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ABSTRACT

The impressive and rapid development of society is leading to
technological innovations that require new technical and cognitive skills.
In particular, Teacher Digital Competence (TDC) is becoming increasingly
important as an initial step towards better use of Digital Technologies
(DT) in the classroom. Nevertheless, to date, future teachers on training
programs have no tools to help them self-evaluate their own competence
and get instant feedback on how their TDC is developing. This study
subjects a TDC self-evaluation tool for initial teacher training - COMDID-A
- to dimensional and external validation, in relation to age, gender and
access to university. The sample consisted of 144 students on an initial
teacher training program at a Catalan university. The results show that the
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dimensional structure proposed by the theoretical model is highly reliable
and has four dimensions: 1. Didactic, curricular and methodological
aspects; 2. Planning, organization and management of digital technological
resources and spaces; 3. Ethical, legal and security aspects; and 4. Personal
and professional development. Furthermore, significant correlations emerge
between age and self-evaluation of TDC: in particular, older students self-
evaluate themselves as less competent than younger students. No gender
differences were observed. The outcomes of this study could provide future
teachers and educational institutions with a valid and reliable tool to guide
their perception and awareness of TDC development. This tool could be
implemented in the formative assessment process of initial teacher training
to raise student awareness of this competence and give them tools so that
they can make significant use of DT in the classroom.
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RESUMEN

El rapido desarrollo de nuestra sociedad estd conduciendo a nuevas
aplicaciones de tecnolégicas digitales (TD) que demandan habilidades
técnicas y cognitivas que permitan resolver estas nuevas situaciones. En
concreto, la competencia digital docente (CDD) es el primer paso hacia
el mejor uso de las TD en el aula. Sin embargo, no se han propuesto
instrumentos que puedan ayudar a los futuros maestros en formacién a
autoevaluar su propia competencia y obtener un feedback instantaneo sobre
el desarrollo de su propia CDD. Este estudio tiene como objetivo validar
una herramienta (COMDID-A) de autoevaluacién de CDD para la formacién
inicial de docentes, en términos de validez dimensional y externa, y en
relacién con la edad, el género y el acceso a la universidad. La muestra es
de 144 estudiantes del grado de educacién en una universidad catalana.
Los resultados muestran que la estructura dimensional propuesta por el
modelo tedrico es altamente confiable, con cuatro dimensiones: 1. Aspectos
didacticos, curriculares y metodolégicos; 2. Planificacién, organizaciéon y
gestién de recursos y espacios tecnolégicos digitales; 3. Aspectos éticos,
legales v de seguridad; y 4. Desarrollo personal y profesional. Ademas, se
miden correlaciones significativas entre la edad y la CDD, en particular, los
estudiantes mayores se autoevaliian a si mismos como menos competentes
que los mas jévenes. No se observaron diferencias de género. Los resultados
de este estudio ayudardn a futuros docentes e instituciones educativas,
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aportando una herramienta valida y confiable para guiarles en el desarrollo
de su CDD. COMDID-A se puede implementar como parte de la evaluacién
formativa, ayudando a los estudiantes a ser conscientes de su nivel de CDD
y de los siguientes pasos a realizar en su desarrollo.

PALABRAS CLAVE

Competencia Digital, formacién de profesores, tecnologias digitales,
evaluacion del profesor en formacién, autoevaluacién

INTRODUCTION

Education is the driving force behind the development of all countries
and, like society, it been transformed by the digitization process. Digital
Technologies (DT) have great potential for transforming training processes
(Slavich & Zimbardo, 2012) because they provide learners with new
strategies, spaces, models and opportunities to learn (Gisbert & Johnson,
2015). Citizens of the 215 century needs to develop competences so that
they can participate in social inclusion, and evolve, both personally and
professionally, into a digital society. The list of key competences for learning,
one of which is Digital Competence (DC) was compiled by the European
Commission (2018b). As well as these key competences, the domain of DT
is considered to be a fundamental ability, at the same level as language,
reading, writing and mathematics, which should allow citizens to develop
basic skills so that they can learn, work and live in society. In this context,
the educational system must have teachers who are prepared to respond to
these new demands and train their students in these key skills.

