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Abstract

Currently, there is a need to assess the impact of ICT educational policies in educational centres. In this study, the
level of digital competence of students is proposed as an indicator of the impact of these policies. However, there is an
international problem when it comes to measuring this competence due to its diversity and conceptual complexity. This
study presents a theoretical model of conceptualisation and systematisation of digital competence through various
constructs derived from the sociocultural approach (Command, Privileging, Appropriation and Reintegration). The
empirical validation of this model is the main purpose of this article. The sample of this study consists of 1,881 students
of primary and secondary education of the autonomous community of Andalusia (Spain). For the data collection, an ad
hoc questionnaire of 22 items is created. A statistical analysis based on structural equation model (SEM) is applied
using the SmartPLS 2.0 M3 programme. The results reveal that the theoretical model is valid and has a predictive
power (R*0.712 and 0°0.7087). To conclude, the validation of this theoretical model is a first step for the consideration
and creation of digital competence as an indicator of the impact of ICT educational policies.
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Introduction

Currently, there are different international organisations (European Commission, 2016; OECD, 2015;
ECLAC, 2010) that point out the need to achieve citizens' digital literacy. In this way, from the different
governments, different strategic political actions are generated, mainly in the field of education, to achieve
this purpose, which are called ICT education policies. Broadly speaking, these strategic policy guidelines
aim to make ICT become mediating tools for teaching-learning processes. That is, it is intended to ensure
that ICT are resources that are used for the personal and educational development of students. Along with the
generation of these policies, a line has been created to evaluate the effect and impact of these policies in
terms of the levels of implementation of digital technologies in educational contexts. This research line, of an
eminently evaluative nature, has arisen in parallel in different geographical regions during the last decade
(Area, 2010; De Pablos et al., 2010; Gonzalez, 2011).

According to Colas et al. (2015) and Conde et al. (2017), this line has been generating indicators to assess
the level of impact of ICT education policies in the different education systems. According to these authors,
depending on the indicators used to gather information on the application of these policies, there are different
studies that can be classified based on three underlying evaluative approaches at the macro-structural, meso-
structural and micro-structural levels. At the macro-structural level, the most external, there is an evaluative
approach of a descriptive nature that uses indicators that are visible and therefore directly measurable, such
as the public economic expenditure dedicated to the technological endowment, the number of hours that
teachers use ICT and the ratio of computers per subject. Then, at the meso-structural level, there are studies
that investigate the use practices of ICT tools and intend to interpret ICT integration and management
models in school contexts. Some indicators located at this level could be the types of practices generated in
the classrooms, the perceived usefulness of ICTs by educational agents and the attitudes of teachers and
students against the use of ICT, among others.

Finally, at the micro-structural level, an evaluative approach based on the internal changes generated in
the subjects is placed, and it would encompass indicators linked to emotional states or the level of
achievement of digital competence. At this level, the reference object is people, whose emotional states and
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learning are in turn a consequence of digital transformation driven by ICT policies. So in this study, the level
of digital competence of teachers and students is presented as an indicator of success of ICT education
policies (Colas et al., 2015, 2016a; Conde, 2017).

Specifically, digital competence is one of the key competences for lifelong learning that is included in any
international education system and is considered a transversal competence since it allows the acquisition of
others (European Commission, 2006, 2018). This crossed and multivariate nature is the origin of the existing
difficulty to conceptualise and systematise it (van Deursen & van Dijk, 2009; Sefton et al., 2009; Ala-Mutka,
2011). This difficulty is a handicap to design instruments to objectively measure digital competence (Zhong,
2011). Several international evaluation standards (ISTE, 2007; UNESCO, 2008, 2011; Ferrari, 2013) and
specific diagnostic tests (Claro et al., 2012, Gonzalez et al., 2012) have been created to measure the digital
competence of both students and teachers. The important work developed by the European Commission
(2017) in this regard should be noted, since it has allowed the development of different proposals to assess
key competences through ICT (Redecker & Johannessen, 2013, Redecker et al., 2012). However, despite all
these proposals, most of these proposals are based on theoretical models that have not been empirically
validated. For this reason, in this paper, we propose an empirically validated theoretical model of digital
competence conception from the sociocultural approach that allows it to be constituted as an indicator of the
impact of ICT education policies.

