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Digital capacity

SELFIE is a tool of the European Commission designed to support schools in developing their digital capacity.
Schools across Europe have used SELFIE as a diagnostic tool. However, participating schools expressed a need for
external guidance in the implementation of digital education transformation, including the exchange of expertise
and inspiring practices with other educational centers. In this research we explore what are the key factors in the
creation of collaborative networks between teachers. As a case study, we focus on the first steps of building a
network of schools to promote digital education in Cantabria (northern Spain). With the participation of 11
schools, we conducted 22 interviews and 2 focus groups to analyze the learning environments of the teaching
staff, the personal collaboration networks in the professional field, and the factors perceived as relevant in the
design of the digital action plan of each school. The results showed the existence of teachers in each school who
were pioneers in the digitization process and who acted as intermediaries both with the public educational
administration and with teachers from other schools. During the interviews with these pioneers, we evaluated
their personal networks as well as the factors they deem significant for an effective digital transformation. The
results were contrasted in a public forum in which 120 teachers participated. Based on these results, we discuss
how the creation of a network of key actors could contribute in developing the digital capacity of schools in the
region.

Introduction competence in Education in the north of Spain.

Digital technologies can contribute to a transformation of the

Digital technologies have been widely adopted in European schools,
opening up new possibilities for education. They are usually seen as a
catalyst for innovation and are expected to contribute to the enhance-
ment of teaching and learning. However, digitalization is a complex
process affecting all aspects of schools’ operation which extend beyond
pedagogical practice and infrastructure [1]. Along with the develop-
ment of the digital competence of both teachers and students, it also
entails rethinking the pedagogical models used and the related teaching
and learning practices. That is why it is usually a long-term process in
which it is essential to consider institutional, organizational, and per-
sonal factors that make educational change possible. In this study, we
explore the potential of personal networks across the three levels
mentioned above (institutional, organizational, personal) to enable
digital transformation in schools. To this end, we monitored an initiative
to launch a regional network of schools for the development of digital
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educational environment [2-4]. On the one hand, digital innovation has
demonstrated its ability to complement, enrich and transform educa-
tion, while also having the potential to accelerate progress towards
Sustainable Development Goal 4 (SDG 4) for education, facilitating
universal access to learning [5]. Digital technologies also help develop
the skills that students’ professional performance will require, such as
problem solving, creating thought structures, and understanding pro-
cesses [6].

This paper begins by providing a synthesis of the literature on
collaborative networks between schools, paying special attention to the
characteristics of those initiatives that were found to be particularly
effective. We start from a metaphorical definition of the term "school
network", widely extended in the educational context, to propose an
operational definition based on social network analysis. Next, we pre-
sent SELFIE, the tool which the schools participating in our research
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used to reflect on their digital capacity and design a digital strategy.
Finally, we present the methodology and results of a pilot action-
research experience to build a network of schools focused on the
design and implementation of regional digital action plans in Cantabria,
Northern Spain.

Collaboration between schools

School networks consist of a set of educational organizations that
collaborate for the same purpose over a defined period of time [7]. In
some cases, they are formed by a group of schools that collaborate
informally and work together around a topic of common interest. In
other cases, they take the form of a federation or consortium, consti-
tuting a formal structure for the fulfillment of their goals. They can also
be integrated into community coalitions with a greater diversity of ac-
tors. The networks may arise following bottom-up dynamics, initiated
within the schools themselves, and/or may be driven by top-down
forces, when promoted by governments or other external entities.

Collaboration between schools facilitates the sharing of expertise and
exchange of experiences, contributes to the dissemination of best prac-
tices, promotes consistent action between different centers and, in
general, enables efficient use of available resources [8]. School networks
have been found to make better use of their organizational capabilities
to improve teaching practices and student learning outcomes [9].
Furthermore, collaboration between colleagues from different schools
benefits the professional development of teachers, while making more
efficient use of available material and human resources [10-12].
Teachers also mention having developed a wide array of interpersonal
skills, such as communication, cooperation and better time manage-
ment, but also finding opportunities to be creative, to develop their own
ideas and learn to learn through intercultural collaboration [13].

The effectiveness of networks largely depends on the quality of
collaboration between the schools that constitute them. Leadership,
sharing of resources, and the continued commitment of the participants
are requirements for their proper functioning. More specifically, the
interaction between teachers is a key factor in obtaining positive results.
While it is typically teachers that tend to be the main component for
such networks, the support of school leaders is imperative.! This can
take the form of direct participation in the formal school improvement
plans, as well as engagement and appointment of specific people to
monitor progress, financial support and recognition in teacher ap-
praisals [14]. School networks also have more impact when they are
institutionalized or driven by local government, they last for at least two
years, and connect the highest-performing schools with those facing the
greatest educational difficulties [7].

A networked approach to collaboration between schools

The term "school networks" is often used metaphorically, without an
operational analysis of the structure and function of sustained collabo-
ration between schools and/or teachers. However, social network
analysis offers the possibility of systematically examining the structure
of relationships between students, as well as the exchanges of advice and
social support that occur between educators in schools [15]. It also al-
lows the analysis of cooperation and knowledge sharing between
schools: that is, at an interorganizational level [16]. With this approach,
the degree of structural cohesion, the centrality of individual actors, the
formation of groups and the role of the different stakeholders, which are
the constituting elements of a given social system, can be empirically
evaluated [17].

Second, network analysis can also be used to inform the design of
interventions [18]. Network-based strategies are especially effective for

1 The adoption of transformative forms of leadership favors the combination
of bottom-up change processes together with the development of activities
previously designed and adjusted to the teaching needs [57]".
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selecting and matching participants in preventive programs, using pre-
vious quantitative data [19]. Among other actions with a positive
impact, relational indicators (i.e., how respondents relate to one
another) have been used to identify opinion leaders, implement peer
education programs, and interrupt negative relationships in risk groups.

A large part of the applications of network analysis have focused on
interpersonal relationships, between teachers. Specifically, the analysis of
whole networks has been used to show that the collaboration and ex-
change of educational materials between teachers depend on the exis-
tence of previous relationships and the individual characteristics of the
teaching staff [20-23]. In turn, these exchanges influence teaching
practices. For example, a greater density in collaborative networks fa-
cilitates the adoption of inclusive practices in schools with students who
have special needs [24]. Exchanges can also focus on the interpretation
of student performance data and subsequent follow-up [25], which can
contribute to improving learning outcomes [26]. These types of ex-
changes are especially beneficial for novice teachers, who develop
competencies when they participate in the negotiation of their educa-
tional ideas [27], and when they receive advice from expert teachers
[28].

There is another category of social network applications which have
been developed at the individual level. Personal networks have been used
to describe the social support of novice teachers in their first year as
teachers, as they struggle to position themselves in the school and
develop contacts with more experienced colleagues [29-31]. Similar
results have been observed throughout the professional life of teachers
[32] but also with second career teachers, where professional networks
have contributed on their socialization and development of social cap-
ital [33].

The analysis of relationships between schools is less common and still
has enormous potential for development ahead.

School networks for digital competence: a case study of the SELFIE project

The Human Capital and Employment unit of the Joint Research
center (JRC.B.4) in collaboration with the Directorate General for Ed-
ucation and Culture (DG EAC) of the European Commission have
developed the SELFIE tool (henceforth SELFIE). SELFIE is designed to
support schools to reflect on their readiness to engage in digital edu-
cation and to identify ways of improving it. Through a set of questions
using Likert-type scales, based on the “European Framework for Digi-
tally Competent Educational Organisations” [34], schools can identify
the strong and weak points in the use of digital technologies. Since its
official launch on October 25, 2018, more than 4 million users have used
the SELFIE platform (until February 2023). This represents coverage of
more than 29,000 schools in a total of 88 countries.