The European Commission published DigCompEdu (Redecker &
Punie, 2017), which specifies the DC that teachers must have in order
to effectively practice their profession. In Spain, INTEF (2017) defines
Teacher DC (TDC) as the set of competences that 21% century teachers must
develop to improve the efficacy of their educational practice and for their
own ongoing professional development. Furthermore, the Government of
Catalonia (Generalitat de Catalunya, 2018) states that TDC is “the ability
of teachers to apply and transfer all their knowledge, strategies, skills
and attitudes about learning and knowledge technologies into real and
concrete situations of their professional praxis”. So, teachers should have
both instrumental and methodological DC, measured during their daily
practice. According to this review, teacher training cannot be reduced to the
acquisition of technological skills; it should also focus on how these skills
are applied in teaching. The objective of this study is to validate a tool that
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helps future teachers develop their TDC during formative assessment. For
this purpose, TDC is regarded as a complex competence, made up of a set
of abilities, capacities and attitudes that teachers must develop if they are to
incorporate DT into their professional practice and development (Lazaro et
al., 2019), and that we will further discuss during this article.

THEORETICAL FOUNDATION

The importance of developing TDC has been widely discussed in
teacher education literature. Sanz-Ponce and colleagues (2015) state that
self-perception of TDC should be carefully studied, because teachers should
be leading the enormous change that DT represents in the classroom. In
particular, initial teacher training should give specific DT training for future
teachers, so they can properly implement DT in their professional activity
(Papanikolaou et al., 2017). Several international benchmarks present
standardization proposals for organizing TDC into the knowledge and skills
that teachers need (Generalitat de Catalunya, 2018; INTEF, 2017; Redecker
& Punie, 2017; Unesco, 2019). Sang and colleagues (2010) highlight the need
for preparation in TDC training from the very beginning of teacher training
courses.

The need for training in TDC is associated with the need for evaluating
it. Students must be aware of their own level in planning, teaching and
evaluating training activities, developing and using teaching resources,
promoting quality and up-to-date teaching (Tejada & Ruiz, 2016). In this
regard, the inclusion of self-evaluation processes within the formative
assessment in initial teacher training is key to helping future teachers
become aware of their own level of development in this competence (Cosi
et al., 2020). According to Lazaro and Gisbert (2015) and the Generalitat
de Catalunya (2018), the first level of TDC development is the competence
that novice teachers should have acquired at the end of their initial training.
Self-evaluation should not only focus on assessment but also have an
educational value. This would allow students to manage their own learning
process through reflection and awareness (Fazey & Fazey, 2001; Tejada &
Ruiz, 2016). We understand the evaluation process as learning-oriented
assessment, in which the feedback provided plays a fundamental role (Cosi
et al., 2020).

In addition to identifying the dimensions and indicators of TDC, we
need to know the different levels of development of this competence, and
to have valid instruments that allow educational institutions to grade this
development in terms of learning, and guide future teachers to acquire
their competencies through continuous improvement. Evaluating TDC in
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initial teacher training presents important challenges because of the inner
difficulties of evaluating competencies and establishing a framework for
assessment. New tools are needed to help students reflect on situations and
problems in line with the indicators to be evaluated. In recent years, various
TDC evaluation tests have been developed on the basis of standards that
make it possible to analyze the TDC level of teachers and future teachers:

a) The Wayfind Teacher Assessment (Banister & Reinhart, 2012) mea-
sures the use that teachers make of technology. This self-assessment
test for teachers is already in use.

