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Abstract: The progress of technology in the field of education has led to the development of new
professional skills in the teaching community, such as digital competence. Likewise, it has propagated
the appearance of new learning environments mediated by technological resources that favor the
generation of a large volume of data, known as Big Data, derived from the interactions of educational
agents in virtual environments. This study aims to determine the level of digital competence in the
informational area of teachers and to determine the projection of Big Data in them. For this study,
a descriptive and correlational quantitative method was followed. The study sample consists of
832 Spanish teachers, with data collected through a questionnaire. The results reveal that the teaching
staff have a medium level of digital competence in the informational area. The teachers obtained
better valuations in the dimensions concerning storage and recovery, postulating themselves as
connoisseurs of the Big Data concept to a large extent. In some instances, the teachers affirmed that
sometimes they access and interpret the data generated by the digital interactions, transforming it
into useful information to improve their teaching processes. Finally, our research shows that the level
of digital competence in the informational area influences the degree of knowledge about Big Data.

Keywords: information and communication technologies (ICT); digital competence; big data;
data management

1. Introduction

Due to the continuous advances produced in the digital era, in which we are all immersed,
technology has reached a level that now impacts all areas of society, including the education sector.
This technological evolution has had some positive consequences, considerably impacting the training
processes of both teaching and learning [1]. Due to this, the education sector is currently in a phase of
renewal, where the roles and praxis carried out by the main educational agents are being transformed,
with a focus on new types of learning that can be enriched by technology [2].

For this innovative perspective to flourish, certain skills and knowledge in technological matters
are required from both teachers and students. Having been born and raised in a society in constant
transformation, students demonstrate a greater familiarization with the current electronic resources [3].

The inclusion of educational technology is motivated to respond to a student group that has been
exposed to the digital revolution from an early age and to satisfy their needs and concerns [4]. This is
one of the key reasons that the use of a teaching practice that has been adapted to the new educational
paradigms is required [5]. All this is reflected in the current legislation on education (Organic Law
8/2013, of December 9, for the improvement of educational quality) [6], which states that information
and communication technologies (henceforth ICT) must be used for pedagogical purposes in the
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various areas that make up the curriculum, with the purpose of promoting the inclusion of resources
and digital tools that stimulate different activities amongst both teachers and students [7].

From a pedagogical approach, the broad development of ICT has led to the realization of
innovative learning experiences, focused on the learner as the main active agent and promoter of
their knowledge [8]. This moves the teacher away from a role in direct communication of knowledge,
to that of a professional in charge of managing the different innovative means to improve educational
processes and adapt learning to the singularities of students [9].

The use of educational technology reports a series of benefits that have been verified in the
scientific literature by different researchers and experts in this field. Their findings show that the use
of technological advancements in teaching entails the promotion and improvement of meaningful
learning [10], constructivist approaches [11], effectiveness of learning [12] and, consequently,
a greater increase in student motivation [13]. For these reasons, following Kumar and Kumar [14],
the incorporation of technological innovations in the educational field is fundamental.

1.1. The Digital Competence of the Teaching Staff: An Indispensable Professional Faculty

To achieve the desired level of ICT in an educational setting, it is necessary that teachers have
a sufficient level of digital competence. This need to develop an entirely new skill set is one of the
main concerns of current teachers [15], as it will require continuous training in order to increase and
improve the skills and abilities linked to a techno-pedagogical treatment of available resources [16].

For a better terminological understanding, Castaneda et al. [17] and Lazaro et al. [18] consider
that the concept of digital competence brings together all the knowledge and skills that teachers gather
to effectively achieve management and deployment of technology in the educational field. In the
same way, Avitia and Uriarte [19] postulate that this is not a static term, given that technology is
constantly changing and, consequently, the level of knowledge is also altered if continuous training is
not established to maintain or increase it.

In Spain, at the state level, the organization responsible for regulating digital teaching competence
is the National Institute of Educational Technologies and Teacher Training (INTEEF, in Spanish). This
entity has classified digital competence into five broad areas, which are information and information
literacy (A1), communication and collaboration (A2), the creation of digital content (A3), security (A4)
and problem solving (A5) [20].

