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Abstract

Informal learning is gaining relevance for the acquisition of professionally valuable skills.
In this sense, ICT in general, and the construction of a personal learning environment (PLE)
in particular, become allies to this end. Moreover, they have been key during the times of
pandemic when formal education institutions all over the planet have been forced to close.
The present study has the objective of describing the tools used by students for the purpose
of searching for information, creating content, and sharing and interacting in informal envi-
ronments. The methodology follows a quantitative approach under a non-experimental and
transactional design. A questionnaire is applied to a probabilistic stratified sample (n=1187)
comprising university students from different programs at the Universidad Nacional (Costa
Rica). The main findings suggest that the search and management of information, in addi-
tion to the tools used for sharing and interacting, are the components related to a higher
number of digital resources, while being less used in activities related to content creation.
Between groups, differences regarding the usage of tools have been detected according to
the variables of sex, age and field of study. It is recommended that universities introduce
new methodologies, and promote more efficient strategies that enable raising awareness
about the relevance of learning with technology, as well as to recognize the contributions
of complementary informal learning to formal education. The combination of both aspects
will facilitate continuous and permanent learning for the acquisition of professional skills,
especially within the framework of the limitations and demands derived by the global pan-
demic situation caused by the COVID-19.

Keywords: ICT, PLE, Web 2.0, university students, informal learning, higher education.

Resumen

Los aprendizajes informales estan cobrando relevancia para la adquisicién de habilidades
valiosas profesionalmente. En este sentido, las TIC, en general, y la construccién de un
entorno personal de aprendizaje (PLE), en particular, se convierten en aliados favorables
a tal fin. Sobre todo, han resultado claves en la situaciéon de pandemia que ha obligado al
cierre de las instituciones de educacién formal en todo el planeta. El presente estudio tiene
el objetivo de analizar qué herramientas utilizan los estudiantes para buscar informacion,
crear contenido y compartir e interactuar en los ambientes informales. La metodologia
responde a un enfoque cuantitativo, bajo un disefio no experimental y transaccional. Se
aplica un cuestionario a una muestra probabilistica estratificada (n=1187) compuesta por
estudiantes universitarios de las diferentes carreras de la Universidad Nacional (Costa
Rica). Los principales hallazgos apuntan a que la bisqueda y gestion de informacion, junto
con las herramientas para compartir e interactuar, son los componentes que emplean un
mayor nimero de recursos digitales, siendo utilizadas las TIC en menor medida en las acti-
vidades relativas a la creacion de contenido. Se han detectado diferencias entre grupos en
cuanto al uso de herramientas en funcién de las variables sexo, edad y drea de estudio. Se
recomienda, por tanto, que las universidades implanten nuevas metodologias e impulsen
estrategias mas eficaces que permitan concienciar acerca de la relevancia del aprendizaje
con tecnologia, asi como reconocer los aportes de los aprendizajes informales complemen-
tarios a la educacion formal. La combinacion de ambos aspectos facilitara el aprendizaje
continuo y permanente para la adquisicion de habilidades profesionales, sobre todo en
el marco de las limitaciones y exigencias derivadas de la situaciéon de pandemia mundial
provocada por el COVID-19.

Palabras clave: TIC, PLE, Web 2.0, estudiantes universitarios, aprendizaje informal, educa-
cién superior.
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AHHOTaUMs

HedopmanbHoe 0byyeHre cTaHOBUTCS BCe boee BaxKHbIM ANt npuobpeTeHns npodeccno-
Ha/IbHO LieHHbIX HaBblKOB. B 3ToM cMbic/ie VKT B LieNoM 1 co3AaHne nepcoHanbHom cpesbl
06yyeHus (MCO) B 4ACTHOCTM CTAHOBATCS 61aronNpUATHbLIMK COO3HNKAMMW B AOCTVXEHUN
3TOW Uenw. Mpexae BCero, OHW Cbirpanyt KKYeBy Po/ib B CUTYaLMU NaHAEMIM, KOTOpas
BbIHYAWNA 3aKpbITb pOpManbHble yyebHble 3aBefieHuns no Bcemy mupy. Lienb HacTosLe-
ro NCCnefoBaHns - MPOaHann3MpPoBaThb, Kakne WHCTPYMEHTbI UCMONb3YIOT CTYAEHTbl Ans
novcka nHGopmaLmu, Co3jaHns KOHTeHTa, 0bMeHa 1 B3anMoAeNCcTBUS B HepopManbHOIA
cpege. MeTogonorus oTBevaeT KONMYeCTBEHHOMY MOAXOZY, B paMKax He3KCcrnepuMeHTanb-
HOTO 1 TPaH3aKLUMOHHOrO An3aiiHa. AHKeTa bblia NpYMeHeHa K CTpaTdULMPOBaHHOI Be-
poATHOCTHOV BblbopKe (N=1187), cocTosiLLel 13 CTYAEHTOB Pa3NNYHbIX cneuvanbHOCTen
HauwnoHanbHoro yHusepcuteta (Kocta-Puka). OCHOBHbIe pe3y/ibTaTbl MOKa3blBakoT, YTO MO-
UCK 1 ynpasrieHvie nHGopMaLmeri, a Takke MHCTPYMEHTbI A1 06MeHa 1 B3aMOAEeNCTBUSA
ABNAIOTCA KOMMOHEHTaMW, B KOTOPbIX UCMO/b3YeTC bo/bLee KOANYECTBO LMdPOBLIX pe-
cypcos, npu 37oM VKT B MeHbLLEl CTeneHn UCMOoNb3YTCA B AeATeIbHOCTH, CBA3aHHOM ¢
CO3laHNEM KOHTeHTa. bblin BbISIBAEHbI Pa3nnumns Mexay rpyrnnamu no UCnosib30BaHUO
WHCTPYMEHTOB B 3aBUCMOCTM OT Mo/1a, BO3pacTa 1 06nacty nccnegosaHus. Mostomy yHu-
BepcMTeTaM PeKOMeHZAyeTCs BHeAPSATb HOBble METOAMKM 1 NpoABuraTe bonee apdexTrs-
Hble cTpaTerMy Ans NoBbILLIEHWS OCBEAOMIEHHOCTU 06 akTyaabHOCTU 06yYeHNs ¢ NoMo-
LLbI0 TEXHONOTWIA, @ TakXXe NPU3HaTh Bknad HepopManbHOro obyyeHUs B JOMONHeHUe K
dopmanbHoMy 0bpaszoBaHuto. CoueTaHve 060X acnekToB byAeT CMocobcTBOBaTh Hempe-
PbIBHOMY 06YUYeHII0 Ha NPOTSXKEHUN BCEI XM3HW A1 NpuobpeTeHns NpodeccroHanbHbIX
HaBbIKOB, 0COOEHHO B KOHTEKCTE OrpaHWYeHmnii 1 TpeboBaHWA, BO3HMKAIOWMX B CBA3N C
rnobanbHoO NaHAeM1Yeckol cutyalmeid, BbiaBaHHoi COVID-19.

KntoueBsble cnoBa: VKT, MCO, Web 2.0, cTyaeHTbl yH/BepcuTeTa, HepopmanbHoe obyyeHue,
BbiCLLEe 0bpa3oBaHye.