b) Selfie is a self-assessment tool based on self-perception, and its
version for education centers and organizations has been imple-
mented. It applies the European Commission’s DigCompEdu (Re-
decker & Punie, 2017) as a reference standard. The rubric for the
assessment has 6 levels of development ranging from newcomer
to pioneer, which matches the model used for classifying linguis-
tic competence. As the European Commission (Redecker & Punie)
points out, it is a reference framework that must be contextualized.

c) The TDC Portfolio (INTEF, 2017) is an assessment system produced
by the Spanish government for teachers based on the Common
Framework standard of TDC. Teachers provide information about
the assessment indicators. On the basis of this proposal, Tourén
and colleagues (2018), developed an online self-assessment ques-
tionnaire to determine the respondent’s self-perception.

These are the reference frameworks of the instrument proposed in this
paper. COMDID-A (Lazaro & Gisbert, 2015) is a self-assessment tool aligned
to the proposal made by the Catalan government (Generalitat de Catalunya,
2018), and to the Spanish and European contexts, as outlined by Lazaro and
colleagues (2019).

TOOL DESIGN AND DEVELOPMENT

The design and development process of this instrument has undergone
several phases, which are summarized below (Lazaro & Gisbert, 2015;
Lazaro et al., 2018):

Phase 1. Review of the scientific literature on which the tool is based:

e TDC dimensions. Dimension 1: Didactic, curricular and
methodological aspects. Dimension 2: Planning, organization
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and management of digital technological spaces and resources.
Dimension 3: Relational aspects, ethics and security. Dimension 4.
Personal and professional aspects.

¢ Development levels of the competence: Basic, intermediate, expert
and transformational level.

e FEvaluation indicators.

Phase 2. Design of the questionnaire items. Based on the indicators
and development levels of competence, the questions placed users in
professional situations in which they had to self-assess their ability to act.
The wording of the questions must be clearly and precisely linked to the
indicator in order to facilitate the answer. We consider that self-assessment
is part of the self-knowledge and self-reflection that future teachers need to
manage their own learning process.

Phase 3. Validation by experts. A total of 10 professionals, including
researchers and teachers with a minimum experience of 5 years of work in
the field of TDC development, reviewed the content and construction of the
tool and contributed to drafting the items until a final version was obtained,
which had a total of 22 items, distributed in 4 dimensions.

The present study arises from the problem pointed out by Esteve (2015)
that, despite the importance of TDC, students and future teachers do not
always reach a sufficient level of DC during the period of teacher training
before they enter the professional world. Furthermore, Cabero (2013)
concluded that teachers self-perceive their capacity to use DTs in classrooms
on the basis of their wider knowledge of DT applications in general. In
addition, as we have already mentioned, no appropriate instruments are
being used to measure and evaluate the acquisition of TDC during students’
formative assessment process. There is a need for a valid and reliable self-
evaluation tool that not only builds on existing frameworks, but which also
focuses on particular dimensions and areas that will be constant features
of teachers’ daily lives in the classroom requiring DTs to be used naturally.

In order to externally validate the instrument, the variables that need to
be studied in relation with the level of TDC were chosen from the literature.
First, some authors have related the age of students to self-perception of
DC (Fazey & Fazey, 2001; Kumar & Vigil, 2011). In particular, the younger
future teachers are, the higher the self-evaluation of their competencies
(Esteve, 2015; Hosein et al., 2010) point out that, whilst there may be age-
related differences concerning perceptions and experiences of technology-
mediated learning, other demographic characteristics, such as gender (Roig
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et al., 2015) are also important. Furthermore, in their study of in-service
teachers, Area and colleagues (2016) concluded that younger teachers with
less professional experience make less use of TD in teaching. Although most
education students in our study are women, it is important to analyze whether
their self-perception of DC is different from that of men, as has been found in
samples from other countries (Hargittai & Shafer, 2006). In particular, Bjork
and colleagues (2018) found that Maltese male teachers self-reported as more
confident in the use of DTs than their female counterparts. In summary, to
ensure that COMDID-A is consistent, we validated it internally and externally
with a sample of students. This was the final step in the process, after the
evaluation of experts (Lazaro & Gisbert, 2015).