Although technology occupies a privileged place among current educational policies,
recently published studies, such as those developed by Ferndndez et al. [21], Ferndndez and Rodriguez [22]
and Fuentes et al. [23] show that teachers do not have the necessary digital competencies to carry out a
professional exercise. This lack of digital competence is having a direct impact on their ability to engage
with techno-pedagogical resources and innovative tools [24].

This lack of training directly affects the development and inclusion of digital teaching methods,
as teachers cannot take advantage of the potential benefits that the use of new media developed for
teaching can create [25]. In the same way, previous investigations have studied the causes of such low
digital competence amongst teachers, determining that they are due to a deficient attitude prior to
the adoption of new ways of teaching and learning [26,27], a reluctance to engage with pedagogical
transformation [28], and gaps detected in the management of electronic resources [29]. All of these
factors, in the opinions of Afanador [30], Falco [31], Fernandez and Fernandez [32] and Fernandez,
et al. [33], directly affect professional competences, causing a low level of digital skills in teaching staff.

This derives from the principle of isomorphism, which establishes that older teachers with less
technological training at a complementary level have greater problems in carrying out a professional
exercise through a techno-pedagogical approach [34].

Therefore, digital competence is established as a fundamental quality in today’s teachers. [35],
In order to reduce the knowledge gap that has originated between teacher and learner, as Cabero
and Ruiz [36] postulated, knowledge and learning of digital methods is required that responds to the
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needs of a generation of students born into a society conditioned by constant access to information,
knowledge, and learning [37].

1.2. Digital Learning and Massive Data Generation

As aresult of the progress that technology has experienced, an educational approach called mobile
learning [38] has emerged that has had a great impact in recent years [39]. Itis a very formative modality,
studied in the scientific literature [40] for its advantages in teaching and learning processes [41] and
for the interest of teachers to carry out their vocation from daily technological resources which are
increasingly sophisticated and that principally present a social nature [42]. Likewise, mobile learning
has managed to increase the motivation, performance and collaboration of the students in digital
environments [43]. This new approach focuses on the mobility and ubiquity of the training act,
carried out through virtual platforms and mobile devices [44,45], that report an immense amount of
data originated from the interactions and actions of students in the digital space [46,47].

This set of data—generated in different digital spaces and web services—is known as Big Data [48].
At present, this concept is being treated in the specialized literature as a consequence of the great
impact and interaction of people in digital media, resulting in a huge volume of data [49], which gave
rise to a second digital era, that of the Big Data [50].

This virtual construct is mainly promoted by the great connectivity that technology has brought
to society [51], in which each person’s action is recorded [52], and can be studied through specific
programs that present a great capacity to process and analyze complex databases [53]. The interest
to investigate this type of data lies in knowing the demands of the users [54] and, by consequence,
making the right decisions to effectively meet the needs of the people [49].

Big Data has been extended by diverse fields, education being one of them [55] in which numerous
data coming from the processes of teaching and learning are being compiled [56], giving rise to teaching
development based on the treatment and study of the data generated by the learning activity [57]. All of
this is focused on the improvement of educational quality in virtual media [58] and the adaptation of
student singularities [59].

By conducting a deep analysis of Big Data, a contribution can be made to the improvement of
educational experiences that meet the requirements of innovative education, allowing a selection of
didactic strategies and effective decision-making based on the analyzed data [60,61].

An important aspect is that the management of Big Data requires certain skills in analytical
treatment based on data mining, for the extraction of useful, valuable and meaningful information
from Big Data [62].

Consequently, information competence as part of the digital competence of teachers acquires
great relevance in the information society [63], to have strategies analogous to search, selection,
evaluation [64] and the use of data [65], through critical thinking that allows the generation of new
information that is relevant to the learning process [66].

In this sense, information competence brings together skills such as navigation, search, access,
filtering, management, storage, organization, processing, recovery, analysis, evaluation, comparison
and interpretation of data [67].

