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Abstract: Introduction: University teachers, in their ongoing scientific and pedagogical updating,
must master the new methodologies and trends in their professional field. ICT’s importance for
any person requires ethical responsibility, and it is incumbent on the educational professionals
to preserve, improve and update their level of digital competence, and so improve learning and
teaching. Method: This study uses a representative sample of 186 university teachers and follows the
quantitative descriptive survey method. Two questionnaires were applied (CEE-ACUTIC). The first
identified the approach for the transmission of information or the construction of knowledge, and the
second measured attitude, knowledge and use of ICT. Results: A causal model of structural equations
of maximum likelihood was run. We highlight the positive and significant relationship between
the teaching approach oriented to the construction of knowledge and the use of ICTs (� = 0.17,
p < 0.01) and, in another sense, a statistically significant but negative relationship between the use
of ICTs and the teaching approach focused on the transmission of information (� = �0.16, p < 0.05).
Discussion: It is empirically confirmed that the teaching approach conditions the use of technologies
for teaching. There is no research in other contexts showing a causal relationship between teaching
approaches and digital teaching competence.

Keywords: digital teaching competence; teaching approach; structural causal model; university
teachers; ICT use; knowledge building; information exchange; teacher training

1. Introduction

In the last two decades, the term competence has gained special relevance in the field of education.
While not a new concept, we can say that it has been redefined since Delors [1] gave it greater relevance
by relating it directly to the indispensable knowledge that education must o↵er to all individuals.
Perronoud [2] defines competences as cognitive, a↵ective, socio-emotional and physical capacities that
a person is capable of mobilizing, in an integrated manner that allows them to act e↵ectively in the face
of the demands of each context.

When the concept of competence is used, the idea is of permanent but evolving characteristics in
people which are directly related to the successful realization of an activity. Hence, we understand
that a competence is the ability to select and mobilize knowledge, skills and attitudes to respond
successfully to a given professional situation [3].

In this regard, Gonzálvez et al. [4] make a theoretical reflection on the relevance of appropriate
teacher training in media skills. For these authors, the university teacher must be aware of the new
theories of their specialty, as well as the new methodologies to facilitate student learning, including
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those supported by ICT. They a�rm that it is not merely a question of updating knowledge, and mention
the obligatory ethical responsibility incumbent on professionals in education professional to preserve,
improve and update their level of digital competence in order to contribute to the knowledge and good
training of the learners.

We understand that ICTs have become a teaching tool whose use in the classroom is closely linked
to the intrinsic characteristics of university teachers, such as their attitudes or the knowledge they
possess, not only at a technical level, but also in how they are implemented in education. As happens
with the rest of the tools and resources available for teaching, everything depends on the use made of
them to contribute to the construction of knowledge by the student [5].

The conceptualization of digital competence proposed by the European Union arose from the
Project for the Definition and Selection of Competence (DeSeCo) carried out by the Organization for
Economic Cooperation and Development (OECD) in 1997. This project creates a relevant framework
for policies and the articulation of national education needs and priorities. On the basis of this,
in 2005 the European Commission [6] proposed eight key competences, including digital competence,
defining it as:

Digital competence involves the confident and critical use of Information Society Technology (IST)
for work, leisure and communication. It is underpinned by basic skills in ICT: the use of computers to
retrieve, assess, store, produce, present and exchange information, and to communicate and participate
in collaborative networks via the Internet (p. 14).

Likewise, Marqués [7] proposes the concept of digital competence to refer to all competences
related to the use of ICT, listing up to thirty-nine basic ICT competences, grouped into eleven dimensions,
ranging from knowledge of computer systems, search and selection of information through the network
or management of word processors, to entertainment and learning with ICT or general attitudes
towards them. At the same time, university teachers need to develop the specific competences derived
from the application of ICT in their professional work [8]. The author likewise states that, like students,
university teachers require a digital literacy that allows them to use these new technological tools
e↵ectively and e�ciently in their professional (teaching, research, management) and personal activities.
Instrumental skills are needed to use Internet programs and resources, but above all there is the
need to acquire didactic skills for the use of all these ICT media in a teacher’s di↵erent teaching
roles, as mediator, counselor, advisor, tutor, prescriber of learning resources, information source,
learning organizer, model of behavior to emulate, trainer of apprentices, and motivator [7].