METHODOLOGY
Objective and Research Questions

The objective of the study is to validate COMDID internally and
externally for assessing the TDC of education students.

To achieve this goal, we propose the following research questions:
e What is the factor structure and the internal reliability of COMDID?

e What is the correlation between the students’ self-assessed TDC and
the variables of gender and age?

Sample and data collection

The COMDID-A questionnaire was made available in an online beta
version with a database in MySQL and PHP. It was distributed to students
of three class groups during the second semester of the academic year
2017-18, as part of the formative assessment process. The final sample of
students was n=144 and they filled in all the fields of the test. They were
all first-year students of the Faculty of Education Sciences at the same
university and attended different education degrees: Double degree in Infant
Education and Primary Education with a specialty in English, Bachelor’s
degree in Infant Education, and Bachelor’s degree in Primary Education.
Students answered the questionnaire by accessing their mobile devices
from the classroom and were all first-year initial teacher training students
from the Universitat Rovira i Virgili. Although not random, the sample is
representative of first-year pre-service students in our context, because
the gender, age and access distributions of the respondents matched the
national distribution of first-year student teachers in Catalan education
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(Generalitat de Catalunya, 2018). This process was part of a training activity
in which the students would analyze the results of the test to determine
what the factors of TDC are and their level of competence. The activity
was compulsory, and the questionnaire was filled in by all students who
were guided by teachers and given group feedback at the end of the test to
help them with the interpretation of the results. The procedure complied
with the current data protection regulations. Students were shown a short
text with the legal requirements, and they had to check a box to agree to
participate. They also had to fill in their name and ID number on the first
page of the questionnaire. To maintain the anonymity of respondents and
ensure data protection, this data was deleted from the database and changed
into “student n” identifiers.

The final sample consisted of 144 students (105 women and 39 men).
The age range of the sample was between 17 and 45 years, with an average
of 20.12 years and a standard deviation of 4.26. Of the total sample, 46
(23.4%) students had come from vocational education, 91 (46.2%) from
university entrance exams, 6 were mature students (over 25 years old), and
only 1 person had accessed through the exam for people over 45 years old.
Table 5 shows the average TDC dimensions and the standard deviation.

Instruments

COMDID-A measures student perceptions of their own TDC divided
into four factors: 1. Personal and professional, 2. Planning, organization
and management of DT spaces and resources; 3. Teaching curriculum and
methodology; 4. Relationships, ethics and security. The instrument consists
of 22 items on a Likert scale (1. Very Low to 10. Very High). Four levels of
competence were defined: Level 1: The teacher uses digital technologies as
facilitators and elements for improving the teaching process. Example: The
novice teacher or initial teacher trainee who includes digital technologies in
teaching processes. Level 2: The teacher uses digital technologies to improve
the teaching process flexibly and adapted to the educational context. Example:
The teacher with two or more years of experience who uses and manages
the technological resources and spaces of the classroom and the school and
adapts them to possible needs. Level 3: The teacher uses digital technologies
efficiently to improve students’ academic results, their educational action
and the quality of the school. Example: a teacher who is a model or leader at
the school in the use of digital technologies. Level 4: The teacher uses digital
technologies, researches how to use them to improve teaching processes and
draws conclusions to respond to the needs of the education system. Example:
a committed teacher who constantly reflects and systematically analyzes
their practice to discover new uses of technology in education and shares
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the results of their research in the professional networks with the intention
of generating knowledge. Demographic data such as age, gender, educational
level, current course and university was also collected.