Experts such as Menon, Gaglani, Haynes and Tackett [68] show that the treatment that teachers
give Big Data does not reach efficiency due to the lack of training in data analytics. In the same vein,
Alvarez and Gisbert [69] specify that teachers have a shortfall of competence in the management,
evaluation and transformation of data in information.

Therefore, teaching practice in the use and analysis of Big Data is presented as one of the great
challenges to solve the gaps found in education, in order to achieve greater productivity, efficiency and
personalization of the learning process, appropriate to the characteristics of the students through
the extraction and understanding of relevant information after an in-depth analysis of educational
data [70].
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1.3. Justification and Objectives of the Study

Owing to the prosperity and development of educational technology and the proliferation of data
from educational platforms and educational resources, it is of interest to investigate the informational
competency of teachers to achieve effective practices in the treatment of Big Data, leading to pertinent
management and analysis of ample volumes of data with the purpose of generating relevant and
useful information to improve the quality of the training processes.

Although the concept of Big Data refers to the treatment of a huge amount of data from various
sources and computer records, this work has taken one of the perspectives of this term, focusing attention
on the management and analysis of teachers in the educational data generated in the platforms used to
carry out the training action digitally.

It is essential that teachers make pedagogical use of technology in order to fully integrate ICT in
education. This will only be achieved if the teaching group benefits from all the potential offered by
technology from an educational perspective.

This study differs from previous ones in terms of the connections that are established between the
concepts shown in Figure 1.

Figure 1. Conceptual relationship of the study.

Therefore, two objectives are set: (1) Know the level of digital competence of teachers in the area
of information and information literacy and (2) determine the projection of the Big Data phenomenon
in teachers.

For the first objective, the following specific objectives have been formulated:

e  Determine the level of skills in each of the dimensions (D) that includes information and information
literacy:

- D1: Navigation, search and filtering of information, data and digital content.
- D2: Evaluation of information, data and digital content.
- D3: Storage and retrieval of information, data and digital content.

The second objective has been specified in the following actions:

e  Determine the degree of knowledge of teachers regarding the concept of Big Data.
e  Specify the level of analytical treatment of teachers in educational Big Data based on the following
research questions (RQ):

- RQ1: Access the data of the discourse interactions in the digital platforms?
- RQ2: Do you use specific programs for your analysis?
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- RQ3: Do you know how to interpret the reported results critically?

- RQ4: Can you transform the data into useful and valuable information to improve the
learning process?

- RQ5: Do you make pedagogical decisions based on the information obtained after the
analysis and interpretation of the data?

In the same way, it is intended to know if the level of digital competence in the area related to
information and information literacy has an impact on the projection of Big Data in teachers.

2. Materials and Methods

2.1. Design and Participants

In order to achieve the above objectives and to be able to respond to the different questions,
a descriptive and correlational research design was defined, based on a quantitative method, taking into
consideration the methodological orientations of Hernandez, Fernandez and Baptista [71].

The study sample was composed of a total of 832 Spanish teachers, of whom 44.6% were men and
55.4% were women, with an age between 26 and 61 years (average = 42.37; SD = 13.82), who developed
their work in primary education (18.39%), secondary education (19.95%), Bachelor’s degree (20.55%),
professional training (20.19%) and higher education (20.91%). These subjects have been chosen through
a stratified random sampling, configuring each stratum according to the educational stages mentioned,
with the purpose of obtaining a representative sample of each of them.

2.2. Instrument

To collect the data of these participants, an ad hoc questionnaire was used. This instrument
has been prepared taking, as references, others already validated in the field of knowledge that this
study deals with, such as Agreda, Hinojo and Sola [72], the one generated by INTEF [20] and the one
from Touron, Martin, Navarro, Pradas and Inigo [73], which were reported after reviewing the recent
scientific literature. The designed questionnaire was composed of 28 questions, classified into five
dimensions: 1—Social (6 items); 2—Navigation, search and filtering (5 items); 3—Evaluation (6 items);
4—Storage and recovery (5 items); 5—Massive data processing (6 items). The type of response of each
one of the questions is varied, with the majority being Likert-type with a scale of 5 points (from lowest
to highest valuation) and others of closed choice.