Definitions of digital teaching competence lead to the e�cient and e↵ective use of associated
technological and didactic resources to create significant teaching and learning situations, not forgetting
that educational processes must be conceived from an integral and holistic perspective that brings
together attitudes, knowledge and skills of a very diverse nature, where technologies are limited [9].
Several authors bet on a necessary terminological and conceptual evolution [10–15]. Others, however,
contend that training in digital competencies should be given to all university teachers, and from the
starting point of an adequate understanding of what it means to be a digitally competent teacher [16].
Given that teaching is going through a critical moment, with students who demand another type
of teaching, there is room for a profound reflection on whether it is necessary to move towards
technological invisibility or, on the contrary, to give special prominence to an education focused
on media and digital literacy. Alike, some authors point out that professional digital competence
should come from a learning process which generates new possibilities for reflection based on personal
experiences and cases, where they face ethical dilemmas, like the ones related to the use of social
networking sites [17].

In recent decades, initial and ongoing teacher training has become a key issue [18]. International
studies insist on the need to renew teacher training programs to improve teaching–learning processes
in compulsory education [19]. Many authors claim that more comparative research is needed to
transfer the findings to classroom teaching practice [20].
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Within research on teacher training, the analysis of the knowledge and conceptions of university
teachers has become fundamental in guiding initial training programs [21], and the research that seeks
to calibrate the di↵erent types of professional knowledge of the teacher, with the emphasis on the
mastery of the usual classroom tasks [22], is prominent.

One of the proposals for the integration of ICTs that is enjoying most support in research on
teacher training is the methodological model Technological and Pedagogical Content Knowledge
(T-PACK), developed by Koehler and Mishra [23]. This model focuses on teacher training that
integrates ICT from a triple perspective: the acceptance and technical competence of university
teachers; pedagogical modeling, and the didactic application of these technologies [24]. This model
has been relatively successful, and in the last five years the studies on its impact on teacher training
have multiplied [12]. University teachers’ perceptions of the dimensions of digital literacy competence
have been identified [25] and university teachers’ capacity to develop students’ digital information
and communication skills have been measured [26].

Other important studies have focused on the integration of professional digital competence in
teacher training [27], on characterizing the factors explaining digital inclusion [28] or on providing
basic criteria for teaching digital competence in schools and teacher training [29].

Is it possible to teach skills? What could learning digital teaching skills consist of? While this would
require other types of research, Tejada and Pozos [30] propose competency integration, where digital
competence would be integrated into specific teacher competencies in order to be able to merge
properly into the repertoire of university teachers’ actions. A path that goes through other complex
cognitive processes in which the most relevant technological systems are identified, analyzed, organized,
evaluated and critically selected to solve an educational problem or pedagogical situation.

Under this premise, ICTs do not, per se, seem to have much relevance in teaching practice. Here we
agree with Cañada [31], when he states that ICT can contribute to the transformation of teaching,
but the student should be considered as a person capable of thinking. Only then can technology be a
tool capable of developing and enhancing that capacity.

In this sense, Prendes [32] states that one of the challenges that universities are facing in
transforming the old educational paradigm, based on the transmission of contents in a rigid context
and centered on the teacher, is to achieve an e↵ective integration of ICT in teaching and learning
processes. She asserts that it is possible to improve the evaluation processes and the quality of the
teacher by exploring and the proposal of evaluation indicators for the ICT competencies of Spanish
university teachers.

This approach leads to a teaching framework where the university teachers, in a competent,
conscious and strategic manner, are able to integrate technology, not by force but as another professional
resource strategy.