Data Analysis

In order to answer the first research question (factor structure and
construct validity), a Principal Component Analysis (PCA) was performed
on the set of 22 observed variables or items to reduce the amount of data
and identify a group of 4 factors or dimensions. A Varimax rotation was
applied (since TDC factors are orthogonal, see table 3) following Hair and
colleagues (2014). This rotation method is better than others in terms of
simplifying the data columns of the Factor Matrix, so it provides a simplified
factor structure that is easier to understand. The sample size was sufficient
to drive the analysis (according to Hair and colleagues, there should be 5
observations per item, which means a minimum sample of 110 students for
our instrument). The internal consistency of each factor was also analyzed
using Cronbach’s alpha, and the second research question - relationships
between the dimensions of COMDID-A, and the variables age and gender
— was measured with Pearson’s correlation coefficient. Data analysis was
conducted with the statistical software SPSS (V22.0).

RESULTS
Psychometric properties and factorial structure of COMDID-A

According to the process of construction and theoretical validation of
the tool, we aim to confirm the structure of 4 dimensions with the use of
PCA. The sedimentation graph (Figure 1) indicates that four factors were
viable according to the fall contrast criterion (Cattell, 1966).

Figure 1
Sedimentation graph

TDC Factors
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The PCA shows that the sample suitability is very good: the Kaiser-
Meyer-Olkin (KMO) sampling adequacy index was .924 (see table 2). In the
sample of students used we found a total of four factors or dimensions.
Bartlett’s sphericity test ensures that if the critical level is greater than
.05, we cannot reject the null hypothesis of sphericity, and we adjust the
variables by means of the ideal factor analysis.

Table 1
Eigenvalues of the components extracted

Extraction Sums of  Extraction Sums of Squa-

Initial Eigenvalues Squared Loadings red Loadings (Rotation)

Compo- % cu- % cu- % cu-
nent Total %.Of Y8 mula- Total %.Of V8" mula-  Total %.Of Va8 ula-
riance tive riance tive riance five
1 12.1 54.9 54.8 12.1 54.9 549 4.13 18.8 18.8
2 1.39 6.31 61.2 139 6.31 61.2 4.04 18.4 37.2
3 .95 4.30 65.5 .95 4.30 65.5 3.85 17.5 54.7
4 .89 4.05 69.5 .89 4.05 69.5 3.27 14.9 69.5
5 .65 2.97 72.5
6 .65 2.95 75.5

The matrix obtained in the correlation analysis (with sample adjustment
coefficients for each variable) shows low correlation coefficients, which
again confirms that the PCA is adequate for the study variables. In addition,
the 4 factors explain 69.54% of the variance (above the 60% proposed by
Hair and colleagues (2014) with the first factor explaining 54% and the rest
more than 4% each). The eigenvalues of these 4 components are also greater
than .8, which complies with the most commonly used criterion: when
the percentage of total variance explained for each component reaches a
cumulative percentage that is considered high, usually about eighty percent,
the number of factors is sufficient.

Table 2
Statistics for the study of the sample suitability of the model

KMO and Bartlett test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 952

Bartlett’s Sphericity test Chi Square  2263.067
ol. 231
Sig. .000
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Interpretation of the components

To make interpretation easier, and as we have mentioned above, we
used Varimax rotation which converged in 8 iterations. This indicates that
the extraction was carried out by four components. As we have seen above,
we managed to obtain more than 69% of the explained variance with this
number of components. For a better understanding, table 3 shows the rotated
components that are already ordered by the factors (or dimensions) of our
instrument. We erased all the weights of the items that were not greater
than 0.45, again following the criterion quoted by Hair and colleagues
(2014), which specifies that for a sample between 120 and 150 people, this
is the minimum factor weight of the items included in a factor. To measure
internal reliability, we used Cronbach’s Alpha coefficient. Dimension 1 (6
items), Personal and professional, is highly reliable (o = .885). Dimension
2 (5 items), Planning, Organization, and Management of DT spaces and
resources, is also reliable (o = .889). Dimension 3 (5 items), Teaching
Curriculum and methodology, can be considered to be very good (o = .844),
and Dimension 4 (6 items), Relationships, ethics and security, is the most
reliable of all (o = .906). If we remove an item from any of the dimensions,
the value of this indicator decreases, so we used this composition for our
instrument. The total number of items is 22 and the total Cronbach Alpha
of the instrument is o = .896.