Once constructed, it was submitted to a process of qualitative validity by the Delphi method
to obtain anonymous and objective feedback that would contribute to the improvement of the
instrument [74]. The panel of experts was formed by eight specialists in educational technology who
were selected based on two criteria: (i) They were a university lecturer and (ii) have conducted studies
on ICT applied to education. The feedback granted after the analysis was evaluated from a statistical
perspective, using the Fleiss” kappa and Kendall’s W tests in order to report indicators of association
and agreement between the judgments issued, obtaining relevant values (K = 0.84; W = 0.86). Likewise,
the reliability of the questionnaire was analyzed, which revealed a high internal consistency (Table 1).

Table 1. Reliability of the questionnaire.

Dimension o CR EAV
Navigation, Search and Filtering 0.89 0.92 0.69
Evaluation 0.87 0.90 0.76

Storage and Recovery 0.86 0.87 0.65
Massive Data Processing 0.89 0.93 0.74

Note: o (Cronbach’s Alpha); CR (Composite Reliability); EAV (Extracted Average Variance).
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2.3. Process

The investigative process began in September 2018 using the telematics in contact with the different
educational institutions reported from the database of the Ministry of Education and Vocational Training.
Once the subjects were selected by applying the previously specified criteria, the questionnaires were
sent in digital format to facilitate their completion. In turn, the data were taken following the ethical
principles of anonymity and objective treatment. The data collection phase lasted two months, in which
the researchers were available to address any concerns and doubts on the part of the respondents.

2.4. Data Analysis

Once the time elapsed, the data was exported and prepared to be introduced to the Statistical
Package for the Social Sciences (SPSS) v.22, in which statistics were made such as the average (AV)
and standard deviation (SD), the validation and reliability tests of the instrument, as well as the
Pearson asymmetry coefficient (PAC) and Fisher’s pointing (FPC) to determine the type of distribution.
Similarly, the comparison of variables was performed using the Chi-square test of Pearson (x?) and
to determine the strength of association between them, the Cramer’s V test (V) and the contingency
coefficient (Cont) were used. The statistical differences at a significant level were taken based on
p < 0.05.

3. Results

This section aims to present the fundamental findings of the investigation, organized in the form
of figures and tables for optimal visualization.

First, the results obtained for the analysis of the level of digital competence of teachers in Area
1 (information and information literacy) are reflected in Table 2. The results obtained for the total
mean show the level of digital competence of the teachers analyzed in the aforementioned area
(average = 3.35) taking into account the amplitude established by the five-point Likert table (R = 4;
max = 5; min = 1).

Table 2. Valuations of the teaching competence level in the area of information and literacy.

Likert Scale n (%) Parameters
Very Low Low Medium High Very High AV SD PAC FPC

D1 87(10.45)  121(14.54) 207 (24.87) 224(2692)  193(23.19) 338 1271 -0.889 1.87
D2 94(11.29) 147 (17.66)  226(27.15)  214(2572) 151 (18.14) 321 1251 —0936 1.772
D3 61(7.33)  130(15.62) 225(27.04) 201 (24.15) 215(25.84) 345 1231 -0.884 1993

Total 242 (9.69) 398 (15.94)  658(26.36) 639 (25.6)  559(22.39) 335 125 —0908 1.872

AV: Average. SD: Standard Deviation. PAC: Pearson asymmetry coefficient. FPC: Fisher’s pointing.

Addressing the concrete analysis of each of the dimensions, it was noted that the one related to
the storage and retrieval of information, data and digital contents (D3) obtained slightly higher values
than the rest, followed by the dimension related to navigation, search and filtering of information,
data and digital contents (D1).

Likewise, the dimension that obtained the lowest values within the Likert scale was the one related
to the evaluation of information, data and digital contents (D2), even though the differences found
are not decisive. We have obtained a general trend of slightly positive asymmetry results, based on
the results obtained by the Pearson asymmetry coefficient (PAC > 0) and a platykurtic kurtosis in the
analysis of the data concentration in the mean (FPC < 0).