There is a general lack of knowledge among university teachers about the basic components
associated with ICTs, and hence they are used sparingly in the classroom [33]. At the same time,
university teachers value very positively the possibilities that ICTs can o↵er to enrich their teaching,
and are aware of the role and importance that ICTs have for the future work of their students [34].
However, it is first necessary to identify the limitations that university teachers face in implementing
ICTs in their teaching and learning processes. These are generally technical, but there is also a lack of
knowledge about them on the part of students and university teachers [9]. Both issues mean training is
needed in both digital and information skills if the limitations perceived by university teachers are to
be overcome and ICTs are to be e↵ectively incorporated into the classrooms.

The relationship between university teachers’ approaches and their conception of what teaching
should be was raised many years ago [35–37], and two clear orientations were identified (Figure 1).
One is centered on the teacher, whose most important characteristic is that teaching is considered as a
transmission of knowledge to students who accumulate it. The other, more qualitative orientation,
states that teaching should be oriented toward the student’s conceptual change. The teacher focuses
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their e↵orts on enabling students to build their own knowledge and understanding of the world, while
facilitating the promotion of their own conception [38,39].
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The influence of teaching conceptions on students’ learning approaches was established by Gow
and Kember [42], who assert that student-centered conceptions of teaching will lead to the adoption of
approaches that produce deeper learning and better academic outcomes.

Training aimed at changing teaching concepts is identified as one of the key steps to changing
the teaching approach of university teachers towards more learning-centered teaching pathways.
The work by Ho et al. [43] provides interesting results, since more than 65% of its participants had
their teaching conceptions modified, which led to a significant improvement in their teaching practices
according to the opinion of their students.

For these reasons, it is suggested that moving from a content-centered to a learning-centered
approach requires an evolution in teaching and training concepts in student-centered techniques,
strategies and methodologies [34]. Weimer [44] argues that a teacher can move from a teaching-centered
approach to a learning-centered approach as long as the following are taken into account: the function/
usefulness/applicability of the content being taught, the role played by the teacher in the classroom,
the responsibility assumed for student learning and the assessment procedures established by
the teacher.

Cañada [31] holds that, while it is often claimed that ICT improve teaching results, there is no
empirical research to show that this is so, given that technologies are nothing more than a mediating
tool that can provide more teaching and learning possibilities. For this reason, he analyzed the didactic
uses that university teachers from di↵erent disciplines make of a virtual learning environment in order
to determine how it relates to the teaching approaches of the teaching sta↵. When studying the uses
that these university teachers made of the virtual environment, it could be seen that they are strongly
linked to the informative function that ICTs can a↵ord and, to a lesser extent, to the specific action
of students. Thus, the most innovative university teachers (conceptual change approach) are those
who make the greatest use of the virtual learning environment and various technological resources.
In contrast, university teachers focusing on information transmission make less use of the virtual
platform, and use it merely as a repository.

The question arises as to whether there is a causal relationship between the two aspects.
Without doubt, the literature invites reflection on the nature of ICT-mediated teaching practices, and it is
clear that appropriate training in ICT is necessary if we wish technology to help in renewing university
teachers’ methodologies and pedagogies and hence transform teaching processes [5,16,32,45–47].

According to Maquilón et al. [33], incorporating technologies into teaching and learning is
paramount and will make educational processes more flexible; students will be better equipped to
work autonomously and to manage and organize their own learning. Other authors reinforce this
approach by indicating that teacher attitudes [5,48] or the uses made of ICTs [31,49], are variables
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to be considered in this new model, while emphasizing the need for specific training that guides
university teachers towards student learning and toward an innovative use of ICTs that contributes to
knowledge building.

If we believe we learn by imitating, ICTs are likely to be seen as a tool for learning and teaching.
If, in contrast, we believe students learn from explanations, then the teacher can use ICTs to exemplify,
compare, draw analogies, represent, i.e., to build knowledge in the student [31].

We agree with Sept [50] when he states that, if university teachers who use ICT for teaching
kept their teaching conceptions centered on the transmission of information, and consequently their
teaching approach centered on content, it is unlikely that the use of such technology would be aimed
at improving students’ learning experiences [51]. Thus, the opposite approach suggests that university
teachers who use ICTs in their teaching activities are more likely to have a teaching profile oriented
towards students building quality knowledge [49,52,53].