Introduction

For the past few decades, the importance of Information and Communication Tech-
nologies (ICT) in facilitating the multiple activities of social life, and particularly the
development of educational processes, has become evident. Due to the pandemic
generated by COVID-19, ICT have gained more relevance in many contexts and espe-
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cially in the field of teaching, by supplying new channels of interaction between the
student body and the educational centers (Salinas, 2020), and enabling the migration
of teaching and learning processes onto virtual stages.

Although universities are a part of the group of institutions that represent formal edu-
cation, and they have been developing a silent technological transformation for some
time (Casillas & Ramirez, 2019), they have not been exempted during this sanitary
crisis, and they are suffering the devastation caused in each and every teaching sys-
tem. Thousands of higher educational centers around the world have seen their doors
closed, forcing students and teachers to face the adversity brought on by the pandem-
icin order to carry out the substantive action of education, research and transference
that characterizes them. In this sense, multiple technological resources have offered a
solution to the problem of space and time, following the closure of educational institu-
tions and particularly universities (Sangra, 2020).

In this situation, the importance of the students’ digital competence becomes evident
since they must be prepared to respond to the demands of an information society, as
well as to take advantage of the multiple available resources - especially the web 2.0.
On the other hand, the importance of informal education as a promoter of desirable
abilities in the contemporary society needs to be recognized as well, especially during
the COVID-19 era that has required a process of reorganization in the family, and more
collaboration between cohabitating people in order to carry out the daily tasks and
activities within the different spheres of action: personal, family, social, work, leisure,
etc. The pandemic situation can lead to a paradigm shift or, at least, a profound reflec-
tion on the prevalence of formal learning that is more regulated and centered on an
institution, facing the necessity to stimulate and recognize informal learning where
the students are the protagonists and the directors of their own learning.

In this sense, the construction and development of the Personal Learning Environ-
ments (PLE) gains importance every time the possibilities offered by them for gen-
erating learning through the use of technological resources as well as to favor a
decentralization that allows the learning axis to be shifted from a specific institution
and a concrete time frame, to give the leading role to the student body itself, are
recognized. Through the PLE development, taking advantage of the opportunities of
informal learning is fostered, self-directed learning, and an awareness about the need
for lifelong education are promoted (Aoki, 2020; Gonzalez-Sanmamed et al., 2019).

Personal Learning Environments

For a few decades, the concept of PLE has been motive for reflection, debates and
research (Castafieda et al., 2019) embodied in a large number of publications (Yen et
al., 2020). The prominence of this concept has largely been propelled by the rapid pro-
liferation of technology that not only facilitates information access and management,
but also contributes to every user being able to take on an active role in the content
creation in multiple formats, as well as its rapid and free dissemination in most cases.

After revising the literature, several perspectives of approaching the concept of
PLE can be identified (Gallego-Arrufat & Chaves-Barboza, 2014; Ordaz & Gonzalez-
Martinez, 2020). On the one hand, an approach from a pedagogical aspect is pro-
posed, assuming that learning is a social activity that is developed all throughout life.
Despite the fact that educational institutions are the bastion of formal learning, PLE
gain a larger importance as they incorporate informal learning and the social dynam-
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ics that accompany them, and are being transformed in great measure by ICT usage
(Ordaz & Gonzalez-Martinez, 2020). On the other hand, there is also a more techno-
logical meaning of PLE (Sahin & Uluyol, 2016) that centers around the interest in the
resources used for the construction and development of the same.

For the present article, the starting point is the concept of PLE proposed by Castafieda
and Adell (2013), who define them as a set of tools, activities and interactions that
are utilized to learn, as much from a pedagogical as from a technological point of
view. In this sense, the construction and development of a PLE raise awareness of
learning nourished by the available resources that each person adapts according to
the context, and that they are able to use in formal as well as informal spaces. In ad-
dition, it is characterized by the possibility of situating the learning axis in the person
who is learning (Yen et al., 2019), thereby promoting self-directed lifelong learning
(Gonzélez-Sanmamed et al., 2019).

Three transversal components in PLE are proposed (Castafieda & Adell, 2013). The
first one is related to information access, an aspect that becomes especially relevant
taking the large quantity of available content into account. Linked to the previous, the
possibility of formal and informal training available online is worth mentioning, i.e.
MOOC that facilitate flexible and ubiquitous learning, and that not only impact the
knowledge acquired by the learner but also their activities, aspirations and abilities
(Jung & Lee, 2020).

The second component refers to the tools and strategies for content creation. The
offer for this purpose is ample, diverse, and facilitates online dissemination. The use
of resources becomes an ally in the development of analysis, creativity and synthesis,
as well as feedback by the users, which is conducive to a dialog and continuous im-
provement (Castafieda & Adell, 2013). Among the more used resources for content
creation are blogs and wikis (Néfiez-Rodriguez et al., 2019). In regards to the blogs,
studies like the one by Mufioz-Carril et al. (2020) should be noted, which shows the
key variables that intervene in the use of this resource as a learning mechanism: the
perceived self-efficacy, the expectations of personal results, the support to improve
social bonds, the perception of its utility, the attitude and the perception of happiness
and enjoyment.

The third component of PLE lies in those tools and strategies for communicating and
disseminating information. The massive use of devices such as tablets and smart-
phones, as well as the proliferation of multiple resources and apps, among which so-
cial networks stand out, demonstrate that we are connected most of the time. These
connections can determine the personal knowledge networks (PKN) that are nour-
ished by learning forged in formal but also informal environments. Each person can
represent a convergence node (Sangra & Wheeler, 2013) where the connection net-
works meet the information and experiences that cross the barrier of space and time.

Informal learning

Learning is being carried out in new forms and taking an unwonted impulse by insert-
ing itself into a dynamic and complex digital ecosystem (Siemens, 2004). In spite of for-
mal education remaining the main focus to learn, there is more and more awareness
about the fact that learning, as an inherent human function, is not limited to a con-
crete cycle, rather it is complemented by types of learning in non-formal and informal
modalities (Dai et al., 2020). In other words, the new paradigms, beyond formalizing
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the informal (Sangra & Wheeler, 2013), point to the convenience of putting innovative
strategies and methodologies that recognize the importance of these spheres for life-
long learning, and the fundamental role ICT play, into practice (Gonzalez-Sanmamed
etal., 2019).

As a response to the current society’s tendency to demand from the individuals that
they update or even change professions due to the quick rate at which knowledge
becomes obsolete (Gonzalez-Sanmamed et al., 2020), and the subsequent necessity
to reform professional training (Sangra & Wheeler, 2013), international organizations
and education policies (Garcia-Martinez et al., 2020) put their faith on the developing
abilities that enable the students to adapt to the change; for instance, by self-direct-
ing their learning, with elements of formal, non-formal and informal education as the
cornerstone.

Informal learning is the one that lacks pedagogic planning and is neither linked to an
official educational institution nor to a teacher, where each person decides what to
learn according to their interests and their location in a specific context, thus becom-
ing a resource for life (Andreatos, 2007). Informal learning can take place in a casual
way but enables the acquisition of skills essential to the professional and personal de-
velopment (Gonzalez-Sanmamed et al., 2019). Studies on this topic (Andreatos, 2007)
indicate that around 80% of knowledge, abilities and professional practices required
for certain jobs come from informal learning.