On the other hand, teachers’ degree of knowledge about the concept of Big Data has been analyzed
in Figure 2. The results reflect a similar distribution at the extremes, with a concentration of frequencies
at the midpoint. Thus, there is a significant number of teachers who know the concept Big Data (75%),



Educ. Sci. 2019, 9,177 7 of 13

regardless of the greater or lesser degree of knowledge and, on the other hand, a smaller sample group
(25%) that completely ignores the concept of Big Data.

HYes W Partially = No

Figure 2. Degree of knowledge of teachers about the concept of Big Data.

Continuing with the analysis of the results, Figure 3 shows the findings regarding the level of
the analytical treatment of teachers in terms of educational Big Data. Generally, the teachers access
the data of the discourse interactions on the digital platforms with an average assiduity and interpret
the reported results critically, even though they do not usually use specific programs to analyze the
data. Likewise, we find higher frequency values in those teachers who have referred to an assiduous
transformation of the data into useful and valuable information to improve the learning process, and a
high predisposition to make methodological decisions based on the information obtained.

400
e 41%
350 38%
36% 37% 36% N
300 L. 3% : 33%
30%
250
25% 26%
200 0 %
150 I I I
100 . -
Access the Use specific Transforms the Adapts the
. Interprets the .
student data programs for data into useful methodology to
from digital informational reported results and valuable the information
& . critically e vatua .
platforms analysis information obtained
mYes 262 211 285 351 343
W Partially 296 304 301 285 275
mNo 274 317 246 196 214

Figure 3. Level of analytical treatment of teachers in educational Big Data.

Finally, Table 3 shows the associative analysis carried out to determine the impact that the level of
digital teaching competence in information and digital literacy has on the degree of knowledge of Big
Data at the educational level.
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In this way, statistically significant differences have been obtained in the three analyzed dimensions
of the first area of digital competence, also showing a strong relationship in each of the mentioned
dimensions, as shown by the data obtained in the statistics used to quantify the strength of association
(Cramer’s V and Pearson’s contingency coefficient).

Therefore, those teachers with a higher level of literacy and information in the field of competence
have been shown to have greater knowledge than the rest regarding the concept of Big Data. Based on
this premise, a directly proportional relationship has been observed between the degree of knowledge
in Big data and the level of digital teaching competence in the aforementioned area.

Table 3. Association between the knowledge of big data and the level of digital competence.

Information and Literacy Knowledge of Big Data n (%) Parameters
Yes Partially No x*dp pValue Cont V
D1: Browse search and filter 116.6 (8) <0.001 0.351  0.530
Very low 17 (2.04) 28 (3.36) 42 (5.04)
Low 24 (2.88) 55 (6.61) 42 (5.04)
Medium 44 (5.28) 87 (10.45) 76 (9.13)
High 85 (10.21) 97 (11.65) 42 (5.04)
Very High 95(11.41) 92 (11.05) 6 (0.72)
D2: Evaluate 239.7 (8) <0.001 0.473  0.759
Very low 11 (1.32) 21 (2.52) 62 (7.45)
Low 25 (3.01) 48 (5.76) 74 (89.89)
Medium 56 (6.73) 132 (15.8) 38 (4.56)
High 84 (10.09) 98 (11.77) 32(3.84)
Very High 89 (10.69) 60 (7.21) 2(0.24)
D3: Store and recover 238.5 (8) <0.001 0472  0.757
Very low 5(0.61) 16 (1.921) 40 (4.81)
Low 22 (2.64) 63 (7.57) 45 (5.41)
Medium 32(3.84) 104 (12.5) 89 (10.69)
High 70 (8.41) 107 (12.9) 24 (2.88)
Very High 136 (16.3) 69 (8.29) 10 (1.2)

x?: Chi-square test. Cont: Contingency coefficient. V: Cramer’s V test.

4. Discussion

As has been exposed in previous studies, digital competence has become one of the most relevant
professional competencies of teachers in contemporary education [35,36], due to the large influence
of educational technology in the different learning spaces that can be generated today [1,14,39].
These teachings can be generated both physically and virtually [2] through content management
platforms that not only offer a digital site to store the information but also become spaces for
interaction [44,45], with students having the ability to communicate and collaborate with their peers
and with teachers to carry out tasks, as well as being able to carry out the construction of ubiquitous
knowledge [37].