For all the above, the question is whether the type of conception of teaching predominant in
university teachers conditions or causes the use of ICTs, understood as the result of the application of
their digital competence. To address this question, two objectives are proposed: (1) to identify the
causal relationship between university teachers’ strategies and intentions and their ICT competence;
(2) to assess the predictive capacity of the study variables on ICT use, according to direct, indirect and
total e↵ects.

2. Materials and Methods

This study uses a descriptive quantitative survey type design, as this method is able to respond to
problems in both descriptive terms and in relation to variables [54]. Likewise, it allows the information
collected to be generalized for broader populations [55].

2.1. Population and Sample

The study population consisted of the 2467 university teachers and researchers of the University
of Murcia. The final data producing sample contained 186 of these, above the minimum necessary for
the study to be representative at a 95% confidence level. Sampling was probabilistic by groups [56] or
poly-stage conglomerates [54,57], which facilitated access to large populations, allowing the analysis
of individual groups.

2.2. Instruments

Two tried and trusted questionnaires of suitable reliability were used to collect the information:
(1) the questionnaire on teaching approaches (CEE) [58–60] and (2) the questionnaire to assess attitude,
knowledge and use towards ICTs (ACUTIC) [32,61].

2.2.1. CEE

Prepared by Trigwell and Prosser [59] in its original version, it was translated and adapted to the
Spanish university context by Hernández-Pina in 2006 and revised by Monroy [60]. This questionnaire
(alpha of Cronbach = 0.682) defines two profiles: one focused on the student, or learning, and the other
on the teacher, or teaching. It consists of 16 items accompanied by a five-point Likert scale, where 1 is
never or very rarely and 5 is always or almost always.

2.2.2. ACUTIC

A self-report questionnaire (alpha of Cronbach = 0.917) made up of 31 items distributed among
three dimensions: (1) attitudes towards the use of ICTs; (2) knowledge of ICTs; and (3) use of ICTs.
Each dimension uses a five-point Likert scale.



Sustainability 2020, 12, 4842 6 of 13

2.3. Procedure

The procedure followed adheres to the stages established for descriptive quantitative studies,
such as surveys [56,57,62]. Data collection was in two phases: an initial face-to-face data collection and
a telematic data collection in the departments selected.

The ethical principles of educational research were adhered to throughout [63,64], so guaranteeing
the rights and dignity of the participants, who were duly informed about the object of the study,
the anonymous treatment of information, and participation in voluntary research.

The data collected were refined and analyzed with SPSS V.24 for MAC and the IBM SPSS
AMOS V.21.

3. Results

In order to meet the objectives of this research, a model of causal structural equations was
developed. According to Hoyle [65] the analysis based on models of structural equations allows the
analysis of the relationship between latent and observed variables. However, the design of the causal
model takes as its starting point the theory and previous research [66].

In the first objective the causal relationship between the strategies and intentions of university
teachers in their teaching and their ICT competence was identified.

As shown in Figure 2, which represents the estimated causal model, latent constructs or variables
were identified: Info Transmission Approach (which measures the degree to which university teachers
show intentions for teaching, and strategies oriented to the transmission of knowledge) and Knowledge
Building Approach (which measures the degree to which university teachers orient themselves toward
a teaching approach, intentions and strategies, based on the construction of knowledge).

The model also includes three observed variables: Attitude ICT, Knowledge ICT and Use ICT,
which measure the attitude, knowledge and use made by university teachers of ICTs in their teaching.
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The variables have been related in a causal model (Figure 2). Two variables behave as independent
and dependent variables at the same time (Attitude ICT and Knowledge ICT), and the dependent
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variable is the use made of ICT, as a result of the application of digital competence by university
teachers. Their inclusion in the model means it is also necessary to quantify the e↵ect of the Info
Transmission Approach and Knowledge Building Approach constructs.

We use the maximum likelihood method to estimate the parameters because it is coherent,
unbiased, e�cient and normally distributed if the observed variables respond to normal conditions.