Previous research has shown the benefits of adopting the SELFIE
tool, with an equalizing effect on the adoption of digital technologies
[35]. In regions where SELFIE is not part of broader institutional in-
terventions, schools with lower levels of digital readiness and ability
were more likely to use the tool, suggesting that the motivation to
improve digital skills outweighs other inhibitory factors from the orga-
nizational and institutional context.

In order to participate in SELFIE, schools are recommended to
designate an Information and Communication Technologies (ICT)
coordinator, who is responsible for setting up the SELFIE exercise (i. e.
the completion of the questionnaire) and make it available to the school
leaders, teachers and students. When all participants have provided
their responses, SELFIE generates a response with aggregate results
which then becomes the basis for collective reflection and discussion.
The next step for the school is to design an action plan for the devel-
opment of its digital capacity. In a recent impact assessment study of
SELFIE, participating teachers and school leaders have frequently
expressed the need for support in the interpretation of the SELFIE results
captures in the report, but also for designing the action plan for the
digital development of their school [36]. SELFIE is not a benchmarking
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tool and, therefore, the rationale behind setting up a network would not
be to focus on the SELFIE scores but on the development objectives of
the schools based on their digital expertise (where they are already
advanced with digital capacity and how they can improve).

The creation of a network of schools was put together aiming to
support schools to make the most of their collective reflection and take
action after the SELFIE report and after identifying their developmental
goals. It is worth noting here that the mere involvement of teachers in
professional networks is strongly correlated with the adoption of digital
innovations [37]. A network of schools is explored in this study as a
context to empower schools to take an active role not simply in the
development of the digital capacity of their school but also in the
implementation of national and EU policies on digital Education. Spe-
cifically, at a European level, the new Digital Education Action Plan
(2021-2027), emphasizes the importance of a digital strategy for
educational institutions in the context of the broader initiative “A
Europe fit for the Digital Age” . It was mentioned earlier that the
schools participating in the study were all from the autonomous com-
munity of Cantabria in Spain. In this region, the digital transformation in
schools is promoted through the initiative “DeCoDe Cantabria" which is
the Plan for the Development of Digital Competence in Education pro-
moted by the government of Cantabria in the schools of the Autonomous
Community. The coverage of the plan extends to 280 educational cen-
ters and the proposed objective is for each school to develop its own
Digital Action Plan, which will be included in the center’s educational
project.

This study

Collaboration among teachers from different schools, or more
generally among staff members from different educational institutions,
can be an enabler of digitalization processes. Information exchange,
technical assistance, and social support can play a key role in the design
and implementation of schools’ digital action plans. Indeed, teacher
collaboration contributes to the development of digital capabilities. In
this study, we developed a pilot action-research experience with a small
selection of schools in the Autonomous Community of Cantabria with
the aim of (a) determining which factors have a significant influence on
the creation and maintenance of school networks, and (b) examining
what characteristics of such networks can contribute positively to the
development of the digital capacity of the participating schools.

Methods
Participants

Interviews were conducted with informants from 11 schools in the
region of Cantabria (northern Spain). Two different interviews were
conducted with each of them, with a total cumulative time of approxi-
mately 27 h. In the study participated six public elementary schools,
three public high schools and two "colegios concertados" (privately-
owned but state-funded primary and secondary schools) both from rural
(n = 5) and urban (n = 6) areas. From the eleven schools four co-
ordinators of the DeCoDE program,’ four ICT coordinators and three
members of the leadership team of the schools participated. Seven re-
spondents were women and four were men.

The territory of Cantabria is eminently rural. There is a clear

2 See: European Commission. ‘Digital Education Action Plan 2021-2027:
Resetting Education and Training for the Digital Age’, 2020. https://ec.
europa.eu/education/education-in-the-eu/digital-education-action-plan_en.

See also:  https://education.ec.europa.eu/focus-topics/digital-education/
about/digital-education-action-plan

3 A program of the Cantabrian region to promote the digitalization of
educational centers.
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predominance of agricultural activities and natural areas, while most of
its municipalities have less than 2000 inhabitants [38]. Indeed, 60
percent of the municipalities are located in "mountain areas", according
to the classification of the European Commission [39]. More than half of
the municipalities have a population density below 50 inhabitants per
square kilometer. Hence, the provision of ICT infrastructures is deemed
particularly important in these geographically remote areas, where it
can also play a key role in helping prevent rural depopulation.
Furthermore, the prevalence of small schools with highly cohesive staff
predisposes them positively to embrace digital innovations and makes
them perceive a direct benefit when they are provided with new ICT
equipment and infrastructures.

The 11 schools had made use of the SELFIE tool with high levels of
participation among both teachers and students. In general, the SELFIE
exercise served as a kind of needs analysis that allowed schools to take
informed decisions and identify their goals for their digital develop-
ment. With few exceptions, the participants generally considered their
schools well-equipped regarding technological infrastructures but
emphasized the need to improve the training of teachers so as to make
better use of the digital resources already available. Participants from
several schools, staff identified the low level of digital competence
among students’ families as a major barrier, while students’ responses to
SELFIE sometimes suggested minimal pedagogical innovation around
the adoption of digital tools (e. g. scarce interactive use of digital tools in
class). Consequently, respondents mentioned the need to offer comple-
mentary support at home and to improve the pedagogical integration of
ICTs in the classroom. As a rule, they consider that SELFIE allowed them
to realize what are the needs that they must work on.

Procedure

The schools selected to participate in the study belonged to the same
regional government (i. e. that of Cantabria) which means that they
operated under the same digital education policy, and were heteroge-
neous in terms of school development goals, digital expertise, type (i. e.
privately-owned or public) and context (i. e. rural vs. urban, deprived vs
affluent areas). Diversity in team composition seems to improve per-
formance and learning capability [40]. A call for the participation in the
development of an experimental network around SELFIE, was circulated
by the Regional Ministry of Education and Vocational Training of the
Government of Cantabria among the 65 schools participating in the
piloting phase of the DeCoDE plan.” The call for expression of interest
requested that the schools indicate the SELFIE areas in which they
wanted to improve as well as the areas in which they had more expe-
rience and could support other schools. Based on that information, a
selection was made to try to cover as many areas as possible. Schools
participated voluntarily.

A reflective action-research process was followed in three successive
steps. The first step focused on individuals from each of the 11 partici-
pating schools and involved the construction of the “personal innovation
and learning environment” using a personal network analysis technique.
In this step were also addressed the digital competences and the
development plan of the school. After the individual phase, we orga-
nized working sessions with all participants both online and face-to-face.
In these sessions, we focused on analyzing collaboration networks taking
the point of view of schools as a whole. The discussion of these sessions
involved also challenges in the implementation of the digital action plan
and ways of overcoming them. During the first half of the online

4 "DeCoDe Cantabria" is the Plan for the Development of Digital Competence
in Education devised and promoted by the government of Cantabria in the
schools of the Autonomous Community. The coverage of the plan extends to
280 educational centers and the proposed objective is for each school to
develop its own Digital Action Plan, which will be included in the center’s
educational project.
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meeting, we carried out a participatory evaluation of innovation net-
works in digital practices. During the second half, we applied a struc-
tured feedback technique on the characteristics of personal networks.
The third and final step involved a face-to-face public forum with rep-
resentatives of the schools from Cantabria, in which we discussed the
results of the two previous phases and the participants identified a list of
recommendations for the creation of a school network around the
development of schools’ digital capacity.

In parallel, we prepared a "Guide for the design of school networks".
According to the literature review, the creation of school networks is a
medium- and long-term process, in which it is convenient to have the
support of the administration (in this case of the regional ministry of
education) and it is important to take into account the organizational
aspects of the schools. Furthermore, for the creation of such a school
networks other critical factors include the leadership model, the
educational project (or "school plan"), the ICT coordinators in each
school and the teacher training centers.” It is also recommendable to use
a defined territorial framework and link school networks with pre-
existing community coalitions. The design of the guide was based on
best practices selected from a systematic review of the literature and an
iterative process of revision with the teaching staff.

