June 2016.

Wanner, T.; Palmer, E. Personalising Learning. Comput. Educ. 2015, 88, 354-369.

Romero-Tena, R,; Rios-Vazquez, A.; Roman-Gravan, P. Youtube: Evaluacion de un catalogo social de
Videos didacticos de matematicas de calidad. Prism. Soc. 2017, 18, 515-539.

Beltran-Pellicer, P.; Giacomone, B.; Burgos, M. Online educational videos according to specific didactics:
The case of mathematics/Los Videos educativos en linea desde las didacticas especificas: El caso de las
matematicas. Cult. Educ. 2018, 30, 633-662.

Elizabeth, S.C. A comparison between flipped and lecture-based instruction in the calculus classroom. J.
Appl. Res. High. Educ. 2016, 8, 252-264.

Palmer, K. Flipping a Calculus Class: One Instructor’s Experience. Primus 2015, 25, 886-891.

Andra; C; Brunetto, D.; Kontorovich, I. There is more than one flipped classroom. In Proceedings of the
13th International Conference on Technology in Mathematics Teaching, Lyon, France, 3-6 July 2017; pp.
190-197.

Kim, J.; Guo, PJ; Seaton, D.T.; Mitros, P.; Gajos, K.Z.; Miller, R.C. Understanding in-video dropouts and
interaction peaks in online lecture videos. In Proceedings of the 1st ACM Conference on Learning at Scale,
Atlanta, GA, USA, 4-5 March 2014; pp. 31-40.

Greiffenhagen, C. The materiality of mathematics: Presenting mathematics at the blackboard. Br. ]. Sociol.
2014, 65, 502-528.

Petrillo, J. On flipping first-semester calculus: A case study. Int. ]. Math. Educ. Sci. Technol. 2016, 47, 573—
582.

Cebrian de la Serna, M.; Solano, N. Evaluacion de material videografico de apoyo al aula de primaria. Pixel
Bit 2008, 33, 43-58.

Garcia-Matamoros, M.A. Uso instruccional del video didactico. Rev. Investig. 2014, 38, 43-67.
Escobar-Pérez, J.; Cuervo-Martinez, A. Validez de contenido y juicio de expertos: Una aproximacién a su
utilizacion. Av. Med. 2008, 6, 27-36.

Fleiss, J.L.; Levin, B.; Paik, M.C. Statistical Methods for Rates and Proportions, 3rd ed.; John Wiley & Sons:
Hoboken, NJ, USA, 2003.

Sim, J.; Wright, C.C. The Kappa Statistic in Reliability Studies: Use, Interpretation, and Sample Size
Requirements. Phys. Ther. 2005, 85, 257-268.

Gonzalez, M.C.; Martin, S.C. Percepcion de los alumnos de educacién primaria de la Universidad de
Salamanca sobre su competencia digital. Primary Education Students Perception about Their Digital
Competence in the University of Salamanca. EDUTEC Rev. Electrén. Tecnol. Educ. 2014, 48, a274.

Orellana, N.; Almerich, G.; Belloch, C.; Diaz, I. La actitud del profesorado ante las TIC: Un aspecto clave
para la integracion. In Proceedings of the V Encuentro Internacional Anual Sobre Educacion, Capacitacion
Profesional y Tecnologias de la Educacion, Virtual Educa, Barcelona, Spain,16-18 June 2004.



Mathematics 2020, 8, 148 17 of 17

59.

60.

61.

62.

63.

64.

65.

66.

Koehler, M.J.; Mishra, P.; Cain, W. ;Qué son los Saberes Tecnologicos y Pedagogicos del Contenido
(TPACK)? What Is Technological Pedagogical Content Knowledge (TPACK)? Virtualidad Educ. Cienc. 2015,
6,9-23.

Niess, M.L. Investigating TPACK: Knowledge Growth in Teaching with Technology. J. Educ. Comput. Res.
2011, 44, 299-317.

Jankvist, U.T. A categorization of the “whys” and “hows” of using history in mathematics education. Educ.
Stud. Math. 2009, 71, 235-261.

Mosvold, R.; Jakobsen, A.; Jankvist, U.T. How Mathematical Knowledge for Teaching May Profit from the
Study of History of Mathematics. Sci. Educ. 2014, 23, 47-60.

Gavira, S.A. La formacion del profesorado en TIC: Modelo TPACK (Conocimiento Tecnolégico,
Pedagdgico y de Contenido). Pixel Bit Rev. Medios Educ. 2015, 46, 253-255.

Garcia-Valcarcel, A.; Martin Del Pozo, M. Andlisis de las competencias digitales de los graduados en
titulaciones de maestro. Rev. Latinoam. Tecnol. Educ. 2016, 15, 155-168.

Almerich, G.; Sudrez, ].M.; Jornet, J.; Orellana, M.N. Las competencias y el uso de las Tecnologias de
Informacién y Comunicacién (TIC) por el profesorado: Estructura dimensional. Rev. Electron. Investig. Educ.
2010, 13, 28-42.

Goktas, Y.; Yildirim, Z.; Yildirim, S. A review of ICT related courses in pre-service teacher education
programs. Asia Pac. Educ. Rev. 2008, 9, 168-179.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