Analysis of correlations: age and gender

The students in the sample scored highest on D3. Relational aspects,
ethics and security, followed by D4. Personal and professional, and lowest
on the two pedagogical dimensions: D2. Planning, and D1. Didactics,
curriculum and methodology. There are, however, no significant differences
between the scales, and they all correlate positively and significantly with
each other (see table 4). To analyze the relationship between age and each
of the four TDC dimensions in the students in our sample, we calculated
the Pearson coefficient. The results show that the students’ age correlates
significantly with dimensions D2. Planning, organization and management
of digital technological resources and spaces, r (142) = -.29, p < .01; D4.
Personal and professional r (142) = -.33, p < .01, and D3. Relational, ethics
and security r (142) = -.25, p < .01. However, with D1. Didactics, curriculum
and methodology, it only correlates at the level p < .05, r (142)= -.21 (see
Table 4). All the correlations indicate a negative relationship; that is, that the
younger students are, the higher they self-evaluate their competence in TDC.
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Table 3
Rotated component matrix (Varimax). Extraction method: PCA. Rotation

converged in 8 iterations

2. Planning, organi-

4. Personal and zation and manage-

Professional =~ ment of DT spaces
and resources

1.Didactics, cu- 3. Relationships,
rriculum and  ethics and secu-
methodology rity

item

d4p2 768

d4p4 748

d4p6 692

d4p1 675

d3ps 628 .566
d2p3 718

d2p2 631

d4ps AT5 .596

d2ps .595

d4p3 505 .594

d3p2 566 486
dipé .400

dips 548 467

dip2 812

dipl 778

dip4 .668

dip3 .66

d2p1 443 445

d3p3 752
d3pl 679
d3p4 .578
d2p4 475

Finally, gender does not correlate significantly with any of the four
dimensions. This means that there are no gender differences in TDC in our
sample.
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Table 4
Pearson Correlations (* p < .05; **p <.01)

Scale M SD Age D1 D2 D3 D4
Age 20.1 4.26 1 -.206* -.334%* -250%* -.293%*
D1 71.0 12.6 1 .832%* 720%* 733%*
D2 72.0 12.4 1 770%* .802%**
D3 76.9 11.3 1 766%*
D4 75.7 11.7 1

DISCUSSION

This article aimed to study COMDID-A as a measure of the level of
TDC among initial teacher training students. The PCA and Cronbach Alpha
results are very good in terms of validity and show that this tool can now be
applied to other samples to continue with the external validation. They also
enable us to determine whether to include the items that do not have enough
weight in any of the four factors found. These factors are the same as those
defined by theory (Lazaro & Gisbert, 2015; Lazaro et al., 2018).