The iterative analysis of the information, with successive interviews
with a small group of participants, improved the validity and reliability
of the information obtained. On the one hand, the second interview
served to confirm some of the interpretations made by the research team
after the first contact with the participants. On the other hand, the
visualization of the personal network introduced the possibility of
reflecting with the interviewees on the information that they had pro-
vided in the first interview.

Therefore, in the development of the research, the principles pro-
posed by Small and Calarco [41] were followed to collect quality in-
formation in qualitative studies, namely: empathy with the population
under study, specification of the empirical evidence provided, search for
heterogeneity in the participants, inductive follow-up of the information
obtained and awareness of the relationship between the researcher and
the researched. Triangulation strategies were also implemented in the
data, the information collection methods, the participants and the re-
searchers [42].

Research instruments

The research instruments used in each of the three phases are sum-
marized in Table 1, following a two-step sequence at the individual, and
between school levels.

Personal networks

To describe the personal learning and innovation environments,® a
technique was applied that combines (a) the generation of square
matrices of relationships with (b) the analysis of the activities that the
respondents carry out with their group of interpersonal contacts in the
workplace [43]. First, each teacher was asked to provide a list of 30
people with whom she had an ongoing relationship in the course of her
work at the school. Next, they completed a relationship matrix among

5 In Spain, the territorial Teaching Centers are public centers dependent on
the Department responsible for non-university education, in charge of pro-
moting, planning, innovation and educational research, as well as promoting
the development of teacher training in the region where they act (usually,
Autonomous Communities).

% In this study we use the term “personal learning environment” applied to
teachers: specifically, we evaluate the set of tools, people or resources that they
use to incorporate technologies into their teaching practice. On the other hand,
“organizational learning environments” refer to the strategies and means of
organizational learning: that is, what are the resources organizations use to
obtain new knowledge and adapt to a changing environment.
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Table 1

Instruments used in each research phase.
Phase Instruments Description
Individual Personal network  First interview

analysis - Name generator to get a list of 30
contacts.

- Matrix of relations between actors.
Second interview

- Structured feedback on the personal
network.

- Analysis of digital practices associated
with each contact.

- Use of network visualization as a group
self-assessment exercise.

- Identification of key factors in the
construction of networks between
schools.

- Open discussion on strengths,
weaknesses, and priority action strategies
for the digitalization of schools.

Between schools
(online)

Netmap
Netmirror

Between schools Public forum

(face-to-face)

the 30 actors, in which for each dyad they indicated the level of rela-
tionship they had with each other, from 0 (“they do not know each
other”) to 3 (“they are friends”). In a second interview, the research
team presented to each participant the resulting visualization of their
personal networks. Through a semi-structured interview, they were
asked to describe their personal networks and to indicate which digital
practices they enacted in interaction with each of the actors in their
network (i. e. each alter). This makes it possible to place everyone
involved in the adoption of digital practices (which are usually a small
number of contacts) into the context of the (wider) personal network.

Group sessions

With five of the participants in the individual interviews, a three-
hour meeting was organized to share and discuss the results of the
previous phase. The debate in group was organized to facilitate com-
parison between personal learning environments (PLE) and organiza-
tional learning environments (OLE). The SELFIE tool identifies eight
areas such as "Leadership" or "Collaboration and Networking" that can
serve to prompt and structure the debate on the digital capacity of
schools and as a basis for the development and implementation of a
digital action plan as specified in the Spanish national strategy.” To
guide the debate with respondents, two participatory strategies based on
networks were applied. Netmap consists of a participatory group self-
assessment process in which the participants identify which are the
key actors in their community environment and how they are related to
each other [44]. Netmirror consists of providing feedback on the results
of the social network analysis to the respondents to find out their sub-
jective reaction and/or promote behavioral changes [45]. Both are
based on visualization as an intervention tool [18].

The group sessions allowed comparing the individual learning en-
vironments (assessed with the personal network analysis technique in
the previous phase) with the learning environments of each school
(assessed with the Netmap or Netmirror techniques). Each educator is
used to employing a series of specific technologies and digital resources,
following their own preferences. At the same time, schools provide their
communities with a standard range of institutional resources and in-
frastructures,® which might only overlap partially with the PLEs of their
members [46]. Hence, it may be decisive to generate a shared vision or
have meeting spaces in the school to improve the digital competence of

7" According to the Resolution of September 10, 2021, of the Secretary of State
for Education, published in BOE no. 228, of September 23, 2021, in which
measures are proposed to improve educational digital competence.

8 The National Institute of Educational Technologies and Teacher Training
refers, for example, to the library, the WIFI network, cloud storage, and insti-
tutional subscriptions to computer programs and services, among others [46].
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the organization. To assess the degree of overlap between institutional
digital platforms and places and personal uses of technology, we used
the "Mapping Triangle" designed by Laurie Phipps and Donna Lanclos
[47,48].

Public forum

To validate results, an open discussion session was organized with
120 representatives of the participating schools, focused on identifying
problems and prioritizing solutions. Both best practices and strengths of
the educational community of Cantabria in the digitalization of schools
were described. During the session, participants also discussed what
strategies could be effective for the construction of networks among
schools in the region.

Results

The study of the participant schools showed that there is a basic core
of digital tools that largely corresponds to the ICT systems provided and
supported by the regional government (in its capacity as the primary
public administration responsible for education in Cantabria). In addi-
tion, research participants considered that the provision of infrastruc-
ture and equipment met the requirements for the adoption of digital
education. Conversely, the digital competences of teachers, students and
families still poses a challenge to the digitalization in education. Ac-
cording to the participants, there is a clear generational gap amongst the
teaching staff, which influences their disposition towards the integration
of digital technologies in their practice. In this context, the teachers who
act as coordinators of the integration of digital technologies in schools
have a key role in the construction of the inter-school network.

Technology use in schools: from local innovations towards establishing a
common institutional environment

The integration of digital technologies in teaching and learning
varies a lot across the different schools studied. In many cases, the record
of accomplishment of educational digital innovation depends on the
involvement of a small group of teachers, or individual experiences,
manifesting as pockets of digital expertise. However, the COVID-19
pandemic was a turning point for the digital transformation of the
schools in Cantabria. On the one hand, it raised awareness of the need to
develop the digital skills of teachers, students and even their families. On
the other hand, there was an extraordinary investment provided by
European funds with the aim to enable access to digital technologies
through the provision of appropriate infrastructure and technological
devices. Virtually all schools indicated that now, in addition to a quality
internet connection, they have a computer for each teacher and a device
(often a tablet) for each student.

Currently the situation in each school depends largely on how they
have acted in relation to the provision of the above-mentioned infra-
structure. Schools previously lacking infrastructure now obtained the
material conditions which would allow them to develop digital educa-
tional innovations and to adapt to the new situation with little difficulty.
Schools with a pre-existing ecosystem of digital tools tailored to their
own needs were forced to transition to a new top-down institutional
learning environment. This sort of re-digitalization was at times chal-
lenging, as teachers and students had to re-learn again how to use the
new learning environments. However, rather than being completely
superseded, pre-existing tools and ways of organizing and sharing in-
formation were often merged, even if only partially, with the new sys-
tems and associated practices.

In Fig. 1 we have represented the digital tools used by teachers in the
schools participating in our study. All the centers use Yedra, "the
advanced services platform of the Cantabrian educational community
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that allows academic management and educational monitoring tasks to
be carried out using the Internet as a communication channel".’
Together with this platform, the schools organize a large part of their
activity with Microsoft tools, which are provided and supported by the
Ministry of Education of the Government of Cantabria. In addition to
Office and Outlook, the staff frequently uses Teams as an internal co-
ordination tool, often being used to fulfill the functions typical of a
Virtual Learning Environment (VLE) or Learning Management System
(LMS). It is also a key communication channel with students, sometimes
in use a way of reaching families too via students.