In this sense, ICT are allies and promoters of informal learning and, beyond being a
mere support tool, they are modifying socio-cultural dynamics and human behavior
(Dabbagh & Castafieda, 2020). The use of digital open educational resources (OER)
or MOOC generates opportunities for this, although the difficulty of detecting real
learning due to the particularities of this modality should be noted (Sangra & Wheeler,
2013). Moreover, the construction and development of a PLE will mean a step towards
raising awareness around how and with whom we learn, and enable personal as well
as professional growth.

Some studies suggest taking advantage of the potential of ICT to stimulate informal
learning at work (Gerards et al., 2020). Additionally, several studies come to the con-
clusion that university students more often use the resources to access information
(Garcia-Martinez & Gonzalez-Sanmamed, 2017; Tirado & Roque, 2019), search engines
and video channels being the most used. The PLE component related to content cre-
ation is the least developed one (Garcia-Martinez & Gonzalez-Sanmamed, 2019; L6pez
et al., 2017). This finding is attributed, on the one hand, to the rapidity with which
these resources emerge, and on the other hand, to the lack of time or the disinterest
to discover them, joined by the still widespread usage of traditional resources that
neither facilitate interaction nor help with content dissemination (Garcia-Martinez &
Gonzalez-Sanmamed, 2019).

Other authors (Alves & Ferreira, 2016) create a positive link between social networks
and the acquisition of informal learning, highlighting factors such as interaction and
collaboration as particular stimulators, though also underlining the infrequent critical
analysis of the information shared in them. Previous studies point out that the re-
sources most used by university students to interact and share information are social
networks and video channels (Garcia-Martinez & Gonzalez-Sanmamed, 2020), mobile
apps being the most frequent medium (Leiva-Nufiez et al., 2018).
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Despite the polemic caused by Prensky’s (2001) proposal related to the “digital na-
tives”, there is a consensus about younger people (below the age of 30) incorporating
and accepting ICT more easily into their daily practices (Rocha et al., 2020; Vazquez-Ca-
no et al., 2020) despite the fact that they are not necessarily linked to learning pro-
cesses (Garcia-Martinez et al., 2016), and on occasion, it is taken for granted that they
possess digital competencies just for the mere fact of being young. Several studies
demonstrate how young people between the ages of 15 and 24 are positioned more
easily as digital experts, in comparison to groups between the ages of 25 and 54, and
older than 55 (Sanchez et al., 2015; Sciumbata, 2020). It also becomes evident how age
is a positive and significant variable in regards to the perception of utility, the ease of
usage and the enjoyment of MOOC (Rocha et al., 2020).

Methodology

After extensively revising the literature, the study was conducted from an empiri-
cal-analytic focus, and through an ex post facto design characterized by not manipu-
lating variables, and of a transactional nature due to the fact that the data is obtained
in one single moment. The study is of a descriptive nature (Hernandez et al., 2014).

Taking the former into account, the general objective of this study is to analyze the use
of technological tools that the university students use in their PLE for the development
of informal learning. The following research hypotheses were posited:

1. The variable sex causes significant differences in the frequency of ICT usage in
informal environments in the PLE components.

2. The variable age generates significant differences in the students’ PLE develop-
ment in regards to the usage in informal environments.

3. There are no significant differences in the resources used in informal environ-
ments when it comes to the field of study.

Population and sample

The reference population (N=3165) corresponds to university students in the last year
of their program at the Universidad Nacional (UNA) in Costa Rica. A sample (n=1187)
of the stratified probabilistic kind was used (Hernandez et al., 2014). More precisely,
seven strata representing the seven faculties at the UNA were defined, covering 51
different programs. The calculation of the sample was carried out with the formula
for finite populations (Arnal et al., 1992): error 3%, reliability level 95% and expected
proportion (p=5%).

The average age of the sample is 24 years (SD=4.18) with a range that varies between
20 and 57 years of age. In Table 1, some sample characteristics are presented.
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Table 1
Absolute and relative frequencies of the sample

Man Woman
427 (35.9%) 760 (64.1%)
CIDEA CIDE Philosophy  Earth and Social Health Natural
and Letters Ocean Sciences Sciences Sciences
Field of studies
study
60 (5.1%) 235 186 (15.7%) 69 (5.8%) 316 (26.6%) 118 (9.9%) 203
(19.8%) (17.1%)
Used Laptop PC Tablet Smartphone
device 982 (82.7%) 78 (6.6%) 15 (1.3%) 112 (9.4%)
Internet Less than 1 hour 1to less than 3 3toless than 5 Over 5 hours
connection
63 (5.3%) 353 (29.7%) 401 (33.8%) 370 (31.2%)
IcT Informal face to Informal virtual Secondary school course University
training face course
259 (21.8%) 159 (13.4%) 414 (34.9%) 451 (38.0%)

Note. CIDEA: Research Center: Teaching and the Arts; CIDE: Research Center in Teach-
ing and Education.

Data collection techniques and tools

After revising the literature, the one referring specifically to the topic of the study as
well as the methodological, the survey technique was decided upon. More specifically,
a questionnaire structured in different sections was prepared ad hoc. In this paper, the
data relating to the section about ICT tools in informal environments is presented. This
partincluded 30 statements in a Likert type scale classified according to the three PLE
components: information access, creation and sharing (Table 2). The answer catego-
ries vary within a range of 5 points (from 1=never, to 5=always).

Procedure and analysis

The questionnaire was judged by experts to fulfill the validity of the content. Once the
first draft was prepared, it was revised by 20 professionals in the field of higher edu-
cation, research methodology, and education technology. According to the obtained
observations and assessments, the first version of the scale was built, which was ap-
plied to 45 students of characteristics similar to the final sample during a pilot test. The
results of this test corroborated that the scale functioned correctly, as well as allowed
an assessment of the items through the first psychometric analyses.

The definitive questionnaire was applied in the classrooms and self-managed. To this
end, the students were given the necessary time to answer. When it was handed out,
the study was briefly presented by the researcher, and the surveyed were encouraged
to read the first page minutely, where they were informed about the different aspects
of the study’s objective, and the procedure for handling the data. Furthermore, the
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voluntary, anonymous and confidential nature of the study was especially empha-
sized, informing of the possibility to cease participation at any time without the need
for a previous explanation. As they were students of age, the informed consent was
done orally, and turning in the complete questionnaire implied consent to use the data
for the purpose of research.

Once all the questionnaires were collected, a data base with the statistical package
SPSSv.21 was generated. Descriptive tests (central tendency measures, variability and
distribution) and Cronach’s Alpha and Omega internal consistency analyses were con-
ducted, the latter with the program JASP. Subsequently, the Pearson correlation test
was conducted with the scale’s components. Lastly, analyses to compare the groups
were conducted through the MANOCA, ANOVA and Student t test respectively, once
the normality (with the Kolmogorov-Smirnov contrast test for different groups) and
the homogeneity of variance (with the Levene test) had been proven.