We shall now go on to discuss this part of the validity process per
dimension. For D1. Teaching curriculum and methodology, all the items
are within the theoretical dimension to which they were assigned in the
processes of instrument creation and validation by experts. However, item
1.5: “When teaching, I include the guidelines of the educational institution
for the integration of digital technologies in the classroom.” also scores
high on D2. This shows that student teachers believe that including these
guidelines in the programming has to be planned. Currently, COMDID-A is
being applied in several samples of in-service teachers in Catalonia to study
whether this item should be accepted or not. In D2. Planning, organization
and management, there are two items that were originally in D4. Item 4.5
“I train myself by doing activities related to digital technologies.” seems to
be understood as an organizational task rather than as an aspect of training
in itself. In fact, the components of DT organization and management can
be found as content in all teaching training activities. However, improving
TDC in permanent teacher training has become one of the priorities for the
professional development of practicing teachers (Redecker & Punie, 2017,
INTEF, 2017). We believe that placing the item in D4, which deals with
personal and professional development, is therefore justified. Item 4.3: “I
use digital technologies with students, and I am a reference for using digital
technology” seems to be understood by students as the organization and
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management of DT, rather than as a personal issue. This item is related
to the role of leadership and being a model. Fundamental in the teaching
profession (Torrance & Forde, 2017), it is closely connected to personal
abilities like communication, motivation, critical thinking, empathy, and
personal safety. However, taking on the responsibility of being a reference
or leader necessarily involves the ability to organize and manage digital
technological resources, which implies being a source of inspiration for
students (at the lowest level) and for colleagues (at a more advanced level),
and is part of teachers’ personal and professional development (Redecker &
Punie, 2017). Item 3.2. “I promote the access and use of digital technologies
by all students with the intention of compensating for inequalities” on D2
second as well as D3. The first part of this item has more weight than the
second. The guarantee of access to technology to all the students implicitly
involves digital inclusion and the compensating function of education
(Lazaro et al., 2015). Last but not least, item 2.4. “I follow the guidelines that
schools prepare for teachers on the use of digital technologies in teaching”
scored low on all dimensions. We believe that this item has to do with the
relational part of the school, which is why the highest factor is D3. The
item deals with the guidance and regulatory function of the documents of
educational institutions, which are part of their educational project and
autonomy (Generalitat de Catalunya, 2018). The scale D3. Relationship,
ethics and security has the lowest reliability, but according to Hair et al.
(2014) it is still very good. The first part of item 3.2 “I promote the access and
use of digital technologies by all students with the intention of compensating
for inequalities” has more weight than the second part.

Access to technology must be guaranteed as part of the compensatory
and regulatory function of inequalities that all schools and the education
system in general must have (Lazaro et al., 2015). This is closely connected to
D3. Finally, the scale D4. Personal and professional has the highest internal
reliability. However, there is one item (3.5: “T access the contents distributed
in different digital spaces of the educational center and comment on them
[blogs, virtual environments, social networks, etc.])” that should be in D3
but in the PCA analysis is, in fact in, D4. We believe that this is because
the personal part of social networks has more weight in this sentence. But
when the instrument was constructed, this item was placed in D3 because
the digital spaces of the educational center and their contents must be
an institutional strategy (frequency of publication, recipients, objectives,
communication strategy linked to projects, etc.) (Fundacié Jaume Bofill,
2016). We argue that item 3.5 should remain in D3 because we agree with
Marthese and Shu-Nu Chang (2017) that the responsible and ethical use of
technology can be modeled, discussed and practiced by teachers but they
need to be aware of DT and the new practices that they entail. Promoting
the use of the digital spaces of the center should be part of an institutional
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communication and visibility strategy towards the outside (European
Commission, 2018a). According to Marthese and Shu-Nu Chang (2017), the
responsible and ethical use of technology can be modeled, discussed and
practiced by teachers but they need to be aware of DT and the new practices
that they entail. Therefore, this indicator should be in D3.

We will now move on to study the correlation of age, gender and
university access with students’ TDC in order to answer our study’s second
question. In our sample, age correlates significantly and negatively with D2,
D4 and D3. The older the student, the lower the self-evaluation in three of
the four dimensions, and average values are high. This may be related to
the over-confidence with which future teachers approach DTs in general:
younger people use technology in a more natural way, which is one of the
characteristics of present-day students (Kumar & Vigil, 2011), and of self-
evaluation of TD in particular (Esteve, 2015). However, as reported by Roig
and colleagues (2015), there is another aspect of age that should be taken
into account: the number of years of teaching also correlates with factors
of TD use. This contrasts with Prensky’s (2001) postulates about digital
natives, according to which young people tend to use TD more and better.
In teaching practice, it seems clear that experience and age will determine
the awareness and sureness with which teachers naturally appropriate and
incorporate DTs (Area et al., 2016) into their daily activities. In agreement
with Vera et al. (2014), these results show that they have an acceptable
level of basic TDC, but do not have an acceptable level of applying DT to
teaching or of the digital strategies necessary for their own professional
development. This also coincides with Cabero (2013), who concludes that
teachers perceive that they are more than able to use DT in classrooms
because they know several Office applications for work in class. However,
they have little digital command of specific tools, for example, for designing
online activities to complement or support teaching processes. Therefore,
there is a need for specific training in these areas.