In those schools that started using Google Suite for Education several
years ago, the teachers made an effort to adapt to the new ecosystem of
the region, mainly adopting to Microsoft tools, following the guidance of
the regional government about which tools can be used to handle per-
sonal data. Data privacy concerns operated as a key driver of change in
that direction. Some of those schools are currently going through a
process of reconfiguration, meaning that their educational communities
somehow combine the officially supported tools with other digital re-
sources that they had previously incorporated into their practice (for
example, Google Drive as a cloud-based repository to organize docu-
ments). In other words, while the Yedra and Microsoft 365 tandem are
officially positioned as the core of the EdTech ecosystem of this region,
vestiges of previous technologies as well as long-established practices
still remain alive in some schools.

“Although the schools have some autonomy, the regional Ministry of
Education has made a very strong commitment to Microsoft. In fact,
to write to the Ministry, to sign up for a course for example, it is
mandatory to use the Microsoft account. In our case, it was quite a
challenge since we had just used Samsung and Android, since we
used the Google ecosystem before.” [S3. Primary school, Rural]

While the core of the EdTech ecosystem was the same across all the
schools in the study, there was a considerable level of heterogeneity
regarding other elements beyond that common nucleus. For example,
some schools use WhatsApp groups to coordinate the teaching staff,
ClassDojo to communicate with families or some specific licenses, such
as Aula Planeta Digital, to access educational content. Among the most
mentioned for content creation, are also Genially, Kahoot and
Snappet.10

From the provision of equipment to the development of capacities

From what was stated in the previous section, it can be deduced that
teachers are aware that both the technological infrastructure and the
specific software are necessary but not sufficient for digital educational
innovation to happen. Thus, the digital skills of teachers, students and
families are decisive in the transformation process. In that regard, re-
spondents indicated that not all teachers have in-depth knowledge of the
tools they use. Especially if we take into account the proliferation of
platforms and the constant renewal of the wider digital ecosystem. As a
result, sometimes there is a duplication of platforms with similar func-
tionalities within the same school, or some teachers remain disengaged
from the adoption of new digital practices.

There are important generational differences with regard to the
digital skills of teachers. The elderly, especially those closer to retire-
ment, generally show less eagerness and commitment to digital tech-
nology integration. Indeed, staff changes through generational
renovation are an opportunity for educational change:

“One of the problems is the lack of time. We have so many educa-
tional and management responsibilities that there is no time left for

° https://www.educantabria.es/tic/yedra
10 Although not mentioned during the interviews, it was noted in the public
forum that some secondary schools used Moodle.
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and Phipps [47]. Right: Tools most mentioned by respondents. Network made from a mode 2 matrix (that is, teachers x tools). The ties between pairs of tools indicate
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users shared between both platforms (from among the members of the personal network of the respondents). In addition to the virtual teaching platform (Yedra) and
Microsoft tools, teachers occasionally use WhatsApp and Genially, among many other applications. Source: Own elaboration.

training and getting familiar with these types of tools. In fact, the
training is always done outside the school period. There is also a
clear digital divide within the teaching staff. There are teachers with
motivation and training and others who do not. There are many
differences and a great diversity of levels in the digital competences
of teachers.” [S2. Primary school, rural]

Other organizational factors that were repeatedly mentioned include
an excessive workload, lack of time to reflect and a negative attitude on
the part of some teachers towards the use of ICTs in education.
Furthermore, if not properly backed by a solid pedagogical approach,
electronic devices can be a factor of distraction for students.

“Distraction is the challenge. How to ensure that digital media does
not distract students... When you incorporate digital tools, you can
have discipline problems in the classroom: technology helps auto-
mate tasks, but it can be distracting, with students sitting for six
hours... The attention window is getting smaller and smaller. Having
students listen to you for an hour or two... that’s now history. That is
why the challenge for teachers is not just learning and using tech-
nology, but how to deal with the problem of attention afterwards.”
[S4. High school, urban]

The personal networks of the promoters of digital transformation

In each school there is usually a small number of teachers who have
an active role in the digitalization process. Sometimes they are the ICT
coordinators or members of the school’s leadership team. These are
teachers who have personally carried out digital innovations and are
regarded as pioneers with technology use for teaching and learning, who
collaborate in the maintenance of computer equipment, who help and
train their colleagues, and/or who are champions of the integration of
digital technologies in their school. Normally, these professionals act as
intermediaries between their school and the existing institutional re-
sources for training and promotion of digital skills outside of school.

This specific role as technology pioneers is often reflected in the
configuration of the personal network that promoters of digital change
develop over time. The most common structure is a personal network
made up of two cohesive subgroups: 1) a larger group made up of school
colleagues (mostly other teachers) and 2) a smaller group of contacts

from the regional government and the teacher training center. This most
frequent type of structure is represented in the central graph of Fig. 2.
The example that we have selected to illustrate it corresponds to an ICT
coordinator who has two thirds of his contacts at the school where he
works, but who also maintains a regular relationship with seven mem-
bers of the regional Ministry of Education, two members of the teacher
training center and a university researcher.

Another somewhat less frequent configuration includes mostly a
third type of actors, namely teachers from other schools with whom both
experiences and social support are exchanged (Fig. 2, right). Finally, in
some cases, especially in smaller schools and in rural areas, the personal
network is practically reduced to contacts with colleagues from the
school where they work (Fig. 2, left).

Personal networks have a mean density of 0.46, an average degree of
15.40, and a diameter of 2.72. Approximately two thirds of the personal
networks are made up of members of the respondent’s school (M = 19.2)
and one third of contacts are outside their educational center (M =
10.7). On average, they usually have four contacts with public education
administration officials. Respondents are aware that the configuration of
the network is related to accessibility to the information and support
necessary in the process of digital transformation.

Logically, I relate to my co-workers at my school. But I also usually
interact with teachers from other schools because they provide me with
information about some specific tools and offer solutions to some of the
problems that arise. Many times, they are personal relationships, per-
sonal contacts that I have. I also need to be in contact with some tech-
nicians from the regional Ministry of Education or the teacher training
center because they have specific information. If I make a query about
data protection, I always contact the Ministry. About software I get help
from the teacher training center. Then I solve any query in Google. [S3.
Primary school, rural]

Discussion

The coronavirus pandemic that started in 2019 had a disruptive ef-
fect on education systems at a global scale. First, it led to the temporary
closure of school premises and strategies were put in place to guarantee
the continuity of education. Structural reforms followed among which
the digitalization of the educational system stands out [49]. In Spain,



1. Maya-Jariego et al.

SCRATCH®oordinator

er 1

Tedghpr1 Teaffy 14 Teafff 19
Te.rz se.ary Teacher 13
Teakr 22 HeaoffBcher Tedlr Teacker 14
il s Teager & Head @cher 2
Tea@ 12 Teafir 20 TIC Coominator 1 Teaher 5
Teaffilr 17 Teal 1° Teactlr 12 Compute@tnnician 1
Tedfipre
Te 4 :
& prilibal Tedfpr  Teacker ffhamers e o 5“”
Teaffflr 10 Couf@ior 3 Hea
Couf@8Bior 1 Teollr 1 Teacher 11 3
con@Bior2 ® b PN I
Teaflr 1 . Pre-Sch
Fodfipr2 Teallh 21 TG Cooptinator a1 SeHooB0rditor
couffors 2 Teather 2
Tol@hrs Tea®er TToader1

icT c.mZFo‘?.' s 1o

Computers and Education Open 4 (2023) 100137

Head Teacher 2

Teath Copfibelor Teacher 17

Teaéher 11

Secfétary
Teachier 18
= Teacker 13 -~
i U’u@vdmalof Teacher3 - G s
. HeadTe3cher 3
Tedcher 4 L. Teacber
Computer@chnician 2 Prifgipal 1c7 c@inator eacher 5
aeP pre
3 Principal N
mc C@"a‘” 3 Teacker 12 & T‘ = Sefgelary Tt
" Teadher 2
Head T@acher 1
Web ASsistant Teaer