1.Digital competence from the sociocultural approach

Previous studies have proposed a conceptual model of digital competence from a sociocultural perspective
(Conde, 2017; Colas et al., 2016b). Having as a theoretical basis the Vygotskian sociocultural approach, a
comprehensive model of digital competence is constituted by transferring different constructs of this
approach: Command, Privileging, Appropriation and Reintegration (Vygotsky, 2000). However, why is this
approach selected as the model's foundation? The sociocultural approach has been considerably transferred
to the ICT field since digital technologies have been considered as artefacts or mediating tools besieged
between the interpsychological and intrapsychological processes that take place in teaching-learning
processes (Onrubia, 2005; Coll et al., 2010; Rossi, 2016). In this way, the aforementioned constructs are used
to break down the digital competence itself, thus linking to each construct a series of skills, attitudes and
values that together make up the digital competence.

To begin with, first, digital competence includes a set of basic instrumental skills and abilities, related to
the access and management of ICT at the user's basic level, which demonstrate knowledge and technical
application of them. This technical and instrumental level is explained through the sociocultural construct of
Command, which corresponds to the uses that people develop through mediating instruments, as a result of
adapting to different environments or contexts (De Pablos et al., 1999). Thus, according to Colas et al.
(2005), the Command requires the acquisition of elementary instrumental skills, but these skills can be
perfected through the formative processes.

Second, digital competence contains knowledge, skills, values and even attitudes, which imply that ICTs
are prioritised over other tools and resources to respond to personal development needs. This is where the
sociocultural construct of Privileging makes its appearance. It is the people themselves who decide which of
the cultural tools that surround them are the most appropriate to achieve a purpose in a given context
(Wertsch, 1994). Therefore, Privileging refers to an implicit decision-making process to determine which is
the most appropriate tool for each situation (Conde, 2017). According to Colas (2006), in the field of
educational technology, this construct manifests itself when people prefer to use certain technological tools,
and not others, of a different nature to respond to their school activities, that is, between a wide variety of
tools that surround them, the student body or the teacher prioritises ICT in front of other tools to solve their
tasks.

Next, and third, digital competence also consists of skills and abilities that show that subjects use ICT to
interpret their reality and develop their personal potential, that is, people begin to act according to their
immersion in a digital culture, which has a specific mode of operation. In this way, a process of raising
awareness about what they must learn to master, manage and control ICT based on that culture begins. This
is where the sociocultural construct of the Appropriation is located, which is forged as the process in which
subjects seize something, internalise it and make it their own (Wertsch, 1994). According to Conde (2017),
there is therefore a cultural appropriation, which goes beyond the technical and instrumental dimension,
linked to the Command construct.
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Finally, digital competence includes a final stage in which the skills and technological attitudes related to
the construction and creation of new things through ICT are included. This last aspect is explained through
the sociocultural construct of Reintegration and that, according to De Pablos (2003), involves the transfer of
valid cultural devices or tools that work in certain contexts or environments to completely different ones. In
this sense, it would imply a translation of specific uses of ICT to other contexts for which they were not
primarily envisioned. According to Conde (2017), this creative process must be understood as long as it is
linked to unprecedented innovative practices carried out with ICT, which have not been done before and
have, if possible, impact and social projection. That is, the expansive and divergent potentials of the ICT
tools that surround us must be used to transform and change our current world.

On the other hand, these levels of disaggregation of the digital competence should not be considered as
chronological stages in the development of digital competence, that is, as levels that must be overcome to
move on to the next. Although it is logical to think that the process of development of competence would
respond to this sequential internal logic, however, it is unrealistic based on the complexity and diversity of
the educational reality, since there could be subjects who only dominated an ICT tool, but they will develop
an activity with an important social projection, which is why it would be at the basic level of Command and
Reintegration. So the combinatorial possibilities offered by this model can be as diverse as the use of ICTs
by the subjects. Fig. 1 presents the conceptual model of digital competence whose validation is the purpose
of this article.

Command

Digital

Reintegration

Privileging
Competence

Appropriation

Fig. 1 Theoretical model of understanding of digital competence from the sociocultural approach
Source: Conde (2017) and Colas et al. (2016b)

This conceptualisation and systematisation of digital competence from the sociocultural approach is
presented as a first step for the constitution of it as an indicator of the success of ICT education policies in
school contexts. The next step corresponds to the empirical validation of said indicator and that, as stated
earlier, constitutes the purpose of this article.