Results

In the following, the main results are presented according the structure posited with
respect to the objectives and the hypotheses.

Descriptive analysis of ICT usage frequency in informal learning

In Table 2, a few statistics of the items the scale consists of can be observed. The items
have been grouped according to the three components that, according to Castafieda
and Adell (2013), have been identified to articulate the proceedings and objectives in
which the tools and technological resources subjected to assessment were employed.

In the component relating to information access to foment informal learning, the
most used resources are generic search engines with an average of 4.10 (SD=1.24);
video tutorial viewing (M=3.96, SD=1.15) and video channels to search for informa-
tion (M=3.96, SD=1.15). The least used for this purpose are the massive open online
courses (M=1.49, SD=1.04), the information management apps (M=1.64, SD=1.12) and
the university’s own repositories, in this case at the Universidad Nacional in Costa Rica
(M=1.93, SD=1.23).

In regards to the component relating to content creation in order to incentivize infor-
mal learning, the student body mostly uses text processors (M=3.99, SD=1.25) and the
resources for collaborative work (M=3.06, SD=1.55). The least used tools are digital
project managers (M=1.43, SD=.87); task managers (M=1.82, SD=1.21) and programs
for data analysis (M=1.54, SD=.99).

Finally, for information sharing within the framework of informal learning, the stu-
dents mostly use mobile messaging apps (M=4.37, SD=1.11); electronic mail manag-
ers (M=4.17, SD=1.15) and social networks in general (M=3.98, SD=1.27). The least
used apps are social markers (M=1.27, SD=.71) and professional networks (M=1.88,
SD=1.22).
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Table 2

Descriptive statistics organized by PLE components

1 2 3 4 5 Total M SD As Cu
Accessing information
Blogs, wikis, websites... for 9% 134 312 325 292 1159 350 121 -47 -65
reading
Video tutorials (Youtube, Vimeo, 60 70 209 329 485 1153 396 115 -1.0 .23
etc.)
Institutional archives 618 198 174 76 70 1136 193 123 114 .20
Video Channels (YouTube, etc.) 77 68 219 278 520 1162 394 121 -99 .05
searching for information
Advanced search engines 250 167 277 198 267 1159 3.06 145 -06 -13
(Google scholar, etc.)
“Read later” applications 794 153 110 48 58 1163 1.64 112 174 204
(Pocket, Instapaper, etc.)
Massive Open Online Courses 893 110 72 42 47 1164 149 1.04 221 391
(MOOC)
Specialist databases in your 286 201 268 204 188 1147 283 141 A1 -1.2
area of study
General search engines 74 75 153 192 640 134 410 124 -12 33
(Google, Bing, Yahoo, etc.)
Podcast listening tools 437 103 160 137 326 1163 284 167 .13 -1.6
(SoundCloud, iVoox, Spotify,
etc.)
Content creation
Image editors (Photoshop, 364 216 281 158 139 1158 256 137 .37 -1.0
Gimp, iMovie, etc.)
Audio editing tools (Audacity, 621 254 143 81 56 1155  1.87 1.17 124 .56
Adobe Audition, SoundForge,
etc.)
Multimedia creation resources 433 261 218 125 129 1166 236 136 .64 -82
(Prezi, Glogster, Powtoon, etc.)
Text processors (Word, Write, 67 101 210 188 596 1162 399 125 -95 -26
Wordpad, etc.)
SpreaSDheets (Excel, etc.) 307 218 227 159 238 1149 283 148 .18 -1.3
Digital task managers 707 166 141 86 63 1163 1.82 121 130 .51
(Evernote, Trello, WunderlList,
Google Tasks, etc.)
Digital project management 867 155 89 29 20 1160 143 87 223 470
(MS Project, Basecamp, Gantt
PV, etc.)
Information creation tools 399 194 230 142 174 1139 256 145 4 -1.2

(blog, wiki, YouTube)
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1 2 3 4 5 Total M SD As Cu

Data analysis programs (SPSS, 818 159 103 43 32 1155 154 99 194 3.04
Atlas ti, etc.)

Collaborative document 277 176 224 139 330 1146 3.06 155 -02 -14
creation (Google Docs, etc.)

Presentations (Powerpoint, 243 161 217 176 362 1159 322 152 -20 -1.4
Keynote, etc.).

Sharing information

Microblogging networks 427 198 191 155 165 1136 250 147 46 -1.2
(Twitter, etc.)

Networks for gathering and 404 199 211 150 202 1166 261 149 37 -1.2
commenting on content
(Tumblr, Pinterest, ScooplIt)

Professional networks 648 198 162 74 68 1150 1.88 122 .07 -13
(LinkedIn, etc.)

General social networks 81 9% 172 226 580 1155 398 127 -1.0 -13
(Facebook, Instagram, Google+)

Mobile messaging (Whatsapp, 52 50 104 157 781 1144 437 111 -1.7 213
etc.)

Email, calendar, task, and 54 64 167 226 654 1165 417 115 13 74
contact managers, etc.
(Outlook, Gmail, etc.)

Videoconferencing (Skype, etc.) 483 237 227 112 102 1161 224 132 74 -63

Social bookmarking (Delicious, 962 114 44 16 14 1150 1.27 .71 321 556
Diigo, etc.)

Storing and exchanging files in 166 126 214 215 448 1169 356 144 -55 -1.0
the cloud (Dropbox, Drive, Box,
Onedrive)

Note. n= 1187; response options 1 = “never”; 2 = “almost never”; 3 = “occasionally”; 4 = “almost always”; 5 =
“always”; M = mean; SD = standard deviation; As= Asymmetry; Cu= Kurtosis.

Figure 1 shows how 23.8% indicate they never or almost never use resources in infor-
mal environments in order to access information; a great percentage (55.7%) occa-
sionally, and the remaining 20.5% indicate they almost always or always use them. For
content creation, the percentage of students who never or almost never use them in-
creases (35%); 43.7% do so occasionally and 23.3% almost always or always. In regards
to the resources that facilitate content sharing in the context of informal learning, the
data reflects that 22.7% always or almost always use them; 56.3% occasionally and
21% never or almost never.

Subsequently, the Pearson correlation test was conducted with the different compo-
nents. Positive and elevated data is observed in a range between .58 and .62 (Table 3).
In regards to the internal consistency analysis, the Cronbach’s Alpha as well as Omega
coefficient was obtained due to the fact that it was an ordinal scale. In both cases,
optimal results were obtained. The moderate scoring with respect to the statistics by
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component is worth mentioning. The one relating to information sharing stands out
with a higher score (M=2.95, SD=.67), followed by the component information access
(M=2.93, SD=.65) and lastly, generating content (M=2.80, SD= .84).

Figure 1
Percentage data of used resources organized by PLE components
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Table 3

Correlation matrix and descriptive statistics for components

Access  Creation Sharing  Alfa  Omega M SD As Cu
Access 1 .614%* S577** .76 77 2.93 .65 .06 .24
Creation .614** 1 571%* .79 .80 2.80 .84 .06 -.55
Sharing S577** 571%* 1 74 75 2.95 .67 -27 .22

Note. **The correlation is significant at the level of .01 (bilateral).