Lévy and Varela [66] recommend a sample size of between 100 and 200 cases in analyses that use
structural equation models estimated by the maximum likelihood method. Nevertheless, to observe
the adequacy of the sample size of the model, the Hoelter critical N was calculated with a significance
level of 5%. This index indicates the sample size for which the hypothesis that the model proposed in
the investigation can be accepted is correct. The calculated Hoelter critical N (5%) is 140, and given
that the sample of this work is made up of 186 subjects, it follows that the chosen analysis technique
is adequate.

When calculating the goodness of fit of the specified model, the following indices were obtained:
�2/df : 1.589 yields a value lower than 2 [67] or 3 [68], which indicates a good fit of the model.
The Tucker–Lewis indices (TLI) and the Comparative Adjustment Index (CFI) obtained in this case are
0.827 and 0.868, both indicating an acceptable goodness-of-fit [66]. Similarly, the RMSEA index: 0.056,
(quadratic mean approximation error), which attempts to correct the tendency of the Chi-square statistic
to reject models with a su�ciently large sample, suggests a good fit of the model [69]. The indices of
goodness obtained show an adequate fit of the model and the sample of university teachers.

A pathway diagram was drawn (Figure 3) with the value of the statistical regression coe�cients,
after eliminating the coe�cients of the relationships with non-significant e↵ects for the second of the
objectives, which analyses the predictive capacity of the variables of the study on ICT use according to
direct, indirect and total e↵ects. As can be seen from the interpretation of the data collected in Table 1 of
regression coe�cients, a statistically significant causality relationship was found between all variables,
except for the teaching approach oriented towards the transmission of information about knowledge
towards ICT (p > 0.05), the teaching approach oriented to the construction of knowledge on the part of
students and the knowledge that they have of ICT (p > 0.05) and between the approach oriented to the
transmission of information and the attitude of university teachers towards ICT (p > 0.05).
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Table 1. Standardized regression weights.

Estimate

Attitude ICT < Info Transmission Approach 0.040
Attitude ICT < Knowledge Building Approach 0.367

Knowledge ICT < Info Transmission Approach �0.073
Knowledge ICT < Knowledge Building Approach 0.123
Knowledge ICT < Attitude ICT 0.241

CEE1 < Info Transmission Approach 0.341
CEE13 < Info Transmission Approach 0.453
CEE12 < Info Transmission Approach 0.314
CEE11 < Info Transmission Approach 0.552
CEE10 < Info Transmission Approach 0.604
CEE7 < Info Transmission Approach 0.392
CEE2 < Info Transmission Approach 0.325
CEE4 < Info Transmission Approach 0.296
CEE3 < Knowledge Building Approach 0.611
CEE16 < Knowledge Building Approach 0.605
CEE15 < Knowledge Building Approach 0.313
CEE5 < Knowledge Building Approach 0.497
CEE6 < Knowledge Building Approach 0.602
CEE14 < Knowledge Building Approach 0.746
CEE9 < Knowledge Building Approach 0.338
CEE8 < Knowledge Building Approach 0.673

Use ICT < Attitude ICT 0.130
Use ICT < Info Transmission Approach �0.158
Use ICT < Knowledge ICT 0.721
Use ICT < Knowledge Building Approach 0.173

In order to validate this causal structural model, R2 was calculated (0.71), which indicates that
the independent variables of the model explain 71% of the variance of the criterion variable and
have great predictive power over it, that is, the use that university teachers make of ICT according to
their conception of what should be taught. When analyzing the relationships between variables with
standardized coe�cients that are statistically significant (p < 0.05), the positive relationship between
the teaching approach oriented to knowledge building and the use made of ICT stands out (� = 0.17
p < 0.01), while there is a negative relationship between this use and the teaching approach centered
on the transmission of information (� = �0.16, p < 0.05).

From these data it is also interpreted that the knowledge building teaching approach has a positive
and significant e↵ect on attitude towards ICT (� = 0.37 p < 0.01), and that attitudes have a direct,
positive and significant e↵ect on the use of ICT (� = 0.13 p < 0.01) and an indirect e↵ect through ICT
knowledge (� = 0.24 p < 0.01). Hence, the total e↵ect of attitude towards ICT on ICT use is 0.30 (Table 1).