Office A®sistant 2 Teachier 22

Teackier 10

Teactier 16

Office ASsistant 1 Teadher 9

Teacher 14 Teadher 8 Teactier 15

Fig. 2. Three configurations of personal networks. Some informants concentrate their relationships in the school where they work (Left); others distribute their re-
lationships between the school and a second subgroup made up of officials from the educational administration and the teacher training center (Middle); and a third
group have more effective contacts outside their school than in the place where they work (Right). The colors represent the role of the members of the personal
network: blue = teachers from the same school as the respondent; coral pink = teachers from other schools; light blue = officials of the Department of Education;
yellow = teacher training center; green = university researchers and trainee students. The size of each node represents betweenness centrality. For example, in the
center image, the school principal is on many of the shortest paths between the different members of the network. From left to right the networks vary in the sense of
being less dense and more heterogeneous. Three respondents have networks with an average density of 0.819 and 24 contacts in the school they belong to on average
(Left). Five respondents have intermediate networks in density (0.497), although they are homogeneous in composition (also 24 contacts on average in their own
school) (Middle). Three respondents have comparatively less dense personal networks (density = 186) and a clearly heterogeneous composition, with only 7 contacts

on average at their school (Right). Source: Own elaboration.

this meant the provision of infrastructure and equipment to schools, the
provision of digital devices to students, and investment in teacher
training. This process is clearly observed in the schools of Cantabria, in
our case study. The decisive impulse of the regional public administra-
tion contributed to establishing a common digital environment, with
which the schools not only share the virtual teaching platform but also
the software used for the coordination of the teaching staff, and the basic
tools for communication, storage, sharing, and educational monitoring.

As a consequence, teachers do not focus their demands on obtaining
a greater provision of equipment, as was traditionally the case, but on
the development of the necessary skills by teachers, students and their
families. In the aftermath of the pandemic, awareness of the need to
integrate ICT into teaching practice has also increased. However, when
it comes to teachers, large individual differences in digital skills are
perceived, especially between different generations. On the one hand,
some teachers have little training in this area and are reluctant to
explore the use of technologies in their practice (especially when they
are close to retirement). On the other hand, those teachers who have
already accumulated some experiences of digital innovation have to
adapt to the new system promoted by the regional ministry of education.
These observations coincide with relevant factors in the professional
development of teachers identified in other contexts [50].

Added to this are the deficiencies in the technological skills of the
students’ families, in clear contrast to the aspiration of the students to-
wards a greater interactive use of digital technologies in the classroom.
Both the conditions at home and the aspirations of the learners have
been documented as relevant factors in the process of educational
digitalization [51], especially when there is a discrepancy with the ex-
pectations of teachers [52]. This has become more evident during the
COVID-19 lockdown where children who had a supportive home envi-
ronment (e. g. support from parents, a quiet space to work, the avail-
ability of devices, and exposure to different ways of learning, etc.)
reported better learning experiences [53].

In this context, the creation of a network among the champions of
educational digitalization in schools in Cantabria could strengthen the
innovation process. Some of the key players in the technological trans-
formation of the educational system in the region participated in this
study. These are teachers and school administrators who are promoting
digital action planning in schools and who have previously participated
in a wide variety of digital innovation experiences. The creation of a
space for exchange among this select group of key players contributes to
reinforcing the process of digital innovation and potentially constitutes
the seed of an effective network of collaboration among schools in the
region. Interorganizational networks that obtain positive results tend to

adopt a center/periphery structure, organized around a dense core of
particularly active and intertwined actors [54].

The analysis of the personal networks of the coordinators of the
digital area in schools revealed that ICT coordinators usually act as in-
termediaries between the school and the resources available in the
environment to support technical aspects of technology integration. The
coordinators connect the teachers of the school in which they work with
the technicians of the educational administration, the teacher training
center, and a plethora of advisers in information technologies. They are
a channel through which information, advice, guidance, material re-
sources and technical help are transferred. Consequently, they act as an
effective interface between the school and the administrative hierarchy
of the educational system in the region, as well as between the profes-
sional resources of the school and those of other professionals located
outside the school. This brokerage position usually play a catalytic role
in science-practice transfer chains, facilitating the implementation of
evidence-based practices in public schools [55].

These leaders are key actors for digital development in schools [56].
By adopting transactional or transformational leadership styles [57],
they can contribute to the renewal of pedagogical resources or even to
the transformation of teaching and learning processes [3]. To do this,
they usually resort to clarifying objectives, curricular adaptation and the
development of a digital culture in the center, as well as the empower-
ment of teachers, students and families [58].

The data also showed the existence of different types of personal
networks, which position each coordinator differently in their rela-
tionship with the network of schools and in their functions as facilitators
of technological change. There are coordinators who act as a link be-
tween the school and the educational administration, others are facili-
tators who connect teachers from many different schools, and finally
there is a third group whose action is mainly concentrated in the school
to which they belong. This typology bears a certain parallelism with that
observed in the general population [59], although in this case it has
other implications due to its repercussion on the digital transformation
in education. For example, the coordinators connected with a great di-
versity of resources can make more contributions to the network of
schools, while those who have dense and homogeneous personal net-
works (in their schools) could be the ones on the receiving end of the
exchanges that take place. Thus, it is found that personal learning net-
works offer the opportunity to personalize the professional development
of each teacher [60].

The diversity of personal networks also points to the different ways
of exercising leadership to promote innovation in educational contexts.
Both members of the management team and ICT coordinators can
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organize their schools to facilitate participation in exchange and
learning networks. This may require those forms of distributed leader-
ship in which all available resources are deployed to improve the
teaching and learning functions of schools [61]. In this context, the
leaders promote empowerment in decision-making, facilitate interac-
tion and foster the development of the capacities of the educational
personnel of their schools. In our study we found that this can be done by
mobilizing, to different degrees, the formal and informal resources of the
education system.

Lastly, teachers conceive of digitalization as a process that goes well
beyond the incorporation of new tools, as it encompasses institutional,
political, and educational changes. The integration of technology in the
classroom, the transformation of the teaching-learning process and
organizational changes imply a far-reaching renovation of the educa-
tional system. Among other aspects, its relationship with the individu-
alization and commercialization of teaching has been pointed out, for
which a critical evaluation of the impact of digital technologies is
necessary [62,63]. It is also needed to decide how to combine the per-
sonal and institutional uses of technology [64].

The channeling education only through technology [65] over pro-
longed periods as it happened during the Covid-19 pandemic, demon-
strated clearly the importance of the school — and campus - as a key
social equalizer. Poverty manifested as lack of access to ICTs infra-
structure and equipment at home, so-called ‘digital poverty’, obviously
affects the opportunities of disadvantaged students to engage in edu-
cation, further eroding social justice in that situation. However, in
addition to such an access-to-technology gap, educational policies and
institutions aiming to tackle inequality need to acknowledge and
address the role of capability and, most importantly, social structure
[66-68].

Practical implications and future research

The creation of school networks is one of the strategies that can
contribute to the professional development of teachers but also to the
development of the digital capacity of schools. In addition to facilitating
coordination among schools, it allows the exchange of best teaching
practices. That is why it is particularly well suited to support the digital
transformation process. On the one hand, teachers find a response to the
perceived need for support and handholding as they integrate digital
tools into their teaching practice. On the other hand, it accelerates the
diffusion of innovations.