Analysis of differences in ICT usage with respect to the variable sex

The Student t test was conducted to identify differences in ICT use in informal environ-
ments according to the variable sex. In the first place, the normality was proven with
the Kolmogorov-Smirnov contrast test (p>.05) for both groups (men and women), and
the homogeneity of variance with the Levene test (p-value>.05). In Table 4, significant
differences in the component information sharing are observed, women obtaining
higher mean scores than men. On the contrary, significant differences are found in the
component information access where men have higher scores. Finally, there are not
any differences found in the component content creation.
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Table 4
Results of the Student t test with respect to sex

Group statistics T test for equivalence of means
Variable “sex”
Sexo Mean SD t df Sig. (bilateral)

M 2.99 66
Access 1.998 1169 .049

F 2.90 65

M 2.83 .81
Creation .873 1169 .383

F 2.79 .85

M 2.81 .70
Sharing 5.337 1169 .000

F 3.03 64

Note. M= male; F= female

Analysis of differences with respect to the variable age

In order to identify differences in ICT usage in informal environments according to
the variable age, two groups were generated following the theory proposed by Pren-
sky (2001) about digital natives. One group is composed by students of less than 30
years of age, and the other one by students of 30 years of age or more. First, Kolm-
ogorov-Smirnov contrast tests were conducted to prove normality, obtaining an insig-
nificant “p” level (p> .05) for both groups (“natives and immigrants”). Moreover, the
Levene test (p-value>.05) was conducted to prove the assumption of homogeneity of
variances. The data resulting from the Student t test (Table 5) for the comparison of
means between groups, shows that the students of less than 30 years of age obtain
higher scores in each component. Thus, it can be stated that differences with respect
to the variable age in regards to ICT use in each PLE component in informal learning
environments exist.

Table 5
Group statistics and results of Student t test with respect to the variable age

Group statistics T test for equivalence of means
Variable "Age”
Edad Mean SD t df Sig. (bilateral)

Less than 30 2.94 .65
Access 2.053 1170 .030

30 or more 2.80 .64

Less than 30 2.839 .59
Creation 2121 1170 .029

30 or more 2.75 .56

Less than 30 2.99 .68
Sharing 3.762 1170 .000

30 or more 2.83 .59
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Analysis of differences in ICT usage in informal environments with respect
to the variable field of study

In order to analyze the possible differences by field of study (independent variable)
in the scale relating to ICT in informal environments, using the latter’'s components
as dependent variables, a one-way multivariate analysis of variance was conducted
between groups. Before the MANOVA analysis for the variable field of study, the ho-
mogeneity of covariance was examined using the Box M test. The result (Box M=54.07,
F=1.48, p= .003) revealed a violation of the assumption. Therefore, the use of Pillai's
Tarce for the analysis of multivariate significance of main effects was decided upon,
following the recommendation of Tabachnick and Fidell (2001). The MANOVA revealed
a significant main effect for the variable field of study, Pillai's Trace=.061, F (3, 1162),
p=.000, n2=.020. The posterior univariate ANOVA showed that there are no differ-
ences in the components information search [F 6,1166) = 1.371, p=.223] and content
creation [F(6,1166) = 2.122, p=.048]. However, there are differences found in the com-
ponent information sharing [F (6,1166) = 4.957, p=.000], wherein students from the
fields of Arts, Education, and Philosophy and Letters obtained higher scores that those
in the field of Health Sciences (Table 6).

Table 6

Descriptive statistics (mean and standard deviation) of ICT tools usage with respect to the field of
study

CIDEA CIDE Philosophy  Earth and Social Health Natural
and Letters Ocean Sciences Sciences Sciences
studies

M DT M DT M DT M DT M DT M DT M DT

Access 298 .65 297 67 299 64 305 .71 290 .65 287 .62 295 .63
Creation 301 .89 284 B8 289 84 273 99 275 .81 271 .78 290 .79

Sharing 313 .77 3.09 .67 301 62 284 .68 291 .62 275 69 291 .71
Note. CIDEA: Research Center in Teaching and the Arts; CIDE: Research Center in Teaching and Education.

Discussion and conclusions

Knowing the tools that the university students in their last year of the program cur-
rently use to acquire informal learning becomes relevant for several reasons. The first
one is the boom of ICT in education in general, and higher education in particular,
where actions can be articulated to shift the paradigm and incorporate innovative
methodologies from within the classrooms that not only augment established learn-
ing but also the ability to learn to learn, taking advantage of the opportunities offered
by the digital society. On the other hand, the PLE development of students in the dif-
ferent fields of university education becomes relevant, especially for those who are
soon to finish their studies and integrate into the work force, not only because of the
help it will mean for the acquisition of skills for their work (Andreatos, 2007) but also
because of the contribution it represents to continuous training and lifelong learning
(Aoki, 2020; Dabbagh & Castafieda, 2020).

The data obtained shows how the university students know and use multiple resourc-
es within the framework of their PLE for the acquisition of informal learning. This as-
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pect becomes relevant facing the exceptional current situation provoked by COVID-19
that has brought the vulnerability of formal education to light (Ali, 2020). In this re-
gard, informal learning, flexible higher education systems, and those that implement
methodologies that incorporate ICT are presupposed to be allies in the improvement
of learning (Sangra, 2020). Generally speaking, it is observed (Figure 1), albeit with
moderate percentages, that the students use the tools located in each of the PLE com-
ponents substantially. More specifically, the most developed components are those
that enable information access and management (M=2.80, SD=.84), and information
sharing (M=2.95, SD=.67). Contrary to that, the least developed component is the one
related to content creation (M=2.80, SD= .84). The elevated percentage of students
who indicate that they never or almost never use these resources is remarkable (be-
tween 22.7% and 35.0%). The results are similar to those obtained in previous studies
(Jerez-Naranjo & Barroso-Osuna, 2020; Tirado & Roque, 2019), and the explanation for
it probably stems from the fact that certain students maintain their PLE moderately
developed. There could be multiple causes for this weakness but the effect caused
by the lack of awareness about learning using ICT (Castafieda & Adell, 2013; Scium-
bata, 2020) can be mentioned among others, some being accustomed to traditional
strategies in the classrooms (Sangra & Wheeler, 2013) where the use of different web
2.0 resources is not contemplated intensively. This eminently academic cause as well
as the remaining digital divide in different levels of society have a negative effect on
the acquisition of skills in informal environments, particularly those that could be ac-
cessed through the use of technology (Dai et al., 2020). Even though studies like Ali's
(2020) indicate that tertiary education is shifting towards e-learning, the students' dig-
ital competencies being key to learning with integrated ICT, the obtained data with re-
spect to the multiple resources could mean a detriment to these competencies, which
could cast doubt on the higher students’ capacity to accompany such dynamics.