2. Methodology

This study, of a quantitative nature, is of an ex post facto, transversal and causal type since it aims to
determine the empirical validity of a theoretical model of digital competence from a sociocultural
perspective, to consider it as an indicator of the success of ICT education policies. It has a double objective:
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1) to explore the validity of a theoretical model proposed to conceptualise the digital competence and 2) to
determine the goodness of its structural adjustment. Four hypotheses are established (see Fig. 2) to be tested:
H1: The Domain level influences the global level of digital competence; H2: the Privilege level influences
the global level of digital competence; H3: the level of Ownership influences the global level of digital
competence and H4: the level of Reintegration influences the global level of digital competence.

Command

Privileging

/" Digital N

[ Competence !

H; 5 \ (global) ’
~ e

Appropriation

Reintegration

Fig. 2 Initial hypotheses derived from the model

2.1.8Sample

The population under study comprises all students enrolled in the Autonomous Community of Andalusia
(Spain), which according to the Statistics and Cartography Unit (2015¢c, 2015d) on the School Pupils in the
Andalusian Educational System during the 2014-2015 academic year are 446,482 students in primary
education and 281,920 students in secondary education, constituting a total population of 728,402 subjects.
To determine the participant sample, the simple random sampling formula nZ2*p*qg/e2 for very large
samples is applied, where nnumber of elements of the sample, P/Qprobabilities with which the phenomenon
occurs, Z2critical value corresponding to the chosen confidence level (sigma value, ) and emargin of error or
inaccuracy allowed. Thus, the sample of the study is specified in 1,881 students of compulsory education.
This sample is representative of the population, within a confidence interval of 99.7% (3), where the
presumable values of P and Q are 1% and 99%, respectively, and an error limit of 0.68% is used. Until the
number of students in the sample was complete, the participating students were selected because they
belonged to educational centres in the Province of Seville (Andalusia, Spain), which had extensive
experience and a consolidated trajectory in educational policies of technological immersion.

To guarantee the cognitive validity of the questionnaires, that is, for the students to understand the
meaning of all the items on the scale, the data collection was done in person so that one researcher could
explain and clarify each of them. This is fundamental for students of the primary school. However, from the
secondary stage, the students would have to understand the items raised in the questionnaire.

Among the sociological characteristics of the sample, it is indicated that the participating students have an
average age of 12.28 years (SD2.222). The age range is from a minimum of 7 years to a maximum of
17 years. Regarding gender, the distribution of the sample is quite equal, since 51% of men and 49% of
women participate. In addition, 47% of students are enrolled in primary education and 53% are enrolled in
secondary education.

2.2 Instrument

For this research, an ad hoc questionnaire is created in which, in addition to the collection of sociological
data previously exposed in the sample, four scales are included linked to each of the sociocultural constructs:
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Command, Privileging, Appropriation and Reintegration. For the elaboration of the items that integrate them,
we resort to the digital literacy model (DigEULIit) of Martin & Grudziecki (2006) and digital competence,
developed within the European framework project DIGCOMP (Ala-Mutka, 2011; Ferrari, 2013; Carretero,
Vuorikari & Punie, 2017).

So the specific formulation of the items is based on the proposal of Ala-Mutka (2011) who formulated
items linked to digital competence and grouped them into different levels: a) Level 1: items related to
instrumental skills and knowledge are included; b) Level 2: items linked to advanced skills and knowledge
are proposed (media application, strategic and personal objectives) and, finally, c) Level 3: items linked to
attitudes for skills and knowledge application are proposed (p. 47). Based on the formulation of the items
elaborated in that study, the items of our scales were formulated. Furthermore, it has also been considered
the digital literacy model (divided into three stages: digital competence, digital usage and digital
transformation) proposed by Martin & Grudziecki (2006). For reasons of space, it is not possible to break
down the entire process of elaboration of the items; it is recommended to review previous works of the
author (Conde, 2017; Colas et al., 2016). It is important to clarify that although these two proposals made
comprehensive frameworks, they lacked a psychopedagogical approach that supported their proposals.