In this study we were able to verify that it is useful to create a
network among schools before promoting the diffusion of innovation
within each school. For this, it is convenient to select a small group of
key players, especially motivated and competent in the area of infor-
mation technologies and digital education, so that they establish a
relationship with each other. It is a core group that constitutes the nu-
cleus in the formation of the network. At a later stage, other teachers is
expected to be added from each school. As the network becomes more
heterogeneous, the diversity of resources that are shared increases and a
more effective operation can be achieved.

The institutional context and time management play also an
important role. On the one hand, the support of the regional ministry of
education establishes the conditions and incentives to participate, while
giving legitimacy to the entire process. Secondly, participation is a long-
term process, in which time must be allowed for the formation of re-
lationships, the progressive involvement of new actors and the creation
of a shared history. The role of key participants has also been observed in
online teacher communities [69].

Collaboration between schools is one of the ways to promote readi-
ness to use digital technologies. The preparation of teachers for the use
of digital technologies, in turn, depends on the preparation of the
institutional context [70]. Thus, the infrastructure, the perceived quality
of devices and programs, opportunities for personal development and
formal and informal exchanges between teachers and institutions,
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together with the capacity for technological integration in general,
depend in part on the development of ties of collaboration between in-
stitutions and professionals.

Some notes for future research can also be derived from our study. In
the group sessions, we compared two strategies for using network
visualization to facilitate discussion, reflection, and awareness of the
resources that the educational staff mobilizes during their educational
practice. In one case, a participatory and consensual evaluation of the
relationships was carried out (Netmap), while in the other the visuali-
zation was used to give feedback on the information previously obtained
(Netmirror). While in both cases the visualization of networks is inte-
grated with group dynamics, each one mobilizes a different psychosocial
process. The feedback based on the visualization of the networks allows
the respondents to become aware of the structure of their interpersonal
environment, while the participatory diagnosis entails generating a
shared vision, based on a process of consensus-evaluation among the
participants. In both cases, the visualization of the networks is used as an
intervention tool, but it is important to recognize that it generates
different behavioral dynamics (and that these dynamics are de-
terminants of the results obtained). In this regard, in relation to pro-
fessional development, there are previous experiences in which network
visualization has been used to improve teacher leadership [71].

We also had the opportunity to compare the feedback from the
personal networks at the individual level with the presentation of results
in a group. When respondents have the opportunity to compare their
personal network with that of other participants, they become more
aware of the peculiarities of their interpersonal environment. Social
comparison makes more evident the structural properties that charac-
terize each personal network. This is another interesting aspect
amenable to further investigation in the future.

Finally, it would be interesting to combine in future research the
creation and monitoring of school networks with the development of
their digital capacity as it is supported by the SELFIE scores previously
obtained.'! After each school has reflected on their digital skills and
what they need to improve on, they are in an excellent position to
connect with other schools that can help them in the process of digital
transformation. Thus, self-reflection with SELFIE could facilitate the
design and implementation of effective school networks.

Limitations

The case study focused on the formation of collaborative networks in
schools in a specific region of northern Spain. Although the research
revealed generic patterns of interaction between teachers, it would be
necessary to verify that the results obtained are generalizable to other
geographical contexts. In addition, the development of typologies was
based on a small number of interviewees, so it would be interesting to
reproduce this same scheme with a larger number of cases. In the future,
it would also be of interest to explore how these school networks affect
the educational experience of students.

Conclusion

Policies to promote digital transformation in education in Europe
have often consisted of investments in the provision of infrastructures,
technological equipment, and software, together with initiatives for the
professional development of teachers, especially through training ac-
tions to promote digital capacities [72,73]. Through an action-research
experience with a selection of schools in Cantabria (northern Spain), we
verified that the significant increase in investment in infrastructure and
equipment after the pandemic has provided a technological endowment
that is perceived as adequate. The focus has now shifted to the

11 Especially if we consider that it is a tool with good validity and reliability
indicators [74].
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development of the capacities of the teaching staff and the integration of
technologies in the school practice. The creation of school networks can
facilitate this process, to the extent that it enables the exchange of
support between teachers during the innovation process, while pro-
moting the exchange and dissemination of best practices. The identifi-
cation of a small group of key players, to form a driving group, is
particularly useful in the initial phases of network creation to enable
better development and/or improvement of the digital capacity of the
schools.

In this study we detected the existence of two types of pioneers in
educational digitization, namely: teachers who act as connectors with
the public administration and teachers who act as intermediaries be-
tween a wide variety of schools. This shows that some educational in-
novators promote organizational change in schools through the
mobilization of formal resources, while others resort mainly to informal
resources. Consequently, when characterizing school intermediaries, we
not only use the position they occupy in collaboration networks, but also
the type of resources they mobilize. This combination of structural
properties with the content of the interaction offers new opportunities,
both for theoretical analysis and for the design of interventions in the
educational context.

Declaration of Competing Interest

There is no financial or personal interest or belief that could affect
the objectivity of the research.

Acknowledgements

The data of this article were generated within the SELFIE project of
the European Commission’s Joint Research center (JRC). The partici-
pation of the University of Seville was carried out through the project
FIUS (Grant No. 4392/0227). We appreciate the support of the Ministry
of Education and Vocational Training of Cantabria, as well as the
accompaniment throughout the action-research process by Maria Luisa
Moreno Castaneda and Ana Cristina Pefia Gomez.

References

1

—

Pettersson F. Understanding digitalization and educational change in school by

means of activity theory and the levels of learning concept. Educ Inf Technol 2021;

26(1):187-204.

Burden K, Kearney M, Schuck S, Hall T. Investigating the use of innovative mobile

pedagogies for school-aged students: a systematic literature review. Comput Educ

2019;138:83-100.

Puentedura, R.R. (2013, May 29). SAMR: moving from enhancement to

transformation [Web log post]. http://www.hippasus.com/rrpweblog/arch

ives/000095.html.

Zakharov K, Komarova A, Baranova T, Gulk E. Information literacy and digital

competence of teachers in the age of digital transformation. In: Proceedings of the

X1V international scientific conference “INTERAGROMASH 2021 Precision agriculture

and agricultural machinery industry. 2. Springer International Publishing; 2022.

p. 857-68. Volume.

UN (2015). Transforming our World: the 2030 Agenda for Sustainable

Development. A/RES/70/1.

Haleem A, Javaid M, Qadri MA, Suman R. Understanding the role of digital

technologies in education: a review. Sustain Oper Comput 2022;3:12.

[7] Ion G, Brown C. Networks between schools for educational improvement: what

practices are the most effective? what works in education? using evidence to improve

education. Barcelona: Fundacié Bofill, Ivalua; 2020.

Brown C, Poortman CL. Networks for learning: effective collaboration for teacher,

school and system improvement. Routledge; 2018.

Chapman C, Muijs D. Collaborative school turnaround: a study of the impact of

school federations on student outcomes. Leadersh Policy Sch 2013;12(3):200-26.

[10] Hadfield M, Chapman C. Leading school-based networks and collaborative
learning: working together for better outcomes?. International handbook of
leadership for learning. Dordrecht: Springer; 2011. p. 915-29.

[11] Trust T, Krutka DG, Carpenter JP. Together we are better”: professional learning
networks for teachers. Comput Educ 2016;102:15-34.

[12] Varga-Atkins T, O’Brien M, Burton D, Campbell A, Qualter A. The importance of

interplay between school-based and networked professional development: school

professionals’ experiences of inter-school collaborations in learning networks.

J Educ Chang 2010;11(3):241-72.

[2

—

[3

=

[4

=

[5

o)

[6

[}

[8

[}

[9

—_

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]
[42]

[43]

Computers and Education Open 4 (2023) 100137

Cachia R, Punie Y. Teacher collaboration in the context of networked learning.
Current eTwinning practices and future perspectives. In: Proceedings of the 8th
international conference on networked learning. 2012; 2012. p. 429-36.