Gender does not correlate significantly with the self-perceived level of
TDC. Following Bjork and colleagues (2018), Maltese male teachers claimed
to be more confident in their use of DT than female teachers. Furthermore,
research has found that men tend to over-report their own DT skills (Hargittai
& Shafer 2006). This suggests that women judge themselves more strictly
than men. In our case it seems that they assess themselves in a similar way,
because in the teaching profession (non-university compulsory education
system) women have the same responsibility for their pupils as men do.
In addition, the women evaluated were trained in the use of DT. The more
experience women have in the use of DT, the more positive their attitudes
and self-confidence are (Teo, 2008). Even so, in their study on autonomy in
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learning, Fazey and Fazey (2001) found that gender was less relevant to the
self-perception of competence of first year university students.

Although we have reported one particular tool for the self-assessment of
TDC, the only way TDC can be measured and understood to be the complex
process that it is will be to use a wide variety of different tools This study
may help initial teacher training institutions by providing them with a valid
and reliable assessment tool that complements the information from the
curriculum and helps make proposals for reviewing and improving initial
teacher training curricula. Furthermore, action can be taken to improve
the training of future teachers on the basis of specific data obtained from
the self-evaluation process of each dimension. The results show that initial
teacher training should include strategies on how to manage information
from the Internet, how to search for and select information, and how to
communicate it to others (Spiteri & Rundgren, 2017). In order to accept the
new roles and ways of teaching, future teachers must reflect and adopt the
new models of teaching and learning.

CONCLUSIONS

In summary, COMDID-A is a valid and reliable instrument for
evaluating TDC in our sample. It is also valid and reliable in terms of ethics
and the replicability of the experience presented. In addition, implementing
COMDID-A in initial teacher training studies can help students to become
more aware about their learning through formative assessment. The
individual report that students receive immediately after they finish the
self-assessment questionnaire could be seen by the teacher as the starting
point for helping students to recognize their individual shortcomings and
orienting learning towards overcoming the main weak points detected by
the evaluation process.

To extend our study in the future, it would be interesting to use a
bigger sample, since although it was big enough to calculate the internal
reliability and validity of the instrument, running a confirmatory factor
analysis (CFA) requires a minimum of 500 responses. This would help us
evaluate the most debated items and enable the instrument to be applied to
curricula around Europe, and the external validity of the instrument to be
further explored. The instrument also needs to be studied in samples of in-
service teachers and in relation to other demographic information. It may be
interesting to continue studying causal models that would allow us to take a
step forward in terms of curricular design. As mentioned above, the process
of evaluating and developing TDC is complex and, as well as using the self-
evaluation tool reported, we shall also have to help and train students to use
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DC better and more accurately. This means that they have to be sufficiently
digitally competent to know how and when to use digital resources in their
teaching practice. The authors are already working in this direction with
the design of COMDID-C as a validated tool that evaluates TDC, helps
triangulate qualitative data from interviews, complements COMDID-A with
various other techniques (Lazaro et al., 2019) and relates TDC to the real use
of DT in the classroom. We believe that the work presented in this article
is a valid contribution to evaluating TDC in the context of initial teacher
training. Starting from certain subjects on the undergraduate curriculum,
training in TDC should envisage reflection on professional practice as a
fundamental part of the process. Formative assessment has a fundamental
role in the learning process of future teachers. This process of reflecting on
daily teaching experiences, as real or simulated problems involving the use
of DT, will allow teachers to improve their TDC (Carrera et al., 2019; Pozos
& Tejada, 2018).
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