For this reason, a model of understanding based on the Vygotskian sociocultural approach is created,
which systematises the items based on constructs derived from this approach. So the items correspond to a
series of actions and respective uses to ICT. According to Conde (2017), the elaboration of these items is
based on the premises of the theory of activity (Leontiev, 1971), since each item corresponds to an external
action that subjects can do in relation to their applications of ICT, whose realisation would reflect their level
of digital competence.

Next, in Fig. 3, the 22 items that make up the questionnaire are exposed, which are linked to each of the
constructs of the sociocultural approach used for the breakdown of digital competence.

Scale 1. Command
Item 1 You know and use basic digital equipment

Item 2 You know and handle different programs to do specific tasks

Item 3 You access and use different digital platforms

Item 4 You create and store digital content

Item 5 You locate, process and organize information through hyperlinks

Item 6 You know legal and ethical 1ssues about digital media

Scale 2. Privileging
Item 7 You analyze and search for content on the internet

Item 8 You care about the source from which the contents come

Item 9 You find relevant options for your personal leaming

Item 10 | You find relevant options for your professional leaming

Item 11 | You recognize the value of the diversity offered by the internet

Item 12 | You use your computer to do things you couldn’t do with any other means

Item 13 | You recognize the value that both digital and traditional tools brning

Scale 3. Appropriation
Item 14 | You treat people in the same way when you are on the Internet as in real life

Item 15 | You don't interact with people you do not know

Item 16 | You don't share data or passwords with anyone

Item 17 | You can do and create new things with computers

Item 18 | You use the computer to leam by yourself

Scale 4. Reintegration
Item 19 | You have accounts in some digital platform

Item 20 | You parucipate and’or collaborate in a network

Item 21 | You exchange and download things that you like online

Item 22 | You communicate and express yourself through the media

Fig. 3 Scales of the Digital Competency Questionnaire from the sociocultural approach
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Each of these items is measured using a Likert scale, which ranges from 1 to 5, with 1 corresponding to
nothing, 2 to little, 3 to somewhat, 4 to rather and 5 to much. To determine the level of digital competence of
the subjects, the average value of all the items is calculated, which is also interpreted according to this scale.

The global questionnaire has good reliability or internal consistency, since a Cronbach's alpha value equal
to 0.935 is obtained.

2.3. Data analysis

To answer our objectives of exploring the validity of a theoretical model proposed for the
conceptualisation and systematisation of digital competence and determining the goodness of structural
adjustment, a statistical analysis based on partial least squares (PLS) is applied (structural equation model
[SEM]). For the evaluation of the structural model, the path and R squared (R2) coefficients are analysed to
determine the predictive value of the model. To determine if the hypotheses of the model are supported at the
statistical level, the bootstrapping technique is applied, which offers the standard error (STERR) and the t-
values of the parameters (T statistics), being analysed within a confidence interval of 95%. Finally, to know
the degree of the predictive quality of the model, the Q square (Q2) value is analysed. The SmartPLS 2.0 M3
scientific software is used (Chin, 2004).

3. Results

To begin with, the data shown in Fig. 4 offers a first overview of the proposed theoretical relationships
between the different sociocultural constructs and the global level of digital competence. All the path
coefficients (p, values of the relation) are above 0.2, minimum recommended by Chin (1998). The R Square
values (R2) are above 0.1, which is the minimum value proposed to be statistically significant in terms of
their predictive value (Falk & Miller, 1992). These coefficients of determination identify the variance
explained, that is, how well the regression model PLS predicts the test data.

Command

Privileging

’ Digital AN
p=0246 | Competence 1 R=0.712
(globa) )’

'

Appropriation

Reintegration

Fig. 4 Results of the evaluation of the structural model

In this way, the obtained R2 values indicate that in our model, digital competence is explained by 20.69%
by the Command, 27.40% by Privileging, 12.79% by the Appropriation and 10.94% by the Reintegration
(see Figure 4). So the values of the explained variance (p*r, where r is the correlation) are above the
minimum 1.5% recommended by Falk & Miller (1992), with which it can be said that the values of the
predictor variables are significant. This analysis reveals that it is the skills, values and attitudes linked to
Privilege that most predict digital competence in school contexts. The path coefficients are positive, and all
are above 0.2, which indicates good intensity in the relationships. In addition, these coefficients are positive,
which indicates that the address assigned to the relationship hypotheses has been correct.
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To determine the consistency of the proposed model, that is, if the hypotheses proposed in this study are
supported empirically (Fig. 2), we proceed to assess the precision and stability of the obtained estimates (for
which the bootstrapping technique is applied), which offers the standard error (STERR) and the t values of
the parameters (t-statistics). The results obtained are given in Table 1.