4. Discussion and Conclusions

Schommer-Aikins, Beuchat-Reichardt and Hernández-Pina [70] state that decisions made at each
stage of the educational process contribute to di↵erent outcomes. If we consider that the existing
relationship between teaching concepts and learning outcomes is interconnected and balanced, then the
inclusion of any substantial modification in some of its elements will a↵ect, to a greater or lesser extent,
the other factors. That is to say, if we orient university teachers towards conceptions of teaching focused
on conceptual change and personal transformation, their teaching approaches should also change in
the same direction, and this action will have a direct impact on the quality of the teaching o↵ered.

We agree with Sept. [50] in the statement that strategies used for ICT-mediated teaching and
the use made of them will be conditioned by the conceptions and teaching approaches adopted,
although they may be limited by the latter, i.e., by university teachers’ intentions and strategies [71,72].
It is plausible that external motivation can be altered, modified, incentivized, but when a teacher does
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not have an intrinsic motivation to guide him or her towards the realization of teaching based on
change and transformation, no matter how many teaching strategies he or she knows and masters,
the praxis will always be directed towards the transmission of information.

Previous studies a�rm that university teachers have a positive attitude toward incorporating
ICTs in the classroom [5,31,32,34,73]. On the other hand, other research points to the digital training
required for their e↵ective inclusion in educational processes [10,17,32,46,74–76]. It is logical that a
good attitude towards ICTs should result in greater knowledge or a higher use of them. The relationship
between the three competency components (attitude, knowledge and use) is indeed plausible, but the
teaching approach is the conditioning factor in the mastery of digital competence and, in turn, in ICT
use in teaching.

Hitherto, university teachers with di↵erent approaches were considered to make equally di↵erent
uses of ICTs [31,34], as is also confirmed in this research. This study shows empirically that there is a
causal relationship between the predominant intentions and strategies of university teachers and their
mastery of digital competence, revealing a direct and positive e↵ect between knowledge building and
the use of ICTs in teaching. These results cannot be discussed with other investigations as they have
not been previously demonstrated. So, university teachers with intentions and strategies aimed at
students building their knowledge use technologies more deeply and appropriately than university
teachers who focus on the transmission of information, according to previous studies [5,33]. In other
words, university teachers who predominantly use an information transmission approach make lesser
and less adequate use of ICTs, since the negative dependency relationship that exists between these
two variables has been statistically confirmed.

From these results, we want to go one step further and place ourselves close to the model of
teacher competence proposed by Castañeda et al. [11], which raises the need to abandon concepts such
as digital competence, and opt rather for a model that frames the competence that responds to the
context in which it is situated. In this sense, we believe that the design of learning processes based
on personal experiences and cases inside the classroom or on ethical dilemmas made from the ICT
misuse by young people [17,33] should be the new guideline. A teacher who addresses students’ real
requirements is equivalent to a professional with learning approaches that focus on his or her students.

The results obtained coincide with those provided by Miralles et al. [77] by confirming that the
teaching approach is empirically related to the use of ICTs in teaching. Two uses of ICTs have been
identified according to the teaching approach, and the one which correlates positively corresponds
to the university teachers that theoretically are more “competent” due to their coherence between
teaching intentions and strategies and the level of digital competence.

Our conclusions reinforce the relationship between teaching strategies and intentions and the use
of technology and, in line with Tejada and Pozos [30] and He and Li [78], the obsolete conception that
teacher competence is the sum of a number of undetermined factors should now be dropped. Thus,
training programs could be carried out at the institutional level aimed at training university teachers
to adhere to a paradigm where teaching is at the service of the student and knowledge building, and to
go beyond practices, be they mediated or not by technologies, that lead to a teaching profile whose
objective continues to be the transmission of information. Keeping in mind, obviously, the positive
e↵ect that ICTs have on constructivist activities inside the classroom [49].

According to the model proposed by Biggs et al. [79], ICTs can be seen as predictive variables
embedded in the teacher’s approach to his/her professional activity. This has been shown to be the
case. So, has the time come to stop using the term digital competence to talk about university teachers
with professional intentions and strategies focused on student learning?
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