The tools the student body uses the most to access and manage information are ge-
neric search engines, video tutorial viewing and video channels. Among the least used
are MOOC, information management apps, and institutional repositories, similar re-
sults to those obtained in other studies about formal environments (Jerez-Naranjo &
Barroso-Osuna, 2020). In this regard, it is observed that most students do not effi-
ciently take advantage of ICT to search for information, and more especially to filter
and manage it, a highly recommendable aspect considering the amount of available
content (Yen et al., 2019). In this sense, it should be underlined how the new para-
digms mention that it is just as important to know where we learn (Siemens, 2004) as
to know from who and how. MOOC are an example for this, as they are barely used
by students, and represent a complement that can effect their knowledge as well as
their skills (Jung & Lee, 2020). In these times of pandemic, it becomes more important
to develop the component of information access, for it facilitates remote learning,
tearing down the barrier of space and time that the closure of the universities has
provoked (Sangra, 2020).

For content creation, the most used resources are text processors, and resources for
collaborative work. However, the least used ones are digital project managers, task
managers, and data analysis programs, in accordance with other studies (Lopez et
al., 2017; Vicent et al., 2017). These limitations can not only lead to a considerable
decrease of PLE but also a diminishment of certain desirable skills for the work and
personal life, such as the capacity for reflection, synthesis, creativity, planning and
organization, among others (Castafieda & Adell, 2013), and that can be developed
thanks to the effective use of ICT (Gerard et al., 2020). As has been established, the use
of online tools, where the student has an active role, is low. Such is the case with the

Publicaciones 51(3), 237-256. https://doi.org/10.30827/publicaciones.v51i3.18090
Garcia-Martinez, J. A. (2021). Tools linked to informal learning


http://doi.org/10.30827/publicaciones.v48i2.8331

252

moderate use of blogs, even though previous studies (Nafiez-Rodriguez et al., 2019)
emphasize the goodness of these tools as a learning vehicle in formal as well as infor-
mal education (Mufioz-Carril et al., 2020).

In order to interact and share information, the participating group mostly use mobile
messaging apps, electronic mail managers and social networks, as reported by other
similar research (Leiva-Nufiez et al., 2018; Vazquez-Cano et al., 2020). However, they
do not use, or rarely do so, social markers and professional networks. As previously
commented on, this is the most important social component of the PLE (Castafieda
& Adell, 2013), without which PKN that promote learning in informal environments,
with the possibility of nourishing them with flexible and ubiquitous content and con-
nections (Sangra & Wheeler, 2013), are not generated. In this regard, several studies
alert to the positive effects of social networks where interaction and collaboration
predominate (Alves & Ferreira, 2016), as catalysts for informal learning. In the same
way, in these times of confinement and distancing, interactions through ICT become
indispensable in order to guarantee the presence of the social component in learning
(Salinas, 2020), and mitigate possible divides in regards to information access and the
connections with different sources of information.

The results from proving the posited hypotheses demonstrate the complete or par-
tial acceptance of the same. The variable sex has generated significant differences in
relation to ICT usage in some of the PLE components. More specifically, women ob-
tain higher scores when it comes to sharing and interaction, and men when it comes
to information search and management, there being no difference found in content
creation. There is no consensus in previous studies with respect to this point, it being
common to see diverse and contradictory findings in the literature (Anzano-Oto et al.,
2020; Martinez-Lépez et al., 2020).

With respect to the variable age, the data points to significant differences between
students below the age of 30 who obtain higher scores in ICT use in each PLE compo-
nent in comparison to the group of 30 years of age or more. This finding is in accor-
dance with those obtained in other studies (Rocha et al., 2020; Sanchez et al., 2015;
Vézquez-Cano et al., 2020), and is in accordance, at least in terms of incorporating
ICT into their practices, with the theory proposed by Prensky (2001). Although the lit-
erature notes that ICT use by younger students is not necessarily linked to learning
processes, at least formal ones (Garcia-Martinez et al., 2016), due to the lack of critical
thinking and reflection on the shared content (Alves & Ferreira, 2016), and the little
effective use of technology cause by them overestimating their technological abilities,
and possessing no knowledge of the same (Sciumbata, 2020).

The data analysis confirms that the variable field of study partially generates signif-
icant differences in ICT use for PLE development. There were no differences detect-
ed in the components information search and content creation; however, there are
some found in the component information sharing. More specifically, students in the
fields of Arts, Education, and Philosophy and Letters use tools more frequently than
those in the field of Health Sciences. It should be noted that there were no previous
studies found with the same population, and that approach these variables. However,
we should not lose sight of the fact that ICT competencies are desirable in any disci-
pline, and that they are dynamic and change according to different factors such as the
emergence of new resources (Ordaz & Gonzalez-Martinez, 2020), the fragile stability of
certain professions (Gonzalez-Sanmamed et al., 2019) or the prevailing need to reform
professional training (Sangra & Wheeler, 2013). In this regard, education institutions
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are advised to adopt innovative methodologies that incorporate ICT into their curricu-
lum (Yen et al., 2019) from a techno-pedagogical perspective.

The pandemic due to COVID-19 has generated quick and, in some cases, effective re-
sponses from the universities (Salinas, 2020). Many of the actions have been carried
out thanks to the integration of ICT into the teaching and learning processes, pointing
to the barriers and challenges with respect to their application and use.

Building and developing a PLE can help each and every student on a general level. It
will particularly be fundamental for those who will imminently incorporate into the
work force, for an enriched PLE will represent a necessary support in adapting to the
new, complex and changing contexts characterized by the technological proliferation
(Dabbagh & Castafieda, 2020). In this sense, raising awareness about personal learn-
ing, and simultaneously knowing the contributions of informal learning complemen-
tary to formal education, means a big step towards developing continuous and per-
manent learning that will benefit their skills in the work place and in life.

Taking into account that the collected data refers to the students of one university,
it would be interesting to broaden the sample with students from other universities,
on a national as well as an international level, making comparisons between contexts
possible. Furthermore, it should be underlined that the data was collected previous to
the situation provoked by COVID-19. Therefore, it is suggested to conduct the study
again, and from a longitudinal perspective contrast the results that could be modified
by the migration of the courses into the virtual sphere during 2020.

Acknowledgements

This article was produced within the framework of the research project entitled:
“Ecologias de aprendizaje en la era digital: nuevas oportunidades para la formacion
del profesorado de educacién secundaria” (ECO4LEARN-SE), partly financed by the
Ministerio de Ciencia, Innovacion y Universidades (Referencia RTI2018- 095690-B-100).