These platforms, and the proliferation of educational resources and applications, have generated
a huge amount of data [46,47]. Therefore, teachers have a powerful tool to understand the needs and
demands of the students with analysis of the Big Data generated by the actions of the students in their
daily activities [54].

Despite this, to take advantage of the potential of Big Data in education, it is essential to have
informational competencies, alluding to Area 1 of the digital teaching competence [60,63], in order to
have skills to locate, access, analyze and interpret the data [64,65,67]. With the necessary skills, it is
possible to generate new, valuable and useful information that facilitates critical decision-making [66]
and has an impact on effective strategic action by teachers, thereby improving the quality of teaching
and learning processes [58]. In all of this, digital competence plays a fundamental role, making it
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essential for all teachers to have an adequate level to perform analytical practices using large volumes
of data, especially in the area of information and information literacy, in its three dimensions.

5. Conclusions

In this study, teachers were found to have a medium level of digital competence regarding the
informational area. This finding is consistent with other previous research, which reveals a lack of
competence in that area [68,69]. Likewise, in order to specify the results and seek a differentiating
nuance with previous studies, each of the three dimensions that make up Area 1 of the digital teaching
competence have been analyzed. In this analysis, it was found that the dimension corresponding to
the storage and retrieval of information, data and digital content has reached a level of competency
superior to that of the other dimensions, followed by the skills in navigation, search and filtering of
information, data and digital content and culminating with the dimension related to the evaluation of
these, which has reflected deficient values.

Itis pertinent to highlight that the concept of digital competence has been addressed by the scientific
community from different perspectives, depending on the level of geographical concretion. For example,
in Europe, the convergence of the European Framework of Digital Competencies for Citizens (DigComp)
and the European Framework for the Digital Competence of Teachers (DigCompEdu) is among the
most prominent. However, due to the context of this study, the digital competence established by the
competent body in the Spanish state, the National Institute of Educational Technologies and Teacher
Training [20], is considered as a reference.

Similarly, we have investigated the knowledge that teachers possess in reference to the Big Data
term, confirming that three out of four teachers are aware of this concept. Regarding its treatment and
analysis, the results reveal that, on average, they access the educational data generated by the content
management platforms and interpret the reported data in a critical manner, all without using mass
analysis software. In addition, many of the respondents stated that they convert data into relevant
information, allowing decisions to be made that entail a methodological readjustment in order to
improve the training process.

Regarding whether the level of informational competence affects the level of knowledge about Big
Data in educational matters, the tests carried out have postulated statistical significance, showing that
teachers with greater skills in Area 1 of digital competence have better knowledge about this concept,
showing a directly proportional link. These results allow us to respond both to the objectives set and
to the questions formulated in the present study.

These findings lead to a reflection on the question in the teaching group that is currently teaching
at different stages of education. There is no doubt that education is in full evolution and is increasingly
adjusting to the characteristics of a digital society. Therefore, teachers must demonstrate a level of digital
competence appropriate to the demands of new teaching and learning environments, which report
a large amount of data that can effectively address the needs of many students, to flexibilize and
individualize the formative processes. This can be achieved thanks to the analytical study of Big Data
produced by educational technology.

However, the prospective that emerges from this research should not only be extended to the
continuous training of teachers to acquire and improve their digital competence levels, but also should
be considered in the university training plans, with the view that the new generations of teachers have
assimilated the skills, abilities and knowledge necessary to carry out an effective management of Big
Data from their initial training period.

The main limitation of the study focuses on the non-distinction in the results among the teachers
of the different educational stages regarding the state of the issue dealt with in this work, since there
was no differentiation between the higher education faculty and the rest of the teaching professionals.
As a future line of research, the limitation of the study should be taken into consideration, in addition to
analyzing both the level of informational competencies and the projection of Big Data in future teachers
of Spanish universities, with the intention of ascertaining if the future educational professionals are
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qualified to make effective use of the large volume of educational data that are generated in virtual
learning spaces every day.
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