Brown C, Flood J. The three roles of school leaders in maximizing the impact of
Professional Learning Networks: a case study from England. Int J Educ Res 2020;
99:101516. https://doi.org/10.1016/j.ijer.2019.101516.

Watling-Neal JW, Neal ZP. Collecting, modeling, and visualizing network data
from educators: a tutorial. Sch Psychol 2021. https://doi.org/10.1037/
spq0000479.

Breuer R, Klamma R, Cao Y, Vuorikari R. Social network analysis of 45,000
schools: a case study of technology enhanced learning in Europe. In: Proceedings of
the European conference on technology enhanced learning. Berlin, Heidelberg:
Springer; 2009. p. 166-80.

Wasserman S, Faust K. Social network analysis: methods and applications.
Cambridge University Press; 1994. https://doi.org/10.1017/CB09780511815478.
Maya-Jariego I. 7 usos del andlisis de redes en la intervencion comunitaria. Redes.
Revista Hispana para el Analisis de Redes Sociales 2016;27(2):1-10.

Valente TW. Network interventions. Science 2012;337(6090):49-53.

Bjorklund Jr P, Daly AJ. The ties that belong: tie formation in preservice teacher
identification networks. Teach Teach Educ 2021;97:103223.

Noben I, Brouwer J, Deinum JF, Hofman WA. The development of university
teachers’ collaboration networks during a departmental professional development
project. Teach Teach Educ 2022;110:103579.

Rienties B, Kinchin I. Understanding (in) formal learning in an academic
development programme: a social network perspective. Teach Teach Educ 2014;
39:123-35.

Schuster J, Hartmann U, Kolleck N. Teacher collaboration networks as a function of
type of collaboration and schools’ structural environment. Teach Teach Educ 2021;
103:103372.

Sannen J, De Maeyer S, Struyf E, De Schauwer E, Petry K. Connecting teacher
collaboration to inclusive practices using a social network approach. Teach Teach
Educ 2021;97:103182.

Van Gasse R, Vanlommel K, Vanhoof J, Van Petegem P. Unravelling data use in
teacher teams: how network patterns and interactive learning activities change
across different data use phases. Teach Teach Educ 2017;67:550-60.

Moolenaar NM, Sleegers PJ, Daly AJ. Teaming up: linking collaboration networks,
collective efficacy, and student achievement. Teach Teach Educ 2012;28(2):
251-62.

Zhang S, Gao Q, Sun M, Cai Z, Li H, Tang Y, Liu Q. Understanding student teachers’
collaborative problem solving: insights from an epistemic network analysis (ENA).
Comput Educ 2022;183:104485.

Sun Z, Xu R, Deng L, Jin F, Song Z, Lin CH. Beyond coding and counting: exploring
teachers’ practical knowledge online through epistemic network analysis. Comput
Educ 2023;192:104647.

Marz V, Kelchtermans G. The networking teacher in action: a qualitative analysis of
early career teachers’ induction process. Teach Teach Educ 2020;87:102933.
Risser HS. Virtual induction: a novice teacher’s use of Twitter to form an informal
mentoring network. Teach Teach Educ 2013;35:25-33.

Thomas L, Tuytens M, Devos G, Kelchtermans G, Vanderlinde R. Beginning
teachers’ professional support: a mixed methods social network study. Teach Teach
Educ 2019;83:134-47.

Van Waes S, Moolenaar NM, Daly AJ, Heldens HH, Donche V, Van Petegem P, Van
den Bossche P. The networked instructor: the quality of networks in different stages
of professional development. Teach Teach Educ 2016;59:295-308.

Coppe T, Sarazin M, Marz V, Dupriez V, Raemdonck I. (Second career) teachers’
work socialization as a networked process: new empirical and methodological
insights. Teach Teach Educ 2022;116:103766.

Kampylis P, Punie Y, Devine J. Promoting effective digital-age learning-A
European framework for digitally-competent educational organisations. Joint
Research Centre (Seville site); 2015. No. JRC98209.

Castano-Munoz J, Pokropek A, Weikert Garcia L. For to all those who have, will
more be given? Evidence from the adoption of the SELFIE tool for the digital
capacity of schools in Spain. Br J Educ Technol 2022;53(6):1937-55.
Castano-Munoz J, Weikert Garcia L, Herrero Ramila C. Analysing the digital
capacity of Spanish schools using SELFIE. Luxembourg: Publications Office of the
European Union; 2021.

Castano Munoz J, Vuorikari R, Costa P, Hippe R, Kampylis P. Teacher collaboration
and students’ digital competence-evidence from the SELFIE tool. Eur J Teach Educ
2021:1-22.

Consejeria de Desarrollo Rural, Ganaderia, Pesca y Biodiversidad (2009). Protocolo
de colaboracién entre el Ministerio de Medio Ambiente, y Medio Rural y Marino y
la Comunidad Auténoma de Cantabria para la mejora de infraestructuras rurales.
BOC, 153. Martes, 11 de agosto de 2009, 10423-5.

Schuler, M., Stucki, E., Roque, O., & Perlik, M. (2004). Mountain Areas in Europe:
analysis of mountain areas in EU member states, acceding and other European countries.
Nordic Centre for Spacial Development, European Commission contract No 2002.
CE.16.0.AT.136.

Reagans R, Zuckerman EW. Networks, diversity, and productivity: the social
capital of corporate R&D teams. Organ Sci 2001;12(4):502-17.

Small ML, Calarco JM. Qualitative literacy: a guide to evaluating ethnographic and
interview research. University of California Press; 2022.

Twining P, Heller RS, Nussbaum M, Tsai CC. Some guidance on conducting and
reporting qualitative studies. Comput Educ 2017;106:A1-9.

Holgado D, Alieva DMaya-Jariego I. Bridging tourist services and clients: A
personal networks-based description of the roles of travel agents. Tour Manag
Perspect 2022;41(4):100947. https://doi.org/10.1016/j.tmp.2022.100947.


http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0043
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0043
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0043
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0012
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0012
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0012
http://www.hippasus.com/rrpweblog/archives/000095.html
http://www.hippasus.com/rrpweblog/archives/000095.html
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0070
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0070
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0070
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0070
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0070
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0030
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0030
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0033
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0033
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0033
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0011
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0011
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0022
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0022
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0029
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0029
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0029
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0059
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0059
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0065
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0065
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0065
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0065
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0013
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0013
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0013
https://doi.org/10.1016/j.ijer.2019.101516
https://doi.org/10.1037/spq0000479
https://doi.org/10.1037/spq0000479
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0008
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0008
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0008
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0008
https://doi.org/10.1017/CBO9780511815478
http://refhub.elsevier.com/S2666-5573(23)00015-0/opt6Z37zaKzwT
http://refhub.elsevier.com/S2666-5573(23)00015-0/opt6Z37zaKzwT
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0062
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0006
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0006
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0040
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0040
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0040
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0047
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0047
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0047
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0054
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0054
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0054
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0050
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0050
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0050
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0063
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0063
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0063
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0039
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0039
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0039
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0072
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0072
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0072
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0057
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0057
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0057
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0038
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0038
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0048
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0048
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0058
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0058
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0058
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0064
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0064
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0064
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0020
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0020
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0020
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0034
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0034
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0034
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0016
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0016
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0016
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0018
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0018
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0018
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0017
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0017
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0017
http://refhub.elsevier.com/S2666-5573(23)00015-0/optCqgPDnhH0o
http://refhub.elsevier.com/S2666-5573(23)00015-0/optCqgPDnhH0o
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0056
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0056
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0060
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0060
https://doi.org/10.1016/j.tmp.2022.100947

I. Maya-Jariego et al.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Schiffer E. Organizational learning in multi-stakeholder water governance.
Washington: IFPRI, CGIAR Challenge Program for Water and Food; 2007.
Borgatti S, Molina JL. What can social network analysis do for management
consulting. In: Proceedings of the building effective networks conference. Denver,
Colorado: Academy of Management; 2002. August 9-14.