References

Ali, W. (2020). Online and remote learning in higher education institutes: A necessity
in light of COVID-19 pandemic. Higher Education Studies, 10(3), 16-25. https://doi.
org/10.5539/hes.v10n3p16

Alves, C., & Ferreira, C. (2016). Social media and informal learning of Higher Education
Students. Accién Pedagdgica, 25(1), 6-20. https://dialnet.unirioja.es/servlet/artic-
ulo?codigo=6224935

Andreatos, A. (2007). Virtual Communities and their Importance for Informal Learning.
International Journal of Computers, Communications & Control, 2(1), 39-47. https://
doi.org/10.15837/ijccc.2007.1.2335

Anzano-Oto, S., Vazquez-Toledo, S., Liesa-Orus, M., & Latorre-Cosculluela, C. (2020). Fu-
ture teachers and social networks: use and implications. Avances en Supervision
Educativa, 33, 1-25. https://doi.org/10.23824/ase.v0i33.670

Aoki, K. (2020). Technologies for Lifelong and Lifewide Learning and Recognition: A
Vision for the Future. En S. Yu, M. Ally, & A. Tsinakos (Eds.). Emerging Technologies

Publicaciones 51(3), 237-256. https://doi.org/10.30827/publicaciones.v51i3.18090
Garcia-Martinez, J. A. (2021). Tools linked to informal learning

253


http://doi.org/10.30827/publicaciones.v48i2.8331
https://doi.org/10.5539/hes.v10n3p16
https://doi.org/10.5539/hes.v10n3p16
https://dialnet.unirioja.es/servlet/articulo?codigo=6224935
https://dialnet.unirioja.es/servlet/articulo?codigo=6224935
https://doi.org/10.15837/ijccc.2007.1.2335
https://doi.org/10.15837/ijccc.2007.1.2335
https://doi.org/10.23824/ase.v0i33.670

254

and Pedagogies in the Curriculum. Bridging Human and Machine: Future Education
with Intelligence (pp. 41-52). Singapore: Springer.

Arnal, J., Del Rincon, D., & Latorre, A. (1992). Investigacién educativa: fundamentos y
metodologia. Barcelona: Labor.

Casillas M. A., & Ramirez, A. (2019). Digital culture and institutional change in universi-
ties. Revista de la Educacion Superior, 48(191), 97-111. http://www.scielo.org.mx/
pdf/resu/v48n191/0185-2760-resu-48-191-97.pdf

Castafieda, L., & Adell, J. (2013.) Entornos Personales de Aprendizaje: claves para el eco-
sistema educativo en red. Alcoy: Marfil.

Castafieda, L., Tur, G., & Torres-Kompen, R. (2019). The PLE and its impact on the ed-
ucational literature: the last decade. RIED. Revista Iberoamericana de Educacion a
Distancia, 22(1), 221-241. http://dx.doi.org/10.5944/ried.22.1.22079

Dabbagh, N., & Castafieda, L. (2020). The PLE as a framework for developing agen-
¢y in lifelong learning. Education Tech Research, 68, 3041-3055. https://doi.
0rg/10.1007/s11423-020-09831-z

Dai, H. M., Teo, T., Rappa, N. A., & Huang, F. (2020). Explaining Chinese university
students’ continuance learning intention in the MOOC setting: A modified ex-
pectation confirmation model perspective. Computers & Education, 150, 103850.
https://doi.org/10.1016/j.compedu.2020.103850

Gallego-Arrufat, M. J., & Chaves-Barboza, E. (2014). Trends in educational studies on
personal learning environments (PLE). Edutec. Revista Electrénica de Tecnologia Ed-
ucativa, 49, 1-22. https://doi.org/10.21556/edutec.2014.49.89

Garcia-Martinez, J. A., Fallas-Vargas, M. A., & Gamboa-Jiménez, A. (2016). Development
of Personal Learning Environment: assessment of an experience with university
students. Summa Psicoldgica UST, 13(2), 83-94. http://doi.org/10.18774/

Garcia-Martinez, ). A., & Gonzalez-Sanmamed, M. (2017). Personal Learning Envi-
ronments of Costa Rican Education Students: Analysis of Information Search
Tools. Revista de Investigacion Educativa, 35(2), 389-407. https://doi.org/10.6018/
rie.35.2.253101

Garcia-Martinez, J. A., & Gonzélez-Sanmamed, M. (2019). How do Costa Rican edu-
cation students generate and manage content: a contribution to the study of
their personal learning environment. Digital Education Review. 36, 15-35. https://
revistes.ub.edu/index.php/der/article/view/22274

Garcia-Martinez, ). A., & Gonzalez-Sanmamed, M. (2020). Communication and Inter-
action as Key Aspects of Personal Learning Environments: Perspectives of Cos-
ta Rican Education Students. Revista Electrénica Educare, 24(3), 1-20. http://doi.
org/10.15359/ree.24-3.5

Garcia-Martinez, J. A., Rosa-Napal, F. C., Romero-Tabeayo, I., Lépez-Calvo, S., & Fuen-
tes-Abeledo, E. J. (2020). Digital Tools and Personal Learning Environments:
An Analysis in Higher Education. Sustainability, 12 (19), 8180. https://doi.
0rg/10.3390/s5u12198180

Gerards, R., De Grip, A., & Weustink, A. (2020). Do new ways of working increase in-
formal learning at work? Personnel Review, 10, 1-41. https://doi.org/10.1108/PR-
10-2019-0549

Gonzalez-Sanmamed, M., Sangra, A., Souto-Seijo, A., & Estévez, I. (2020). Learning

ecologies in the digital era: challenges for higher education. Publicaciones, 50(1),
83-102. https://doi.org10.30827/publicaciones.v50i1.15671

Publicaciones 51(3), 237-256. https://doi.org/10.30827/publicaciones.v51i3.18090
Garcia-Martinez, J. A. (2021). Tools linked to informal learning


http://doi.org/10.30827/publicaciones.v48i2.8331
http://www.scielo.org.mx/pdf/resu/v48n191/0185-2760-resu-48-191-97.pdf
http://www.scielo.org.mx/pdf/resu/v48n191/0185-2760-resu-48-191-97.pdf
http://dx.doi.org/10.5944/ried.22.1.22079
https://doi.org/10.1007/s11423-020-09831-z
https://doi.org/10.1007/s11423-020-09831-z
https://doi.org/10.1016/j.compedu.2020.103850
https://doi.org/10.21556/edutec.2014.49.89
http://doi.org/10.18774/
https://doi.org/10.6018/rie.35.2.253101
https://doi.org/10.6018/rie.35.2.253101
https://revistes.ub.edu/index.php/der/article/view/22274
https://revistes.ub.edu/index.php/der/article/view/22274
http://doi.org/10.15359/ree.24-3.5
http://doi.org/10.15359/ree.24-3.5
https://doi.org/10.3390/su12198180
https://doi.org/10.3390/su12198180
https://doi.org/10.1108/PR-10-2019-0549
https://doi.org/10.1108/PR-10-2019-0549

Gonzélez-Sanmamed, M., Souto-Seijo, A., Gonzdlez, L., & Estévez, 1. (2019). Informal
learning and professional development: analysis of learning ecologies of early
childhood education teachers. Edutec. Revista Electrénica De Tecnologia Educativa,
68, 70-81. https://doi.org/10.21556/edutec.2019.68.1305

Hernandez, R., Fernandez, C., & Baptista, P. (2014). Metodologia de la investigacién.
México: Mc Graw Hill.