Table 1. Results of the contrasts of posed hypotheses.

(Sst?édsg; error t-statistics (|O/STERR]) g;’gg?ﬁi‘;:gg)"theSis (level
H: CommandDigital Competence 0.0697 5.0797 Yes***
H,: PrivilegingDigital Competence 0.059 7.2115 Yes***
Hs: AppropriationDigital Competence 0.0761 2.7886 Yes**
H,: ReintegrationDigital Competence 0.0684 3.5955 Yes***

Reference values are taken to measure significance: *p0.05, **p 0.01 and ***p0.001 (based on a Student's t (499)
distribution of a tail) and (0.05; 499)1.964726835, 1(0.01; 499)2.585711627 and t(0.001; 499)3.310124157 (Miro, Leal,
Cepeda & Miro, 2010).

The results obtained in the contrasts of hypotheses indicate that yes are confirmed all hypotheses raised in
the study. To complement the previous results, the confidence intervals are presented to confirm that the
results obtained in these contrasts are not due to chance. If the values obtained using the bootstrapping
technique for the 500 samples, at a confidence level of 95%, are above zero, it can be affirmed that, with
95% confidence, the relationships raised in the hypotheses are positive. As shown in Table 2, in our model,
all the values are above zero, so this premise is met; that is, in the established relationships, there is no room
for chance.

Table 2. Intervals of confidence at 95%.

Percentile H, H. Hs Hy
Lower 2.5% 0.20829 0.3241975 0.0644525 0.0991725
Higher 97.5% 0.4720075 0.5557075 0.350325 0.3691925

Finally, as an indicator of the degree of the predictive quality of this model, the Q2 value is analysed,
which for a model to have predictive quality must be greater than zero. The latent variables of our model are
reflective; if we observe the Q2 value of the dependent variable (global digital competency level), it is higher
than zero (see Table 3), thus determining that our evaluative model has predictive quality.

Table 3. Q? values (cross-validated redundancy).

Total SSO SSE Q*1-SSE/SSO

Digital competence (global) 1882 548.2055 0.7087

Conclusions

In this way, each of the hypotheses proposed in this study is confirmed, confirming the validity of the
proposed theoretical model of the conception of digital competence from the sociocultural approach. That is,
the model designed and validated through structural equations is of quality and has predictive power. The
validation of this explanatory model allows us to have a more complex and profound view of the set of
dimensions that are activated in relation to digital competence in educational contexts, which allows the
conception of it as a good indicator to measure the impact of ICT education policies.

This type of study is necessary to begin to consider digital competence as an indicator of the impact of
such ICT education policies in their own educational contexts. As mentioned earlier, this indicator is at the
micro level, as it evaluates the internal levels of digital competence of the educational agents (students and
teachers), as a consequence of the internalisation of the digital culture, driven by the ICT policies themselves
(Conde, 2017).
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This contribution aims to present digital competence as an indicator, based on a powerful theoretical
model (sociocultural approach) that is validated empirically, although based on perceptions of students and
teachers in educational contexts. However, although the measurement is based on the perceptions of the
subjects, the proposed model is valid empirically, opting for the use of structural equations, and is a
statistically robust technique.

On the other hand, one of the first research questions that would result from this study would be “How do
teachers and students perceive the level of digital competence of students?”. Among some partial results
presented at the Sirem Conference 2018 (Language and Digital Animation School. Territory. University,
celebrated in Bologna), students of Spanish schools perceive to have higher levels of digital competence than
those perceived by their own teachers (Conde, 2017; Conde, 2018). That is, students perceive themselves as
having a medium-high level of digital competence, while teachers consider their students to have a medium
level. In addition, teachers perceive themselves as more competent than their students, which would take us
to rethink the roles established by Prensky (2009) in relation to digital immigrants (teachers) and digital
natives (students). It seems that the conception of digital competence in school contexts is different from the
social one, which coincides with previous studies carried out by Sefton et al. (2009).
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