INTEF. Plan digital de centro. descripcion y guia. Madrid: Ministerio de Educacion
y Formacion Profesional; 2020.

Lanclos DM, Phipps L. 13. Leadership and Social Media: challenges and
Opportunities. In: Rowell C, editor. Social media in higher education: case studies,
reflections and analysis. Open Book Publishers; 2019.

Phipps L, Lanclos DM. Leading with digital in an age of supercomplexity. Ir J
Technol Enhanc Learn 2018;3(1):1-11. https://doi.org/10.22554/ijtel.v2i2.22.
Zancajo A, Verger A, Bolea P. Digitalization and beyond: the effects of Covid-19 on
post-pandemic educational policy and delivery in Europe. Policy Soc 2022;41(1):
111-28. https://doi.org/10.1093/polsoc/puab016.

Kidd W, Murray J. The Covid-19 pandemic and its effects on teacher education in
England: how teacher educators moved practicum learning online. Eur J Teacher
Educ 2020;43(4):542-58.

Hatlevik OE, Christophersen KA. Digital competence at the beginning of upper
secondary school: identifying factors explaining digital inclusion. Comput Educ
2013;63:240-7.

Waycott J, Bennett S, Kennedy G, Dalgarno B, Gray K. Digital divides? Student and
staff perceptions of information and communication technologies. Comput Educ
2010;54(4):1202-11.

Cachia R, Velicu A, Chaudron S, Di Gioia R, Vuorikari R. Emergency remote
schooling during COVID-19, a closer look at European families. Luxembourg:
Publications Office of the European Union; 2021. https://doi.org/10.2760/
613798. EUR 30866 ENISBN 978-92-76-42550-2JRC125787.

Faust V, Christens BD, Sparks SM, Hilgendorf AE. Exploring relationships among
organizational capacity, collaboration, and network change. Psychosoc Interv
2015;24(3):125-31.

Watling-Neal J, Neal ZP, Mills KJ, Lawlor JA, McAlindon K. What types of
brokerage bridge the research-practice gap? The case of public school educators.
Soc Netw 2019;59:41-9.

Dexter S, Richardson JW, Nash JB. Leadership for technology use, integration, and
innovation: a review of the empirical research and implications for leadership
preparation. In: Young M, Crow G, editors. Handbook of research on the education
of school leaders. Routledge; 2016. p. 202-28.

Ruloff M, Petko D. School principals’ educational goals and leadership styles for
digital transformation: results from case studies in upper secondary schools. Int J
Leadersh Educ 2022:1-19. Advance Online Publication.

Dexter S. The role of leadership for information technology in education: systems
of practices (Eds.). In: Voogt J, Knezek G, Christensen R, Lai KW, editors. Second
handbook of information technology in primary and secondary education. Springer
International Publishing; 2018. p. 483-98.

10

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]
[72]
[73]

[74]

Computers and Education Open 4 (2023) 100137

Maya-Jariego I. Building a structural typology of personal networks: individual
differences in the cohesion of the interpersonal environment. Soc Netw 2021;64:
173-80. https://doi.org/10.1016/j.socnet.2020.09.006.

Oddone K. The nature of teachers’ professional learning through a personal
learning network: individual, social and digitally connected. Teach Teach Educ
Leadersh Prof Dev 2022;1:100001.

Brown C, MacGregor S, Flood J. Can models of distributed leadership be used to
mobilise networked generated innovation in schools? A case study from England.
Teach Teach Educ 2020;94:103101.

Castaneda L, Selwyn N. More than tools? Making sense of the ongoing
digitalizations of higher education. Int J Educ Technol High Educ 2018;15(1):1-10.
Selwyn N. In praise of pessimism-the need for negativity in educational technology.
Br J Educ Technol 2011;42(5):713-8. https://doi.org/10.1111/j.1467-
8535.2011.01215.x.

Bergviken Rensfeldt A, Hillman T, Selwyn N. Teachers ‘liking’ their work?
Exploring the realities of teacher Facebook groups. Br Educ Res J 2018;44(2):
230-50.

Lai JW, Bower M. How is the use of technology in education evaluated? A
systematic review. Comput Educ 2019;133:27-42.

Agostinelli F, Doepke M, Sorrenti G, Zilibotti F. When the great equalizer shuts
down: schools, peers, and parents in pandemic times. J Public Econ 2022;206:
104574.

Di Pietro, G., Biagi, F., Costa, P., Karpinski Z., & Mazza, J. (2020). The likely
impact of COVID19 on education: reflections based on the existing literature and
international datasets (EUR 30275). https://publications.jrc.ec.europa.eu/reposito
ry/handle/JRC121071.

Eynon R, Malmberg LE. Lifelong learning and the Internet: who benefits most from
learning online? Br J Educ Technol 2021;52:569-83.

Lantz-Andersson A, Lundin M, Selwyn N. Twenty years of online teacher
communities: a systematic review of formally-organized and informally-developed
professional learning groups. Teach Teach Educ 2018;75:302-15.

Petko D, Prasse D, Cantieni A. The interplay of school readiness and teacher
readiness for educational technology integration: a structural equation model.
Comput Sch 2018;35(1):1-18.

Polizzi SJ, Ofem B, Coyle W, Lundquist K, Rushton GT. The use of visual network
scales in teacher leader development. Teach Teach Educ 2019;83:42-53.
European Commission. Digital education action plan 2021-2027. Brussels:
Resetting Education; 2021.

Selwyn N. Technology as a focus of education policy. In: Papa R., Armfield S.W.. ,
editors. The Wiley handbook of educational policy; 2018. p. 457-477.

Costa P, Castano-Munoz J, Kampylis P. Capturing schools’ digital capacity:
psychometric analyses of the SELFIE self-reflection tool. Comput Educ 2021;162:
104080.


http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0052
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0052
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0007
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0007
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0007
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0032
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0032
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0036
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0036
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0036
https://doi.org/10.22554/ijtel.v2i2.22
https://doi.org/10.1093/polsoc/puab016
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0035
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0035
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0035
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0031
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0031
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0031
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0069
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0069
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0069
https://doi.org/10.2760/613798
https://doi.org/10.2760/613798
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0028
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0028
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0028
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0068
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0068
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0068
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0024
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0024
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0024
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0024
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0049
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0049
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0049
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0023
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0023
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0023
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0023
https://doi.org/10.1016/j.socnet.2020.09.006
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0041
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0041
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0041
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0009
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0009
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0009
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0015
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0015
https://doi.org/10.1111/j.1467-8535.2011.01215.x
https://doi.org/10.1111/j.1467-8535.2011.01215.x
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0005
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0005
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0005
http://refhub.elsevier.com/S2666-5573(23)00015-0/optuZTF0cMc0r
http://refhub.elsevier.com/S2666-5573(23)00015-0/optuZTF0cMc0r
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0004
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0004
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0004
https://publications.jrc.ec.europa.eu/repository/handle/JRC121071
https://publications.jrc.ec.europa.eu/repository/handle/JRC121071
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0027
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0027
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0037
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0037
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0037
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0042
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0042
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0042
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0045
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0045
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0026
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0026
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0021
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0021
http://refhub.elsevier.com/S2666-5573(23)00015-0/sbref0021

	Teachers’ personal network analysis reveals two types of pioneers in educational digitalization: Formal and informal interm ...
	Introduction
	Collaboration between schools
	A networked approach to collaboration between schools

	School networks for digital competence: a case study of the SELFIE project
	This study

	Methods
	Participants
	Procedure
	Research instruments
	Personal networks
	Group sessions
	Public forum


	Results
	Technology use in schools: from local innovations towards establishing a common institutional environment
	From the provision of equipment to the development of capacities
	The personal networks of the promoters of digital transformation

	Discussion
	Practical implications and future research
	Limitations

	Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