Jerez-Naranjo, Y. V., & Barroso-Osuna, J. (2020). Identification of the components of the
Personal Learning Environment of engineering students. Edmetic, 9(2), 202-221.
https://doi.org/10.21071/edmetic.v9i2.12602

Jung, I, & Lee, J. (2020). The effects of learner factors on MOOC learning outcomes
and their pathways. Innovations in Education and Teaching International, 57(5),
565-576. https://doi.org/10.1080/14703297.2019.1628300

Leiva-NUfez, ]. P., Cabero-Almenara, J., & Ugalde-Meza, L. (2018). Personal learning
environments (PLE) in university students of pedagogy. Revista Latinoameri-
cana de Tecnologia Educativa, 17(1), 25-39. http://dx.medra.org/10.17398/1695-
288X.17.1.25

Lopez, P., Gonzélez, V., Aguiar, M., & Artiles-Rodriguez, J. (2017). Management informa-
tion in personal learning environments: exploratory study in final undergraduate
students. Revista Complutense de Educacién, 28(4), 35-52. https://doi.org/10.5209/
RCED.51849

Martinez-Lépez, R., Yot-Dominguez, C., & Trigo, M. E. (2020). Analysis of the inter-
net use and students’ Web 2.0 digital competence in a Russian university. In-
ternational Journal of Technology Enhanced Learning, 12(3), 316-342. https://doi.
org/10.1504/1JTEL.2020.107986

Mufioz-Carril, P. C., Gonzéalez-Sanmamed, M., & Fuentes-Abeledo, E. (2020). Use of
blogs for prospective early childhood teachers. Educacién XX1: Revista de la Facul-
tad de Educacién, 23(1), 247-273. https://doi.org/10.5944/educXX1.23768

Néfez-Rodriguez, J. )., Solano-Guerrero, J. C., & Bernal-Castillo, E. (2019). Digital en-
vironments of learning in distance education for the initial education of teach-
ers: perceptions about their relevance. Revista de Investigacién, Desarrollo e In-
novacién, 10(1), 107-119. https://doi.org/10.19053/20278306.v10.n1.2019.10015

Ordaz, T., & Gonzdlez-Martinez, J. (2020). Towards a unifying visién of the PLE con-
cept. Universitas Tarraconensis. Revista de Ciéncies de I'Educacié, 2, 21-37. https://
doi.org/10.17345/ute.2020.2

Prensky, M. (2001). Digital Natives, Digital Immigrants Part 1. On the Horizon. 9(5), 1-6.
https://doi.org/10.1108/10748120110424816

Rocha, F. ., Padilla, B. C., & Aguado, J. C. (2020). Age differences in the acceptance of
Massive Open Online Courses (MOQCSs). Edutec, Revista Electrénica De Tecnologia
Educativa, 71, 53-66. https://doi.org/10.21556/edutec.2020.71.1341

Sahin, S., & Uluyol, C. (2016). Preservice teachers’ perception and use of personal
learning environments (PLEs). The International Review of Research in Open and
Distributed Learning, 17(2), 141-161. https://doi.org/10.19173/irrodl.v17i2.2284

Salinas, J. (2020). Education in Times of Pandemic: digital technologies for the im-
provement of educational processes. Innovaciones Educativas, 22, 17-21. https://
doi.org/10.22458/ie.v22iEspecial.3173

Publicaciones 51(3), 237-256. https://doi.org/10.30827/publicaciones.v51i3.18090
Garcia-Martinez, J. A. (2021). Tools linked to informal learning

255


http://doi.org/10.30827/publicaciones.v48i2.8331
https://doi.org/10.21556/edutec.2019.68.1305
https://doi.org/10.1080/14703297.2019.1628800
http://dx.medra.org/10.17398/1695-288X.17.1.25
http://dx.medra.org/10.17398/1695-288X.17.1.25
https://doi.org/10.5209/RCED.51849
https://doi.org/10.5209/RCED.51849
https://doi.org/10.1504/IJTEL.2020.107986
https://doi.org/10.1504/IJTEL.2020.107986
https://doi.org/10.19053/20278306.v10.n1.2019.10015
https://doi.org/10.17345/ute.2020.2
https://doi.org/10.17345/ute.2020.2
https://doi.org/10.1108/10748120110424816
https://doi.org/10.21556/edutec.2020.71.1341
https://doi.org/10.22458/ie.v22iEspecial.3173
https://doi.org/10.22458/ie.v22iEspecial.3173

256

Sanchez, M., Kaplan, M., & Bradley, L. (2015). Using technology to connect genera-
tions: Some considerations of form and function. Comunicar, 45(23), 95-104.
http://dx.doi.org/10.3916/C45-2015-10

Sangra, A. (2020). Educational transformation time. Innovaciones Educativas, 22, 22-27.
https://doi.org/10.22458/ie.v22iespecial.3249

Sangra, A., & Wheeler, S. (2013). New Informal Ways of Learning: Or Are We Formal-
ising the Informal? Revista de Universidad y Sociedad del Conocimiento (RUSC), 10,
107-115. http://dx.doi.org/10.7238/rusc.v10i1.1689

Sciumbata, F. (2020). Students of humanities and digital skills: a survey on Italian
university students. Umanistica Digitale, 4(8), 7-27. https://doi.org/10.6092/
issn.2532-8816/9877

Siemens, G. (2004). Elearnspace. Connectivism: A learning theory for the digital age. http://
citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1089.2000&rep=rep1&-
type=pdf

Tabachnick, B. G., & Fidell, L. S. (2001). Using multivariate statistics (4" Ed.). New York:
HarperCollins.

Tirado, P., & Roque, M. P. (2019). ICT and educational contexts: frequency of use and
function of university students. Edutec. Revista Electrénica De Tecnologia Educativa,
67, 17-21. https://doi.org/10.21556/edutec.2019.67.1135

Vazquez-Cano, E., Ledn-Urrutia, M., Parra-Gonzalez, M. E., & Lopez-Meneses, E. (2020).
Analysis of Interpersonal Competences in the Use of ICT in the Spanish Universi-
ty Context. Sustainability,12(2), 476. https://doi.org/10.3390/su12020476

Vicent, P. L., Calatayud, V. G., Perera, M. V. A., & Rodriguez, J. A. (2017). Management
information in personal learning environments: exploratory study in final under-
graduate students. Revista Complutense de Educacién, 28(4), 1303-1320. https://
doi.org/10.5209/RCED.51849

Yen, C.J., Tu, C. H., Sujo-Montes, L. E., Harati, H., & Rodas, C. R. (2019). Using personal
learning environment (PLE) management to support digital lifelong learning. In-
ternational Journal of Online Pedagogy and Course Design (IJOPCD), 9(3), 13-31.
https://doi.org/10.4018/])OPCD.2019070102

Publicaciones 51(3), 237-256. https://doi.org/10.30827/publicaciones.v51i3.18090
Garcia-Martinez, J. A. (2021). Tools linked to informal learning


http://doi.org/10.30827/publicaciones.v48i2.8331
http://dx.doi.org/10.3916/C45-2015-10
https://doi.org/10.22458/ie.v22iespecial.3249
http://dx.doi.org/10.7238/rusc.v10i1.1689
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1089.2000&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1089.2000&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1089.2000&rep=rep1&type=pdf
https://doi.org/10.21556/edutec.2019.67.1135
https://doi.org/10.3390/su12020476
https://doi.org/10.5209/RCED.51849
https://doi.org/10.5209/RCED.51849
https://doi.org/10.4018/IJOPCD.2019070102

	_Hlk62450147
	_Hlk33522557
	_Hlk62589065
	_Hlk50126168
	_Hlk49525191

